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Chuong 1

Mé dau

Hoa hoc phén tich la khoa hoc cia nhitng phwong phap phat hién va xac dinh nhiing
luong tuong dbi ctia mot hodc mot s cau tir trong mAu cua cht nghién ctru. Qua trinh phat
hién cac chat goi 1a phan tich dinh tinh, qua trinh xac dinh thanh phan dinh lugng cac chat goi
13 phan tich dinh lugng. Trong cubn sach nay, chung t6i chu yéu dé cap van dé thi hai.

Nhimng két qua phan tich dinh luong duoc dién ta bang nhing dai lugng tuong d6i nhur
phan tram, phan nghin, phan triéu hoic phan ty chat can xac dinh trong mau, lugng gam cac
chat trong mét mililit hoac mét lit dung dich méu; luong gam chét trong mot tAn mau hodc
mol phan cta ciu tir can xac dinh trong méu.

1.1 Linh vwe &ng dung phan tich dinh lwgng

Nhimng két qua phan tich héa hoc ¢6 ¥ nghia thuc té 16n. Chung toi trich dan mét sé vi du
chi 13, nhitng phép do dinh lwong anh huong nhu thé nao dén cudc sdng cuia con ngudi hién
dai. C6 nhimg thong bao vé phan trim ham lugng hidrocacbon, oxit nito, cacbon oxit trong
khi thai ta co thé danh gia chat luong 1am viéc cua cac thiét bi trong 6 t6. Xac dinh ndéng do
ion canxi trong huyét thanh mau la phuong phap quan trong dé chuan doan bénh bazodo. Do
dinh dudng cua thuc pham lién quan truc tiép v6i ham luong nito ctia chiing. Phan tich dinh
lugng theo chu ky trong qua trinh luyén thép cho phép thu dugc vat li¢u c6 do bén, d6 rén,
tinh d& rén hodc tinh chéng in mon dinh trudce. Su phan tich lién tuc cic mecaptan trong
khong khi bao dam phat hién ro ri nguy hiém trong hé thong 6ng dan khi. Phan tich ham
luong nito, phét pho, lwu huynh va do am cua dat trong thoi vu phat trién va chin cia cay
trong tao cho ta kha ning phan bd phan bon va ké hoach héa sy tudi rudng véi hidu qua cao
nhat, dong thoi lam giam dang ké nhitng chi phi cho phan bon, nude va 1am ting ning suat.

Ngoai ¥ nghia ing dung, nhimng két qua phan tich dinh luong con rit quan trong trong cac
linh vyc nghién ctru hoa hoc, sinh hda, sinh vat, dia chét va cac khoa hoc khac. Chung ta xem
xét mot s6 vi du 1am din ching: Khéi niém vé co ché ciia phan 16n cac phan mg héa hoc c6
dugc tir nhig dir kién dong hoc 1a nho cac phép xac dinh dinh luong cac cau tur trong phan
ing. Nguoi ta biét rang, co ché chuyén cac xung dong than kinh ¢ dong vat va su co lai hoac
lam yéu di cac co do sy chuyen ion natri va kali qua mang quyét dinh. Hién tuong nay duoc
phat hién nho cac phép do noéng d6 cac ion nay ¢ ca hai phia cia mang. Su nghién ciru tinh
chét cta cac chat ban dan doi hoi phai phat trién nhitng phuong phéap dinh luong cac tap chat
trong silic va gecmani tinh khiét trong khoang 10 °— 107" %. Trong mot s6 trudng hop, phép
phan tich dinh luong cac 16p bé mit cia dat cho phép cac nha dia chit phat hién nhitng via
quing & twong dbi sau. Phan tich dinh lwong nhiing lugng rat nho cta cac miu ldy tir cac tac
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pham nghé thuat gitp cac nha sir hoc biét dugc nguyén lidu va k¥ thuat cta nhitng cong trinh
cua nhiing hoa sy thoi trudc va cling 1a phuong phép quan trong dé phat hién sy gia mao.

Thuong khi nghién ctru trong cac linh vuc vira hda hoc, hoé sinh va ca trong mot s6 mit
cta sinh hoc, phan 16n cong viéc trong phong thi nghiém 1a nhim dat t6i nhitng thong bao vé
phéan tich dinh lugng. Phan tich 1a mot trong nhitng phuong tién quan trong cua cac nha hoa
hoc. Do d6, hiéu ban chit phan tich dinh luong, biét cach hoan thanh chinh xac dong tac phan
tich 1a nhitng yéu cau can thiét cho céng cudc nghién ciru trong nhiéu linh vuc khoa hoc. Co
thé so sanh ¥ nghia ctia hoa hoc phan tich ddi véi qua trinh hinh thanh mét nha hoa hoc hoac
mét nha sinh héa v6i y nghia cua ky thuat tinh va dai sO tuyén tinh dbi véi tat ca nhimng ai
mudn cé thanh cong trong linh vyc vat 1y ly thuyét hodc véi ¥ nghia riéng cua tiéng c6 Hy
Lap va cac ngdn ngit ¢6 khac dbi véi nha ngdn ngir hoc.

1.2 Thuwe hanh phan tich dinh lwgng

Thudng nhitng két qua phén tich dinh luong bao gdm nhitng dit liéu cua hai phép do hoic
d6i khi cta hai diy phép do: luong ban dau ciia miu va luong hgp phan can xac dinh trong
mau. Vi dy, co6 thé do khdi luong, thé tich, cuong do sang, do hép thu anh sang, cuong do
phat huynh quang, dién luong. Nhung ciing cn phai ndi rang, nhiing phép do d6 chi 1a mot
phan cua phép dinh luong thong thuong. Hoan toan khong kém phan quan trong 13 nhitng giai
doan chuan bj trudc, nhiing giai doan nay néng nhoc lau dai hon so vi phép do.

Nhitng chuong dau cua cudn sach nay chi yéu dé cap toi cac phép do o giai doan két
thiic phép phan tich. Con nhing van dé khac chi duge dé cap téi mot cach chi tiét & cudi sach.
Do d6 dé hop 1y, ngay bay gio' can hinh dung toan canh phép phan tich, tach ra timg giai doan
riéng biét cua qua trinh phan tich va danh gia y nghia cua chung.

1.2.1 Chon miu

Pé thu dugc két qua phén tich dung dén can chon méu c6 thanh phan phan anh dang
thanh phan toan bo chét can phan tich. Néu chit khong dong nhét va c6 khdi luong 16m, viec
chon mau dai dién doi hoi nhiéu sie luc. Chiing ta xét mot truong hop nhu vay. Mot cong-
ten-no chira 25 tdn quing bac. Ngudi mua va ngudi giao hang can di dén thoa thuan vé gia tri
tuong ddi ctia mat hang do, trudce hét dugc xac dinh boi ham lugng bac. Quang khong d@)ng
nhat va gdm nhiing cuc nho kich thudc khac nhau, ham luong bac khac nhau. Thyc té thi két
qua phan tich toan bo quing c6 duge 1a dya trén co s phan tich mot khéi luong khoang 1 g.
Thanh phan ctia nd phai dai dién cho thanh phan cta 25 tin quing hodc 1a khoang 22.700.000
g quing hang hoa. R& rang 13, viéc Iya chon mau nhé nhu thé khong thé 1a mot dong tac don
gian, mot giai doan. Néi mot cach ngan gon, dé chon mau khéi luong 1 g va du tin cdy la
thanh phan ctia n6 dai dién cho 23.000.000 g nguyén liéu tir d6 n6 duoc 1y ra, doi hoi phai xir
1y so bd toan bd nguyén licu.

Thudng viéc chon mau khong phirc tap nhu n6i ¢ trén. Hon nita, nha hoa hoc khong thé
bat dau phan tich khi ma chua cé trong tay mdt phan mau phan anh dung thanh phan toan bd
nguyén lidu.
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1.2.2 Chuén bi miu dé phan tich

Pbi voi nguyén lidu ran thuong can phai nghién va tron dé dam bao d6 dong nhit cua
mau. D6i khi cn phai loai trir 46 am hap phy khoi miu ran. Sy hap phu hoic mat nuéc din
ti su phu thudc thanh phan phan trim ciia chat vao d6 am trong thoi gian phan tich. Dé tranh
sai s6 lién quan dén sy dao dong ciia d6 4m, ngudi ta chap nhan phan tich miu sy kho.

1.2.3 Po miu

Két qua phan tich dinh luong thudng dugc dién ta bang don vi tuong ddi, nghia 1a luong
hop phan can xac dinh trong mot don vi khoi lugng hoac thé tich mau. Do d6, khéi luong
hodc thé tich ciia mau can phai biét trudc khi phan tich.

1.2.4 Hoa tan mau

Thudng phép phan tich duoc tién hanh trong dung dich mau. Trong trudng hop ly tuong,
dung moi can phai hoa tan hoan toan mau ban dau (chtr khong phai chi hop phan can xac
dinh) nhanh va da ém diu dé khong xdy ra sy méat mat chit can xac dinh. Dang tiéc 1a dbi voi
nhiéu hodc chinh xac hon 1a ddi véi phan 16n cic nguyén liéu khong c6 nhimg dung méi nhu
vay. Thuong nhitng nha héa phén tich phai lam viéc v6i nhitng chit kho ché hoa nhu quing,
cac chit cao phan tir, cac té bao séng. Chuyén hop phan can xac dinh cta nhitng nguyén liéu
nhu vy vao trang thai hoa tan thuong 14 cong viéc phirc tap doi hoi nhiéu thoi gian.

1.2.5 Tach hén hop can tré

Chi c6 rat it nhitng tinh chat héa hoc va vét 1y quan trong duoc sir dung lam dic trung
trong hoa hoc phan tich cho mét chit. Nguoc lai, nhitng phan ng dugc s dung va nhing
tinh chat cua cac chit lai dic trung ddi véi ca loat cac nguyén td hodc hop chat. Sy that 1a,
khong c6 nhitng phan mg va tinh chat dac biét. Sy thuc d6 dat cac nha hoa phan tich trude
mot kho khan méi: Phai nghién ctru nhimg so d6 phan tich dé tach hop phan can quan tam
khoi cac chét la c6 trong nguyén liu thu va co thé anh huong dén két qua phép do cudi cung.
Nhirng hop chat hoic nhirng nguyén t6 anh huong dén phép do truc tiép can xac dinh goi 1a
chat can tré. Tach cac chét can trd trude phép do 1a giai doan quan trong trong phan 16n céac
phép phan tich. Khong thé chon mot phuong phap tong quat, ctrng nhic nao d6 dé loai bé hdn
hop can tr¢ va chinh vi thé nhiém vu nay 1 rat quan trong trong hoa phan tich.

1.2.6 Giai doan két thiic phép phan tich

TAt ca nhimg giai doan chudn bi phén tich can phai dam bao dé thu duoc két qua tin cay
khi do ¢ giai doan cuoi cung.

Trong cc chuong tiép theo s& noi t6i cac loai phép do & giai doan két thuc va ban luan vé
nhitng co s¢ hoa hoc cua nhitng phuong phap do.
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1.2.7 Chon phuwong phap phan tich

Theo cac nha hoa hoc hodc cac nha bac hoc quan tdm dén nhitng dir kién phan tich, c6 ca
loat phuong phap dé thu dugc két qua mong mudn. Co sé dé chon phuong phap 1a cac chi tiéu
nhu tbc do, su thuén loi, d chinh xdc, sy hién c6 nhiing thiét bi thich hop, s mau phan tich,
lwong mau, ham luong hop phan can xac dinh. Phan tich thanh cong hodc khong thanh cong
1a tuy thudc vao viéc lua chon phuong phéap. Dang tiéc 1a khong c6 mot phuong phap chung
tong quat. Dé lya chon phuong phap dung cin phai ¢6 suy nghi minh mén va tryc giac ma
diéu 4y chi co dugc thong qua thuc nghiém.
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Chuong 2

Panh gia d$ tin ciy ciia nhirng so liéu phan tich

M&i phép do déu c6 sai sb, xac dinh gia tri sai s6 nay thuong phirc tap, doi hoi nhiéu nd
luc, sang tao va ca truc gidc. Nhimg két qua phan tich duoc hoan thanh véi do tin cdy chua
biét s& khong c6 gia tri khoa hoc. Nguoc lai, nhiing két qua phén tich khéng chinh xac cling
c6 thé rit quan trong néu co thé xac dinh dugc gi6i han sai s6 voi do tin cdy cao.

Khéng c6 mét phuong phap téng quat, don gian va chinh x4c nao dé danh gia, cho du chi
1a dinh tinh, nhitng két qua thuc nghiém. Vi vy, xur 1y két qua thuong 1a mot nhiém vu khong
kém phan phuc tap so v6i viée thu duge nhiing két qua do. Cong viéc do bao gdm nghién clru
tai liéu, chudn hoa thiét bi, nhiing thuc nghiém phu duoc tién hanh mot cach dic biét dé tim
nhitng nguyén nhan cua nhiing sai s6 c6 thé c6 va phan tich théng ké nhiing dit kién thu duoc.

Mubn ting d6 nhay 1én mudi 1an c6 thé phai thém mot cong tac phu trong nhiéu gid,
nhiéu ngay, tham chi nhiéu tudn. Do d6, can phai xac dinh yéu cau vé dd tin cay cho moi Kkét
qua phan tich, khong nén tiéu phi nhiéu thoi gian dé dat do nhay cao cho nhiing cong viéc
khong cin do nhay do.

Trong chuong nay s& dé& cap dén nhitng loai sai sé nay sinh khi thuc hanh phan tich,
phuong phéap phat hién, phuong phap danh gia va cach bicu dién gia tri do.

2.1 Mot sb dinh nghia

Thong thudng, nha phan tich phai lp lai phép phan tich mau tir hai dén nam lan. Nhimg
két qua riéng biét trong day do song song do it khi phu hop v6i nhau nén can phai chon gia tri
trung tAm “t6t nhat” ciia ddy. Su can thiét cua nhitng phép do song song 1a do hai nguyén
nhan. Mot 14, gia tri trung tdm dugc lya chon dang tin céy hon so v61 moi két qua riéng biét
khéc. Hai 14, sy khac nhau vé gia tri cia nhiing két qua riéng biét khac du dam bao cho su
danh gié dinh tinh vé d0 tin cay cua gia tri “tdt nhat” da dugc lua chon.

C6 thé dung mét trong hai diém xuat phat tir hai dai luong, trung binh va trung vi lam
diém trung tdm cua day.

2.1.1 Trung binh va trung vi

_ Trung binh, trung binh cong va trung binh mau, X, la nhimg tir dong nghia va la thuong
sO cua phép chia tong két qua cua nhitng phép do riéng biét cho so 1an do mau.
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Trung vi ciia ddy 13 két qua ¢ gilra, co sO két qua co gia tri 1n hon va s6 két qua c6 gia tri
nho thua bang nhau. Neu mau co6 s6 phep do khong chén, c6 thé 1ay diém trung tam 1a trung vi
con ddi véi mau c6 sd phép do chin, c6 thé lay trung binh ciia cap phép do trung tim lam
trung vi.

Vi dy, hdy tinh trung binh va trung vi ctia ddy sé: 10,06; 10,20; 10,08; 10,10.

Trung binh = = 10,06+10,201—10,08+10,10 ~10,11

Vi mau c6 s6 phép do chan nén trung vi 1a trung binh cua cdp so trung tam:

. +
Trung Vi =x= w =10,09

Trong truong hop 1y tudng, trung vi va trung binh phai trung nhau nhung thuong diéu do
khong xay ra, dic biét 1a néu sb 1an do khong 16n.

2.1.2 D¢ lap lai

Thuat ngtr do lap lai dugc dung dé danh gia dinh lugng sy tdn man cia két qua. Dai
lugng nay dac trung cho su gan nhau theo gié tri tuyét doi cia hai hodc mét so phép do 16n
hon dugc thuc hién trong cung di€u kién. D 1dp lai dugc dién td bang mot s6 céach:

Ciac cach biéu dién dd lip lai tuyét d(")is cach dién ta do lap lai don giénNnhét 1a bang do
1éch khoi gia tri trung binh x; — X, khong ké dau. D€ minh hoa, ching t61 dan ra nhiing két
qua phan tich clorua cua mét mau ¢ bang 2.1 dudi day.

Bang 2.1. Két qua phén tich clorua mgt miu

4 Cé.C A A 9 .y . N
5 o | =% bo 1éch kh tri t binh

Thong 's0 14" qua [ Do 5o Kot gla T rung IR b e oh kho trung vi
do mau S x|

[“o]
X] 24,39 0,077 0,03
X2 24,19 0,123 0,17
X3 24,36 0,047 0,00

3[72,94] 310,247] 310,20]

A 1A \ .. ., ,.|D0 léch trung binh

_ _ D¢ 1éch trung binh khoi gid tri e .
x =24,313=24,31 rung binh 0,082 ~ 0,08 18}6071 trung vi 0,067 =

® = Xmax — Xmin = 24,39 — 24,19 =0,20.



14
Gi4 tri trung binh ciia cac két qua 1a 24,31%; do léch cuia két qua tha hai khoi
gia tri trung binh 1a 0,12%; d6 léch trung binh cua cic két qua khoi gia tri trung binh 1a
0,08%. Phép tinh d6 1€ch trung binh dugc tién hanh dén chir sb thtr ba sau dau phéy mac du
mdi két qua thu dugc chi voi do chinh xac dén chir sé thir hai sau dau phéy Su lam tron gia
tri trung binh va d6 1éch trung binh dén luong con s6 hop 1y sau dau phay duoc thuc hién sau
khi phép tinh da két thuc. Bién phap d6 cho phép lam giam sai s6 khi lam tron.

Ciing c6 thé dién ta do lap lai bang d6 1éch khoi trung vi, 24,36% (xem bang trén). S6 do
do lap lai cling chinh 1a bién d bién doi hoac bién do day s0 liéu, ®, nghia Ia higu sb giita két
qué 16n va nho nhét (0,20%).

Do 1éch tiéu chuan va do phén tan dugc dung lam hai ti€u chuén cho do lap lai. Cach xac
dinh cac dai luong nay s€ dugc dé cap dén trong cac muc ti€p theo ciia chuong nay.

Do Lip lai twong ddi
Ngoai d6 lap lai tuyét dbi, dé thuan tién hon, nguoi ta con d& nghi khai niém do lap lai

tuong dbi theo sd trung binh hodc theo trung vi, biéu dién bang phan trim. Vi dy, d6i voi
phép do xs:

P léch twong dbi khoi gié tri trung binh= % 0,32 ~0,3%
Do léch trung binh twong dbi khéi trung vi= % =0,3%

2.1.3 Dj ding

Do dung biéu thi sy gan dung cua gia tri thu dugc vai gia tri duoc chap nhén 1a that. B
dung thuong duoc din ta bang sai sb tuyét ddi va c6 thé dinh nghia sai sb nay nhu sau: E = x;
— Xt.

Sai s6 tuyét ddi E 1a hiéu so gitra gi tri quan sat duoc, x; va x, 1a gia trj dugc chap nhan 1a
that. Gia tri dugc chap nhén la that cling co6 thé khong dang tin cdy. Do dé viéc danh gié sai s
thuc su cia phép do thuong 1a cong vi¢e kha kho khan.

Trd lai vi du da dan ra trén day, ching ta gia thiét réng, két qua that cua mau 1a 24,36%.
Khi d6 sai s0 tuyét doi cua so trung binh sé la:

24,31% — 24,36% = —0,05%.

Trong nhiing truong hop nhu the nay ngudi ta thuong dat diu cho sai sé dé chi rd két qua
dugc ning cao 1én hay bi ha thip xudng.

Thuong dai lwong c6 loi hon, khong phai 14 sai s6 tuyét d6i ma 1a sai sd tuong ddi, biéu
dien dg 1éch khoi gié tri that bang phan tram. Doi voi phép phan tich da xét trén:
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Sai 56 tuong déi = —222>190 _ 491+ 0,29
24,36

2.1.4 D¢ lap lai va d¢ dung cia nhirng dir kién thuc nghiém

Do lap lai ctia phép do c6 thé dé dang xac dinh bang cach lip lai thuc nghiém trong
nhitng diéu kién dong nhit dé danh gia 46 ding thi khong don gian nhu vay bai vi dé lam
viéc d6 can phai biét gia trj that. Theo ddi mbi quan hé truc tiép gitta d6 dung va do lap lai 1a
cong viéc rat hép dan. Su than trong trong xem xét mbi quan h¢ d6 dugc minh hoa trén hinh
2.1. Trén hinh nay nguoi ta dan ra nhiing két qua xac dinh nito trong hai hop chét tinh khiét
ctia bon nha phan tich khac nhau. Nhirng dlem phan b trén d thi xéac nhan sai sd tuyét ddi
ctia nhitng phép do song song trong mdi mau ma mdi nha phén tich d méc phai.

(%1 - xp) . Nha phan tich fhi nhét phan tich mau
-l ke henzyl-izo-tiouré clohidrat
|

- Nha phan tich fhii: hai phén fich rén

gy = —————— s

- benzyl-1zo-tiouré clohodrat
- - & -

x; - xt}\'i Nha phin tich thi ba phan tich mau

axat nmicotinic

(g - %) Nhi phin tich thi tw phin tich miu

axit nicotnic

Sai 56 tuyét d6i( x, =), % nito
20 1,5  -L0 0,5 0 0,5 1

Hinh 2.1

Sai sb tuyét d6i cua phép xéc dinh vi lugng ni to theo phuong phap Ken-dan

Trén mdi vach thang dimg véi dong (; - x,) 1a do léch tuyét dbi cua gia tri trung binh
khoi gia tri that

Dang chu ¥ 1 nha phan tich thir nhat dat dwoc do lap lai twong dbi cao va do dung cao.
Nguoc lai, nha phan tich thu hai dat do 1ap lai xau nhung d¢ ding kha. Nha phan tich thir ba

dat do lap lai rit cao nhung gia tri trung binh cua céac Kkét qua madc sai sb rat dang ké. Con nha
phan tich thir 4 dat d6 lap lai va do dung déu toi.

Cac !(ét qué phén tich va phan bd nhur trén hinh 2.1 1a do nha phan tich da mac phai hai
loai sai sO co ban.
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2.2 Phén loai sai s6

2.2.1 Sai s6 hé thong va sai s6 ngiu nhién

C6 thé phan chia nhiing sai so sinh ra trong qua trinh phén tich hoa hoc thanh hai nhém
16n khong phu thudc vao ngudn gdc cta chiing.

Sai s0 h¢ thong 1a sai sO ma gia tri cia nd, néu nhu khong phai trong thuc té thi cling 1a
v€ nguyén tac, co thé do dugce va tinh toan duoc.

Sai sé ngau nhién 1a sai sO xuét hién trong két qua ctia nhitng phép do lap lai nhiéu 1an.
Nguodn gbc cua sai sd niy khong r6, con gia tri thi dao dong tuy y va khong thé do dugce. Su
tan man cua nhimg két qua gan gia tri trung binh (hinh 2.1) 1a hé qua tryc tiép cua sai s6 ngiu
nhién. Nguoc lai, hi€u so gilra gia tri that va gia tri trung binh thu dugc cia cac nha phéan tich
thir 3 va thir 4 (X, — x;) 1a do mot hodc mot sb sai sd hé thong gay nén.

2.2.2 Cic loai sai s6 hé thong

Khéng thé ké tit ca moi ngudn géc c6 thé co cua sai sé hé thong nhung c6 thé coi sai sb
ca biét cua nguoi thue nghiém, sai s6 cua thiét bi do, sal s6 cuia phuong phap phén tich va ca
nhimg t6 hop bat ky cia ching 13 co s& cta loai sai sd nay.

Sai s6 cd biét: Sai s6 nay xuit hién do khong hiéu biét, do ciu tha, do dinh kién hoic do
khuyét tat vé strc khoé cua nguoi thuc nghiém. Vi dy, ching c6 thé xuét hién do van chuyén
méu khong dung cach, do bo qua bd chinh nhiét d6 d6i véi thiét bi do, do rira két tia hodc do
ghi khong chinh xéc chi s6 cua thiét bi

Sai s ca biét con thuong gap ¢ nhiing nguoi mu mau ¢ cac mirc do khac nhau nén khoé
thiy su chuyén mau. Diéu nay rit quan trong trong phén tich.

Su dinh kién ca nhan ciing 1a ngudn sai sd quan trong phai luén luén dé phong. Nguoi
thue nghiém vo tinh co gang c6 duogc nhitng chi s6 cua thlet bi nham nang cao dg 1ap lai cua
day két qua hodc 1a c¢b ging dat két qua cao cho cang gan cang t6t voi mot gid tri dinh kién
trude dugc coi 1a gia tri that cua phép do. Dé tranh sai s6 hé thong loai d6 can luén nhd nhing
khuyét tat ciia co thé con ngudi va ¢6 giang khach quan hon khi quan sat.

Sai so6 thiét bi: Sai sd thiét bi do sy khong hoan thién cua thiét bi ma nha phan tich sir
dung giy nén hoic 1a do anh huéng cua nhitng yéu t6 bén ngoai 1én thiét bi. Vi du, thé tich
ctia nhitng dung cu dinh muc (buret, pipet, binh dinh mirc) thudng khac mot chut so véi thé
tich duoc xac dinh khi chuan hoa chung, dac biét 1a nhiét do cua cac dung cu nay khi st dung
khac nhiéu véi nhiét 6 khi chuian hoa. C6 thé loai trir sai s hé théng loai nay bang cach
chuin hoa dung cu dinh muc ¢ nhiét d§ tuong ung

Sai s6 phwong phdp: Sai s6 hé théng thuong xuét hién do sy sai 1éch cua tinh chat thudc
thir hodc phan ng dung 1am co s& cho phép xac dinh khéi ti€u chuan ly tudng. Nguyén nhan
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cua nhiing sai léch nay co thé 1a: téc d6 phan tmg nho, phan Gmg xay ra khong hoan toan, su
khong bén cua cac chat nao do, su khong dic trung cta thude thir va sy khong xay ra cac phan
ung phu can tr¢ qua trinh x4c dinh. Vi dy, trong phan tich trong luong, nhiém vu dat ra ddi
v6i nha phan tich 1a tach nguyén té can xac dinh vao dang két tia cang tinh khiét cang tbt.

Néu khong rua két tha tot thi két tua s& bi ban boi cac chat la va trong luong cua no sé€
tang 1én. Mat khac, su rtra can thiét dé tach cac chat ban co thé dan t6i sy mat di mot luong
dang ké két ta do do tan va do d6 xudt hién sai s6 hé thong 4m. Trong bat ké truong hop nao,
su can than thuc hién cac dong tac s& 1am mat di sai s6 hé thdng do phuong phap phan tich
gay nén.

Trong phén tich chuan do thuong gap sai sd phuong phap gan lién vai viée thém du thude
thu so vai lugng 1y thuyet can thiét dé lam chuyén mau cua chi thj 12 diu hiéu danh gia diém
cudi cua phan tmg. Két cuc, 6 ding cua toan bo phép phan tich duoc xac dinh bang chinh
hién tugng dac trung do.

Con mot loai sai s6 phuong phép nita dugc minh hoa trén hinh 2.1, phép xac dinh nito
trong hop chét hiru co, theo Ken-dan, dua trén co s& oxi hoa mau béng axit sunfuric dac, nito
thuong chuyén thanh amoni sunfat. Nhimg hop chét chtra vong piridin, vi du, axit nicotinic,
c6 thé khong bi oxi hod hoan toan trong nhiing diéu kién phan tich. Sai s6 4m trong nhing két
qua ctia cac nha phan tich tht 3 va thir 4 chic 1a gin lién véi sy oxi hoa khong hoan toan.

Sai s6 phuong phap 13 nhom sai sé hé thong nghiém trong nhat boi vi thong thuong
chung khong bi phat hién.

2.2.3 Anh huwéng ciia sai s6 hé thong dén két qua phén tich

Sai s6 hé théng thudng dugc chia thanh hai loai: loai hing dinh va loai bién d6i. Gia tri
sai s0 hang dinh khong phu thudc vao lugng dugc do. Nguoc lai, sai s6 bién doi tuyén tinh
giam hodc tang theo gia tri tuyét doi, ty 1€ voi lwong mau lay dé phan tich.

Sai s6 hang dinh: Trong mot phép phan tich cu thé bat ky, sai sb hang dinh cang 16n néu
luong chét dugc do cang nho, c6 thé dung hién twong mat khi rira két tia do do tan ctia nd
lam vi du.

Vi dy, ching ta gia thiét rang theo phuong phap can rua két tua bang 200 ml nudc va khi
d6 mat di 0,50 mg két tiia. Néu trong lugng két tiia 1a 500 mg thi sai s6 tuong d6i do do tan la
—(0,05.100/500) =-0,1%. Mat mét luong chat nhu vay khi rira 50 mg két tia twong ung voi
sai s twong d6i —1,0%

Thé tich thudc thir ding du so voi luong can thiét dé 1am d6i mau trong phan tich chuan
d6 12 mot vi du khéac vé sai sb hfmg dinh. Thé tich dé thuong nho va khong phu thude vao thé
tich chung ctia thudc thir tiéu ton cho phép chuin d6 va mot lan nira sai sb twong ddi s& cang
16n néu thé tich chung cang nho. R3 rang 14, mot trong cac cach ha thap sai s6 hiang dinh la
lira chon mot lwong mau hop 1y, tat nhién 14 twong tmg voi phuong phap phan tich.
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Sai s6 bién déi: Nhitng hon hop la, néu anh huong cta chung khong bi loai trir

bang mot phuong phap nao do, s& c6 thé din toi mot trong cac dang cua sai sd bién dbi tuyén
tinh. Vi du, mot phuong phap xac dinh dong di dugc biét rong rdi bao gdm phan tng cia ion
ddng (I1) v6i kali iodua va tiép sau d6 1a phép do luong iot tach ra. Néu khi d6 c6 mit sat (IIT)
thi no ciing day dugc iot ra tir kali iodua. Néu khong thuc hién bién phap ngin ngira anh
hudng cua sat (I11), phép phan tich s€ cho ham lugng phan trdm cua ddng cao boi Vi iot tach
ra trong umg voi ham luong tong cong cua ddng va sat trong mau. Gié tri cta sai s6 dugc xdc
dinh bang d6 nhiém ban sit ciia mau va hiéu img tuong d6i khong phu thudc vao luong mau
phan tich. Néu, vi du, tang gap doi lugng mau thi luong iot tach ra do ddng ciing nhu do hon
hop sit cling ting gap d6i. Sai so tuyét dbi khi d6 tang gap doi trong khi d6 sai s6 twong dbi
van gilt nguyén

2.3  Biéu hién cua sai so h¢ thong

Sai s6 hé théng thuong kha 16n. Hon nita, viéc phat hién ching ciing khé khin boi vi
khong c6 mdt phuong phap don gian va tin cay nao cho phép phat hién, c6 hay khong cé loai
sai sO nay.

2.3.1 Phat hién sai s6 dung cu va sai s6 c4 biét

Ngudi ta thuong phat hién sai sé dung cu va bd chinh khi chuan hoa thiét bi. TSt nhat 1a
chuan hoa dinh ky thiét bi bdi vi voi thoi gian, chi sO cua phan 16n thiét bi sai 1éch do bi hao
mon, dn mon hodc do sy st dung cau tha.

C6 thé giam phan 16n sai sb ca biét dén cyc tiéu bang su cin than trong cong tac va tu
kiém tra. Nhiéu nha nghién ciru da tu rén luyén cho minh thoéi quen kiém tra céac loai chi s6
cua thiét bi, su ghi chép trong nhét ky va sy tinh toan. Sai s6 lién quan voi nhing khuyet tat
vé thé lyc ciia con nguoi co thé tranh duoc bang cach lwa chon diing phuong phap, tit nhién 1a
trong diéu kién da biét trudc.

2.3.2 Phit hién sai s6 phwong phap

Phat hién sai sb phuong phap dic biét kho khin. Ngoai ra viéc bd chinh anh huong cua
chung thuong ciling rat khé. Co thé phat hién sai s0 loai nay nho cac bién phap dudi day:

Phdn tich cdc mau tiéu chudn. Dé phat hién sai sb hé théng cta phuong phap ngudi ta
phan tich nhitng mAu nhan tao, c6 thanh phan biét trudc va gan véi thanh phan vat lidu can
phan tich. Mu tiéu chuan cin phai dugc chuan bi rat cdn than dé nong d6 ciia hop phan can
xac dinh duoc biét trude voi do tin cdy cao. Pang tiéc 13, viéc chun bj mau co thanh phﬁn
dung hét nhu mot chat ty nhién phic tap, thuong khé khin hodc noéi chung khong thé lam
duoc.

Phan tich bang nhitng phirong phap déc ldp. Hoan thanh viéc phan tich bang mot phuong
phap ddc 1ap voi do chinh xac da biét trudc song song voi phuong phap dugc sir dung trong
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nghién ciru la dac biét quan trong néu khong c6 mau véi do sach biét trugce. Phuong phap doc
lap khong can gan v6i phuong phap str dung nham 1am giam xac sudt anh huéng dong nhat
ctia mdt yéu t6 nao d6 1én ca hai phuong phap.

Béang 2.2

Anh hudng cua sai s§ ¢b dinh, bing 2 mg dén két qua xac dinh bac trong hop kim

Luong bac tim duoc
Lugng can, g

g %
0,2000 0,0378 18,90
0,5000 0,0979 19,58
1,0000 0,1981 19,81
2,0000 0,3982 19,91
5,0000 0,9980 19,96

Thi nghiém trang. Thuong co thé loai trir sai s6 c¢b dinh trong cac phép do vat Iy bang
cach tién hanh thi nghiém tréng, trong d6 tat ca cac giai doan phan tich déu duoc thuc hién
khi khong c6 chat nghién ciru. Két qua thi nghiém dung dé bo chinh L phép do that. Thi nghiém
trang dic biét co loi khi ddnh gia sai s6 gin lién voi sy 1an trong mau thir nhimng tap chat can
trg tir thude thir va binh.

Bién doi lwong mau. C6 thé phat hién sai s6 cd dinh bang cach phan tich nhiing luong
chat khac nhau. Nhimng két qua phén tich véi gia thiét, nhitng luong mau hop kim khac nhau
chtra chinh xac 20% bac duoc din ra ¢ bang 2.2. Mdi phép xac dinh c6 kém theo sai sb cb
dinh bang 2 mg va din t6i su ha thap két qua. Anh hudng cua sai sé d6 giam déan khi ting
lugng mau.

Bang 2.3

Anh hudng ciia sai s bién dbi tuyén tinh, bang 0,5%, dén két qua xac dinh trong hop kim

Luong cén, g Tim dugc
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g %
0,2000 0,0402 20,10
0,5000 0,1006 20,12
1,0000 0,2009 20,09
2,0000 0,4021 20,11
5,0000 1,0051 20,10

R rang 14, tir hinh 2.2 ta thdy lwong mau cang 16n két qua cang gan voi gia tri that.

Nguoc lai, su bién d6i s& khong cho phép phat hién sai s bién doi tuyén tinh. Hinh 2.2
cling minh hoa nhitng két qua phén tich nhitng mau khac nhau cua cing mot hop kim bang
mot phuong phap véi sai s6 bién ddi tuyén tinh bang 0,5%. Nhing két qua ciing duoc dan ra
& bang 2.2. D) thi 1a duong thang. RS rang 13, khong biét duoc ham luong that ciia bac trong
hop kim c6 ton tai loai sai sé nhur vy hay khong? C6 thé 1a khong nhan biét duoc.

Ham luong Ag%

| Sai s6 bién déi
20,3
(] 1 1 1
0 P T [}
20.1 Gid tri that
19,9 .
Sais6 ¢c6 dinh
1 1 -
T T T Ll
1 2 3 4 5 Luong can (g)
Hinh 2.2

Anh hudng ciia sai s6 ¢6 dinh va sai s6 bién doi tuyén tinh dén két qua xac dinh bac (xem bang 2.2 va 2.3)

2.4 Anh huong ciia sai s6 ngiu nhién

RS rang 1a xuat phat tir cai tén cta nd, sai sé ngiu nhién xuat hién 13 do nhimg sai s6
khong biet dugc va khong kiém tra dugc cua phép do, nhitng sai s6 do 1a nguyén nhan cua sy
tan man két qua khi do 1ap lai, nhu da duoc chi o trén hinh 2.1 & vi du day thi nghi¢m th 4.
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2.4.1 Xem xét anh hwéng ciia sai s6 ngiu nhién 1én dong tac chuin hoa pipet
Anh hudng cia sai s6 ngau nhién 1én dong tic chuan hoa pipet twong d6i don gian, bao
gom vi¢c xac dinh trong lugng nude (véi do chinh xéc dén miligam) chdy ra tr pipet dugc

minh hoa & bang 2.4.

Bang 2.4 Nhirng két qua do song song khi chuin hoa pipet thé tich 10 ml

SO thi | Thé tich nudc | S6 thi | Thé tich nudc |S6  thi | Thé tich nuéc
nghi¢ém | chay ra, ml nghiém | chay ra, ml nghiém chay ra, ml

1 9,991 9 9,988 17 9,978

2 9,986 10 9,976 18 9,980

3 9,973 11 9,980 19 9,976

4 9,983 12 9,973 20 9,986

5 9,980 13 9,970 21 9,986

6 9,988 14 9,988 22 9,983

7 9,993* 15 9,980 23 9,978

8 9,970 16 9,986 24 9,988

Thé tich trung binh = 9,9816 = 9,982 ml

D0 1€ch trung binh khéi gia tri trung binh = 0,0054 ml
Bién dg dao dong = 9,993 — 9,970 =0,023 ml

D6 léch tiéu chuan =0,0065 ml ?

® Gia trj 16n nhat.

® Gi4 tri nho nhét.

Can do nhiét d6 cta nuéc dé xac dinh trong lwong riéng cua né. Trong luong dugc xac
dinh bang thuc nghiém, sau d6 tinh ra thé tich nuéc chay ra tir pipet. Néu nhiing sai s6 duoc
phat hién va loai trir, nhimg két qua do ctia cong tic vién ¢ kinh nghiém sanh séi trén can
phan tich chuan véi do chinh xac 1 mg (twong tmg voi khoang 0,001 ml) c6 thé duoc thay
trén hinh 2.3.

Tuy vy, do 1éch trung binh khoi trung binh s6 hoc ctia 24 lan do 1a + 0,0054 ml va bién do
dao dong la 0,023 ml. Sy tdn man két qua 1a h¢ qua truc ti€p cuia sai s6 ngﬁu nhién.
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C6 thé giai thich dugc sy khong trung lap két qua cua nhirmg phép do lap lai

(bang 2.4) khi gia thiét ring mdi phép do c6 kém theo nhiéu sai s6 khong biét duoc, gly ra do
su khong trung lap nhiing diéu kién khong dugc kiém tra thuc nghiém. Hi€u tng téng cong
cua nhimg sai s6 d6 ciing 1a mét dai lugng ngau nhién. Thudng sai s6 bu trir nhau nén tac
dung cua ching la cuc tiéu. Nhung d6i khi cting cong hop voi nhau cho sai sO duong hodc am
cao hon. Ngudn sai s6 khi chuan hoa pipet co thé 1a nhiing sai s6 gan lién véi sai s6 kiém tra
bang mat mirc chat 16ng & vach, murc thiy ngan trong nhiét ké va chi s6 cua can: nhitng ngudn
sai s6 khac bao gom sy dao dong trong thoi gian doc hét nude tir pipet, su bién ddi cua goc
nghiéng khi nuéc chay, su dao dong cua nhiét do phu thude vao cach cam pipet. Chic chin
rang, ngoai nhitng sai s6 ké trén con ton tai nhiéu sai s6 khac. RS rang 13, ngay ca mot dong
tac gian don nhu chuin hod pipet ciing kém theo nhiéu blen d6i ’khong 16n khong k1em tra
dugc. Mac du ching ta khong vach 16 anh huong cua modi sai s6 trong so nhiing sai s6 do
nhung ciing ¢ thé dién ta hiéu tmg tong cong cia ching dudi dang sai s6 ngiu nhién phan
anh qua su phén tan s liéu quanh gia tri trung binh.

2.4.2 Su phén bd s6 liéu ciia nhirng phép do song song

Khac véi sai s6 hé thdng, khong thé loai trir sai s6 ngau nhién khoi phép do. Ngoai ra,
nha nghién ctru khong c6 quyén bo qua ching, coi chiing 13 nho. Chéic chén 13 co thé cong
nhan rang, gia tri trung binh cta 24 1an do thé tich duoc din ra & bang 2.4 gan véi thé tich that
hon so v&i bat ky gia tri riéng biét ndo. Nhung chung t6i gia thiét ring, ngudi ta tién hanh
chuan hoa chi hai 1an va mot cach ngau nhién hai 1an do phu hop véi két qua cia thi nghiém 1
va 7. Gia tri trung binh tir hai gia tri d6 bang 9,992, khac véi gia tri trung binh cta 24 phép do
12 0,010 ml. Chung ta ciing nhan thdy rang d6 1éch trung binh ctia hai phép do d6 khoi gia tri
trung binh riéng cta ching chi la 0,0010 ml. Trén co s¢ gia tri d6 léch khoi gia tri trung binh
nhé nhu Vay c6 thé xuat hién su lac quan qua dang vé sai s6 ngiu nhién. Két cuc néu xuit
hién su can thiét giri kiém tra gia tri thé tich chay ra tir pipet véi do chinh xac + 0,002 ml c6
thé nguoi ta s& bo qua sy thiéu chinh xac nghiém trong. Trong truong hop nay, sy khong biét
gia tri that cua sai s6 ngau nhién da tao ra cam giac gia vé do tin cdy vao chat lugng tbt ctia
pipet. Thyc té c6 thé chi ra rang néu sir dung pipet 1000 1an thi chic chan trong 2 — 3 trudng
hop thé tich chét 1ong chay ra s& khac gid tri trung binh bing 9,982 ml, 14 0,002 ml, va hon
100 truong hop 14 0,01 ml va 16n hon, bat chip tit ca moi bién phap phong ngira ctia nha phan
tich.

Pé phan tich nhiing sai s6 nho anh huéng nhu thé nao dén két [ qua cua nhimg phép do
song song, ching ta xét mot tinh hinh twong tugng trong do sai sd ngau nhién dugc hinh thanh
tir 4 sai sO nhu v@y. Ching ta quy ude rang moi loai sai s6 d6 dugc dic trung bang xac sut
xudt hién nhu nhau va c6 thé anh huong dén két qua cu01 cung gy nén sai s6 duong hoac am
duoc xac dinh bang dai luong U 14 ddng nhat d6i voi tat ca 4 loai sai s6.

Bang 2.5 Nhirng phwong phap t6 hop c6 thé c6 4 loai sai s6 khac nhau U;; Uy; Uz va Uy

T6 hop sai s6 Dai lugng sai s0 ngau nhién | Tan so twong doi cua sai sO

+ U+ U+ Us+ Uy +4U 1
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—U; + U+ Uz + Uy

+ U — U, + Uz + Uy

+ U+ Uy—-Us+ Uy 42U

+ U+ U+ Us - Uy

—Ui—Ux+ Uz + Uy
+ U+ Uy - Uz - Uy
+U; - U+ Us —Uy
— Ui+ U= Uz + Uy
—Ui+ Uy +Us - Uy 0 6

+U;—U; = Uz + Uy

+U;-U;—U;z;-U,s
-U;+U,—U3z-Uy
—Ui—Uy+ U3 -Uy 4

— U —=Uy - Uz +U4

—Ui—U—-Us-Uy —4U 1

Tt ca cac t6 hop c6 thé co ciia 4 loai sai s6 ¢ thé dan tdi sai s ngéu nhién da noéi trén
duoc dan ra & bang 2.5. Chu ¥ rang chi c6 mot td hop co thé dan téi sai sd duong cuc dai 4U,
bén t6 hop dan t6i sai sb duong 2U va 6 t6 hop dan téi sal s6 khong, quan hé twong ty nhur
vdy clng xay ra 601 vOi sal sO ngau nhién am. o 1a ty s66:4:1. Ty sO nay phan anh xac
suat sai s0 cua mdi viing. Khi s phép do du 16n c6 thé hy vong su xuét hién sai s0 duoc phan
b theo tan sb tuong tir nhu di duge mo ta trén hinh 2.3a. Su phan bd 10 sai s6 bang gia tri sd
dugc chi rd ¢ hinh 2.3b. Mot 1an nita ching ta thiy rang sy xuét hién "sai s6 khong" véi xac
sudt 16n nhét trong khi d6 sai sb cuc dai bang 10U rat hiém hoi xut hién (khoang 1 lan cho
500 phép do).

Néu chung ta _phat trién tiép theo nhing ban ludn trén day cho s6 rat 10n sai s6 & quy mo
ngay cang nho, sé duong cong phan bd nhan dugce duoc din ra trén hinh 2. 3c. Budng cong
hinh qua chudng d6 dugc goi 1a sy phan bd Gauss hay phan bd chuan cua sai s6 (khi xay dung
duong cong Gauss khong can thiét phai gia thiét sy dong nhat cta nhiing sai s6 riéng biét.
Puong cong c6 nhitng dac trung:

1. Tan so xuat hi¢n “sai s6 ngau nhién khong” 1a cyc dai.
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2. B6i xting qua cuc dai, nghia 1a xac suat hién sai sO am va sai sO duong
bang nhau.

3. Xac sudt xuat hién giam dan gia trj sai s6 ngau nhién cua phép phan tich hod hoc tién
to1 rét gén vo1 duong cong phan b6 Gauss. Vi du, néu xdy dung do thi biéu dién su phy thudce
tan s6 xuat hién mdi do 1éch khoi gia tri trung binh cua hang tram phép do pH ctua mot mau
vao gia tri do léch thi thu duoc duong cong tién gan téi dudng cong duoc dién ta trén hinh
2.3d.

Tan s y (b)

I I
-10U -8U -6U -4U -2U 0 2U 4U 6U  8U 10U

Sai s6 ngau nhién

. S6 lan do pH
- 20
(d)
— 10
D~ — 0
| | |
-0,03  -0,02 -0,01 0 0,01 0,02 0,03
Sai s6 ngau nhién hoac do léch khoi gia tri trung binh
Hinh 2.3

Su phén b6 1y thuyét sai s6 ngiu nhién xuét hién khi tinh
a) 4 sai s6; b) 10 sai s6; ¢) S6 rat 16n sai s6

Nhitng quan st thuc nghiém khang dinh gia thiét cho rang, c6 thé hinh dung sai s6 ngau
nhién ctia phép do phéan tich dudi dang tich lily sé 16n nhing sai s6 nho doc 1ap va khong
kiém tra duoc. Piéu quan trong 1 sy phan bd phan 16n nhimg dir kién phan tich theo dudng
cong Gauss cho phép tmg dung phuong phap thong ké dé danh gia gisi han sai s6 ngiu nhién
theo do lap lai.
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Buong ¢ 1a dudong cong phan bd chuan hodc phan b Gauss. Puong d 1a dudng phan bd

thuc nghiém co6 thé thu duogc khi qat do 1éch khéi gia tri trung bi~nh cua khoang 250 phép do

pH song song trén truc hoanh va s6 phép do pH tuong tmg v&i moi do 1éch quan sat duge trén
truc tung.

2.4.3 Nhirng khai niém co ban ciia thong ké c6 dién

Thong ké cho phép mo ta toan hoc nhitng qua trinh ngau nhién, Vi dy, anh hudng cua sai
s0 ngau nhién dén két qua phan tich hoa hoc. Nhung di€u quan trong 1a nhan thirc rang, chi co
thé mo ta chinh xac bang cac phuong phap thong ké co dién khi s6 quan sat 16mn vo han.

56 kft qui v
Phorong phiap 1

*J/ / \‘\ Phuomng phép 2

Bai lwone do duoc, x Tiyc hoanh a
- i + Truc hodnh b
Ed 1éch khid mia tr trang binh (% -L0
20 kBt quiy
E=lx - Truc hodnh ¢
B0 3o g 0 40  4Eo0 430
Hinh 2.4

Nhitng duong chuén phan b sai s6 dwoc xdy dung d6i véi mot va chi mét dai lugng duge do bing hai phwong phép.
Phuong phap 1 tin cay hon do d6 dai luong 6 nho hon.

Can chu v dén ba loai truc hoanh:
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a) Pai lugng do dugc x voi cuc dai & .

b) Pai lugng Z tir phuong trinh (2.2).

Truc hoanh ¢ hop nhat hai duong cong 1am mot (phuong phap 1 va 2 cho nhitng dudng
cong dong nhat khi st dung Z lam truc hoanh).

Phuong phap d6 cho 2 — 5 phép phén tich song song dugc mdt nha phén tich hoan thanh
thi nhitng két luan vé sai s6 ngau nhién co6 thé c6, c6 thé mic sai 1am nghiém trong va qua lac
quan. Trong nhing trudng hop nay can thiét phai bién dang cac phuong phap cb dién. Trude
hét phai xem xét cac loai thuc te d6 va vi vy xuét hién y nghi dimg lai mot chit & mot sé quy
luat quan trong ctia thong ké cd dién.

Tinh chat ciia duong cong phan bd chuin: Hai duong cong trén ctia hinh 2.4 14 nhiing
dudng cong phan bd sai sé chuan cia hai phuong phap phén tich khac nhau. Pudng cong trén
cung phan anh nhitng di kién cua phuong phap chinh xac hon béi vi nhitng két qua duoc tap
hop lai gan véi gia tri trung tdm hon.

Nhu da chi r6 trén hinh 2.4, ¢6 thé dién ta dudng cong phén bo chuan bang ba phuong
phap khéac nhau. Trong mdi phuong phap do, trén truc tung dat tan s6 xuat hién y cia mdi gia
tri dat trén truc hoanh. Trén truc hoanh a dat nhiing két qua do x tim duogc bang thuc nghi¢m;
trong truong hop nay gid tri trung binh 1a gia tri trung tdm dugc ky hiéu 1a p. Trén truc hoanh b
1a nhimg d6 1éch khoi gié tri trung binh, x — p. RS rang 1a xac suat xuat hién "d¢ léch khong" 1a
16n nhét. Chung ta s& phan tich ba loai khai niém duogc dan ra trén truc hoanh c.

Can nhin manh rang, nhiing duong cong dang xét 1a ly tuong boi vi ching la sy phan b
ly thuyet ky vong nhitng ket qua thuc nghiém khi s6 1an phan tich tién dan t6i vo han. D6i voi
mau thyc hién trong thuc té, sw phan bd roi rac nhu dwoc mo ta trén hinh 2.3d 13 ¢6 xac suat
16n. Thong ké cb dién dua trén nhimg duong cong duoc din ra trén hinh 2.4, chir khong phai
dua trén nhitng duong cong dugc dién ta trén hinh 2.3d.

C6 thé mo ta mot cach toan hoc su phan bd nhing dir kién dugc dan ra trén hinh 2.4 nho
ba thong s6 cua phuong trinh sau:

e’
e 2(52 e 2

y = =
—o\ 27 —Gx/%

(2.2)

Do 1éch tidu chuin: Tir phuong trinh 2.2 ta thiy rang, mdi gia tri d6 1éch tiéu chuan phai
tuong ung voi dudng cong phan bé ctia minh. Tuy vay, ¢ thé néi rang, khong phu thudc vao
dai luong o, 86,30% dién tich nam dudi duong cong trong gi61 han mot d6 1éch tiéu chuan
(+1c) khoi gia tri trung binh p. Do d6 86,30% tat cd moi gia tri ndm trong giGi han do.
Khoang 95,50% tat ca moi gid tri s€ < +2c ; 99,70% gia tri < £36. Nhiing gia tri (x — p),
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tuong mg * 1o, + 26 va + 3o duoc biéu thi bang nhiing dudng thang dimg dut doan trén
nhiing duong cong phia trén cua hinh 2.4. Trén duong cong ¢ phia dudi nhiing gia tri Z mang
don vi £ o duogc dat trén truc hoanh.

Nhirng tinh chat do cua duong cong phan bo chuan rat quy gia, vi n6 cho phép rat ra
nhimng két luan vé gia tri xac suat cta nhimg sa1 s6 ngau nhién cia mot phep do néu biét duoc
d6 léch tiéu chuan ciia phuwong phap do. Vi néu biét dai lugng o thi c6 thé khang dinh duoc
rang trong 68,30 truong hop trong sé 100 trudng hop sai s6 ngiu nhién ciia mot phép do duy
nhat bt ky da cho sé <*0, 95,5 tru(‘mg hop trong sé 100 trudng hop sai s6 ngiu nhién do sé
<+ 20,... R rang rang d6 léch tiéu chuan ciia mot phuong phap do 1a mét thong sO rat quy dé
danh gia va hinh dung gié tri sai s6 ngéu nhién co thé co .

Do 1&ch ti€u chuan cua mat so rat 1on 1an do (n) duoc dién ta nhu sau :

(2.4)

P phan tan: o” 1a mot dic trung khac cua d6 lap lai thuong duoc sir dung rong rai trong
thdng ké. Phan 16n cac nha nghién ctru wa thich dung dai lvgng o chir khong phai 1a o> boi vi
dd chénh 1éch ti€u chuan dugc dien ta chinh bang don vi cua dai lugng dugce do.

2.4.4 Ung dung nhirng phwong phap thong ké

Nguoi ta phat hién rang, tmg dung truc tiép nhimg phuong phap théng ké co dién cho
mot s0 khong 16n nhiing phep do song song (tir 2 dén 20) thuong dan toi két luan sai 1am vé
gi4 tri sai s6 ngau nhién co thé co. Rat may la nguoi ta da nghién ciru dugc nhimg phuong
phap cho phép rat ra nhimg két luan tin cdy vé sai sb ngau nhién ma chi can hai hodc ba phép
do la du.

Dbi v6i mot sb khong 16n phép do lap lai khong thé dung truc tiép cac phuong trinh (2.2)
va (2.4) boi gia tri trung binh ctia mot s6 16n vo cing phép do, p (n6 1a gia trj that khong chira
sai s6 hé thong) khong bao gio biét dugc. Dé thay thé chung ta phai dung gi tri trung binh
ctia s6 nho  phép do x. Trong phan 16n trudng hop x khac p mét chat. Hiéu s6 nay tat nhién
1a do sai s6 ngau nhién gdy nén va gia tri co thé c6 cua dai lugng nay ching ta dang thir xac
dinh. Piéu quan trong 1a can nhdn manh rang, mot sai sb bat ky nao trong xac dinh X cling gay
nén mot sai s tuong tng trong dai lugng ¢ (phuong trinh (2.4)). Do d6 d6i véi sé nho phép
do thi khong chi gia tri trung binh X khac voi u ma con mét didu rat quan trong khac 1a sy
danh gia d¢ léch ti€u chuan clng co thé khong dang tin cdy. Nhu vay 14, ching ta phai dung
cham t¢i hai sai s6, mot sai s6 bao ham trong gid tri trung binh va mot sai s0 khac bao ham
trong gia tri d6 1éch tiéu chuan. Sai sb trong danh gid . Su giam sb biéu 16 anh huong kép
dén @6 1éch tiéu chuan. Thr nhét 13 s gia tri o rat 16n va rt nho tang 1én nghia 1a do lip lai
clia ¢ bi x4u di. Thi hai 1a d¢ 1éch tiéu chuan tro thanh sy dénh gia do 1ap lai bi dich chuyén
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vé phia am hon. Sy dich chuyén dién ta sy xudt hién voi tan s 1on nhimg gia tri o
nhd so véi nhitng gia tri ¢ 16n va su giam gia tri ¢ trung binh khi giam s6 phép do 1ap lai.

Su dich chuyén am gid tri o ddi véi s6 1an do nhé 1a do gia tri trung binh va do 1éch tiéu
chuan nhan duoc tir mot va chi mot day nho dir kién. C6 thé chi ra rang, su dich chuyén d6 &
mot muc do dang ké dugce loai trir khi dua vao phuong trinh (2.4) s6 bac tw don — 1 thay thé
cho n. Nhu vay, ddi v6i s6 1an do nho, do 1éch tiéu chuin duoc xac dinh theo cong thirc:

(2.5)

Can chu y t6i hai diéu khac nhau cua phuong trinh (2.5) so v6i phuong trinh (2.4). Thir
nhat 13, & mau s6 bay gid 1a n — 1. Thit hai 13, thay thé cho dai luong that nhung khong biét, p,
1a gia tri trung binh cua sb nho cac phép do, x. Dé nhdn manh rang d6 léch tidu chuan thu
duoc chi 1a gan ding véi gid tri that va dugc chip nhan ky hiéu bang chit s6 S chir khong phai
1a o. Vi du, tinh d6 1éch tiéu chuan S dbi vai day g(‘A)m 5 gia tri, X;dugc dinra g bang sau:

X; |Xi _§| (x; —%)?
9,990 7,6.107 57,8.10°
9,986 3,6.10° 13,0.10°°
9,973 9,4.107 88,4.10°
9,983 0,6.107 0,4.10°°
9,980 2,410 58.10°°
5
$=9,0824; (5 [49,992]) gl(xi -%)? =165,4.10°°

Tu phuong trinh (2.5) ta c6:

-6
S= 4/165;)4—‘110 =6,4.107° = 40,006

Su hop 1y cta su thay thé (n — 1) vao phuong trinh (2.5) dwgc giai thich nhu sau. Vi
khong biét p, chiing ta phai st dung cach tinh cho diy ¢ s it két qua dé thu duoc hai gia tri
% va S. Su can thiét xac dinh gia tri trung binh X dan dén sy loai trir mot bac ty do, nghia 1a
khi gitt nguyén du, tong ctia nhimg do 1éch riéng biét khoi x can phai bang 0. Néu gi tri (n —
1) d6 1éch duogc xac dinh thi do 1éch cudi cung tit nhién 1a ciing biét. Do d6, khi danh gia do
lap lai cua mau chi (n— 1) d6 léch nguoi ta dua vao nhiing dai lugng ddc 1ap.
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Danh gia dai luong S theo w. Pbi voi diy c6 sd it cac két qua (dén 15) ciing ¢ thé tinh S,
xuat phat tir bién d¢ dao dong w theo cong thirc:

S= (2.6)

o
d

O day d 1a hé s6 thdng ké, phu thudc vao sé phép do (xem bang 2.5). Panh gia S theo phuong
trinh (2.6) don gidn hon nhung kém tin cdy hon so v&i phuong trinh (2.5).

Bang 2.6 Hé s6 d dé tinh dd léch tiéu chuin S theo gia tri bién do dao dong ®

n d n d n d

2 1,128 7 2,704 3,528
3 1,693 8 2,847 . 3,336
4 2,059 9 2,970 . 3,047
5 2,326 10 3,078 . 3,472
6 2,534 11 3,173 °

2.4.5 Sir dung nhirng phwong phép thong ké

Nha thyc nghiém sir dung nhimg phép tinh thong ké dé hoan thién sw danh gia cua minh ve
anh huong cua sai s6 ngau nhién. Sy danh gia do trong giao trinh nay bao gom:

1. Khoang xung quanh miu trung binh, ma trong khoang d6 véi mot xac suat xac dinh c6
gia tri trung binh that.

2. S6 phép do song song can thiét dé trung binh thuc nghiém véi mot xac suat nhit dinh
roi vao khoang du dodn xung quanh gia tri trung binh that.

3. Giai quyét van dé, trong tinh toan miu trung binh c6 nén giir lai hay loai trir nhiing gia
tri roi ra ngoai day két qua song song.

4. Xac suat vé viéc hai mau dugc phan tich bang phuong phap tuong ty nhung do két qua
khac nhau vé thanh phan, nghia 13 su khac nhau vé két qua thuc nghiém giy nén boi sai sb
ngiu nhién hay boi sy khac nhau that sy trong thanh phan.

Tiép theo chung ta s& xét boén diém trén.
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2.4.6 Khoang tin cay

Trung binh that p - mot hing sb ma gia tri cia n6 ludn ludn khong biét duoc nhung nho
thong ké c6 thé xac dinh gidi han ciia ving xung quanh gia trj trung binh % tim dugc bang
thue nghiém ma trong ving d6 hy vong v6i mot xac sudt da cho tim duoc gia tri trung binh
that. Nhu vay, nhimg gi6i han thu dugc dugc goi la gidi han tin cdy. Khoang gi6i han boi
nhimg gioi han do duoc goi la khodng tin cdy. Can chu ¥ mot s6 tinh chét cua khoang tin cay.
D6i voi mot mau di cho, gia tri ctia khoang nay mot phan duoc xéac dinh bang d¢ hy vong da
cho trude. RO rang la dé du doan dung din tuyét dbi, ching ta can phai chon mot khoang du
16n va bao gom trong no cac gia tri co thé chdp nhan 1a x; co thé ¢6 dugc. Nguoc lai, néu
chung ta chap nhan rang, xac sudt roi vao vung 1a 99 két qua dung so voi 100 thi khoang do
khong can phai 16n dén nhu thé va c6 thé 1am cho né nho hon néu chip nhan xac suat 1a 95%.
No6i mot cach gon hon, xac suat du doan do ding dén cang nhd thi khoang gidi han tin cay
cang nho.

Khoang tin cdy la dai luong xuét phat tir d6 1éch tiéu chuan S ctia phuong phép do, phu
thudc vao do tin cay cua cac gié tri do dugc vi tir cac gid tri nay S dugc xac dinh Thu’(‘)’ng nha
hoa hoc ¢ quyén khang dinh rang gia trj thuc nghiém S ma ho tim dugc 1a gan nhit véi .
Nhung trong mot s6 truong hop dai lugng S c6 thé chira sai s6 dang ké. Trong nhiing truong
hop d6 khoéang tin cdy can phai mé rong.

Nhitng phirong phdp d@é thu dwoc gia tri gan véi o. Su ‘thang giang khi tinh toan dai
luong S theo phu’ong trinh (2.5) bi giam di cung voi sy tang s6 1an do n. Sy that, co thé chap
nhan rang, d6i véi muc dich thu:c té 'S va s la dong nhét neu n 16n hon 20. Diéu d6 cho phép
nha hoa hoc thu duoc gia tri gan dung tot nhat d6i voi S néu phuong phap d6 khong qua kho
va ¢ dugce luong mau tuwong tmg. Vi du, néu trong qua trinh nghién ctru can phai do pH cua
mot sb rat 16n dung dich thi mét cach hop ly, cé thé xac dinh S trong day thi nghiém dau. Ky
thuat thuc hién phép do do rat don gian, chi la nhing cdp dién cuc da rua va lam kho vao
dung dich nghién ctu; higu thé giita cac dién cuc dugc dung lam s6 do pH. Bé xac dinh S ¢
thé do pH trong 20 — 30 phan cua dung dich voi gia tri pH da ¢ dinh va xac dinh tuan theo
trinh ty do. Thuong c6 thé chap nhan rang, sai s6 ngiu nhién cua diy do6 ciing chinh 1a sai s6
ngau nhién cua cac phep do tiép theo va dai luong S duoc tinh toan theo phuong trinh (2.5) 1a
dang tin cdy va la sd do chinh xé4c cua dai lugng o 1y thuyét.

Déi voi nhitng phép phan tich tén nhidu cong stic, cach 1am md ta trén ddy khong thé
dung dugc trong thuc té. Nhung trong truong hop d6 nhitng dir kién cta nhitng miu khac
nhau c6 thé lién két lai dé thu dugc gia tri dang tin cdy hon so vdi gid tri S cua mau riéng 1.
Va moét lan nita phai chap nhan rang nhiing nguyén nhan cua sai s0 ngau nhién trong phan
tich tat ca cac mau la nhu nhau. Sy chap nhan d6 thuong dung dan trong diéu kién 1a cac mau
gan nhau vé thanh phan va mdi mau déu duoc phén tich trong nhimg diéu kién gan gidng
nhau. Dé thu duoc sy danh gia thong nhat ngudi ta binh phuong d9 1€ch khoi gia tri trung
binh ctia mdi mau sau d6 cong cac binh phuong d 1éch cua tat ca cac mau va chia cho s6 béc
tu do twong Gng. LAy can bac hai thuong sé ta thu duoc dai lwong thong nhat S. Trong mdi
mau mat di mot dai lugng tu do. Do do, s6 bac tu do dé tinh dai luong S théng nhat béng )
phép do tong quat trir di s6 mau. Dudi day dan ra vi du vé cach tinh toan do.
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Vi du: nguoi ta da xac dinh thuy ngan bang phuong phap hap thu nguyén tir trong cac
mau tir bay con ca cau dugc ¢ hd ERL Nhirng két qua duoc dan ra dudi day. Hay tinh do léch
tiéu chuan cta phuong phap theo két qua thong nhat.

) 6 phénp | Két qua Gia tri | Tong sd céc
S6 i phep | ket qua trung binh phuong d6
x 0 song . n e
mau | (ham luong Hg) n 107 % binh 1éch khdi gia tri
£ i ' n.10%% trung binh
1 3 1,80; 1,58; 1,64 1,673 0,0259
5 4 0,96; 0,98; 1,02; 1,10 1,015 0.0115
3 2 3,13; 3,35 3,240 0,0242
4 6 2,06; 1,93; 2,12; 2,16; 1,98; 2,018 0.0611
1,95
> 4 0,57; 0,58; 0,64; 0,49 0,570 0.0114
6 > 2,35;2,44;2,70; 2,48; 2,44 2,482 0,0685
7 4 1,11; 1,15; 1,22; 1,04 L130 0,0170
S6 phép do: 28 Téng binh phiong = 0,2196

Gia tri tong cac binh phuong do 1éch khoi gia tri trung binh d6i voi mau 1 dugc din ra &
cOt 5 thu duoc nhu sau:

Xi [xi =% (x; %)
1,80 0,0161
0,127
1,58 0,0087
0,093
1,64 0,0011
0,033 i
3[5,02] Tong céac binh phuong = 0,0259
%, =1,673

Mot cach twong tu thu duge nhimng dit kién con lai d duoc dan ra & cot 5 bang trén.

=0,10.10"*%Hg

g \/0,0259+0,0115 +0,0242+0,0611+0,0114 +0,0685+0,0170
28-7

Khi s6 bac tu do 16n hon 20 sy dénh gia S c6 thé duge xem nhu rat gan vdi o.
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Khoang tin cdy khi S rit gin v6i 6. Nhu di noi trude déy, chiéu rong ctua dudng
cong phan b6 chuan sai s6 duoc xac dinh boi dai lugng ©. Z ciing dong vai tro tuong ty o

trong cac phuong trinh (2.2) va (2.3). Theo phuong trinh (2.2) c6 thé tinh dién tich dudi
duong cong phan bd chuan sai s6 theo dién tich chung ddi v6i mdi gia trj Z.

Bang 2.7 Xic suit tin cdy ddi véi nhirng gia tri Z Khac nhau

X4c suat tin cay,% Z X4c suat tin cay,% | Z

50 + 0,67 +2,00
96

68 + 1,00 +2,58
99

80 +1,29 + 3,00
99,7

90 + 1,64 + 3,29
99.9

95 +1,96

Ty s6 d6 (thuong duoc dién ta bang phan trim) duoc goi 1a xac suat tin cdy va 1a sé do
x4c suit cua Z o, nho hon d6 1éch tuyét débi (x — p). Vi du dién tich dudi duong cong 6 Z =
1,966 14 95% dién tich, va ching ta c6 thé khiang dinh rang ddi v6i s6 16n phép do gia tri (x —
w) tinh toan dugc sé biang hoic nho hon * 1,966 trong 95 truong hop trong s6 100. O bang 2.7
dan ra nhitng khoéng tip cay doi V('):i nhitng gié’ tri Z khac nhau. Gidi han tin céy‘déi Vo1 mé}
phép do duy nhat co thé thu duoc bang cach bién doi phuong trinh (2.3) va nho rang Z c6 the
c6 dau cong hodc trur.

Nhu vay, gioi han tin cay:

p=xtZc 2.7)

Duéi day dan ra vi du vé cach st dung phuong trinh (2.7).

Vi du: Hay tinh giéi han tin cdy & xac suét tin cay 50% va 90% ddi véi két qua dau tién
(1,80.10 *% Hg) trong vi du trudc day.

Chung ta da biét ring S =0,10.10 % Hg va céc dit kién véi gia thiét S~ o 1a du. Tir bang
2.7 ta thay rang Z =+ 0,67 va £ 1,96 tuong tng v&i hai xac suat tin cay 50 va 95. Do d6 theo
phuong trinh (2.8):

Gi61 han tin cay v6i xac sudt tin cay 50%:

1=1,80+0,67.0,10 = (0,80 + 0,07).10 "%

G161 han tin cdy véi xac sudt tin cay 95%:

=180+ 1,96.0,10 = (1,80 + 0,20).10 %%
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Trong 50 truong hop trong sd 100, trung binh that (hodc gi tri that khong c6 sai s6 hé
thng) 1 ndm trong khoang(1,73 — 1,87).10 *% Hg. Trong 95 truong hop trong s 100, gia tri
that roi vao khoang (1,60 — 2,00).10 % Hg.

Phuong trinh (2.7) duoc tng dung dé danh gia két qua ctia mot phép do duy nhét. Co thé
noi rang, khoang tin cy giam /n lan d6i véi gia tri trung binh tir n phép do song song. Nhur
vay, 6 dang tong quat hon phuong trinh (2.78) c¢6 dang:

Gi61 han tin cay:

o= ij% (2.8)

Vi dy: Hay tinh gioi han tin c@y cua gia tri trung binh (1,67. 107*% Hg) ctia mau 1 trong vi
du thi nhét ciia chuong nay véi xac suat tin cay 50% va 95%.

Mot lan nita S = o = 0,10.
Déi véi 3 phép do:

Gi61 han tin cdy voi xac suat 50%.

=067+ 2873010 _ 67t 0,04).104%
J3

Gi61 han tin cay vdi xac suit 95%

u=1,96+2962010 501 011).10%%
J3

Nhu vay: Trong 50 truong hop trong sé 100, gia tri trung binh thét s& nam trong khoang:
(1,63 — 1,71).10 *% Hg va trong 95 truong hop trong s6 100 né s& nam trong khoang (1,56 —
1,78).10 % Hg.

Vi dy: Hay tinh s6 phép do song song can thiét dé lam giam khoang tin cay vOi xac suét
tin cay 95% dén 0,005 ml lghi hi€u chuan pipet the tich 10 ml. Ky thuat hi¢u chuan da dugc
no6i 10 khi thu duge nhitng s6 liéu ¢ bang 2.4.

Do 1éch tiéu chuan cua phép do bang 0,0065 ml. Vi gid tri S thu duoc tir 24 phép do nén
c6 thé gia thiét rang S ~ 6 =0,0065. Khoang tin cdy duoc tinh toan nhu sau:

Khodng tincdy =+

58

0,005 ml = +2:20X%0065 . 6 5

Vn
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Nhu vay, str dung gié tri trung binh tir bay phép do, ching ta c6 thé thu dugc thé

tich trung binh tin cdy chay ra tir pipet v6i do chinh xac dén + 0,005 ml voi xac suét tin cy
95%.

~ Phuong trinh (2.8) chira rang, dé lam giam khoang tin cdy di hai 1an can lam 4 phép do.
bé thu hep gidi han cia né thém hai 1an nira doi hoi 16 phep do. RO rang 1a khi thu dugce
nhitng s6 liéu bd sung, gidi han khoang tin cdy giam di.

Gioi han tin cdy khi chua biét o. Thuong nha hoa hoc bét bu(f)g phé}i su dung nhiing
phuong phap phan tich khong dugc nghién ctiru trude. Ngoai ra sy thiéu thon thoi gian va sy

gi6i han lugng mau dugc giao lam kho khan cho viéc xac dinh chinh xac dai lugng o.

Bang 2.8 Gia tri t & nhitng x4c suit tin ciy khac nhau

Sé bac X4c sudt tin cay, %

twdo g 90 95 99 99,9
1 3,08 6,31 12,7 63,7 637
2 1,89 2,92 430 9,92 31,6
3 1,64 235 3,18 5,84 12,9
4 1,53 2,13 2,78 4,60 8,60
5 1,48 2,02 2,57 4,03 6,86
6 1,44 1,94 2,45 3,71 5,96
7 1,42 1,90 2,36 3,50 5,40
8 1,40 1,86 231 3,36 5,04
9 1,38 1,83 2,26 3,25 4,78
10 1,37 1,81 223 3,17 4,59
11 1,36 1,80 2,20 3,11 4,44
12 1,36 1,78 2,18 3,06 432
13 1,35 1,77 2,16 3,01 422
14 1,34 1,64 1,96 2,58 3,29

Trong trudong hop nay, theo mot diy phép do song song, khong chi can xac dinh gia tri
trung binh ma con can danh gia do lap lai. Nhu da noi trude day, su tinh toan S theo mot s6 co
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han nhimng dir kién c6 thé dan t6i sai s6 dang ké. Trong truong hop niy gidi han tin cay sé
rong ra.

D¢ tinh toan nhimg gia tri S c¢6 thé co, ngudi ta dua vao tidu chuan t duoc xac dinh nhu
sau:

X—U
t= 2.9
5 (29)

Khac v6i Z trong phuong trinh (2.3), t khong chi phy thudc vao xac suét tin cdy di cho
ma con phu thude so bac tu do trong cong thirc dé tinh S. Chu y 1a khi s6 bac tu do 1a v6 han,

gi4 tri t tién toi gia tri Z dugc dan ra & bang 2.7.

C6 thé tinh gidi han tin cdy theo gid tri t khi sir dung phwong trinh twong tu (2.8). Nhu
vay:

Gi61 han tin cay:

tS
=xt—> 2.10
pexE= (2.10)

Vi du: Nha phan tich nhan dugc céc s6 liéu sau vé& ham luong rugu trong mau: etanol
(tinh bang phén tram) = 0,084; 0,089; 0,079. Hay tinh khoang tin cdy doi véi gia tri trung binh
¢ x4c suat tin cay 95%. Gia sur rang:

1. Nguoi ta khong biét gi vé d6 lap lai va

2. Trén co s& cua nhitng thi nghiém so bo biét dugc gid tri S = S = 0,005% etanol.

Giadi :

. 0,084 +0,089+0,079

=0,0840
3

2 2 2
Sz\/(O’OO) +(0,0050)“ +(0,0050) —0,0050

3-1
Tur bang 2.7, ro rang 1a & hai bac tu do, t =+ 4,30 vdi xéac suit tin cay 95%.

4,3x0,0050

Khoang tin cdy & xac suit 95% = 0,084 + N 0,084 +0,012
2. Vi ¢6 gia tri tin cdy o voi xac suit 95%
Khoang tin ciy & xac sudt & 95%= 0,084 +1,96x0,0050 _ a4 40 006

V3
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R rang 13, biét gia tri o s& thu hep khoang tin cay di mot nira.

2.4.7 Nhirng phwong phap thong ké kiém tra gia thuyét

Nhiéu nghién ctru khoa hoc va k¥ thuat dugc thyc hién dé kiém tra gia thuyét. Bé hiéu &
ban chat nhitng quan sat ma tor d6 moé hinh ly thuyét dugc hinh thanh can thuc hién nhirng
thuc nghi¢m dé kiém tra d¢ diing dan cua no.

Néu két qua cta nhirng thue nghiém khéng khang dinh mé hinh thi nguoi ta bé no di va
tim kiém mo hinh mai.

Nguoc lai, néu quan sat thiy su phu hop giita thuc nghiém va nhitng két qua mong doi thi
mo hinh gia thiét c6 thé dugce dung lam co sé cho nhimng thyc nghiém tiép theo. Néu gia thiét
duoc kh'fmg dinh bfing mot luong du 16n nhitng dir ki¢n thuc nghi¢m thi gia thiét duoc chép
nhan 1a 1y thuyét cho t&i khi nhing dit kién thuc nghiém khac khong bac bo né.

it khi nhiing dir kién thyc nghiém phu hop voi nhiing dir kién chinh xac cua mo hinh. Do
do, nguoi nghién ctru can ‘thuong xuyén quan sat khi giai quyet van dé, su bat dong do 1a dau
hiéu sai 1am cua gia thuyet hay chi 13 két qua cua sai s6 ngiu nhién khong thé tranh khoi cua
phép do. Khi d6 mot s6 phuong phéap kiém tra thong ké t6 ra cé ich.

Thudc cac phuong phap kiém tra loai d6 c6 phuong phap “gia thuyét khong” dua trén sy
so sanh nhiing gia tri bang s cta hai dai luong thyc té béng nhau. Sau dé nguoi ta danh gia
xéac suat xudt hién su khac nhau quan sat dugc do sai s6 ngau nhién theo nhitng quy luat cua
thdng ké. Néu su khac nhau bang hodc 16n hon sy khac nhau c6 thé xuét hién 5 lan trong sb
100, tuy thudc vao do tin cay doi hoi cua két luan.

Nhirng nha hoa hoc rit hay ding cac phuong phap kiém tra, nhu so sanh hai gia trj trung
binh ctia hai mau (x; va x,); so sanh gia tri trung binh cua phép phan tich x; va dai luong p
duoc chap nhan 1a that; so sanh nhitng d6 1éch tiéu chuan S; va S,, hodc o) va o, cia hai diy
do va ca do 1éch tiéu chuan S ctia mau nho va do 1éch tiéu chuan o cua miu 16n. Trong cac
muc tiép theo chiing ta s& xét t6i nhimg phwong phép thuc hién nhitng phép so sanh nhu vay.

So sanh gia tri trung binh tim duoc bang thuc nghiém voi gia tri that, ing dung mot
phuong phap phén tich da biét cho mot mau da blet chinh xéac thanh phan 1 phuong phap
thuong ding dé phat hién sai s ngiu nhién. Theo tit ca moi xac sudt, gia tri trung binh tim
duoc bang thuc nghiém x s& khac véi gia tri that p.

Vén d& can giai quyét 13, sy khic nhau d6 do sai s6 hé thong ctia phuong phap.

Giai thong ké bai toan nay bao ham sy so sanh ham s (x — p) v6i hiéu sd can phai c6
trong nhﬁ:ng diéu kién binh thu(‘yng c6 ké toi sai s ngau nhién. Néu hiéu sd quan sat dugc nho
hon hiéu s6 tinh todn & xac suét tin cdy da lya chon thi xem nhu “gia thuyét khong” (x va p
khong khac nhau) dugc khang dlnh Va khi d6 c6 thé rat ra két luan, khong co sai s6 hé thong
trong thuc nghiém. Nguoc lai, néu (x — ) tuong d6i 16n hon so v6i gia tri mong doi hay gia
tri chuan thi c6 thé cho rang, hiéu sd c6 nghia va sai s6 hé thdng duoc chdp nhan.
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Gia tri chuan dé phu dinh “gia thuyét khong” c6 thé thu dugc sau khi viét lai phuong
trinh (2.11) dudi dang :

x-pot S @2.11)

n

& day n 1a s6 phép do song song dugc thuc hién trong kiém tra. Néu danh gia dugc do tin
cay o, thi c6 thé bien doi phuong trinh (2.11) bang céach thay thé t va S bang Z va o tuong
ung.

Vi dy: Mot phuong phap méi xac dinh nhanh luu huynh trong dau hoa, dugc kiém tra
bang cach ding dé phan tich mau c6 ham lugng luu huynh biét trudce, bang 0,123%. Pa thu
duoc nhimg két qua xac dinh luu huynh theo phan trim nhu sau: 0,112; 0,118; 0,115; 0,119.
C6 phai chang nhimg dir kién d6 chi ra sai s6 hé¢ thong am ctia phwong phap méi?

0,122+0,118+0,115+0,119

=0,116
4

i:

X —-pn=0,116-0,123=- 0,007

- J/(0,00040)? +(0,0020)2 +(0,0010)? + (0,0030)?

=0,0032
4-1

Tur bang (2.8) ta tim théy réng, & x4c suét tin cay 95% va ba bac ty do t c6 gia tri 3,18. Do
S 3,18x0,0032

Vn NE]

Nhung X —p=-0,007.

do: =10,0059

C6 thé hy vong rang 5 lan trong sb 100, trung binh tim dugc bang thuc nghiém sé& sai léch
+ 0,0059 hoép 16n hon. Nhu vay la néu chung ta két luan rﬁng, 0,007 14 hiéu sd qé nghia thi
trung binh, két luan d6 dung trong 95 truong hop va sai trong 5 trudng hop trong so 100.

So sanh hai trung binh thyc nghiém. Nha hod hoc thudng sir dung nhing s liéu phan tich
dé khang dinh tinh dong nhat hay khong cta hai vat liéu. Trong truong hop d6 can phai biét,
su khac nhau ctia két qua phan tich 1a do sai s6 ngau nhién cia ca hai diy do hay la do sy
khac nhau that sy ctia nguyén liéu gdy nén. Dé thay rd ching ta gia thiét ring da lam n; phép
phan tich song song vat liéu 1 va n, phép phan tich véat liéu 2. Dung phuong trinh (2.10)
chung ta co thé viét:

-

i
Il
al

4
H+

=

1\
I
ol

o
I+

_
i Fla
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0 day x; va x, la nhtg trung binh tim dugc bang thuc nghiém. Pé khang dinh,
c6 ton tai hay khong sy khac nhau gitta x; va x,, chiing ta phai dua ra “gia thiét khong” nghia
1a w; va , 1a dong nhat. Sau d6 1am can bang hai phuong trinh ta thu dugc:

Ping thirc d6 dé dang dugc chuyén thanh:

%, — Xy = £tS /nr11+—nn2 (2.12)
12

Gia tri béng s6 cua biéu thirc & bén phai dugc tinh toan véi su st dung gié tri t ing voi
X4c suét tin cdy da cho (s6 bac ty do dé tim t bing n; + n, —2). Néu hiéu s6 X; -, tim duoc
béng thuc nghi¢m nho hon dai lugng tinh todn duogc thi “gia thiét khong” dugc khéng dinh va
c¢6 thé cho rang giira nhimg gid tri trung binh khong c6 su khac biét c6 ¥ nghia. Nguoc lai,
néu hiéu s6 tim duoc béng thuc nghiém 16n hon dai lugng tinh toan c6 st dung t thi sy khac
nhau la c6 nghia.

:§2i

Néu d6 tin cdy o da duoc dénh gid thi c6 thé bién doi phuong trinh (2.12) bang cach thay
thé t va Sbang Z va o.

Vi du 1: Nguoi ta so sanh thanh phan son ma vét ctia né duoc phat hién trén quan 4o cia
nan nhan trong tai nan 6t6 voi son trén chiéc 6t6 ma ngudi lai nd bi nghi ngd 1a thu pham cua
truong hop bat hanh nay. Nhitng sé liéu ctia phép xac dinh quang pho Ti trong son duoc din
ra dudi day noi dugc gi vé sy khac nhau trong thanh phan cta hai nguyén liéu. Theo nhiing sd
liéu so b, d6 1éch tiéu chuin cua phép phan tich dugc biét trudc va bfing 0,35% Ti, nghia la S
— 0 =0,35% Ti.

Ham lugng Ti, %

Son trén qu?m ao: 4,0; 4,6.

Son trén 6t0: 4,5;5,3;5,5;5,0; 4,9.
foh02A0_
%y = 4,5+5,3+5,0+4,9+5,5 —5.04

5

%) —Xg = 4,3-5,05=—0,74% Ti

Chu ¥ rang S — o, bién ddi phwong trinh (2.12) mdt cach twong tGng va tién hanh tinh
todn vdi xac suat tin cay 95 va 99%:
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+7c P12 _ 1 960,35 /2+5 = 40,57
niny 2x5

+5

X

=2,68x0,35 2 =10,76

Chung ta thdy rang, chi 5 truong hop trong s6 100 két qua khac 0,57% Ti va 16n hon; va
chi c6 mot truong hop trong s6 100 hi€u s6 16n hon 0,76% Ti. Nhu vy, hoan toan chac chin
rang sy khac nhau quan sat dugc —0,74% khong phai la hau qua cua sai sO ngau nhién ma do
su khac nhau that sy vé thanh phan cta hai mau son gdy nén. Do d6 ching ta can rit ra két
ludn 13, nguoi 131 xe bi nghi ngd khong tham dy vao truong hop bat hanh néu trén.

Vi du 2: Nguoi ta phén tich ham lugng rugu trong rugu vang tur hai thung gb 16n dé
khang dinh c6 phai chang ching c6 cung mot ngudn gdc. Ham luong etanol trung binh trong
thung thtr nhat bang 12,61% duoc xac nhan trén co s& 6 phép phan tich. Gia tri trung binh tir
4 phép phan tich ruou vang trong thung gd thir hai 1a 12,53% ruou. Gia tri thong nhat S d6i
v6i 10 phép phan tich bang 0,070%. Phai ching nhing s6 liéu d6 chi ra rang, ruou vang & hai
thung 1a khac nhau?

Trong trudong hop nay ching ta s dung phwong trinh (2.12), dung gia tri t dbi véi 8 bac
tu do (10 — 2) & x4c suat tin cdy bang 95%.

S P12 _ 931,070,154 _ 40.10%
n1n2 6X4

Hiéu so quan sat dugc bang:

X —Xy =12,61-12,53 = —0,08%

Nam trudng hop trong sé 100, hiéu s6 0,10% gay nén bai sai sé ngau nhién. Do d6 & xéac
suat tin cay ay su khac nhau khong dugc xac nhan.

Trong vi du cudi cling, & xac suét tin cdy 95% khong phat hién dugc sy khac nhau co nghia
ctia nhitng két qua. Can nhan xét rang, diéu d6 khong c6 nghia 1a X; va X, bang nhau. Con
phai doi héi ca nhimg bang chimg khac vé sy dong nhat ctia ruou vang ¢ hai thung. Vi thuc
chat, hoan toan c6 kha ning, mot 1a vang d6 mot 1a vang tring.

Pé x4c nhan véi xac suét co thé chép nhan duoc réng, ca hai thr vang déu tur cung mot va
chi mot ngudn ma thoi doi hoi phai kiém tra nhiéu dic tinh khac nira nhu vi, mui, chi sé khuc
xa, ham lugng axit axetic, duong va vét cac nguyén t6. Néu trong két qua cua tat ca cac dic
tinh a ay va ca nhiing phép thu khac khong phat hién thay mot sy khac nhau nao ¢6 nghia thi c6
thé khang dinh rang cé hai thir vang c¢6 cing mot ngudn gdc chung. Nguoc lai, su phat hién du
chi 12 mot su khac nhau c6 nghia ciing du chi rd rang hai thir vang d6 c6 ngudn goc khac
nhau. Nhu vy, su khang dinh mét su khac nhau c6 nghia trong mét thtr nghiém duy nhét tro
thanh tiéu biéu hon nhiéu so voi sy khiang dinh khong c6 su khac nhau.
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2.4.8 Loai trir so liéu mang sai s6 tho bao

Néu diy s liéu chira két qua vuot ra ngoai, nghia 1a két qua nay khac gia tri trung binh
(hodc trung tuyén) tuong ddi nhiéu thi can phai quyét dinh giir n6 hodc loai bé. Lua chon tiéu
chuan dé loai trir két qua dang nghi ngod ¢6 khé khan cta nd. Néu ldy tiéu chuan chit ché dé
loai trir két qua vuot ra ngoai day s¢ gay kho khan cho viée vurt bo phep do dang nghi ngo,
lam cho nhimng két qua sai ¢ thé con lai trong ddy, anh huong qua dang dén gia tri trung binh
ctia diy. Mit khac, nhitng doi hoi mém vé do 1ap lai cung véi phuong phap khong chat ché vé
loai trir nhitng két qua c6 thé viit bo thi chung van ton tai trong miu, nghia 14 dwa thém do6 léch
vao ddy so liéu. Pang tiéc 1a khong t6n tai mot quy luat van ning c6 thé huéng dan giai quyét
van dé loai trir két qua.

Tir nhiéu tiéu chuan théng ké da duoc dé nghi, ngudi ta yéu thich tiéu chuan Q hon ca.
Sap x€p day so li¢u thu dugc theo trat tu, vi du, tding dan va tinh Qg (Q thuc nghiém) theo
cong thuec:

|Xn - Xnil'

X

Qtn =
max ~ Xmin

trong d0: x, 12 gia tri nghi ngd, Xmax 1 gia tri 16n nhat, X, 14 gia tri bé nhét trong day két
qua thu duoc, x,+ 1a gia tri 1an can cua x,. Gié tri Qi (Q ti€u chuan) ¢ xac suat tin cdy 90%
duoc dan ra ¢ bang 2.9 dé so sanh Qg Vo1 Qr, n€u Qy > Qg thi sO liéu nghi ngo bi loai trir va
nguoc lai.

Bang 2.9 Gia tri chuin ciia tiéu chuin Q*

S6 quan sat Q. (x4c suit 90%) S6 quan sat Qe
2 _

7 0,51
3 0,94

8 0,47
4 0,76

9 0,44
5 0,64

10 0,41
6 0,56

* Theo Dean R.B., Dixon W.J. Anal.Chem. 23, 636 (1951)

Vi dy: Khi phan tich mu canxit thu dugce ham lugng CaO (biéu dién bang phan trim):
55,95; 56,00; 56,04; 56,08; 56,23. Gia tri cudi cung dudng nhu la bat thuong. Nén gilt hay
nén loai trir no?

Hiéu sb gita 56,23 va gia tri gan né 1a 56,08 bang 0,15%; Xmax — Xmin cia mau (56,23 —
55,95) 14 0,28%. Do do:
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0,15
=222 _0,54
Qin .28

D6i v6i 5 1an do Q. =0,64. Vi 0,54 < 0,64 nén két qua can phai giir lai.

Mic du tiéu chuan Q c¢6 wu thé so véi nhiing tiéu chuan khac nhung viéc img dung né
cling can phai than trong. Vi du, thudng xay ra tinh trang c6 phuong sai ctia mau, mot cach
ngau nhién, 13 dai luong nho va sy img dung khong chuén tiéu Chuén Q dan t6i sy loai trir
nhimg gia tri ma thuc chét can phai giir lai. Sy that 1a néu trong miu c6 3 gia tri ma hai gia tri
ddng nhét thi gia tri thyuc nghiém Q tr¢ thanh 16n khéng xac dinh. Mt khac, khi st dung gia
tri ciia bang tiéu chuan Q ddi v6i mau nho nhitng s6 lidu sai 1am co thé van dugc giir lai.

Su g dung mo mam nhing tiéu chuan thong ké dé giai quyét van dé loai trir nhiing
phép do dang nghi ngd tir mau nho t6t hon mot chit so v&i cach giai quyét tuy tién. Phuong
phép truc giac dua trén sy danh gid do 1ap lai mong doi, dac biét 1a néu sy danh gia do6 dua
trén su thir toan dién phuong phap phan tich, 13 phuong phéap chin chin hon. Két cuc, su loai
trir két quad thuc nghiém tur mau nhé can phai dya trén sy tin cdy chinh xdc di dam bado, néu
khong s& dan t6i sai 1am. Néu do tin cdy nhu vay khong c6, su loai trir két qua can phai than
trong.

Chung t6i xin trinh bay mot sé dé nghi dé xir Iy mau nho chira két qua khong thé danh gia
duoc.

1. Kiém tra can than tat ca nhimng s6 liéu lién quan dén két qua dang nghi ngo dé xem xét,
c6 phai chang da cho sai so tho bao xut hién & ket qua nay. Quén ly tot nhat ky phong thi
nghiém, ghi chép chi tiét tat ci moi quan sat 1a diéu rat c6 loi.

2. Tuy theo kha nang hdy danh gia c6 bang chimg xac dang vé do lap lai mong doi cia
phuong phap dé dam bao 1a, két qua roi ra ngoai qua that dang bi nghi ngo.

3. Néu c6 thoi gian va lugng mau du, hay lap lai phép phan tich. Sy tuong ng mot lan
nira ket qua thu duoc v6i nhimg két qua dudng nhu 13 dung dan sé cung ¢ thém dy dinh cua
ban vé su loai trir két qua roi ra ngoai. Hon nita, két qua nghi ngd dudng nhu anh hudng it
dén gia tri trung binh ctia mau 16n néu cudi ciing budc phai gitt no.

4. Néu khong c¢6 kha nang thu duoc nhitng s liéu bo sung hiy img dung tiéu chuan Q cho
mau va trén co sé do giai quyet van de vé su loai trir két qua nghi ngo.

5. Néu theo tiéu chuan Q, két qua can duogc giit lai thi khi xtr Iy s6 liéu hiy sir dung trung
vi chir khong phai 1a ) trung binh. Trung vi c6 dd tin cay lon boi vi nod gitt dugc gia tri doi ra
ngodi trong mau ma khong thé hién anh huéng dang ké dén né. Ngoai ra, co thé chi ra rang
trung vi ctia mau véi sy phan bd chudn gdm 3 phép do cho sy danh gia két qua dung, tin cay
hon so véi gia tri trung binh ctia mau sau khi tuy v loai trir gia tri doi ra ngoai.
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2.1  Swlan truyén sai so trén cic phép tinh

Nha nghién ctru thudng danh gia sai sé cua két qua thu duoc qua phép tinh voi hai hoidc
mot s6 két qua do 16n hon ma mdi két qua nay déu mang theo sai s6 ctia minh. Phuong phap
cong cac sai ) riéng bi¢t phu thudc vao cac phép tinh s6 hoc duge thuc hién véi cac dai
lugng c6 bao ham sai s6 va dai lugng dugce tinh todn ra. Ngoai ra d&nh hudng cua sai s6 hé
thng va sai s6 ngau nhién dén dai luong tinh toan duoc ciing khac nhau.

2.7.2 Phép cong sai s6 hé thong

Phuong phap danh gia sai s6 hé théng ddi v6i tong hodc hiéu khac véi phuong phap danh
gia chiing doi v&i phép nhan hodc chia.

2.5.1.1 Sai sb ciia tong hoc hiéu

Chung ta xét mdi quan hé:
y=at+tb-c
) O d@y abvac ,1:‘1 qh&ng gia tri cua ba dai lugng do duoc. Néu Aa, ,Ab va Ac la ph&ng sai
sO hé thong tuyét doi gan lien voi nhitng phép do cua nhitng dai lugng ay. Nhitng két qua that
ctia nhitng phép do bang (a + Aa), (b + Aa) va (c + Ac). Sai s6 cong trong phép xac dinh Y khi
d6 bang Ay vay + Ay = (a + Aa) + (b + Ab) — (¢ + Ac).

Trir phuong trinh thtr hai cho phuong trinh thi nhat c6 thé thu dugc sai s6 trong tinh toan
két qua, nghia la:

Ay = Aa+ Ab- Ac (2.13)

RO rang 1a khi cong hodc trir, sai so tuyét doi cua tong hodc hiéu dwoc xac dinh bang sai
s0 tuyét doi cua cdc so hang.

Vi du: Hay tinh sai s6 khi tinh két qua
+0,50 (+ 0,02)
+4,10 (- 0,03)
- 1,97 (- 0,05)
2,63
O day sb ¢ trong ngodc 1a sai s6 hé thong tuyét ddi. Sai s6 cua tong:

Ay =0,02 + (- 0,03) — (- 0,05) = 0,04
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2.5.1.2 Sai s6 nhén hoic chia

Pau tién chung ta xét phép nhan

y=a.b

Mot lan nita chung ta gia thiét rang, Ay thu duoc do sai s6 hé thong Aa va Ab. Nhu vay:

y + Ay = (a + Aa)(b + Ab)=ab + aAb + bAa + AaAb

Trir phuong trinh thir hai cho phuong trinh thir nhét ta thu dugc:

Ay =DbAa + aAb + AaAb

Bay gid chia phuong trinh nay cho phwong trinh thi nhat, ta c6:

Ay Aa Ab AaAb
— =t —+
y a b ab

Thanh phan tht 3 trong vé phai ctia phuong trinh thudng nhé hon nhiéu so véi hai thanh
phan khéac boi vi tir s 1a tich ctia hai s6 nho va mau sd 1a tich cua hai s6 rat 16n. Vi AaAb/ab
<< (Aa/b+ Ab/b), nén:

Ay _Aa Ab (2.14)
y a b

Chu ¥ 13 ca ba thanh phan déu 1a sai s6 hé théng twong ddi chir khong phai 14 sai s6 tuyét
do1 nhu khi tinh toan sai s6 ctia tong hoac hiéu.

Quan h¢ tuong tu cling c6 thé rat ra doi vdi sai so cua phép chia:

_a
Y7
Khi do:
(a+Aa)
Ay =2+ 28)
YA = bt ab)

Pé thu duoc két qua co thé viét hai phuong trinh trén dudi dang:
yb=a
yb + bAy + yAb + AyAb = a + Aa

Tir hai phuong trinh cudi cing ta thu duoc:
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bAy + yAb + AyAb = Aa

Sau khi chia cho yb = a va bién d6i ta thu dugc:

y a b yb

Mot 14n nita ching ta chap nhéan ring: (AyAb/yb) << (Aa/a — Ab/b).

Khi do:
Ay _da_4b
y a b

Déi v6i truong hop tong quat hon:
y=—
C

Bing céach 1y luan twong tw c6 thé chi ra rang:

Ay _Aa Ab_ Ac (2.15)
y a b ¢

Nhu vay, khi nhdn hodc chia sai s6 twong déi ciia phép nhdn hodc chia dwoc xdc dinh
bang sai so twong doi cua cdc thanh phan tham gia vao ket qua dwoc tinh todn.

Vi du: Hay tinh két qua cta nhimg phép tinh sau (trong ngoic 1 nhitng gi tri sai s6 hé
thong tuyét doi):

5 - £10(-0,02)x0,0050(+0,0001)

=0,010406
1,97(-0,04)

Trong trudng hop ndy, trong tinh toan can phai tinh sai sb trong déi. Nhu vay:

Ay 0,02 0,0001_(=0,04) __ 1549 0,020+ 0,020 = 0,035
y 4,10 0,0050 1,97

Pé thu duoc sai sd tuyét ddi Ay trong tinh toan y chung ta viét:
Ay = 0,035.y=0,035. 0,010406 = 0,0004

y = 0,0104 (+ 0,0004)
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2.7.2 Cong sai s6 ngiu nhién

Nhu ching ta di nhan xét trude day, do 1éch tiéu chuan tuyét ddi 1a phuong phap thuan
loi nhat & danh gia sai s6 ngau nhién cua nhimg két qua thuc nghiém. Khac voi sai s6 hé
thong khong nén ghi dau cho do 1éch tiéu chuan béi vi né co thé duong hodc am véi xac suat
nhu nhau, do d6 d6 1éch tiéu chuan cia két qua tinh dugc nam trong mot sd ving.

Vi dy, ching ta xét phép cong:
+ 0,50 (£ 0,02)

+4,10 (£ 0,03)

-1,97 (£ 0,05)

2,63

(Cac s6 & trong ngoac la dg 1éch tiéu chuan) Chung ta nhan xét ring néu hai sai s6 dau 1a
duong va sai s6 thir ba 1a 4m thi d6 1&ch tiéu chuan cua két qua phai la:

sy=+0,02 + 0,03 — (- 0,05) = 0,10

Mit khac, trong nhimng tinh hudng bat ngd sai sb tong cong co thé bang khong. Két qua s&
nhu thé néu 3 dai lugng déu duong:

sy=+ 0,02 + 0,03 — (+0,05) = 0,00

Trong bét ky truong hop nao ciing khong nén chap nhan mot to hop bat ky ciia do léch
dan t61 mot gia tri nao do6 giita cac cuc trj 1am sai sd.

Théng ké chi 1o réng gia tri tdt hon hodc dang tin cay hon cua do léch tiéu chuén tuyét
doi, sy, cua tong hodc hiéu duoc xac dinh bang phuong trinh:

Sy = 2 452 +52 +... (2.16)

0 day sa; sp; Sc ... la dg 1éch tidu chuan tuyét ddi cua nhimng s6 tham gia vao téng hoic
hi¢u. Ching ta nhén thay rang d6 tan man tuyét dbi ctia két qua 1a tong d6 tan man tuyét d6i
thanh phan. Ciing c6 thé viét phuong trinh (2.16) duéi dang:

2 2 2 2

Sy =85 +Sp T8¢

Nhu véy la khi nhén va chia, d6 1éch tiéu chuan twong d6i duoc t6 hop lai. Vi du, dé nhan
duoc d6 1éch tiéu chuan ddi véi y trong ty so:

y=—
¢
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o S S 2 S 2 S 2
c6 thé viét: Yo (—aj +(—b] +(—CJ (2.17)
y a b c

Vi du: Hay tinh d¢ 1éch tiéu chuén cua téng da dan ra trong vi du da xét trén. Vi tinh toan
tong, do 1éch ti€u chuan tuyét doi duoc to hop lai:

sy =(20,02)? +(+0,03)% + (0,05)? = +0,06

Tu do: y =2,63 (£ 0,06)
Trong truong hop nay xac suat trong dbi nho hon so véi sai sé cuc dai:
(0,02 + 0,03 - 0,05 = 0,00)

Vi du: Hay tinh d6 léch tiéu chuan xac suét d6i voi két qua cua phép tinh:

=0,01041=£"

_(4,10+0,02)(0,0050 + 0,0001)
Y 1.97+0,04

Trong truong hop nay ching ta can phai str dung do 1éch tiéu chuan tuong ddi. nhu vay:

2 2 2
(Sy)td = \/@?1 %2] +(i§’0 %%%ﬂ +[i10’9074j = \/(J_ro, 0049) +(+0,020) +(+0,020) = 0,029
Do 1éch tiéu chuan tuyét ddi duoc dién ta nhu sau:

Sy = ¥.(Sy)u = 0,0104.0,029 = 0,0003

Do doé: y =0,0104 (£ 0,0003)

Vi dy: Hiy tinh d6 1éch tiéu chuan két qua cta phép tinh:

[14,3(+0,02) - 11,6(+0,2)] x 50(0,16)
y =

=3,191+?
42,3(+0,4)

Ban dau can tinh d6 1éch ti€u chuan doi véi hiéu & tir so:

s =(#0,2)% +(0,2)? = 40,28

Sau d6 phuong trinh duogc viét lai thanh:

_2,7(+0,28) x 50,0(+0,1)

=3,191
42,3(+0,4)

Tiép d6 chung ta tinh d6 1éch tiéu chuan twong ddi cta thuong sb:
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(SY)td - \/[ig’?jz +[§8’éj2 J{Zg’;f =010
Do 1éch tiéu chudn tuyét ddi cua két qua:

sy =3,191.0,10 = 0,32

y=3,2(£0,3)

Rét 1y thu nhan xét rang, trong giai doan tinh & tir sd, sai s6 da ting.
2.7.2 Su lan truyén sai s6 & phép tinh luy thira

Pé thdy rd, sai s trong trudng hop khi can phai nang lily thira gia tri cua két qua thuc
nghiém hodc khai can n6 thi sai s0 lan truyén nhu thé nao, chung ta xét:

y=a

& day x 1a chi s6 luy thira hodc cin sd, s khong chura sai sd.
Lay vi phan phuong trinh do:

dy = xa®* "da

Chia cho phuong trinh xuat phét ta dugc:

dy _ xa®da

y a*
nhung:

21 ~

a.X

L
a

do do:

dy _xda
y a

hoic 1a ddi voi lugng ting hiru han :

Ay _ 4 (2.18)
y a
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¢ day Ay 1a sai s6 tuyét 601 cua phep xac dinh ys sinh ra do sai s6 Aa trong phép
xac dinh a. Ro rang 13, sai s6 tuong 601 Ayly cta két qua tinh toan 1a sai s6 twong dbi cua gia
tri thuc nghiém Aa/a nhén véi chi sb luy thura, x. Vi dy, sai ) tuong ddi cua sb binh phuong
hai 1an 16n hon sai s6 cta phép xac dinh chinh sé d6, con sai sb twong ddi cia mot s6 nam
dudi ddu can bac 3 bang mot phan ba sai s ctia phép xac dinh s6 do.

Diéu quan trong can chu y 1a, quy luét lan truyén sai s6 ngiu nhién khi ting chi sb béng
luy thira khac voi quy luat lan truyén sai s6 khi nhan boi vi trong truong hop do khong ton tai
kha nang gian udc tuong hd. Chung ta nh¢ lai rang, d6 léch tidu chuan cua hai s0 va c6 thé
tinh gia tri xac sudt bang cach iy cin bac hai ciia tong binh phwong sai s6 chung ta ap dung
phuong phap d6 cho phép nhan mot s6 vé6i chinh n6 (a.a). O day dau tit nhién 1a dong nhét
bi vi chinh nhitng dai lwong nay 1a déng nhit. Do d6 sai s tuong déi cua phép xac dinh a’
phai bang hai 1an sai s6 xac dinh a. Phuong trinh (2.18) ciing dugc dung dé tinh sai s6 ngiu
nhién; khi d6 ta thay thé Ay va Aa bang Sy VA Sg.

QVz' du 1: P 1éch tiéu chuan lghi do dub’qg kiqh d ctia qua cu br:ing + 0,2 cm. D6 1éch tiéu
chuan bang bao nhiéu khi tinh thé tich qua cau, néu d = 10,0 cm?

3
\Y% :in(gj =523.6cm>
370 2

C6 thé viét:
Sy _3sq _,_ 0,2
(sy)td-V—T—L% =0,06

Vay d¢ 1éch tiéu chuin tuyét ddi cua thé tich:

sy=523,6.0,06 =31

Do dé:

V=524 (£31)em’ =5,2(x0,1).10*cm’

Vi du 2: Tich 6 tan (T) cia mudi bac AgX bang 4,0 (+ 0,4).10°°.
Sai s6 tinh todn d6 tan AgX trong nudc bang bao nhiéu?

Trong trudong hop nay (xem chuong 3):

Do tan = (4,0.10%)"*=2,0.10",

0,4x1078
4,0x1078

(Sx )td =
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1 0,4
(SY)td =% 0" 0,05

b

s, =2,0.10%.0,05=0,1.10"

Do tan = 2,0 (£ 0,1).10 * g/1
2.7.2 Swlan truyén sai s6 6 phép LOGARIT va ANTI LOGARIT

Dé thay 1 sai sO & phép tinh LOGARIT va ANTI LOGARIT duoc lan truyén nhu thé
nao chung ta 1ay vi phan phuong trinh:

y = loga = 0,434.Ina
¢ day In 1a logarit ty nhién. Nhu vay:

dy = 0,434%
a

Chuyén sang gia lwong hitu han, ta dugc:
Ay = 0,43422 (2.19)
a

Chu y 1a, sai $6 tuyét dbi cua dai luong y dqqc xac dinh béng sai b tuong ddi cua dai
luong a va nguoc lai. Cling nhu trude day, c6 thé st dung phuong trinh (2.19) sau khi thay
thé Aa/a bfmg dd 1éch tiéu chuan tuong ddi con Ay béng do 1éch tiéu chuan tuyét ddi cua dai
luong y.

Vi du: Hay tinh dg 1éch tiéu chuin tuyét ddi cac két qué cua cac phép tinh sau. B¢ Iéch
tiéu chuan tuyét doi doi véi moi dai lugng dugc cho & trong ngoic.

a) y =log[2,00(+ 0,02).10°] =—2,6990 + ?
b) a = antlog[1,200 (0,003)] = 15,849 + ?

¢) a=antlog[45,4 (£ 0,3)] =2,5119.10° + 2
Giai:

a) Theo phuong trinh (2.19) ching ta thay rang can nhan do léch tiéu chuan twong déi véi
0,434, nghia la:

0,02.1073

Ay =20,434 x 3
2,00.10~

= 40,004 =,
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Nhu vay:

10g[2,00 (+0,002).10°] = — 2,699 + 0,004
b) Bién d6i phuong trinh (2.19) va thay thé Aa va Ay bang d¢ 1éch tiéu chuan tuong tmg:

Sa_ By 20003, 5069
a 0,434 0,434

sa = 1 0,0069.a =+ 0,0069.15,849 = 0,11
Nhu vay:

antlog[1,200 (+ 0,002)] = 15,8 + 0,1

c)
Sa_ 203 _ 469
a 0,434

sa =0,69.2a=0,69.2,5119.10¥ = 1,7.10%
Do d6:
antlog[45,4 (£ 0,3)] =2,5 (£ 1,7).10®

Can cha y d&én gia tri 16n cua sai s6 tuyét dbi trong antilogarit cua s6 ¢6 luong nho )
sau dau phay. Sai s6 16n trong truong hop nay duoc giai thich 1a s6 bén trai dau phay (phan
ddc tinh) chi dung dé chi cho cia dau phay Trong vi du cudi cung, sai sd 1on trong
antilogarit 13 hé qua cua sai s6 16n trong phan dinh tri ciia s6 (nghia 1 0,4 + 0,3).

2.2 Diéu kién c6 nghia cia chir so

Trong bao cao Ve phép do, nha thyc nghiém khong nhing can dua ra sb liéu ma ho cho la
t6t nhét, c6 thé 1a sd trung binh hodc trung vi, ma con can dua ra ca sy danh gia vé do tin cay
ctiia n6. Vi do tin cdy, tot nhat 1, dién ta bang do 1éch tiéu chudn cia két qua. Poi khi co thé
gdp ca do léch khoi gié tri trung binh, d§ 1éch khoi trung vi hoac 1a bién do dao dong boi vi
nhimg thong s6 nay cua do l3p lai dé tinh hon. Sy lam tron két qua thuc nghiém cling la quy
ludt tong quat, nhu vdy chinh xac 1a chi con lai nhiing gia tri da biét, nhung trong moi gia tri
do con c6 mot chir s6 dang nghi ngod. Quy luat do dugce hiéu nhu 1a diéu kién c6 nghia ciia
chi s6.

Vi dy, gia tri trung binh cia cac gia tri thyc nghiém 61, 60 61,46; 61,55; 61,61 bang
61,555. Do léch tiéu chuan cua tong 1a + 0,0069. RS rang 14, s6 tht hai sau dau phay trong
phan thap phan 1a dang nghi ngd. Trong truong hop nay ghi tat ca céc chit s6 lién tiép khong
c6 ¥ nghia nén chung ta phai 1am tron mét cach twong tng sb trung binh. Can phai ban van
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dé, lay gia tri 61,55 hay 61,56 boi vi gia tri 61,555 vira diing nam giira chang. C6 méot quy
luat c6 ich: 1am tron sb 5 ludn ludn din t6i s chin gan nhat. Khi d6 xu hudéng lam tron theo
hudng dinh trude bi loai trir boi vi trong tinh hudng da cho, sé chin gan nhat s& cé gia tri 16n
hon hozc nhé hon ¢6 x4c suat nhu nhau. Nhu vy ¢ thé cho gia tri so bo: 61,56 + 0,07.

Su danh gia do tin cay cua do lap lai. Néu ¢6 co s dé nghi ngo + 0,07, thi co6 thé dua ra
két qua dudi dang 61,6 + 0,1

Thuong diéu kién c6 nghia cta chir s6 1am bién déi su danh gia ddc biét do6i voi do lap lai
cua két qua. Trong vi du néu trén, két qua bang 61,6; vé thuc chat chung ta noi rang, chung ta
bao dam céc chir s6 6 va 1 nhung gia tri s0 6 thr hai con dang nghl ngo. Nhitng thleu sOt cua
phuong phap d6 1a hién nhién. T4t nhién doc gia c6 thé dé nghi rang, khoang sai sé nam tir +
0,05 dén +0,5

Khi sir dung diéu kién c6 nghia ctia chir sd, diéu quan trong can hiéu 14, s6 0 khong chi co
chtc nang nhu mot chit sé ma con duge dung dé chi vi tri ciia ddu phay trong nhimg sb rat
nho va rat 16n. C6 thé dung s6 Avogadro 1am vi du. Ba sé dau tién 6, 0 va 2 dugc biét mot
cach tin cdy. Nhimg chit s6 tiép theo dang nghi ngd nhung c6 thé hon ca, d6 1a s6 3. Boi vi
nhimg chir s tiép sau 6023, khong biét, sau s6 3 ching ta dat 19 s6 0. O day nhirng s6 khong
chi chi 5 trat tu cia s6 thoi chir khong c6 nghia khac. R rang 13, can phan biét nhimng chit s6
c6 nghia vat 1y (nghia 1 nhitng chit s6 c6 nghia) va nhiitng chir s6 hodc khong biét hoic khong
c6 nghia do phép do khong dang tin cdy.

Nhitng chit s6 0 lién sat voi cac chit sé ding ¢ bén trai ciing c6 thé co nghia va khong c6
nghia. Vi du, trong luong ciia qua can 1a 20 mg, khong can phai bd chinh dén phian mudi
miligam, dugc biét véi d chinh xac dén ba chit s6 c6 nghia 13 20,0. Néu trong luong d6 duogc
biéu dién 14 0,0200 g thi sd chir s6 c6 nghia khong thay doi. Néu ching ta mudn dién ta thé
tich cdc hai lit dudi dang 2000 ml thi sé d6 chi c6 mot chit sé co nghia. Nhimng con s6 0 chi
chi rd thi tu ciia chi s6. Nhung co thé xay ra trudng hop, thé tich cia cec dugc xac dinh bang
thuc nghiém bang 2,0 1. Trong truong hop nay sé 0 sau dau phay c6 nghia va chi rd 1a thé tich
duoc biét v6i d6 chinh xac it nhit 1a + 0,5 1 va ciing c6 thé 1a + 0,05 1. Néu nhu thé tich d6
duoc dién ta bang mililit, s6 0 dimg sau sb 2 1a co nghia con hai s6 0 khac khong c6 nghia. Sy
thuc hién phép ghi dudi dang luy thira loai bo duoc khé khian d6. Khi d6 ching ta c6 thé dién ta
thé tich dudi dang 2,0.10° ml.

Tir nhitng diéu kién trinh bay trén ta thay, su than trong khi xdc dinh sd chir s6 co nghia
cua két qua thu dugc qua mot phép tinh s6 hoc vo1 hai hodc mot s6 16n hon s6 hang mii. Khi
cong hodc trir, s6 chir sb co nghia co thé xac dinh ngay. Vi du:

3,4+0,02+1,31=4,73

R rang 13 chit s6 thir hai sau dau phdy khong c6 nghia, do d6 sai s6 tong quat dugc xac
dinh bang sai s ¢ s0 1¢ thir nhat sau dau phay trong s6 hang 3,4.

Khi nhan hodc chia cac s6 lidu nguoi ta thuong chap nhén quy tac 14y sb chit s6 c6 nghia
ctia két qua bang sb chir sé c6 nghia cua dai luong chira sé chir sé c6 nghia nhé nhit. Vi dy:
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240452 _108-0,11
100,0
Trong truong hop nay, s6 24 ¢6 hai chir s6 c6 nghia va két qua da dugc lam tron tuong
g v6i sO nay. Bang tiéc quy luét da néu trén khong phai luén luén tmg dung dugc. Chung ta
gia thiét rang, sai sO ctia s6 24 c6 thé nho, vi du 13 0,5 hodc 16n hon, vi du 1a 5. Sai sb cta
phép chia dbi v6i gidi han dyduoc xac dinh nhu sau:

Sai s6 tuyét dbi Sai s6 Sai s6 tuyét dbi Lam tron
gia thict cua so 24 tuong doi cua s0 0,108
0,5/24 = _
>0,5 0,02 0,108.0,02 = 0,002 0,108
<5 504=02 0,108.0,2 =0,02 0,11

Can phai than trong dic biét khi 1am tron logarit va antilogarit dén s6 c6 nghia thich hop.
Chung ta chii ¥ t6i vi du da dan ra ¢ trén vé su lan truyén sai sd phép tinh logarit va
antilogarit; su lam tron twong tmg cua dai luong log2,00.10~° dan t6i két qua —2,699. Thi ra
phép tinh da lam tang chir sd ¢o nghia. Nhung thyc chat chr sé thir ba xudt phat tur két qua chi
chi 15 vi tri ctia ddu phay trong s6 xuét phat. Thong tin vé s6 2,00 cho 3 chi s0 0,699. Nhu
vay c6 su tuong ung gitra s chir sb c6 nghia ciia phan d6 cta két qua va chir sb xudt phat.

Nhu da chi rd trong vi du duge dan ra & muyc 2.5.4 khi tinh antilogarit, ¢6 sy giam sb chir
s0 c6 nghia. Nguyén nhén cta hi¢n tugng duong nhu di thuong dé nam trong chirc nang cua
phan dac tinh cua logarit.

2.3 Bao hiém chit lwgng (QA) va biéu dd kiém tra

Khi sir dung nhirmg phuong phap phan tich dé giai quyét nhimg van dé phic tap cua thyuc
té thi chét luong cua nhiing két qua thu duoc bang nhimg phuong phap ndy cling nhu cua
nhitng dung cu va thiét bi duoc sir dung dé hoan thanh cac phep do can phai duoc danh gia
lién tyc. Chung ta thuong gép 3 thuat ngir trong ban luén vé chat lugng cta phép do: bao hiém
chat luong, kiém tra chat luong va danh gia chat luong. Ba thuat ngit nay di duoc Taylor dinh
nghia trong bai viét ciia minh vé d¢é tai chét luong ctia phép do nhu sau:

Bdo hiém chdt lwong (QA): Nhimg hoat dong ciia mot hé thong t6 chirc nham muc dich
chuyén dén cho nha san xuat hodc nguoi tiéu dung mot san phdm hoic mét dich vu quyén
duoc bao hiém.

Kiém tra chdt lwong (QC): Nhimg hoat dong cua mot h¢ thong t6 chirc nham kiém tra
chat lugng mot san pham hodc mot dich vu theo ydu cau ciia nguoi tiéu dung. Cu thé 1a lam
ho man nguyén mot cach day du va dang tin cay.
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Pdnh gid chdt lwong: Nhimg hoat dong cua mot hé théng té chirc dam bao ring cong
viéc ki€ém tra da dugc thuc hién c6 hiéu qua. Cong viéc do khang dinh sy danh gia tiép theo la
nhitng san pham da dugc san xuat va sy thuc hién ctia co s¢ san xuat da dugc chap nhan.

2.7.2 Su cén thiét ciia bao hiém chat lwong

Do dac cac chi tiéu hoa hoc 1a dé phuc vu cudc séng von rat da dang cua loai nguoi va )
gang thuc hién nhimg nhiém vu btc thiét nhu ngan ngtra va xtr Iy mot s6 bénh tat, bao vé moi
truong, bdo ddm an toan cho san xuét va su luu thong nhiing vat li€u co6 ich, d@)ng thoi thuc
thi mot s6 16n cac nghién ctru khoa hoc. Nhitng s liéu vé cac chi tiéu hoa hoc phai dang tin
cdy va d6 ciing phai 1a bang chimg hién nhién vé su ton tai ciia chung. Nhitng nghién ctru vé
bao hiém chat lugng hoan toan khang dinh nhitng s6 liéu do.

C6 hai cach danh gia chat lugng:

— Cach tht nhat 13 sy danh gia d6 ding va do chinh xac cua phuong phép do.

— Céch thir hai 1a xem xét chét luong mot san phém da duoc san xuit mot cach phé bién.
Sau day la vi du cho mdi loai:

Mot vi du vé su can thlet phai bao hiém chat lugng phurong phép do. Cong viéc dugc bat
dau bang viéc kiém tra cac sb liéu do cac thiét bi ctia bénh vién cung cap dé xac dinh s6 hi¢u
ctia mau. Cac thiét bi d6 phai dugc chuan hoa cing tin s voi cac mau chuan dé dam bao rang
nhimg két qua thu duoc c¢6 d6 ding du tin cdy va do chinh xac hoan toan du cho bénh vién.
Néu phuong phap do khong du do ding va khong chinh xac s& dan t6i chan doan sai, khong
thich hop cho su cham soc bénh nhan hodc tham chi bi tir vong. D6 1a nhitng san pham két thiic
cua phong thi nghiém, 1a thudc do chinh ho.

Mot vi du khac vé sy can thiét phai bao hiém chat lugng: ban vé phép xac dinh florua
trong thudc danh rang. C6 it nhét 3 1y do dé giai thich vi sao phai do can than va kiém tra ham
luong florua trong thudc dénh ring; hon nita kiém tra 1a cong viéc quan trong. Pau tién 1a
florua doc & ndng dd cao nén chinh phil phai diéu chinh. Thém vao d6, tinh hiéu qua ciia san
pham thuong phu thudc vao su duy tri mot khoang ndng do xac dinh ciia hop phan cé hoat
tinh. Néu ham luong florua trong thudc danh riang qua nho thi ¢ thé khong bao vé ring tranh
sdu ¢ hiéu qua. Néu thira nhiéu florua sé& bi thai ra ngoai va trong truong hop thira ¢ mirc do
cao, florua s& tro thanh nguy hiém. Cubi ciing, cong thirc c6 hidu qua c6 thé da try thanh bang
phat minh ctia mot nha san xuat hoic cung co thé 1a ciia mot nguoi trong sd nhimng nguoi
dang canh tranh nhau. Néu cong thirc 1a bang phat minh cua mot nguoi thi cong ty cua nguoi
d6 mudn giir hoan toan bi mat néng do florua, sao cho ndéng d6 nay khong nam trong cac diy
ctia bang phat minh. Néu mot co sé san xuat dang nam gitt bang phat minh, ho c¢6 thé mong
mudn phan tich nhiéu mau san pham cta nhitng ddi tha canh tranh dé dam bao khong c6 su
xa4m pham bang phat minh.

Pé danh gia chat lugng nguoi ta thuong sir dung biéu dd kiém tra. Ching ta dé cap dén
hai vi du dién hinh, trong d6 cong cu thong ké dugc stir dung.
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2.7.2 Ung dung biéu do kiém tra

Biéu do kiém tra 1a do thi dién ta su bién ddi lién tuc theo thoi gian hodc trong dia diém
ctia mot tiéu chuan chat lugng nao d6 dic trung va quan trong trong bao hiém chét luong.
Biéu d6 con chi rd gii han thong ké cua dao dong, d6 1a su chap nhan ddi véi mot phép do
dac thu da duoc thuc hién.

Biéu dé kiém tra dé gidm sdt chirc ning thuwe hién ciia mot thiét bi phan tich

Trong vi du dau tién vé danh gia chat luong, ching ta s& ban vé van d¢, lam thé nao dé co
thé giam sat churc nang thuc hién cia mot thiét bi phéan tich rit co s& - mot cai can phan tich.
Co thé giam sat ca do dung va do chinh xac cta can bang phép xac dinh dinh ky trong luong
clia mdt mau chuan. Sau d6 1a nhimg phép do trong nhitng ngay lién tuc trong gidi han xac
dinh ciia mot trong lwong miu chuan. Nhimg gidi han nay duoc goi 1a gidi han kiém tra trén
(GKT) va giéi han kiém tra du6i (GKD). Ching duoc dinh nghia nhu sau:

30

GKT =p+—
H VN

30
GKD=p-—
" VN

w14 gia tri trung binh ctia phép do trong lugng a, o 1a d6 léch chuan ctia phép do, N 1a s6
ket qua thu dugc ciia moi mau. Gia tri trung binh va do Iéch chuan ciia moét trong lwong chuan
can phai dugc xac dinh ngay tir nhitng nghién ctru ban dau.

7Ngoéli d6 léch chuan noi trén, can ghi cha thém rang, GKT va GKD ciing 1a d6 léch
chuan trén mot khia canh khac cua gia tri trung binh, ching tao thanh mot hanh lang thich hop
ma trong luong a da do dugc, hy vong nam trong khuon kho d6 téi 99,7% thoi gian.
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Hinh 2.5. Biéu d6 kiém tra mét can phén tich hién dai

Hinh 2.5 13 biéu d6 kiém tra dién hinh dbi véi mot can phan tich. Bé xay dung biéu do
nay, chung td1 da tap trung nhimg s6 liéu vé trong luong do trong 20 ngay lién tuc mot trong
lwong chuan 20,000 g do Vién Tiéu chuan va K§ thuat Quoc gia cung cap. Dé thu duoc céac sb
lidu, can da dugc dua vé gia tri “0”, trong luong chuan da dugc dat trén dia can va trong
luong da duogc xac dinh. Toan by qué trinh da duoc lap lai 4 1an va mdi ngay do lai 5 lan. Tu
nhitng thuc nghiém doc 1ap, nguoi ta da xac dinh dugc gia tri trung binh p = 20,000 g va do
1éch chuan o = 0,00012 g, gia tri trung binh ctia nam phép do 13 3.0,00012/5 = 0,00016 nén
GKT = 20,00016 g va GKD = 19,99984 g. Véi nhiing gid tri d6 va gié tri trung binh trong
luong cuia mdi ngdy ching ta xay dung duoc biéu d6 kiém tra duoc dan ra trén hinh 2.5.

Ghi chi, gia tri trung binh trong lugng ciia mdi ngay dugc dién ta trén do thi bang mot
chdm den. Theo cach d6, bat ky mot xu hudng cé tinh chat hé thong nao trong cac phép do
ciing c6 thé d& dang phat hién. Vi trung binh trong lugng cia mau gitta GKD va GKT nén cén
phan tich duoc coi 13 di qua kiém tra théng ké. Khi gia tri trung binh mau ndm ngoai gidi han
nhu d3 x4y ra trong ngay thir 17, can phan tich dugc coi 1a khong qua duogc kiém tra. Khi mot
thiét bi hodc mot hé thng thiét bi khong qua dugc kiém tra, luc d6 chung ta s& phai c¢b ging
tim ra nguyén nhan cho tinh hudng d6. Vi du nhu, trong trudng hop ciia ngay thir 17, can da
dugc phat hién la khong duoc sach do dia can bi ban va cac budc s& phai thyc hién dé dam
bao sy viée s& khong tai dién. Nhitng d6 1éch c6 hé thong do gia tri trung binh s& dwoc phat
hién twong d6i d& dang trén biéu do kiém tra trong vi du tiép theo.

Biéu dé kiém tra dé dinh gid chit lwong mét dwoc phim

Nhu d4 néi trén déy, c6 thé dung biéu do kiém tra két hop véi k§ thuat phan tich dé kiém
tra qua trinh san xuét. Co mot vi du rat hay vé cach lam nay, ca vé viéc ké don va mét loai
thude dic tri chtra benzoyl peoxit dugc dung dé diéu tri mun & mat va da. Benzoyl peoxit la
mot loai thudce sat trung da dugc chi dan 1a ¢ hiéu qua cho da khi sir dung ¢ dang kem hay &
dang thudc m& chira 10% thanh phan hoat tinh. Vi mdi loai thudc déu duge co quan quan ly
thyc pham va thude diéu chinh nén ndng d¢ ciia benzoyl peoxit can phai dugc kiém tra va xac
nhan theo kiém tra thong ké. Benzoyl peoxit 1a mot chat oxi hoa nén cé thé hoa hop véi mot
lugng du iodua sinh ra iot. Sau do iot sinh ra dugc chuén do béng dung dich natri tiosunfat
chuan dé thuc hién phép do benzoyl peoxit trong mau.

Biéu d6 kiém tra trén hinh 2.6 chi 13, nhiing két qua phan tich 89 san pham thong qua
nhirng phép do kem chira 10% benzoyl peoxit danh dinh trong nhiing ngay lién tiép. Mdi miu
1a mot dai dién tuong trung bang gia tri trung binh phan trim benzoyl peoxit khac nhau cua
kem thu duoc tir nhimg diéu kién rat cu thé dé thuc hién.
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Hinh 2.6

Str dung biéu db kiém tra dé giam sat ndng do benzoyl peoxit trong pha ché thubc chéng mun & da ban &
thi truong

Biéu d6 kiém tra cho biét, cho dén ngay thir 83, da qua kiém tra théng ké véi su thay d6i
ngiu nhién binh thudng vé luong benzoyl peoxit, nghia 1a nim trong ving gitra GKD va
GKT. Trudc ngay thir 83 chi co két qua ctia ngay thir 26 1éch khoi gia tri trung binh ndng do
9,94% va tién sat t6i gidi han kiém tra véi su tang hé théng d6t bién cao hon gidi han kiém tra
trén. Su ting do6 1a do diéu kién cu thé cua san xudt giy nén, chi bj loai trir khi nguyén nhan
dugc phat hién va t chuc sira sai. Mau nay gan bo vé6i vi du vé cin phan tich di noi trén day,
chi 10, str dung biéu dd kiém tra thuan loi ra sao va nhitng bién phap hitu hiéu dugc thuc hién
dé bao hiém chét lugng nhitng s liéu ¢ nhimg tinh huéng khac nhau.

Nhing vi du ndy tép trung xac dinh do ding cua thiét bi va nhitng qua trinh dan t6i dat
tiéu chuan. Cling co the sir dung biéu d6 kiém tra dé giam sat d6 chinh xac. Hay doc thém
nhimg vi du bd sung vé phuong phap ludn bao hiém chat luong trong sach cta Taylor va tai
lidu tham khéo trong do".

* K.Taylor, Quality Assurance of Chemical Measurements. Chelsea, MI: Lewis, 1987.
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Chuong 3

Cac phan ing hoa hoc trong hoa hoc phan tich

Cac phan tmg hoa hoc dugc st dung nhiéu trong hoa hoc phan tich: trong cac phuong
phap phan tich hoa hoc c6 dié€n, trong cac phuong phép phan tich hod hoc va phan tich cong
cu hién dai, trong cac phuong phap tach, trong cac phép do.

Hoa hoc ctia cac phan tmg d6 1a co sd 1y thuyét cho su phat trién cac phuong phap phan
tich cong cu va hod hoc hién dai. Vi vdy, can phai dac bi¢t cha y ban ludn vé cac phan Ung

nay.

Mot phan mg hoa hoc muén duge st dung trong hod phan tich trude hét can phai thoa
man hai diéu kién sau:

1. Phan Uing phai x4y ra hoan toan.

2. Tdc d6 phan tng phai di nhanh.
D0 hoan toan cua phan irng

No6i mot cach chit ché thi khong co phan tmg hoa hoc nao xay ra hoan toan, ké ca phan
g di thé. Phan ung nao ciing chi dat t4i trang thai cn bang ¢ nhimng diéu kién cu thé cho
trude. Chiing ta ban vé do hoan toan ctia phan ng hoa hoc & trang thai can bang. Ning lugng
Gibbs (ning lugng Helmholtz - E) dién ta trang thai can bang cta phan Gng dang 4p bang biéu
thirc nhiét dong hoc. Ning luong Gibbs 1 tong cac hoa thé p; = 6G/6n; cia cac chat i tham gia
vao phan Ung.

AG = Zniui (31)
n; : 6 mol cua chét i.

Dai luong AG® = > n;u{ dién ta entalpi tw do chuan bang cong c6 ich chuan. Cha y su phu
thudc ciia hoa thé vao hoat d0, dbi véi trang thai can béng chung ta co:

AG°® = - RTZn;.lna; = — RT.InK (3.2)

Tir phuong trinh trén, chi s6 hing sé can bang cia phan Gng, pK, dugc sir dung nhu tiéu
chuan tryc ti€p cho trang thai can bang.



58
K=-logK=—AG%;(M =1loge) (3.3)
RT ’ '

Trang thai cAn bang cta phan tng:
HAA + nBB l’lcc + l’lDD (34)
dugc biéu dién bang phuong trinh:

a

nc n
pK, =-log—= xaq

(3.5)

aAnA X aBnB

Hang sb nhiét dong cuia can bang K, hodc chi sé can bang twong tng pK,, & nhiét 46 nhat
dinh, khong phu thudc vao nong d¢ va dién tich cua céc hat dugc dac trung bang trang thai
khong xay ra sy bién doi hiru hi¢u nao doi voi thanh phan cta hé .

Vi hoat d6 a 1a dai lugng tuong dbi nén can phai xéc 1ap trang thai chuén d6i véi chung.
Céac chét ran hodc chat long tinh khiét mot cach gr:in ding, c6 hoat do khong ddi duge coi nhu
béng don vi. Nguoi ta chép nhén hoat d6 cua chat tinh khiét béng don vi ca khi mot phﬁn cua
chit hoa tan. Mot cach tuong tu, co thé chép nhan hoat do cua dung mdi trong dung dich
lodng bang don vi. Hoat d6 cua cac chit tan duogc chuan hoa theo ndng d6 mol/l twong tmg
v61 hé thuec:

lim 2=1 (3.6)

Néu n(‘A)ng do chung ¢ cua tat ca cc chét tan tién toi khong thi h¢ s6 hoat do f= a dat to1
c

gi4 tri gi6i han, bang don vi va hoat d6 bang nong do phén tir a = c. Cac chét tan & dang phan
tlr twong tac yéu voi cac hat khac trong hé du mang hodc khéng mang dién tich. Néu nong do
cua chung khong qua cao, nguoi ta chap nhan =1 trong tinh toan. Mot cach twong ty, hoat
d6 cua chat khi xap xi ap xuat riéng phan p cta nd. Néu 4p suat chung cta hdn hop khi tién
t6i khong thuong co thé xem a = p.

Khéng c6 kha niang xem xét riéng biét hé sé hoat do cua anion (f) va cation (fi) nén

nguoi ta st dung hoat do trung binh (f3). Bdi voi chat dién 1i loai ApBn, gia tri fi duoc tinh
theo cong thirc sau:

£, = "N £ (3.7)

Heé s6 hoat d6 cua cac ion 12 ham sd cua céac chét dién li tdn tai trong dung dich nén c6 thé
tinh anh hudng tong hop ctuia chung theo phuong trinh lyc ion ctia dung dich:

1
iy (3.8)
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Z; va c;i 1a dién tich va ndng d6 tuong ting cua ion i.

Trong dung dich nudc c¢6 p < 0,01 & 20°C, c6 thé tinh hé s6 hoat do theo cong thirc
Debye — Huckel:

logf, =—0,5Z2/u (3.9)

O luc ion cao hon, cac chét dién li khac nhau biéu dién nhing sai 1éch ca biét. O pu = 0,1
c6 thé xéc dinh hé s6 hoat d§ du tin cdy theo cong thirc:

logt, = 0,572 1 (3.10)

1+\/ﬁ

Thay a = fc vao phuong trinh (3.5) dé dién ta trang thai cAn bang ta co:

e np e np
pKa:_logw_logA (3.11)
CAnA x CBnB fAnA x anB
Chi s6 can bang nong do:
e np
PK, —logi (3.12)
CA A x CB

Ngay ca ¢ gia tri lyc ion tuong (101 thap cling ¢o thé khac pK, dang ké. Do d6 can phai
luén 1udn kiém tra xem gia tri chi sd hang sb can bang tinh toan dugc bi giam xubng bao
nhiéu khi thay thé hoat do bang nong dd phan tr. Khi ny = ng = nc = np = 1, tir cac phuong
trinh (3.10) va (3.11) ta co :

pK, = pK, +0,5(Z % + Zp? - 7> —ZD2>L (3.13)

1+\/ﬁ

Néu phuong trinh (3.10) 1a ding dan thi hudng bién ddi ciia pK, do luc ion gy nén phu
thudc vao tong binh phuong dién tich cc ion & ca hai phan cta phuong trinh phan tng.

Gia tri pK duogc sir dung kha thuén tién dé danh gia trang thai can bang trong h¢ phan tmg
lién tlep Chiéu ciia phan tmg do dau ciia chi sd hang sO can bang quyet dinh. Chi s6 hang so
can bang cta phan tng thuén bang gia tri 4m cua chi s6 hang sO can bang cta phan tmg nghich.
Chi s6 hang s6 can bang to hop cua nhiing phan mg lién tiép (pKrn) 1a tong cac chi s6 hang s6

can bang ctia nhitng thanh phan.

pKrn = InikK; (3.14)

Vi tri can bang phu thudc vao nhiét d6. D6i v6i phan tmg dang ap, phuong trinh Van't
Hoff da duoc nghiém dung.
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aana 3 AH
oT  RT?

(3.15)

Theo nguyén 1y Le Chatelier, chi s6 hing sé can bang ting hodc giam tuy thudc vao dau
cua entalpi (AH®) phan mg. D6i véi cac tinh toan gan dung pK trong mot khoang hep nhiét
dd, c6 theé bo qua sy phu thude cua entalpi phan tng vao nhiét do va sit dung phuong trinh
tich phan:

AH 1 1
pK; -pKj = ——(———j (3.16)

Trong d6 chi mot gia tri AH dong nhét dugc ding cho ca khoang nhiét do tir T, dén Ts.
Néu can thiét phai xac dinh chi s6 hang s6 can bang cho ca khoang 16n nhiét do can phai ké
dén sy phu thudc cua AH vao nhiét d6. Xuat phat tir phuong trinh co ban vé ning luong
Gibbs suy ra tur diém géc thtr nhit dén thir hai ctia nhiét dong hoc.

AG = AH - TAS (3.17)

va phuong trinh Gibbs - Helmholtz:

(%]p __AS (3.18)

Ngudi ta d tim ra nhidu phuong phap tinh AH. R& rang 13, ca entalpi va entropi ciing thé
hién anh hudng cuia minh trén sy phu thudc cua pK vao nhi¢t d§. B¢ tinh toan nong do can
bang cac chat trong hoa phan tich ching ta chi can str dung K céan bang (xem tiép chuong I'V).

Nhirng yéu cau cu thé vé dd hoan toan ciia mot phan ng phén tich dinh
lwgng
Sau déy 1a nhitng yéu cau dbi voi mot phan tng phén tich dinh luong:

1. Phan ting phai hop thirc. Néu nguoc lai s& khong c6 co so dé tinh toan lugng chat sinh
ra trong phan ng.

2. Phan ng phai xay ra nhanh. Néu khong nhanh, thoi gian can thiét dé hoan thanh
phép phan tich s& qua dai. Tinh chét do dac biét quan trong trong cac quy trinh chuén d9,
bdi vi phan tng phai hoan toan sau mdi 1an thém chit chuén.

3. Phan tng phai dinh luong. Nghia 1a phan ung phai dat 6 hoan toan it nhat 12 99,9%.

4. C6 mot phuong phép thich hop dé theo ddi sy tién trién ctia phan tmg hodc dé xac dinh
khi nao phan ung da hoan thanh.

Chung ta s& ban vé quy trinh dinh lugng 1,3-butadien bang cch brom hod lam vi du:
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H,C = CHCH = CH, + Br - H,BrC — CH = CHCH,Br + H,BrCCBrHCH = CH,

Phan tng sinh ra 2 san pham brom hoa khac nhau. Ti s6 theo lugng cua hai san pham c6
thé bién ddi tuy thudc vao mdi truong thuc nghiém nhung tisé 1: 1 cua 1,3-butadien
va Br, dugc st dung trong phan tng luon 1 mot hang s6. Do d6 co thé tinh luong butadien
trong mau.

Mot phan tng xdy ra véi ti 1& phan tng c¢d dinh va l3p lai nhung véi san pham tao thanh
1a mot hdn hop hodc khong hop thirc thi khong thé ding duge cho phén tich dinh luong. Mic
di mot vai san pham do kinh nghiém ma c6 di duogc st dung thanh cong trong phan tich dinh
luong nhung diéu d6 chi xdy ra khi nhitng diéu kién thuc nghiém duoc kiém tra nghiém ngit.
Vi vay, chi nhitng phan Gng hop thic méi dugc vu tién lya chon cho muc dich lya chon céc
chat.

No6i chung, mot phan tmg chi xdy ra hoan toan khi cac san pham sau day duoc tao thanh:
1. Tao thanh cac phan tir it phan li; 2. Tao thanh két taa;

3. Tao thanh phtric vong cang; 4. Tao thanh khi.
Téc do phan ing

Khong phai tat ca cic phan tmg déu dat toi diém can bang sau ciing mot thoi gian, nghia
1a cung v6i mot tée do. Toc do phan tmg 1a dic trung dinh luong quan  trong cia nd. Cac
phan tmg khac nhau dién ra vdi tdc do khac nhau. Cé phan tng nhanh téi mic gan nhu tirc
khic, thi du phan tng phan huy chit nd c6 thé két thiic trong 10 gidy. Mot s6 phan tmg ion
trong dung dich cling thudc loai do va co thé con nhanh hon, thi du phén g dién li cua nudc
va phan ung tai hop cac ion H' va OH ™ thanh nudc.

Nhiéu phan tmg khac kéo dai hang phut, hang gio, hang ngay. Da sd phan tng hiru co
thuong cham, co6 thé kéo dai hang tuan, hang thang. Nhitng qua trinh trong vé qua dat c6 thé
kéo dai hang van, hang triéu ndm .

Khong phai chi téc do cta cac phan mg khac nhau méi khac nhau nhiéu ma téc do cta
mot phan tng bat ki cling c6 thé thay doi rat nhi€u tuy theo ta xét phan ing & giai doan nao.

Nhiéu phan tng dong thé vi nhitng phan tir thong thuong c6 tbe do phan tmg giam dan
theo thoi gian, cang vé cuoi phan ing cang cham lai. Cac phan tng ion trong dung dich cling
tuong tu .

Su danh gia dinh lugng trang thai can bang qua K. cho phép biét dugc phan tmg hoa hoc,
Ve nguyén tic c6 c6 xdy ra hay khong nhung sy danh gia d6 khong cho mot thong tin nao vé
téc d dat toi can bang. Ciing khong cho biét nhiing qua trinh nhiét dong nao s& xuat hién.
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Khi danh gia kha nang xay ra phan ng cling nhu khi mo ta trang thai can béng
hoat d§ (chtr khong phai 1a ndong do phan tir) mai cé y nghia quyét dinh. Néu hé 1a tap hop cac
phan tir thi trong phan 16n cac trudng hop nguoi ta chap nhan a = c.

Khi bo qua anh hudng cua hoat dg thi toc do phan tmg V = dc/dt xay ra thuc té& vé mot
hudng va c6 thé dién ta bang su bién doi ndng d6 ciia mdi chat tham gia phéan mg.

dcC;
Voo 1dG 1 (3.19)

n; dt n] dt

trong do: 1 la chét tham gia vao phan tng thuén; j 13 chit tham gia vao phan tng nghich; n
1a hé s6 hop thtrc.

Néu phan tmg chi xay ra mot phan va gia tri pK roi vao vung +3... =3 thi can phai ké toi
phan tmg nghich. Méi quan hé giita toc d6 phan tung véi hoat ¢ hodc néng do phan tir cua
cac chat tham gia phan ung dugc biéu thi qua bac phan Gng. Tdc d6 phan tng xay ra theo
phuong trinh (3.4) bang:

~ A k0™ x O™ — kX CE % Cp™ (3.20)

Néu ndng d6 ban dau ciia cac chét phan ing bang nhau thi tdc d6 phan tng xay ra tir trai
sang phai dugc xac dinh bang phuong trinh sau:

trong do6 tong cac chi sO mili n = na + ng 1a bac phan Gng.

Phan tmg béc 1, bac 2 thuong gap nhét;, phan tmg bac 3 rét it gip. Toc d6 phan tmg bac
khong khong phu thugc vao nong do cac chat phan tng.

Phén 16n cac phan tng xay ra theo tung nac. Quy luat thyc nghiém vé bac phan tng tu nd
khong cho ta mot théng tin nao vé co ché phan tmg .

Khac véi tée do phan tng, tinh phan tir ciia phan tng mé ta su xay ra thuc sy cia nhing
phan mg (riéng biét) don ¢ hodc co ban ¢ muc phén tir va chi r6 s6 hat tham gia vao mot va
cham hiru hiéu. Téc do cua mot phan tmg phue tap duge xac dinh bang mot giai doan gidi han
trung gian chdm nhéat. Néu toc do ciia phan g noi tiép khong khac nhau dang ké thi tap hop
tbc do cua nhig phan tng thanh phan 1a toc do cua phan ng phtrc hop toan phan. Piéu dé
dan t6i sy xut hién chi s6 bac phan tng 1a phan sb. Phan ting day chuyén 1a loai phan tmg
ndi tiép dic biét. Su tao thanh nhitng hat hoat dong, & mdi truong twong tac co ban dan toi su
lap lai ca day phan mg. Dbi véi muc dich phén tich, nhiing phan mg mach méi chi ¢ ¥
nghia rat nho.

Né}l nhitng chit tham gia phan tng tham dy vao nhing chuyén hoa khac nhau co kha
nang v€ mat nhi¢t dong lam xay ra trong hé dong thoi nhitng phan tng khong phu thude lan
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nhau thi nhitng phuong trinh phan tmg trd nén phirc tap. Hang sb tc do ciia mot phan tng
xac dinh khong bién do6i do su xdy ra cadc phan tng song song khac. Nhung su bién doi nong
dd cac chat phan ng do sy xay ra cac phan tng khéac dugc phan anh 1én toc d6 cua phan tng
song song.

Nhiéu phan ng giita cac chit hitu co kém theo nhitng qua trinh xay ra song song. Do
tinh da dang ctia nhitng phan ing xay ra nén khong c6 kha nang st dung nhitng qué trinh nhu
thé dé dinh lugng mot chat phan tmg nao d6. D6 1a 1y do giai thich tai sao cac phuwong phap
phan tich hoa hoc cac hop chat phan tir khong c6 duge § nghia gidng nhu khi phén tich cac hé
ion.

Khi ting nhiét d6, tbc do phan tng thudng ting tuan theo phuong trinh Arrhenius:

dan EA
2 A 3.21

T — (3.21)
hoac:

mK:—EA+mA
RT

Khoéng phai mébi va cham cta cac hat cac chat phan tmg déu hiru hiéu va dan téi twong
tac. Vi vay, can phai du nang luong so voi gia tri trung binh & mgt nhiét d§ da cho, nghia 1a
can niang luong hoat hod E,. E cang nho thi sd hat ¢6 kha nang tham gia phan tng cang
nhiéu. Khi ning luong hoat hoa bang khong, hang s6 toc d6 c6 gia tri 16n nhat. Pai luong A
duoc goi 1a thira s tan sd, logA 1a chi sb tan sb.

Nhitng phan tng ion giira cac hat tich dién trai dau xay ra thuc té 13 tac thoi nén sy dong
gop cua nang luong hoat hoa 1a rat thap. Nguoc lai, di véi nhiing ion tich dién cung tén c6
thé do dugc téc do phan tng dic trung. Anh huong rat dang ké cua lyuc ion dén tdc d6 phan
ing la dac diém cta cac phan tmg ion. Nhiéu phan tng ion xay ra rat nhanh va dat toi trang
thai cudi cung xac dinh. D6 1a nguyén nhan chu yéu lam cho nhiing phuong phap phan tich
hoa hoc duoc phd bién rong rii va cd wu thé trong phan tich cac chét vo co.

Ngoai nhiét do, cac chit xic tac ciing anh hudng nhidu dén téc d6 phan timg. Chét xuc tac
khong dua niang luong vao hé phan tmg do d6 vi tri ciia can bang hoa hoc dugc gitr khong
d6i: phan tng thuan va phan tmg nghich déu dugc ting tbc d6 & muc bang nhau. Két cuc chat
xuc tac khong bién ddi, su tham gia nhat thoi ciia nd vao phan tng tao ra co ché phan tmg
moi. Trong phan 16n trudng hop 1am ting tdc d6 phan Gmg dan téi két qua lam giam ning
luong hoat hod. Phurc trung gian dugc tao thanh voi xuc tac doi hoi nang luong hoat hoa nho
hon so v&i sy tao thanh san pham cudi ciing khi khong ¢ xtic tac. Phirc nay khong phai hop
chét theo ¥ nghia thong thuong cta tir nay.

Y nghia ciia toc d6 phéan ing ddi véi héa hoc

Toc dd phan g c6 y nghia 16n doi voi hoa hoc phan tich trong mét s6 van de sau:
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1. Su xay ra cham cua mdt phan tng hop thuc 1la mét trd ngai 16n cho sy st
dung vao phan tich, dic bi¢t la trong chuan do.

_ 2. Xac dinh dinh lugng c6 thé dua trén phép do téc do phan tng, vi du nhu khi phan tich
hon hop hai chat rat giong nhau, phan img nhu nhau nhung véi toc d khac nhau.

3. Tdc d6 cia nhitng phan tmg xtc tac dong thé thuong ty 16 v6i ndng d6 chat xuc tac, do
do6 co thé su dung dé xac dinh nong do chat xuc tac.

4. Po hing sd dong hoc thudng cho phép hiéu co ché phan tmg va do d6 giai thich dugc
nguyén nhan khong hop thurc.

Nhitng phan tmg cong huong thuong 1a ngudn sai sé rat dang tiéc, doi khi c6 thé chuyén
hoa thanh nhimg phan tng dinh lugng o6 loi. Chi ¢6 thé sir dung duoc nhitng phan ng loai
nay bang cach nghién ctru toan dién dé hiéu co ché cua chung.
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Chuwong 4

Phwong phap tinh nong dd cac chat trong nhirng
dung dich can bang don gian

4.1 Mot so luan diém co s&

Phén 16n nhitng phép dinh lugng dugce thyc hién trong dung dich. Do do, dbi twong cua
hoa phén tich bao ham ly thuyét vé dung dich. Tong quan vé nhiing ludn diém co ban cia Iy
thuyét vé dung dich dugc trinh bay trong chuong ndy va cac chuong tiép theo.

4.1.1 Thanh phén hoa hoc ciia dung dich

Trong hod hoc phan tich nguoi ta st dung rong rdi cd dung moi nudc va dung moi
hitu co. Nhitng dung méi khong phan cyc nhu tetraclorua cacbon va céc dan xuét halogen
ctia n6 dugc sir dung trong trudng hop néu chinh chit can phan tich khong phéan cuc.
Nhung dung méi hitu co véi do phan cyc trung gian c6 kha ning tao lién két hidro voi
nhitng chét tan (rwou, xeton, ete) duoc sir dung phd bién hon so véi nhitng hop chat it
phan cyuc hon, bdi vi s6 16n cac chat hiru co va cac chit vo co déu tan duoc trong ching.
Dudng nhu cac dung dich nudc, trong s6 d6 c6 dung dich axit va bazo v6 co dugc sir dung
phd bién nhét trong thuc t& phan tich. Do d0, trong khi trinh bay luan diém ching ta dic
biét chli y dén tinh chat cia cac chét tan trong nudc. Nhitng phan tng trong méi trudng
phan cuc khong nudc s& duoc dé cap dén kém chi tiét hon.

4.1.1.1  Cac chit dién li

Chat dién 1i 1 nhitng chét ion hoé trong dung mai tao thanh méi truong din dién. Chat
dién li manh ion hoé hoan toan, nhitng chat di¢n li yeu chi ion hoda mét phan. Nhiing chat di¢n
li manh va yéu dién hinh dugc dan ra ¢ bang 4.1.

4.1.1.2  Phén loai cac chat dién li

Bang 4.1. Nhirng chit dién li manh va yéu dién hinh

Chat dién li manh Chat dién li yéu
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1. Cac axit vd co: HNOs;, HCIO4 | 1. Nhiéu axit vo co nhu H,CO;, H3BOs,
H,SO,%, HCI, HI, HBr, HC1O;, HB,O;. | HiPO4, H,S, H,SOs.

2. Hidroxit ctua cac kim loai kiém va | 2. Phan 16n céc axit hitu co.
kiém tho.
3. Amoniac va phan 16n cac bazo hitu co.
3. Phan l6n cac mubi
4. Halogenua, xianat, thioxianat

Hg, Zn, va Cd.

* H,SO4 phan 1i hoan toan thanh ion HSC‘){ va H;0" va do dg’) duoc xép vao céac chat
dién li manh. Nhung cling can nhan xét rang ion HSO4 1a chat dién li yéu, chi phan li
mot phan.

4.1.1.3  Qua trinh ion hoa ciia dung méi

Nhiéu dung méi dién hinh 1a nhiing chat dién li yéu, nhimg phan tir ciia ching phan tng
v61 nhau tao thanh nhiing ion (qua trinh d6 dugc goi la qua trinh proton phéan). Chung ta dan
ra mot sO vi du:

2H,0 H;0"+ OH"
2CH;0H CH;0H; + CH;0"

2HCOOH HCOOH + HCOO™
2NH; NH] + NH;

lon duong tao thanh khi nu6e tu phan li dugc goi 1a ion hidroxoni. Proton nay lién két
v6i phan to nude bang lién két cong hoa tri tao nén boi do6i dién tir khong phan chia cia oxi.
Trong dung dich con ton tai ca nhiing ion hidrat hoa manh hon nhu H;0% va H,O% nhung
nhiing ion nay kém bén hon H;O". Ion hidro khong hidrat hoa khong thé ton tai trong dung
dich nudc.

Pé nhan manh d6 bén cao ciia proton hidrat hoa don gian, khi viét phuong trinh phan tng
v6i sy tham ra cua proton nhiéu nha hoa hoc di st dung ky hiéu H;O". Dé cho tién loi nhiing
ngudi khéc lai ky hiéu proton bang biéu tugng H™ khong ké téi mirc hidrat hoa that su ctia no.
Ky hiéu d6 don gian hod viéc viét phwong trinh phan tmg c6 proton tham gia.
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4.1.2 Tinh chit axit - bazo trong ciac dung mdi khic nhau

Su phén loai mang tinh lich st cic chat thanh axit va bazo duoc hinh thanh trén co s¢
nhimg tinh chat dic trung cua cac dung dich nu6e cua nhimg hop chat dy. Sy hién mau do
hoidc mau xanh cua quy, mui vi xbc cuia dung dich axit loang, vi dang va tinh xa phong cua
cac dung dich bazo, su tao mubi khi tuong tac axit voi kiém la nhitng tinh chét dién hinh do.

Cubi thé ky 19, Arrhenius da dé nghi mot cach phan loai chit ché. Ong dinh nghia axit 13
chat chira hidro va phan li trong nuéc thanh ion hidro va anion; con bazo 1a hop chit chira
nhom hidroxyl, cho ion hidroxyl va cation khi hoa tan trong nuéc. Khai niém rat bo ich d6 da
cho phép hinh thanh nhiing co s& dinh lugng cua thuyét axit - bazo. Co thé danh gia cuong do
axit - bazo theo mtrc do phan li cua ching trong dung dich nudc. Ngoai ra, thuyét Arrhenius
da dit co s& cho sy mé ta toan hoc can bang thiét 1ap do két qua twong tac cia axit va bazo.

Thiéu s6t nghiém trong cia thuyét Arrhenius 1a khong danh gid duoc vai trd cua dung
moi trong qué trinh phan li. Bronsted va mdt nguoi hoan toan doc 1ap voi ong 1a Lowry (ndm
1923) da dua ra quan niém tong quat hon vé axit - bazo. Theo thuyét Bronsted - Lowry, axit
1a chat c6 kha niang cho proton. Mt proton, nghia 1a chuyén thanh bazo. Bazo dugc goi la
bazo lién hop véi axit ban dau. C6 thé dung phan tng gitra axit va nude lam vi du dién hinh.

H,O + axit Bazo lién hop + H;0"
Can nhin manh ring, nhitng tinh cht axit ciia mot ch?it bat ky nao d6 chi thé hién khi c6
mat chat nhan proton va tuwong tu nhu vay, mot chat chi thé hién tinh bazo khi c6 mat chat cho

proton.

Theo thuyét Bronsted - Lowry, c6 thé dién ta phan tng trung hoa bang phuong trinh sau:

Axit; + Bazo, Bazo; + Axit,

HCl + H,0 Cl + H;0"
HC,H;0, + H,0 C,H;0; + H;0°

Al(H,0)3* + H,0 Al(OH)(H,0)2" + H;0"
H,PO; + H,0 HPO?™ + H;0"

NH; + H,0 NH; + H;O0"

H,O + NH; OH + NH;

H,0 + CO% OH + HCO;
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Ta nhan thay riang axit c6 thé 1a anion, 1a cation hodc hop chét trung hoa dién.
R rang rang, nudc dong vai trd chat nhan proton (bazo) ddi v6i nim hop chat ddu va dong
vai trd chat cho proton (axit) d6i voi hai hop chit cudi cung. Nhimg dung méi c6 ca tinh axit
va tinh bazo dugc goi 1a dung moi ludng tinh.

Axit (va ca bazo) khac bi¢t nhau vé ca muc do tuwong tac vdi dung moi.

Vi dy, phan ing gitra axit clohidric va nudc, thyc té xay ra dén cung, do d6 axit clohidric
thudc loai axit manh trong dung mdéi nudc. Axit axetic va ion amoni phan rng voi nudc &
muc do yéu hon, do d6 hai chat nay la hai axit yéu.

Mirc do tuong tac cua axit tan (hodc bazo) voi dung méi, thuc chat tuy thudc vao kha
nang cho hodc nhéan proton ctia no. Vi duy, axit pecloric, clohidric, bromhidric trong dung
dich nuéc thudc loai axit manh. Néu ldy axit axetic (bang axit axetic tinh khiét 100%,
thuong dugc goi 1a axit axetic bang; n6 dugc két tinh & 16,7°C & dang bang; lugng nho tap
chit cua nude lam ha diém dong biang xudng rd rét) lam dung méi thay cho nudc, 1a chat
nhan proton yéu hon thi chi c¢6 axit pecloric phan li hoan toan trong né thanh ion va 1a axit
manh. Qua trinh phan li ¢6 thé dién ta bang phuong trinh:

HC104 + HC,H;0, Clo; + H,CyoH503
Axit; + Bazo, Bazo; + Axit,

Céc axit clohidric, bromhidric trong axit axetic bang chi phan li mot phan va 1a cac axit
yeu.

Theo thuyét ctia Bronsted - Lowry, nhitng chat cho proton manh nhét (nghia 1a nhiing
axit manh nhét) cho proton dé tao thanh nhing chat nhan proton yéu nhét (nhiing bazo lién
hop yéu nhat). Tro lai phan g cua axit clohidric, axit axetic va ion amoni v6i nudc, ta thdy
rang ion clorua la bazo yéu nhét, ion axetat 13 bazo manh hon, con amoniac 13 bazo manh
nhat.

Ly thuyét tong quat vé dung dich bao ham khong chi cic chat c6 kha ning cho hodc nhan
proton (axit va bazo theo Bronsted - Lowry), ma con duoc md rong cho ca nhitng hop chit
khong nhit thiét phai chtra proton. Ung dung cho nhitng hé nhu thé, 1y thuyét proton phan to
ra ddc biét c6 ich. Trong truong hop ndy, axit 1a chat bat ky hodc 13 c6 chira trong thanh phan
ctia minh cation dic trung ddi v6i mot dung méi nhat dinh hodc 1a phan ting véi dung moi dé
tao thanh ion d6. Mot cach tuong tu, bazo 1a chét cho anion dic trung ddi véi dung moi da
cho.

Con c6 mot quan diém tong quat hon vé ban chat cua axit va bazo do Lewis dua ra. Ong
dinh nghia axit 14 chit nhan doi dién tir va bazo 1 chat cho d6i dién tir. Quan diém cia Lewis
con di xa hon, khong gin chit nhitng tinh chit axit - bazo cua cac chat véi sy ¢ mat proton
trong chung va do d6 mé rong dang ké pham vi ctia nhitng qua trinh c6 thé xép vao loai phan
{ing axit - bazo. Quan niém ctia Lewis thuan loi cho viéc giai thich co ché phan tmg hitu co va
phan tmg tao phitc. Con véi phan tmg axit - bazo trong hoa phan tich, thuyét Bronsted -
Lowry du kha ning giai quyét cac van dé Iy thuyét va thuc nghiém.
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Khi xem xét cic van dé axit - bazo chung ta s€ dya trén nhimg khai niém cua Bronsted -
Lowry va sur dung ky hi¢u H;0". Mt khac, khi viét phuong trinh hoa hoc hodc 1a trong cac
tinh todn vé quan hé trong luong, trong d6 proton c6 y nghia H' 1a ky hiéu thuan loi hon ciing
s€ duoc su dung.

4.2 Phwong phap tinh nong dd cac chat trong nhirng dung dich cin bing
don gian

Phén 16n cac phan tng duoc st dung trong hoa phan tich déu nhanh chéng dat t6i trang
thai can bang hod hoc 13 trang thai ma ¢ d6 cac chat phan ing va san phim ciia phan Gmg ¢ ti
1¢ xac dinh va khong d6i. Biét nhitng moi tuong quan do6 trong nhiing diéu kién thyc nghiém
khac nhau, trong phan 16n trudng hop co thé giai quyét dugc van dé, phan ung c6 thuan loi
cho muyc dich phén tich khong va ca van dé lya chon nhirng diéu kién cho phép lam giam
dén cuyc tiéu sai sd phan tich.

Biéu thirc d6i voi hang sd can bang 1a phuong trinh dai sd, trong d6 ndng dd cuia cac chat
phan tmg va san pham cua phan tng lién hé voi nhau qua mot vai dai lwong goi 1a hang s6
can bang. Nha hoa hoc can phai biét khai thac thong béo c6 loi tir hang sb can bang. Trong
chuong nay chung ta s& nghién ciru nhiing tinh toan dung cho nhitng hé c6 mot can bang
chiém uu thé. Nhitng phuong phép tinh toan can bang trong nhiing hé phirc tap s& dugc xét
td1 sau.

4.2.1 Trang thai cin bing

Vi du, chiing ta xét can bang:
2Fe* + 30 2Fe™ + I3 (4.1)

Vé tc d6 va chiéu sau cua phan Gmg nay vé bén phai co thé d& dang xét doan theo mau do da
cam, cua ion triiodua (6 ndng do thap, ba chat con lai cua phan tmg thuc té  khong mau). Néu, vi
du, thém 2 mmol sat (II) vao mot lit dung dich chira 3 mmol iodua kali, mau xuat hién ngay sau
mot gidy hogc it hon, cudng do mau trd thanh hang dinh theo thoi gian. Pidu d6 chimg to rang
ndng do triiodua khong bién doi.

Dung dich vdi cuong do mau nhu viy (va do do, voi ndng do triiodua nhu vay) co thé
di€u ché dugc bang cach thém 2 mmol sat (II) vao mot lit dung dich chta 1 mmol ion
tritodua. Trong truong hop nay thay cuong do0 mau bi giam di nhanh chong do két qua cua
phan ung:

2Fe™ + I3 2Fe’ +31 (4.2)
C6 thé iy chu tir ciia phan g d6 ca trong nhiing t6 hop khac nhung nhiing dung dich

thu duoc thi dong nhat nhu vira mé ta. Khi thyc hién chi doi hoi mot dicu kién: luong cac
thudc thtr thém vao trong mdt lit dung dich phai c6 ti I¢ sau day:
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S6 mmol Fe** = 2 s6 mmol I3

Sé mmol Fe** = 2/3 s mmol I

S6 mmol Fe*" + s mmol Fe*" = 2,00

Vi 511,1, dé thu duge mét dung dich déng nhét véi dung dich da mé ta, co thé tron 0,8
mmol sat (II), 1,2 mmol sat (III), 0,4 mmol ion triiodua va 1,8 mmol kali iodua trong mot lit
dung dich.

Nhimng vi du dan ra chi rd mdi quan hé ndng d6 ¢ trang thai can bang hoa hoc, nghia 13
trang thai can bang khong phu thudc vao con duong dat toi trang thai do. Mat khac, dé dang
chi ra rang, mdi quan hé noéng d6 bién d6i dudi tac dung ctua mot sO yéu tb. Vi du, khi blen
ddi nhiét do, ap sut (neu chat phan tmg hodc san pham phan ung la khi) hoac ndng do tong
quat cua mot trong so cac cu tir. Nhing bién ddi d6 co thé dy doan mét cach dinh tinh trén
co s& quy tic Le Chatelier: Cdn bang hod hoc luén ludn chuyen ve > phia chong lai tdc dung dp
dat lén no. Vi du nhu khi nang nhiét d6 s& dan t6i su bién doi nong d6 kém theo sy hap thu
nhiét; sy lam tang ap suit s& dan toi sy tao thanh cac chét co thé tich chung nhé. Trong hoa
hoc phan tich, hiéu ing quan trong nhat 13 hiéu tmg duoc giy nén do sy thém vao hdn hop
phan Gmg mot lugng bd sung clia mot trong cac chat tham gia phan tGng. Trong truong hop
nay, can bang chuyén vé phia lam mét di mot phan chat thém vao. Vi du, dbi voi can bang ta
dang nghién ciru, thém sat (IIT) vao s& lam tang cuong do mau cua ion triiodua va lam tang
luong sat (II) tao thanh; nguoc lai, thém st (IT) vao s& gay nén hiéu Gmg nguoc lai. Chuyén
dich can bang do bién d6i lugng ctia mot trong cic chat tham gia phan tmg duoc goi 1 hiéu
ung tac dung trong luong.

Néu nhu c6 thé nghién ctru mot hé bat ky & mirc phan tir chiing ta s& phat hién duoc rang,
tuong tac giita cac chat tham gia phan g khong dimg lai ngay ca khi can bang d thiét lap.
Su hiang dinh cta ty 18 ndng do ta quan sat thdy 1a két qua cta sy cin bang gitra téc do phan
{mg thuan va phan tng nghich. Didu d6 c6 nghia 13, cn bang hoa hoc 1a qud trinh déng hoc.

4.2.2 Biéu thitc hing s6 cin bang

Pé mo ta dinh lwong anh hudng cta ndng do hodc ap suit, néu cac chat phan ing & trang
thai khi, dén trang thai can bang hoa hoc, thuan tién nhat 1a str dung hing s can bang. C6 thé
dé dang rut ra biéu thirc hing s6 can bang tir nhitng khai niém nhiét dong. Hang s6 can bang
¢6 ¥ nghia thuc t& quan trong boi vi né cho phép nha hoa hoc tién doan hudéng va chiéu sau
ctia phan mg hoa hoc. Nhung can thiét phai nhan xét rang, biéu thirc hing sé can bang khong
cho mot thong tin nao vé tbc do phan tng.

4.2.3 Nhirng phwong phap biéu thi hang s can bing

~ €6 hai phuong phap bién thi héng 5O can bang: cach biéu thi chinh xac (dugc goi la cach
biéu thi nhiét dong hoc) va cach bicu thi gan dung, chi dung trong di¢u kién rat gidi han.
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Nhung nhimng hang sé gan dang lai c6 ing dung rong rdi boi vi str dung chung rat don gian,
mac du c6 kha nang pham sai so.

423.1  Nhirng gia thiét dwgc chip nhin khi rit ra biéu thic gin ding
cho hang so can bang

Khi riit ra hé thirc gan diing cho hang s can bang, nguoi ta gia thiét ring ndng do cua ion
hoac phan tir 1a yéu tb ddng nhat thé hién anh hudng cua chiing dén trang thai can bang, nghia
1a moi hat xur sy mot cach doc lap voi hat bén canh. Vi du, trong phan tng (4.1) nguoi ta gia
thiét rang, anh huong cua mdi ion sat (1) dén trang thai can bang 1a déng nhit trong nhiing
dung dich rat loang (khi ma ion chii yéu bi bao quanh bai phan tir nudc trung hod) va ca trong
nhimg dung dich rat dic (khi ma ngay sat ion c6 nhiing hat tich dién khac). Dung dich hoic
khi c6 nhitng ion hodc phan tir xur su mot cach doc lap ddi voi nhau duge goi la dung dich ly
twong hodc dung dich that. Dung dich ly tudng va tinh chit 1y tudng rat it gip trong thuc té.

4.2.3.2 Biéu thirc gin diing cho hang sb cin bang

Chung ta xét truong hop tong quat ciia can bang hoa hoc:
mM + nN pP + qQ 4.3)

¢ day nhimg chir hoa ky hiéu cac chat tham gia phan ng, con nhimg chir thuong la hé )
hop thie. Phuong trinh chi 6 rang m mol chat M phan tmg v6i n mol chét N tao thanh p mol
chat P va g mol chat Q. Hang so0 can bang cua phan tng nay duoc biéu dién nhu sau:

P P q
ic i
[M]™ [N]*
o day dau ngoic vuong 1a ky hiéu biéu dién ndng do phan tir ctia cac chét tan hodc ap sut
riéng phan trong khi quyén néu chat phan tng 14 khi.

Trong phuong trinh (4.4), K la dai luong bang s6, phu thudc vao nhiét do, duoc goi 1a
hang s0 can bang. Nong d6 san pham phan ung, Vlet dudi dang phuong trinh (4.3), dugc dat ¢
tor sO va nong do cac chat ban dau dugc dit & mau s6. Mdi nong d6 déu duoc nang luy thura
1én bac bang hé sd hop thire trong phuong trinh phan Gng. Hé qua ly thuyét cua biéu thirc
hang sb can bang chi rd ring, trong cac dau ngodac vudng la nong do tire thoi dat dugc o trang
thai can bang 1a dong chir khong phai la nong d6 khong thay d6i. O mau sb ciia biéu thuc 1a
ndng do chit ¢ trang thai tiéu chuan. Dung dich 1,00 mol/ cua chat tan duoc xem 13 trang thai
tiéu chudn cia né. Pdi voi nguyén t6 hodc cac hop chat tinh khiét thi d6 1a trang thai (rin,
l6ng hodc khi) ctia nd ¢ 25°C va 4p suat 1 at. Vi du, néu P trong phuong trinh (4.4) 13 chét tan:

[P] _ Néng do P,-melf
1,00 -mel-



72
O mAu s6 1a ndng do chét tan ¢ trang thai chuan. Hé qua quan trong cua tinh
tuong ddi cua [P] 1a tinh khong thir nguyén cua dai luong nay ciing nhu cta hing sd can bang.
Phuong trinh (4.4) c6 thé dé dang it ra tir nhitng khai niém nhiét dong hoc véi gia thiét 1a cac
cAu tir ciia phan mg 1a 1y tudng .

Hang sd can bang nhiét dong, phuong trinh (4.4), duoc str dung dé xac dinh thanh phan
gan dung cua cac dung dich lodng ¢ trang thai can bang. P& danh gia chinh xac hon can phai
su dung hang so nhiét dong (hang sé nhiét dong duoc xét téi & chuwong 5). Nhitng tinh toan
theo cac hang sd gan dung khong phirc tap va trong nhiéu truong hop cho cic nha khoa hoc
thong tin kha du ve h¢.

4.2.4 Biéu thirc hing s6 cAn bang ciia nhirng phan &ng thwong gip nhat

Trong muyc nay chiing ta s& xét nhitng loai can bang thudng gip nhat trong hoa phan tich
va néu lén nhiing dac diém cua nhiing hang s6 tuong ung .

4.2.4.1 Sw phan li ciia nuwéc

Nhirng dung dich nudc luén ludén cé mdt lugng nho céc ion hidroxoni va hidroxyl do su
phan li ctia nudc theo phan tng:

2H,0 H;O"+ OH" (4.5)

Pé hinh dung hing s6 can bang cta phan tng nay, ching ta sir dung phuong trinh (4.4):

o [ H;0" |[OH" |
[H20]

Trong cac dung dich lodng trong nudc, ndng dd nudc rat 16n so véi chit tan nén co thé
xem 1a hing dinh. Vi dy, néu cho 0,1 mol hidro clorua suc qua mét lit nue [1000 g : 18
g/mol = 55,6 mol H,O], can bang 4.5) chuyén vé bén trai va s6 mol nude khong phén li tang
tir 55,6 dén 55,7; nhu vay, néu ndng do axit clohidric khong qua 16n, ndng d6 nudc rd rang
khong bién d6i. Do d6, [H,0] trong phuong trinh (4.5), trong phan 16n truong hop c6 thé xem
13 dai lwong hang dinh; khi d6 c6 thé viét:

K[H,OF = Ky, = [H:0 J[OH] (4.6)
& day hang sb Kp,0 dugc goi la tich s6 ion nudc .

O 25°C tich gé ion nudc c6 gia tri bang s6 1a 1,01.107* (dé thuén tién chung ta thuong sur
dung dai lugng gan ding Ky,o0 = 1,00.10714). Su phu thudc ctia hang s6 d6 vao nhiét d¢ dugc

dan ra ¢ bang 4.1.
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Nho tich s ion nudc ta dé dang tinh dugc ndng do cac hidroxyl va hidroxoni (ion hidro)
trong cac dung dich nudc.

Bang 4.1
Nhiét do, °C | Kn,o
0 0,114.10"
25 1,010.10°"
50 5,470.10"
100 49,000.10 "

Vi dy: Tinh ndng d6 ion hidro va ion hidroxyl trong nudc nguyén chat ¢ 25°C va 100°C.

Vi‘ OH va H;0" duoc tao thanh chi 1a do su phén li ciia nuéc nén néng do cua chung
phai bang nhau:

[H;0 ] =[OH ]
Thay vao phuong trinh (4.6) ta c6:

[H;0']* = [OH T’ = Ky,

[H;0"] =[OH] = /Ky 0
025°C  [H;0' =[OH]* =41,00.107*  =1,00.10" ion.g/l

0 100°C [H30']* =[OH > = v49.10™4 =7,00.10" ion.g/l

Vi dy: Tinh ndng d6 ion hidro va ion hidroxyl trong dung dich NaOH 0,200M trong nuécc.

Vi natri hidroxit 12 chit dién li manh, sy dong goép cta né vao ndng dod ion hidroxyl la
0,200M. Su phén li cua nudc ciing tao thanh nhimng ion hidroxyl ¢ lugng bang luong ion
hidro. Do do c6 thé viét:

[OH] = 0,200 + [H30"]

& day [H;O'] la phén‘ dong gép do dung moi phan li vao ndng d6 téng cong cua ion
hidroxyl. So v&i 0,200M néng do ion OH™ cua nudce nhd, do do:

[OH] = 0,200 ion.g/l

Bay gid chung ta c6 thé tinh nong do ion hidro theo phwong trinh (4.6):
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-14
[H3O+] _ L0010 7 5 66,101 jon.g/l
0,200

Nhan thay rang, su gan dung:
[OH] = 0,200 + 5,00.10"* ~ 0,200 ion.g/I

khong dan dén sai sb dang ké.
4.2.42  Can bang trong dung dich bao hoa chit dién li it tan

Trong dung dich nudc bao hoa mudi it tan, mot hodc mot sd can béng duoc thiét lap. Vi
du, trong dung dich bao hoa bac clorua:

AgCl(r) AgCl(n)
AgClp AgJr + ClI”

Q day, AgCly) la nhitng phén tir khong phan li trong dung dich. Co thé dién ta hang sb
can bang cua qua trinh dau tién nhu sau:

[AgCl]

" TAgCl], D

Néng do AgCl ¢ tudng ran 1a mot hang s6 boi vi qéng d6 cua hop chat ¢ trang thai rin
khong bién doi (gié tri ciia hang s6 nay theo dinh nghia, bang 1,00). Tu day:
K[AgCl]; = K; = [AgCl], (4.8)

Tt phuong trinh (4.8) 10 rang la noéng do AgCl trong dung dich bdo hoa 1a khong ddi &
mot nhiét do nhat dinh.

Hang s0 can bang cua phan tng thtr hai dugc dién ta nhu sau:

[Ag” o]
I “

Pé thuan tién ta nhan phuong trinh (4.8) v6i (4.9) va rit gon [AgCl]y:
KK, =T =[Ag'][CI'] (4.10)

Tich s6 cua hai hang so, T, dugc goi 1a tich s tan. Nhu vdy, tich so tan 1a hang s6 can
bang cua phan Ung tong cong:

AgClg Agh + CI
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Can nhic mot diéu rat quan trong la, cac phuong trinh (4.8) va (4.10) chi ding dugc cho
cac dung dich bdo hoa nam can bang vai chit rin du khong tan.

Phén 16n cac mudi vo co it tan, thuc té phan 1i hoan toan trong céc dung dich nuéce, do d6
so v6i nong do cua cac ion, ndéng do6 cia cac phan tir khong phan li gan bang khong'". O diéu
kién d6, phan tng tong cong mo ta mot cach thich hop nhit can bang ciia phan ng hoa tan.
Do nguyén nhan nay nén ddi voi phan 16n cac chit vo co, trong cac tai liéu chi dan ra mot
hang sb (tich sb tan) (xem muc luc). Vi du, khong c¢é co sd dé cho rang trong dung dich bao
hoa bari iodat c6 Ba(IOs), hoac BalO3 khong phan li. Do do, can bing:

Ba(I03), Ba®" + 2103
S& 1a can bang duy nhét ton tai va do d6 chi can chu ¥ téi hiang sb can bang dé, nghia la:
[Ba*][105]* =

Duéi day dan ra nhimg vi du dién hinh sir dung biéu thirc tich s tan. Mot sb vi du khac
s& dugc xét tdi trong chuong 5 va 8.

~ Vidu I: Co thé hoa tan bao nhi€u gam bari iodat trong 500 ml nudc & 25°C? Cho biét tich
s0 tan cua Ba(103); bang 1,57.1079.

Ba(103), ) B32+ + 21045
[Ba*'][I0; °=1,57.10° =T

Tur phuong trinh mo ta can béng, mdi mol Ba(IO3); tan, phan li tao thanh mgt mol Ba2+,
nghia la:

D6 tan (tinh bang mol) cia Ba(I0;), = [Ba’']

Mat khac, rd rang 1a, néng d0 iodat 16n hon néng do bari hai lan.

[105] = 2[Ba”]

Thay ndng d¢ iodat bang ndng d6 Ba®" vao phuong trinh hing s6 can bang ta co:
[Ba’'](2[Ba’'])* =1,57.10"

hoic: [Ba®]=(1,57.10°/4)"* = 7,3.10™* mol/l

Pj tan=7,3.10"*M

M

Quan diém nay rét phd bién, tuy nhién khéng phai liic ndo ciing dung. C6 nhidu mudi it tan va it phan Ii. Trong s do, vi

du c6 day sunfua.
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Dé biét duoc d6 tan ctua Ba(I03), tinh bang gam trong 500 ml, ta viét:

D6 tan = 7,3.10"* [mmol Ba(I03),/ml] 500ml [0,487g/mmol Ba(I05),] = 0,178g/500ml
O day 0,487 1a mili trong lwong phan tir cia Ba(105), .

Vi dy sau day minh hoa dnh hudng cua ion cung tén da dugc nguyén ly Le Chatelier du
doan.

Vi dy 2: Tinh d¢ tan phan tr cua Ba(103), trong dung dich Ba(NOs), 0,02M.

Trong trudng hop nay can tinh d¢ tan theo [ 103 ]:

D6 tan ciia Ba(I0s), = % [105 ]

Ba(NOs), va Ba(IO;3), cung sinh ra ion bari trong dung dich. Phan déng gop cta chat thir

nhat 13 0,02M, con phan dong gdp cuia chat thir hai bang do tan phan tir hodc bang % [103].

[Ba®] = 0,02M + = [103 ]
Thay thé dai lugng d6 vao phuong trinh tich s6 tan:

(0,02 + é[IOg]) [105] = 1,57.107

Mudn dugc ndng do chinh xac [103] can giai phuong trinh bac 3. Bé don gian cac phép
tinh dai s6, xuat hién y do tim cach giai gan dang. Pai luong T nho nén do tan cua Ba(I103),
nho, do d6 co thé gia dinh rang, ndng do ion bari, thu duoc do su hoa tan Ba(IO3), ran khong

dang ké so véi nong do ion bari tir Ba(NOs),. Noi cach khac, 5 [IOS] << 0,02, vi vay 0,02 +
% [105 ] ~ 0,02.
Phuong trinh di dan ra trén day, lic nay duoc rit gon :
0,02[103]* = 1,57.10”°
[105] = 2,8.10* mol/l
Gia thiét rang:

[0,02 + %.2,8.10’4] ~ 0,02
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khong din téi sai 1am nghiém trong, boi vi thanh phan thi hai chi bang khoang 0,7% ctia
0,02. Thuong gia thiét loai nay c6 thé duoc coi nhu 1a ding ddn néu su khac biét nhé hon 5 —
10%. Vay:

D6 tan ciia Ba(I0s), = %[Iog]z %.2,8.104 = 14.10"M

So sanh két qua thu duoc véi két qua do tan cia iodat bari trong nudc nguyén chat, chiing
ta nhan thay rang sy c6 mat mdt lugng nho ion dong dang da ha thap do tan phan tir cta
Ba(IO3), xuong khoang 5 lan.

Vi ‘du 3: L'Qiy mot vi du khac phtrc tap hon, tinh d6 tan ctia Ba(103), trong dung dich thu
duoc bang cach trén 200 ml dung dich Ba(NOs), 0,01M vaéi 100 ml dung dich NalOs 0,1M.

Trude hét ching ta can xac dinh xem trong sd cac thude thi, thude thir nao du? Luong
ban dau cua cac thudc thtr la nhu sau:

Luong mmol Ba’" = 200ml.0,0lmmol/ml = 2,00
Luong mmol 105~ = 100ml.0,1mmol/ml = 10,00.
Sau khi két tua Ba(103),:

105 du = 10,0 -2(2,00) = 6,00 mmol

Tuday: [IO05] = 6,00mmol/300ml = 0,02 M
Ciing nhu trong vi du dau tién:

D6 tan phan tir ciia Ba(I03), = [Ba®']

Nhung trong truong hop nay:

[103] = 0,02 +2[Ba*"]

i O day 2[Ba”"] 1a phin doéng gop cua do tan két tia vao ndng do iodat. Sau khi gia thiét
rang:

[103] = 0,02
C6 thé nhan duoc 10i giai so bo:

-9
P§ tan ctia Ba(I03), = [Ba’] = — 1 = L1107 34914

[105}2 0,02

Gia thiét da dé ra khi tinh toan 1a hoan toan chip nhan duoc.
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So sanh nhitng két qua thu dugc trong hai vi du trén, ta nhan thiy rang du iodat
lam giam do tan Ba(IO3), & mic 16n hon so véi su du nhu vady cua ion bari.

4.2.4.3 Su phén li ciia axit yéu va bazo yéu

Khi hoa tan axit yéu hodc bazo yéu trong nudc, xay ra su phan li m¢t phan. Vi du doi véi
axit nitro ta c6 thé viét:

HNO, + H,0 H;0" + NO;

o [ H;0" | NO, |
2 [HNO, ]

o day K, 1a hang s6 phan li axit cua axit nitro. Hang so6 phan li bazo ciia amoniac dugc
biu dién tuong tu:

NH; + H,O NH; + OH"

[NHJJ[OH‘J
o= [NH;]

Ta nhan thay rang, ndng d6 nudc khong tham gia vao mot phuong trinh nao trong sb cac
phuong trinh trén. Ciling nhu doi véi tich s6 ion nudc, nguoi ta chap nhan rang nong d6 dung
moi 1a dai lugng 16n va hang dinh, do d6 bao gdbm ham trong hang so can bang K, va Ky, .

Quan hé gitra hang so phan li cua mot cap axit - bazo lién hop. Ching ta xét bi€u thirc
hang so phan li cia amoniac va axit lién hop ctia n6 la ion amoni. C6 thé viét:

NH; + H,O NH,  + OH

s o
[NH;]

Ky =

NH," + H,O NH; + H;0"

[NH; ]| H;0" |
_ ]

a

Nhan hai biéu thue, ta co:
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K, Ky = [NIE;]IETET +J x [NH[“;J{EC])H_J - [HSOq[OH’}

Boi vi:
[H;0'][OH ] = Ko= KK, = K, 4.11)
‘ Méi quan hé d6 dang doi véi tat ca cac cdp axit - bazo lién hop. Trong phan 16n cac bang
hang s6 phan li, nguoi ta dua ra hodc hang so6 axit hodc hang s6 bazo lién hop, boi vi dé dang
tinh mot trong hai hang so theo gia tri ciia hang so kia bang phuong trinh (4.11).

Ung dung ciia hang sé phdn li axit. Hing s6 phan li ciia nhidu axit yéu phd bién nhét
duoc dan ra ¢ phu luc I'V.

Nhing hang sé nay duoc st dung phd bién dé tinh nong do ion hidro va hidroxyl trong
dung dich cua cac axit va bazo yeu.

Vi du, khi hoa tan mot axit yéu HA trong nudc ta co, can béng:

HA + HLO H;0" + A~

A _H3O*_

K, ==
) [HA]
Ngoai ra ion hidro con phan li tir nudce:
2H,0  H;0" + OH"
Thuong nhitng ion hidro sinh ra do phan tng thir nhat ngin can sy phan li ciia nudc dén
murc ¢ thé bo qua, nong d6 ion hidro va hidroxyl phan li ra tir nuéc. O diéu kién d6, rd rang
1a, axit phan li, cir moi ion H;0" tao thanh mot ion A

[H;0'] = [AT] (4.12)

Ngoai ra, tong ndng do phén tir ciia axit yéu va bazo lién hop ctia nd phai bang nong do
cua phan tir axit ban dau boi vi trong dung dich khong c6 céac chat khac cho A™. Do do6:

Cua = [AT] + [HA] (4.13)
Sau khi thay phuong trinh (4.12) vao (4.13) va chuyén vé ta co:
[HA] = Cua — [H307] (4.14)

Néu thay thé [A7] va [HA] bang cac bicu thirc cia chung tir cac phuong trinh (4.12) va
(4.14) thi hang s6 phan li axit c6 dang:
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2
[H;0"
Ky=——F—— (4.15)
Cia - H;0" |
Phuong trinh (4.15) ¢6 thé chuyén thanh:
[H;0']* + K[H;0'] — KiCpa =0

Giai phuong trinh bac hai ¢ trén ta thu dugc:

|:H30+j| — _Ka + \/(Ka + 4:KaCHA (416)

2

Gia thiét rang [H3O "] nho hon rat nhiéu so v&i Cya thi phuong trinh (4.15) ¢6 thé rat gon:

[H;0'] = JK,Cya 4.17)

Sai s6 gy ra do gia thiét nay sé cang 16n néu néng d6 axit cang nho va hang sb phan li
cang l6n. Su khang dinh nay dugc chung minh bang nhirng dir lidu cua bang 4.2. Ta nhén
thdy rang, sai sd do gia thiét néu tren gay ra khoang 0,5% khi ty sO (CHA/Ka) = 10*. Sai s6
nay tang den khoang 1,6% khi ty s6 nay bang 10° va dén ~ 5% néu ty s6 d6 bang 107 va dén

~ 17% néu ty s6 d6 bang 10. Nhing dir kién nay dugc dan ra bang dd thi trén hinh 4. 1.
Dang chu y la, khi ty s6 (Cna/Ka) << 1, nong d6 ion hidro tinh dugc theo phuong trinh gan
dung s& khong dan t6i sai s6 co nghia.

Trong thuc té, thuong nguoi ta thue hién su rat gon gia thiét va thu duoc gia tri gin ding
ctia [H30], sau d6 can phai so sanh gia tri ndy voi néng do Cua trong phuong trinh (4.15).
Néu gia tri [H;0"] thu duoc 1am bién d6i [HA] mot dai lugng nho hon sai s cho phép trong
cac phép tinh (trong sach nay, phan 16n trudng hop 1a 5 —10%).

Bai ad tuomy 301 %
00—

160 |-

o
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Sai s twong ddi gdy nén do gla thiét Cya — [H3O'] = Cpia (phu(rng trinh (4.15)) c6 thé

xem nhu thoa mén. Dé nhan duoc gia tri [H;0'] chinh x4c hon can giai phuwong trinh bac 2.

Vi du: Hiy tinh ndong do ion hidro trong dung dich axit nitro 0,12 M trong nudc. Can

bang co ban trong dung dich:

HNO, + H,0 H;0" + NOj

Trong phu luc IV ta tim thiy:

_M= 5,1.107%

K. =

a [HNO, |
Vi [H;0'] = [NO3 ]; [HNO,] = 0,12 - [H;07]
Tir d6:

2

150"
_— = = 5,1.10‘4
0,12-[ H;0" |

Gia thiét rang [H;0'] << 0,120 mol/l ta tim duoc:

[H50" |=10,120x5,1.10 =7,8.107 M

Bay gio can kiém tra tinh dung dén cua gia thiét (0,12 — 0,0078) =~ 0,12; sy khac nhau

khoang 7%. Sai sd tuong d01 cho phép tinh [H;0" ] nho thua dai lugng do, vi log(Cna/Ka) =
2,4. Tir hinh 4.1, ta thay rang sai s6 khoang 3%. Néu can d¢ chinh xac cao hon, can phai giai
phuong trinh bac hai va ta thu duoc gia tri 7,6.10°M

Bang 4.2 Sai s6 gy ra do gia thiét cho ring H3;O" nhé so v6i Cya khi sir dung phwong

trinh (4.15)

. + . X

Pai  luong | Pai luong | Pai luwong [H3;0'] 1?@1 luong - [H0 ] Sai s0

K C tinh theo gia thidt | inh  theo  phuong

a HA g trinh chinh xac (%)

1,00.1072 1,00.10°° 3,16.107° 0,92.10°° 244
1,00.1072 1,00.1072 0,62.107 61
1,00.107" 3,16.10> 2,70.107> 17




1,00.10°*

1,00.10°

1,00.10°*
1,00.107°
1,00.10°2

1,00.10°"

1,00.107
1,00.10°*
1,00.10°
1,00.10°*

1,00.10"

1,00.10°*
3,16.10°*
1,00.10°°

3,16.10°

3,16.10°
1,00.107
3,16.107
1,00.10°*

3,16.10°*

0,62.10°*
2,70.107*
0,95.10°°

3,11.10°°

2,70.10°°
0,95.107
3,11.107
9,95.10°7

3,16.10°*

61
17
5.3

1,6

17

5.3
1,6
0,5

0,0
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Vi dy: Tinh néng do6 ion hidro trong dung dich hidroclorua anilin C¢HsNH;Cl 2,0.104 M.

Trong dung dich nudc, hop chat phan li hoan toan ra Cl° va CgH;NHj. Axit yéu
CgH;NHZ phan li nhu sau:

| H;0" |[CH5NH, ]

a=

[C6H5NH§]

CsHsNH, + H3O+

Trong phu luc IV khong ¢ hing sé phan li cua CgH;NH; nhung trong phuy luc V ta tim
théy héng 6 bazo cua anilin CgHsNH,.

Cs¢HsNH, + H,O

Ky =3,94.107"°

Pé tinh K, chung ta sir dung phuong trinh (3.11):

~1,00.107

K
* 39410710

C¢HsNH; + OH

=2,54.107°

Lam nhu trong vi du trudce:
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[H;0"] = [C¢HsNH;]

[CeHsNH,] = 2,010 — [H30']

_ Gia thiét ring [H30'] << 2,0.10™". Thay gi tri gan dung ctia [CeHsNH;] vao biéu thirc
hang s6 phan li:

2
50" |
= 2,54.107°
2,0.10"
Ta tim thdy: [H;0'] = 7,1.10° mol/L.

So sanh nhitng dai lugng 7,1.10”° va 2,0.10* ta thiy ring, khi tinh [H;0"] ta da bo qua
sai sO 1on (sir dung hinh 4.1 ta tim thay sai s6 16n hon 20%). Sai s6 16n dén nhu vay nén phai
st dung phuong trinh chinh xac hon.

2
1,0°]
———=-=25410"
2,0.107
Sau khi bién ddi thanh:

[HiO']* + 2,54.10°[H;0°] — 5,08.10° = 0

Giai ra ta thu duoc:

2,54.107 +/(2,54.10°)2 + 4x5,08.107°
2

10" |-
[H;O"] =6,0.10" mol/l

Ung dung hang sé phan li cua bazo yéu. Nhitng tinh toan da dan ra trong cac phan trudce
c6 thé dé dang van dung dé tinh nong do ion hidroxyl trong cac dung dich bazo yéu.

Dung dich nudc ciia amoniac biéu 16 tinh bazo trong phan tGng:

NH; + H,0 NH,” + OH

D@ dang chi ra rang, hat chiém wu thé trong dung dich 1a NHs. Hon nita, d6i khi nguoi ta
goi nhiing dung dich d6 1a dung dich hidroxit amoni theo thudt ngli con dugc cong nhan cho
dén khi NH4OH con dugc coi 1a dang chua phan li ctia bazo chir khong phai 1a NHs. Theo
dinh luat tac dung khdi luong:

i o
o= [NH;]




Gia trj hing s6 can bang tan khong phu thudc vao cong thirc ciia hop chit & mau

50, d6 1a NH; cong thirc dung hon hay NH,OH 1 cong thirc ding trude day.

Vi dy: Hiy tinh ndng d6 ion hidro trong dung dich NH; 0,075M.
Cén bang chiém wu thé trong dung dich 1a:

NH; + HO NH; + OH

Tir cac bang ta tim thdy hang s6 phan li ctia bazo (phu luc V):

o orr |
[NH;]

=1,76.107°

Tur phuong trinh phéan li trén:
[NHs"] = [OH]
va

[NHs'] + [NHs] = Cyg, = 0,075

Thay thé [OH ] bang [NH, '] va bién d6i phuong trinh thi hai ta tim duoc:
[NH3] =0,075 - [OH ]

Thay céc gia tri d6 vao phuong trinh hang s6 phan li:

|:OH_j|2 5
~1,76.107
7.5.1072 —[OH‘]

Néu gia thiét raing [OH ] <<7.5. 1072, phuong trinh trén dugc rit gon:
[OHT* = (7,5.107)(1,76.107)

[OH] = 1,15.10° mol/l

Vi du: Tinh ndng d¢ ion hidroxyl trong dung dich hippoclorit natri 0,01 M.
Tu phan g tuong tac gitta OCI™ va nudc:

OClI" + H;O HOCl + OH

c6 thé vieét:

84
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[HOC1]| OH" |

Jocr |

Trong phu luc V khong gia tri K, nhung trong phu luc IV chiing ta tim duoc hing s6 phan
li axit caa HCIO 13 3,0.10°%. Str dung phuong trinh (4.11) chiing ta co:

Ky =

-14
Ky = B0 _1O0I0T 7 _ g5 07

K, 30107
Giai nhu trong vi du trén:
[OH] =[HOCI]
[OCI] +[HOCI] ~ 0,01
nén:
[OCI'] = 0,01 -[OH] = 0,01 mol/l
Gia thiét rang [OH] << 0,01 mol/l va thay vao phuong trinh hang s cin bang ta dugc:
2
m =3,3.107"
0,01
[OH] = 5,7.10° mol/l
R rang 13, gia thiét khong din t6i sai s6 16n.

4.2.4.4 Su tao phirc

Phan tng tao phtrc cuia cac ion phuec tan 1a loai phan ing phan tich quan trong. Chung ta
dan ra hai vi du:

Fe’™ + SCN Fe(SCN)*
[Fe(SCN)z*]
B [Fe** ][sCN" |

Zn(OH)2 6] + 20H Zn(OH)47
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[zn(OH)ﬂ

- [on ]

K 12 hing s tao phtrc hoac hang sd bén cua phic. Hang sd khong bén mo ta can bang
phan li ctia ion phirc. Hang s khong bén 1a nghich d4o ctia hing sb bén, vi du:

p | Fer[seNT]

BUR [FesCN)*" |

Can nhan xét rang, hang s bén ciia Zn(OH)3~ chi dung cho dung dich bio hoa hidroxit
kém it tan. Pong thoi cling can néu 16 ndng do hidroxit kém khong tham gia vao phuong trinh
hang s6 bén boi vi ndng d6 chét rin 1a hiang dinh va bao ham trong hang s bén. Vi quan
diém nhu vay, tat ca moi 1ap ludn tuong tu s& dugc van dung ddi véi phuong trinh tich sb tan.

Hang s bén ciia nhidu ion phirc d4 biét dugce dan ra trong phu luc VI. Ung dung hang sb
bén s¢ dugc minh hoa bang vi du sau day:

Vi du: C6 thé nhan thidy mau do thong thuong cua F’eSC‘N2+ trong dung dich nudc & nong
do phuc 6. 10°M hodc 16n hon. Nong do KSCN nho nhat, can thiét 1a bao nhiéu dé phat hi¢n
1 mg/ml sat (III) trong nude tu nhién. Ching ta tim dugc trong phu luc VI.

Fe’* + SCN Fe(SCN)**

K = 14.10°
nghia la:

| FeSCN*" |

| Fe® || seN |

Chung ta biéu dién ndng do sat (IIT) bang mol:

=1,4.10%

o=me_ 1 L =1,8.10° M
Fe 1 1000mg/g 55,8g/trong lugng mol

C
O diéu kién gioi han phat hién cua phirc [FeSCN*"] = 6.10 °M. O trang thai can bang, sit
(II1) & hai trang thai: Fe*" va FeSCN*". Do d6 :

Cpesr = 1,8.10°M = [Fe™] + [FeSCN*']

[Fe’] = 1,8.10° — [FeSCN*'] = 1,8.10° — 6.10° = 1,2.10° M
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_ Thay nong do tim dugc vao phuong trinh hang sé bén ta xac dinh dwoc ndng d6 SCN
can thieét.

6.1076

=1,4.10> > [SCN] =0,0036M
1,2.107 [SCN‘]

Nhu yéy, nho dung dich KSCN c6 néng d6 0,0036 M hodc 16n hon c6 thé phat hién sat
(IIT) c6 ndng d6 1 mg/ml hodc 16n hon theo phan tng tao thanh FeSCN*".

4.2.4.5 Phan ung oxi hoa khir

C6 thé biéu dién hang s can bang ciia phan ung oxi hoa khir bing phuong phap thong
thuong. Vi du:

6Fe”” + Cr,07 + 14H;0" 6F¢’™ + 2Cr°" + 21H,0

o [re e T

[ Fe?t T | 1,07 || H50° ]14

Nhu truée ddy ching ta nhan xét, nong do nuéc khong tham gia vao phuong trinh. No6i
chung, cac bang hing s6 can bang clia cac phan mg oxi hoa khir khéng duogc thiét 1ap boi vi
dé dang thu dugc cac hiang sd ndy tir cac hang sd co ban hon 1a thé dién cuc tiéu chuan.
Nhirng tinh toan chi tiét s& dugc xét t6i trong chuong 13.

4.2.4.6  Su phin b chit giira hai chat 16ng khong hoa lin

Con mot dang can bang nira dugc sir dung trong phén tich d6 14 su phan bd chét giita hai
tuéng long. Vi dy, néu ta 1dy dung dich i6t trong nuéc voi mot dung moi hitu co khong hoa
tan trong nudc nhu hexan hodc clorofom thi mét phan iot duge chiét vao 16p hiru co. Cubi
cung cin bang duoc thiét 1ap gitra hai tuéng va c6 thé hinh dung can bang nhu sau:

L ) I (he) 5 K=

K, hépg sd can bé‘mg cua phan ng nay, thuong goi 1a hang s6 phan bd hodc hé sé phan
bo. Can bang phan bo c6 y nghia 16n trong nhi€u qua trinh phan chia.

4.2.4.7  Céan bang tirng nic

Nhiéu chat dién li y€u li€n hop hoac phan li tirng nac, c6 the viét hang so can bang doi
v&1 moi nac. Vi dy, néu thém amoniac vao dung dich cua ion bac thi cudi cung hai can bang
< A A + N . \ Ie A M
duoc thiét 1ap, Ag” va NH; tham gia vao cac can bang sau:
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Ag" +NH; AgNH3}
[AgNHg }

) [qu[NHs]

AgNH; + NH;  Ag(NH,);

[ Ag(NH,); |
| AgNH; |[NH;]

& day K, va K5 1a nhiing hing vSf’) bén ting nic cua hai phirc chat. Néu nhén hai sé K;, Ky
v6i nhau ta thu dugce hang so bén tong quéat cua phure:

Ag" + 2NH; Ag(NH;),"
| Ag(NH,); |

Ba =K Ky =W

Hing sd bén tong quat dugc ki hiéu 1a B, & ddy n 13 s6 mol cua thude thir tao phirc lién
két voi mot mol cation. Vi du:

Cd* + 3CN"  Cd(CN)3
[Cd(CN)g}
[Cdﬂ[CN—T

Cd* + 4CN"  Cd(CN)Z~

Bs = K1 KoKj3 =

[Cd(CN)ﬁ‘J
[Cdﬂ[CN—T

& day K, K,, K3 K4 13 nhitng hang sb timg nic tuong tng.

By = K1 KoK3Ky =

Nhiéu axit va bazo rt quen biét, phan li timg nic. Vi du, trong dung dich axit photphoric
ton tai nhitng can bang sau day:

H;PO, + H,0 H,PO; + H;0"
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[H3O+J[HZPO;]
[H3PO, ]

K, = =7,11.107

H,PO; + H,0  HPOY + H;O°

K, = [HSOq[HPOi_} =6,34.1078
? [HZPOEJ T

HPO?~ + H,0 PO}~ + H;O"

[mo]rot |

K; = [HPO?[} =4,2.1071

Tur vi du dan ra, rd rang 1a gia tri bang s6 K, cia moi nac phan li lién tiép cta axit hoac
bazo giam dan. Can bang loai nay duogc xét & chwong 10.
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Chuong 5

P tan ciia két tia

Nhitng phan tmg tao nhimg hop chét it tan c6 nhiéu tng dung rong rai trong ba qua trinh
hod phan tich quan trong:

1. Trong qua trinh tach chat can x4c dinh dudi dang két tia khoi cac chét tan can tré cho
phép do ¢ giai doan két thuc.

2. Trong phan tich trong lugng dua trén su tao thanh két tia ma trong luong cua nd dac
trung cho lugng chat can xac dinh.

3. Trong phuong phap phan tich chuan do dya trén su do thé tich cuia dung dich thudc thir
chuén tiéu ton cho su két tiia dinh luong ciu tir can xac dinh.

Dé tng dung thanh cong phan Gmg nay trong mdi trudng hop, két tiia can phai co do tan
tuong d6i nho, du tinh khiét va gdm nhiing hat c6 kich thudc thich hop. Trong chwong nay
chung ta s& xét nhitng yéu t6 anh hudng dén tinh chét thir nhét trong sé nhitng tinh chat vat li
ctia két tha da néu trén.

Nhing vi du veé st dung tich sb tan dé tinh toan do tan trong nudc cua két taa c6 ciu tao
ion, ké ca khi c6 mit ion dong dang da dugc ban luan & chwong IV. Sinh vién can 1am quen
t6t v6i nhitng tai liéu 4 ay trude khi bat dau nghién ctru chuong nay. Trong chuong nay ching
ta s€ xem x¢ét nhiing yéu t6 nhu pH, ndng d6 thudc thir tao phirc va néng d6 cia nhiing chit
dién li anh huong nhu thé ndo dén d6 tan cua két tua.

5.1 Anh huéng ciia cin biang canh tranh dén dd tan ciia két tiia

Do tan cua két tia ting 1én khi co mat nhiing ion hodc phan tir ctia cac chit tao véi cac
jon két tiia nhitng hop chit tan hodc phuc chat. Vi dy, do tan cua florua canxi trong moi
trudong axit cao hon trong mdi truong trung tinh bdi ion flo phan ung vai ion hidro. Do do,
trong dung dich bio hoa florua canxi, hai can bang dugc thiét 1ap:
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CaF, (rdn) —= Ca®™ + 2oF
+
2H,0"

|

9HF + 2H,0

Phu hop v6i nguyén 1y Le Chatelier, khi thém axit s& dan toi sy ting ndng do hidro
florua. Sy ha thap nong do ion florua gay ra boi hién tugng d6 di€u chinh mot phan do su
chuyén dich can bang dau tién vé bén phai va do d6 do tan ket tua tang 1én.

Nhirng phuong trinh sau day:

AgBr (rdn) =—= Ag" + Br~
+
2NH;

+
Ag(NHy)p
12 mot vi du khac vé su tang do tan khi c6 mat cac chét phan g vdi ion két toa.

Nhing phan tir amoniac 1am ha thip nong do ion bac trong dung dich. Do can bang ctia phan
ung hoa tan chuyén dich vé phia phai nén d6 tan ciia bromua bac tang 1én.

5.1.1 MG& ta can bang phirc tap

Chung ta thuong dung cham t6i van dé tinh toan néng do ctia cac hop chit trong dung
dich ma trong do d@)ng thoi thiét 1ap hai hodc mdt s6 16n hon cén béng canh tranh. Su hoa tan
florua canxi hodc bromua bac 1 nhitng vi du. Trong trudng hop tong quat hon, ching ta xét
hop chit it tan AB hoa tan thanh cac ion A va B:

AB (rin) —_— A + B

)

Néu A va B phan tmg v6i C va D tao thanh cac hop chat tan AC va BD thi viéc dwa C
hodc D vao dung dich gay nén sy chuyén dich can bang hoa tan vé hudng lam ting do tan cta
AB.
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Pé xac dinh d6 tan cia AB trong hé do can phai biét néng dd cta cac chat C va
D thém vio va hing sd cin bang ciia ba can bang. No6i chung, dé mo ta hoan toan hé thirc
ndng d6 trong dung dich da cho can phai thiét 1ap mot sé phuong trinh dai sb. Dé tinh d6 tan
can phai giai hé phuong trinh. D6 thuong 1a nhiém vu khé khin hon nhiéu so véi viée thiét
lap chung.

Khi m6 ta nhiing can bang phtre tap can phai ludn biét rang gia tri va dang dién ta hang s6
ciia mot can bang da cho, bang bat cir cach nao ciing khong phu thude vao su xdy ra trong
dung dich nhiing phan tng canh tranh phy. Nhu trong vi du ta dang xeét, tich sO tan AB md ta
hé thirc giita nhitg ndng d6 can bang A va B va khong phu thudc vao viéc trong dung dich co
hay khong cé nhiing ion C va D. Néi cach khac, & nhiét d6 khong doi trong dung dich bao hoa
AB, tich s6 [A][B] 12 mét dai luong hing dinh. Tat nhién 14 khi c6 mat C hoac D, lugng AB bi
hoa tan ting 1én nhung didu d6 xay ra khong phai do su bién d6i tich s6 ion [A][B], ma do su
chuyén mot phan két tiia thanh AC va BD.

Duoi day la so do gilip giai quyét cac bai tap vé mot s6 can bang. Sau d6 so do s& dugc
minh hoa bang mét s6 vi du.

5.1.2 So do giai bai tip bao gdbm mét sé cin bing

1. Viét cac phuong trinh cua tat ca moi phan tng c6 thé c6 quan hé véi bai tap.
2. Xac dinh ndng d6 can bang cta nhirng chat cAn phai tim.

3. Viét cac biéu thirc cho hing sb cin bang cua tit ca cac phan tng di viét (diém 1). Tim
cac gia tri hang s6 can bang trong cac bang tuong ung.

4. Viét cac phuong trinh can bang vat chat cua hé, cac phuong trinh lién két nong do can
bang cua cac dang khac nhau cua cac chat, lién két gitra nong dd can bang moi dang vdi nong
do tong quat cia no trong dung dich. Cac diéu kién can bang.

5. Viét phuong trinh trung hoa dién. Trong mot dung dich bat ky, tong s6 dién tich dwong
cua cation phai bang tong s6 dién tich &m cua anion, nghia la trung hoa dién. Nhirng h¢ thirc
d6 duogc dién ta bang phuong trinh trung hoa dién'V.

M Chyng ta x6t dung dich thu dwgc bdng coch ho  tan NaCl trong nwée. V& to  n cuc, dién téch cla dung
dich bang khung méc du réng trong dung dich cu cdc ion téch dién dwong v om. Didu kién trung hia dién
cAn dwoc thuye hién trwe tiép ti hé thive: [Na+] + [H30+] = [CI'] + [OH ]. Dung dich NaCl trung hiia, b&i vé
tdng néng d6 céc hat téch dién dwong bang tdng ndng dd cdc hat téch dién 6m. By gid chyng ta x6t dung dich
nwée MgCl,. Dbi véi dung dich n  y cln phai viét: 2[Mg*] + [H,0'] = [CI"] + [OH ]. P& ténh dién téch ion
bang hai, chyng ta nhén ndng d6 cla ion magie v&i 2. Con bang dién téch sé dwge tudn theo béi vé ndng dd
clia ion clorua gép dui ndéng dd cla ion magie ([Cl_]=2[Mg2+]). Theo nguydn nhén 4y, ndng do cla ion 3 dién
téch dwoe nhdn véi 3. V6 du, dbi voi dung dich chiva Aly(SO,)3, MgCl,, trong nuwéc ta ci phwong trénh trung

hiia dién nhw sau:
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6. Bem s6 4n s6 trong cac phuong trinh dugce thlet 1ap theo cac diém 3, 4, 5 va so sanh 4n
s6 d6 véi s6 phuong trinh doc 1ap. Néu sb an sb va so phuong trinh bang nhau thi c6 thé giai
bai tap mot cach chinh xac nho nhimg phép tinh dai s6 tuong tmg. Néu s6 phuong trinh it hon
s6 an thi hay thir c¢6 gang thiét 1ap nhitng phuong trinh doc 1ap phu. Néu nhu khéng 1am duoc
didu d6 thi can phai thira nhan rang khong thé giai chinh xac dugc, nhung c6 thé giai gan
dung.

7. Lam cac gia thlet can thiét dé giai bai tap v6i muc dich don gian nhimg phuong trinh
dai sb hodc giam an sb.

8. Giai nhimg phuong trinh dai s0 twong dbi theo nhimg ndng d6 can bang can phai xac
dinh (diem 2).

9. Str dung ndng d can bang di thu dugc & diém 8 dé kiém tra d6 ding cta nhiing gia
thiét da dé ra & diem 7.

Trong so do d& nghi can dic biét cha ¥ t6i diém 6 boi vi diém nay ndi vé kha ning chinh
dé giai chinh xac bai tap. Néu sb phuong trinh dc lap bang s 4n s6, bai tap tro thanh hoan
toan dai s0, ‘nghia la di t61 giai h¢ mét s6 phuong trinh. Nguoc lai, néu s6 phuong trinh nho
hon s6 an so thi can thiét phai tim nhimg phuong trinh khac hodc dé ra nhing gia thiét c6 the
lam giam s6 an sd. Sinh vién khong can tén thoi gian dé tim giai nhimg bai tap phic tap vé
can bang trudc khi khiang dinh duoc rang di c6 du sb liéu dé giai hay chua.

5.2  Anh hwéng ciia pH dén d tan

Do tan ciia nhidu két tia co y nghia quan trong trong phan tich dinh luong, phu thudc
trude hét vao ndng do ion hidro trong dung dich. Trong phan tir cia nhimng két tua do chira
hoac anion c¢o6 tinh bazo, hoac cation c6 tinh axit, hoac déng thoi cd hai. Bazo tham gia vao
thanh phan canxi florua 1a ion florua, phan tng v&i ion hidro tao thanh axit flohidric. Do dé
d6 tan cua florua canxi ting 1én khi axit hoa. Chung ta lay bismut iodua lam vi du vé hop chit
trong thanh phan co cation c6 tinh axit tham gia. Trong dung dich bio hoa Bil; can bang sau
dugc thiét lap:

Bils (4n) Bi'" + 31
Bi*" + H,O BiOH*" + H;0"

Chung ta nhan thay rang, khac véi do tan cua canxi florua, do tan cua bismut iodua giam
khi d¢ axit tdng.

3[A1*] + 2[Mg®"] + [H;0"] = 2[S0, "] + [HSO, ] + [CI ] + [OH ]
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5.2.1 Tinh d6 tan & nong d ion hidro di biét

Trong thuc t& phén tich thuong can phai két tia ¢ ndng do ion hidro xac dinh cho sin.
Chuing ta minh hoa phép tinh d6 tan trong nhiing diéu kién d6 ¢ nhiing vi du sau day.

Vi du: Tinh @0 tan cia CaC,04 0 néng d0 ion hidro b?mg 1,00. 10 mol/l.
Giai dogn 1. Thiét 1ap nhitng phuong trinh hoa hoc:
CaCyO4iny  Ca™" + Cy0% (5.1)

Vi H,C,04 1a axit yéu, nhiing ion oxalat lién két mot ph'?ln v61i ion hidro dugc thém vao
dé tao do axit da néu trén.

C,0% + H3;0" HC,0; + H,0 (5.2)

HC,0; + H;0" H,C,04 + H,0O (5.3)

Giai dogn 2. Xéc dinh 4n sd. Sy that can tim cai gi ? Ching ta muén xéc dinh‘d(f) tan cua
CaC,04 biéu dien bang mol/l. Vi CaC,04 la hop chat ion, nong d cua ndé bang nong do cua
ion canxi va cling bang nong d¢ can bang nhirng dang khéac nhau cia ion oxalat.

Do tan = [Ca’] = [C,077] + [HC,0;] + [HyC204]

Piéu d6 c6 nghia 13, néu chung ta c6 thé tinh mot dai luong bat ki nao trong nhimg dai
lugng ay, chung ta s€ giai dugc bai tap.

Giai dogn 3. Biéu dién hang s6 can bang.
T =[Ca*"][C,0%7] = 2,3.10”° (5.4)

D@ dang hinh dung phuong trinh (5.2) nhu phan tng phén li cia HC,0j . Do d6 dé lién
hé giita [ C,02™ ] va [HC,0j ] ¢6 thé sir dung gia tri K, cua axit oxalic.
| H;0" || C,07]

K, = [HCZOZ] (5.5)

Mot cach tuong tu dbi voi phuong trinh (5.3) :

|H;0" | HC,05 |

=5,36.1072 5.6
[HoCy0,] (5:6)

K]_Z
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Giai doan 4. Thiét 1ap phuong trinh cin bang vat chit CaC,0, tan 1a ngudn duy nhét cia
Ca”" va cac dang khac cua oxalat. Do do:

[Ca™] = [C057] + [HCy0;] + [HaC204] (5.7)

Ngoai ra, theo diéu kién cua bai tap, khi can bang:

[H;0'] = 1,0.10* mol/l (5.8)

Giai dogn 5. Thiét 1ap phuong trinh trung hoa dién. POi véi hé nay khong nén viét
phuong trinh trung hoa dién ngay, boi vi dé tao ra [H3Q+] = 1,0.10"* mol/l da phai dua vao
mot lugng axit chua biet HX. Phuong trinh dya trén diéu kién trung hoa dién cua dung dich

can phai bao ham ca ndng do ion ciia axit chua biét. Sy thiét 1ap phuong trinh nhur thé chira mot
thanh phan phu chua biét nhu vay noi chung la khong bat budc.

Giai doan 6. So sanh sb phuong trinh va s6 4n sd. Chung ta c6 4 an sé: [Ca®'], [C,0%7],
[HC,0; ] va [H,C,04]. Chiing ta ciing c¢6 4 hé thuc dai s doc 1ap: cac phuong trinh (5.4),
(5.5), (5.6), (5.7). Do do, v& nguyén tic c6 thé giai chinh xéc va bai thp duoc quy vé phép
bién doi dai so.

Giai dogn 7. Su gin ding. Vi cac s liéu du nén co thé giai chinh xac.

Giai doan 8. Giai phuong trinh. Su thay thé twong tng vao phuong trinh (5.7) dé lién két
[Ca®"] va [ C,0%" ] 1 phuong phap thuan lgi dé giai. Ban ddu ching ta can dién ta [HC,0; ]
va [HyC,04] qua [ C,037].

Sau d6 thay vao phwong trinh (5.5) gié tri [H;0'] = 1,00.10* mol/l:

(1,00.1074) x [CZO?[J

[chog] =5,42.107°
Tir d6:
] SO e

Sau khi thay thé cac hé thie thu duge va ndng do ion hidro vao phuong trinh (5.6) ta thu
duoc:

1,00.107 x1,84x C,0% |

=5,36.10"2
[HZCZO4]

Tu do:
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1,00.107% x 1,84 x [0202*}

[HyCy0,4] = =0,0034[ ;0% |

5,36.1072
Thay thé nhiing gia tri [H,C,04] va [ HC,0; ] tim dugc vao phuong trinh (5.7):
[Ca®] = [C,027] + 1,84 [C,0%7] + 0,0034 [C,027] = 2,84 [C,0%]

Vay:

C,0% |-
Thay [ C,0%" ] bang két qua trén vao phuong trinh (5.4):

[Ca%} x % =2,3.107 mol/1

[Ca®'T* = 6,53.10° mol/l
[Ca’'] = 8,1.107° mol/l
Tir do, sau khi nhé lai giai doan 2 chung ta di toi két luan 1a:

Do tan cia CaC,0,4 = 8,1.10°M

5.2.2 Tinh @) tan & nhirng nong d6 ion hidro khac nhau

Nhiing két tia chira anion bazo, vi du canxi oxalat hodc cation axit, vi du nhu bismut

iodua da dong gop phan ciia minh vao noéng do ion hidro trong dung dich nuée. Do d6, néu
ndng do6 ion hidro khong duogc giit hang dinh nhd mot can bang nao d6 né s& phu thudce vao
d6 tan cua két taa. Vi du, dung dich bdo hoa ciia canxi oxalat c6 phan tng kiém vi ton tai
nhing cn bang:

CaC,0q4 (tén) C32+ + 020421_
C,0% + H,0 HC,0; + OH
HC,0; + H,0 H,C,0, + OH

Khac vé6i truong hop ¢ trén, ndng do cua ion hidroxyl trong truong hop nay chua biét nén

can thiét phai thiét 1ap phuong trinh dai s6 phu.
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Trong phan 16n truong hop khéng nén bo qua twong tac cua két tua voi nude, vi khong
chép nhan dugc nhing sai sO trong cac phep tinh. Theo bang 5.1, gia tri sai s6 phu thudc vao
do tan cua két tia va hang s6 phan li bazo cua anion. D6 tan ciia két tia MA c6 ké t6i phan
mg ciia A~ véi nude duoce gidi thiéu & cot thir tu. O cot thd nim dan ra nhitng két qua tinh
khong ké tinh bazo ctia A”; d6 tan trong truong hop nay, mot cach don gian, bang cin bac hai
ctia tich s6 tan. Nhirng tinh toan do duoc thuc hién dbi voi hai két tua véi tich sb tan 1,0.107"°
va 1,0.10%° & mot gia tri hang s0 bazo clia A™. Rd rang 1a sy bo qua twong tac cta anion véi
nude dan t6i sai sé 4m; sai s6 nay cang tro thanh r6 rang hon khi d¢ tan cua két tia cang 16n,
nghia 1a T cang 16n va anion cta két ta 1a bazo cang manh.

Bang 5.1 Do tan ciia két tiia MA, dwogre tinh & nhirng gia tri T va Ky, khic nhau

, . | Hing  sb Hﬁng, 50 bazo Do tan cua MA bo tan .cuaAMA ;tm’h
Tich  s0 han Ti ot | €92 A tinh duoc duoc khi khong ké toi
tan MA EIA K mol/l "7 | phan Ung v&1 nudc,

P A Ky = Kyw/Kna mol/l
1,010 | 1,0.10° 1,0.10°® 1,02.107° 1,0.107
1,0.10°8 1,0.10° 1,2.10° 1,0.10°7°
1,010 {1,010 24107 1,0.107
1,0.10"2 | 1,0.107 10.107 1,0.10°
1,0.10%° | 1,0.10° 1,0.10°® 1,05.1071° 1,0.1071°
1,0.10°8 1,0.10° 3,3.101° 1,0.10°"°
1,010 {1,010 32.10°1° 1,0.1071°
1,0.10" | 1,0.107 290.1071° 1,0.10°"°

Thiét 1ap nhimg phuong trinh dai sd dé tich so tan cua két taa khong co gi kho khan
nhung giai ching t6n nhiéu cong sirc. Rét may mén 1a dé don gian nhimmg phép tinh dai s0,
thuong c6 thé thuc hién mot trong hai gia thiét. Gia thiét th nhat duoc tng dung d6i voi
nhitng két tiia c6 do tan trung binh, anion tham gia vao thanh phan két tiia phan tng véi nudc.
Trong truong hop nay, gia thiét rang néng d6 ion hidroxyl du c6 thé bé qua ndng do cua ion
hidro trong cac phép tinh, ndi mdt cach khac néng dd cua ion hidroxyl dugc xac dinh mot
cach dic biét bang phan tng ctia anion v6i nude, con su dong gdp ion hidroxyl do su phan li
ctia nude c6 thé bo qua.

Gia thiét loai thu hai dung cho két tha co6 do tan rat thép, dic biét 1a cac két tua chua
anion phan tmg yéu voi nue. Trong nhitng trudng hop d6 co thé gia thiét rang su hoa tan két
tha lam bién d6i ndng do ion hidro hodc hidroxyl trong dung dich mét dai luong khong dang
ké va nong d6 d6 thuc té bang 10”7 M. Phép tinh d6 tan khi d6 tré thanh twong tw nhu da lam
trong vi du trudce day.
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Duéi day din ra cac vi du tinh toan theo mdi loai ctia nhitng loai ké trén.

Vi dy 1. Hiy tinh d6 tan cia PbCOs trong nudc. Dé giai bai tap ching ta thiét 1ap nhiing
phuong trinh mo ta hé:

PbCO; Pb>" + COZ" (5.9)
CO% + H,O HCO; + OH (5.10)
HCO; + H,0  H,CO; + OH (5.11)
2H,0 H;O" + OH" (5.12)

b0 tan cua PbCO; ¢co thé dién ta nhu sau:
Do tan = [Pb2+] = [CO%‘] + [HCO3] + [H,COs]

Nhitng hing s6 can bang duoc dién ta nhu sau:

[Pb>][CO% ] =T = 33.10 " (5.13)

HCO; ||OH | K

[ SJZ[ L 10 _913.1072 (5.14)
[CO37] K,

H,CO;||OH | K -14

[H, 3][ L MO 100107 o s (5.15)
[HCO3] K; 4451077

Ngoai ra:

[H;0'][OH ] = 1,00.10™" (5.16)

Chung ta viét phuong trinh can bang vat chét:

[Pb*>] = [COZ ] + [HCO;3] + [H,COs] (5.17)
Dbi véi hé d6 ciing co thé thiét 1ap phuong trinh trung hoa dién:

2[Pb*"] + [H;07] = 2[CO% ] + [HCO3] + [OH ] (5.18)

Nhu vay, ching ta co sau phuong trinh v6i sau an sd, d6 chinh la: [Pb>"], [COZ],
[HCO3 ], [HoCO3], [OH ], [H30"]. Dé giai hé phuong trinh d6 can nhiing phép tinh dai so rat
phirc tap. Didu d6 bat budc ching ta phai tim cach giai ‘dé dang hon nho mot s6 phép gan
ding. Trong vi du nay, phan xét theo gia tri hang s6 can bang ctia cac phan ung (5.13), (5.14),
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(5.15) ta thay, két tua kho tan, chura anion dé dang phan tng véi nudc. Do d6 ching ta co thé
hi vong rang khi hoa tan két tia ndng do cua ion hidroxyl ting 1én dang ké va nong do cua ion
hidro bi giam di tuong ng. Sau do, rd rang la trong phuong trinh (5 .18) [H;0'] << 2[Pb2+]
va ndng d6 cta ion hidro c6 thé bo qua. Gia thiét thir hai dwa trén sy kién 1a cin bang tao

thanh H,CO; (phuong trinh (5.11)) twong dbi khong dang ké so v6i cin bang tao thanh HCOgq
(phuong trinh (5.10)). Do d6 ndng d6 H,CO3; nho hon rat nhiéu so véi nong d6 HCO3 . Gia
thi€t d6 hoan toan co6 co so vi dai lugng Ky,o/K; bang Ky /10000 K, (xem phuong trinh
(5.14) va (5.15)).

Néu [H30'] thuc té nho hon mét thanh phan bét ki trong phuong trinh (5.18), va [HCO3 |
>>[H,COs] thi phuong trinh (5.17) dugc don gian:

[Pb'] = [CO% ] + [HCO3 ] (5.19)
Phuong trinh (5.18) c6 dang sau:
2[Pb*"] = 2[CO% ] + [HCO3] + [OH] (5.20)

Su can thiét cua cac phuong trinh (5.15) va (5.16) bay gio khong con nira. Nhu vay
chung ta don gian so0 phuong trinh va s6 an so dén 4.

Nhéan phuong trinh (5.19) v6i 2 va trir di phuong trinh (5.20):
= [OH] — [HCOs3 ]
hoac la:
[OH] = [HCO;5] (5.21)
Thay [OH ] bang [ HCOg ] vao phuong trinh (5.14):

[HCOgT Ko
[co¥1 K,

1100 |- [ [cos |

2

Phuong trinh thu dugc cho phép loai trir [ HCO3 | cua phuong trinh (5.19):

[152] <003+ [0, co | 5.2

2
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Tu phuong trinh (5.13) ching ta thu dugc:

oot J- 2

[P*]

Thay phwong trinh d6i véi [ CO%™] vao phuong trinh (5.22).

Ky o.T
[P = i o

Pong mau so va sap xep lai cac thanh phan:

Ki1,0 .T[Pbﬂ

|:Pb2+}<\/K—2xT =0

Va cubi cling, sau khi thay thé gia tri bang s ciia cac hang s ta duoc:
[Pb*]* — 2,65.10°.[Pb*1"? - 3,3.10™ =0

D& dang giai phuong trinh duoc rit ra bang phuong phap gan dung lién tiép. Vi du,

chung ta gia thiét rang [Pb*"] = 0, khi d6 phin bén phai cia phuong trinh ¢c6 gia tri 3,3.10".
Mat khac néu [Pb2+] =10°M chung ta thu dugc gia tri 9. 1071, Thuc chat:

(107 — (2,56.10%) (109" — 33.10™ = 9.10™"
Néu [Pb*"] = 10° M thi:
(1079 — (2,56.10%) (109" — 33.10™ = —2.10"

R rang 13, [Pb*"] nam giita 10 va 10~ M. Gia trj thir [Pb*'] = 5.10° M cho gia tri +

1,9.10:]l M. O day diu cong chi 16 rang 13 gia tri thtr qua 16n. Nhitng sai s6 gan dang tiép
theo dan t&i gia tri [Pb>"]=1,9.10° M.

P tan PbCO; = 1,9.10° M

Pé kiém tra do ding dén cua nhitng gia tri cn thiét da néu chung ta can phai tinh ndng

d6 ctia phan 16n cac ion trong dung dich. Tinh [ CO3™] tir phwong trinh (5.13):

-14
[Cog—] _3310 17008 M
1,9.107%

Sau do tir phuong trinh (5.19) ta duogc:

[HCO3] = 1,9.10° — 1,7.10°* =~ 1,9.10°M
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va tu phuong trinh (5.21):

[OH] = [HCO; ] = 1,9.10°M
Theo phuong trinh (5.15):

[H,C0O5].1,9.107°

- -2.25.107%
1,9.10"

[H,COs] = 2,25.10° jon.g/l
Cubi cung, tuong tmg véi phuong trinh (5.16)

1,00.1071

[Hy0"]=
? 1,9.10°

= 5,3.10_9 ion.g/1

Chung ta thay rang nhimg gia thiét duoc chung ta chdp nhan khong dan tdi sai s6 dang
ké. [HoCOs] bang khoang 1/90 [HCO3 ], con [H30] 1d rang nhé hon nhiéu ndng d6 téng
cdng cua cac ion cacbonat va hidrocacbonat trong phuong trinh (5.18).

Va cudi cung, néu nhu khong ké t6i tinh chit bazo cia CO3~ chung ta thu dugc do tan
1,8.107 chi bing mot phan mudi dai luong tinh bang phuong phap chinh xac hon.

Vi dy 2. Tinh d6 tan ciia bac sunfua trong nudc tinh khiét. Nhitng phuong trinh co ban 1a:

AES (in) 2Ag" + S (5.23)
S* + H,0O HS + OH (5.24)
HS + H,0 H,S + OH (5.25)
2H,0 H;O" + OH" (5.26)

C6 thé hinh dung d6 tan nhu sau:

D6 tan = % [Ag] = [ST] + [HST] + [HoS]

Céc phuong trinh cho cac hang sb can bang:

[AgTP[S*] = 6.107° (5.27)

[HS_][OH_J Ky, 1,010

[s*} Ky, 12103

8,3 (5.28)
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H,S|| OH™ K -14
1S OH | Ko _10.0 1,810 (5.29)

[HS’J K, 571078

Nhimng phuong trinh can bang vat chit va trung hoa dién:
1 — _
2 [Ag'] = [S*] + [HS] + [HaS] (5.30)

[Ag'] + [H30] = 2[S*] + [HS] + [OH] (5.31)

Tich s tan ciia Ag,S rit nho, do d6 chéc chin 1a sy hoa tan két tua khong gy nén mot sur
bién doi dang ké nong do ion hidroxyl trong dung dich. Vi vay, ching ta chap nhéan rang khi
can bang:

[OH] ~ [H;07] = 1,0.10 "jon.g/l
Gia thiét d6 dung & diéu kién 1a trong phuong trinh (5.31):
[Ag"] << [H;0]va(2[S*] + [HS]) << [OH]
Chung ta thay [OH ] trong cac phuong trinh (5.28) va (5.29) bang gia trj 1,0.10":

[HoS] 1,007

_ -8,3.107
s2*] 1,2.10713.1077

[HeS] _ 1,010 _
[HS’} 57108107

Sau khi thay thé nhiing hé thirc d6 vao phuong trinh (5.30) ta dugc:
% [Ag"] = [S] + 83.107[S*] + 14,9.107 [S¥]

[S*] = 2,16.10” [Ag']

Thay hé thtrc cudi ciing vao phuong trinh tich s6 tan ta duoc:
2,16.10° [Ag] =6.107°

[Ag"] = 3,0.10 “ion.g/l

D6 tan = é[Ag+] ~ 1,510 M
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Gia thiét cho rang [Ag Inh6 hon nhiéu so véi [H3O ] 6 rang 1a c6 co s6. Chung ta c6 the
dé dang tinh (2[S*] + [HS]) va khang dinh duoc rang tong s6 d6 ciing nho hon [OH ] rat
nhleu Tir d6 chiing ta di dén két luan 1a nhimng gia thiét da néu 1 chap nhan dugc va cach giai
gan dung 1a thoa mén.

5.2.3 D9 tan cia hidroxit kim loai trong nwéc

Pé xé4c dinh d6 tan cua hidroxit kim loai can xét hai can bang. Vi du, d6i véi hidroxit kim
loai hoa trj (II) M*":

M(OH) iy  M*  + OH

2H,0 H;0" + OH™

c6 thé d& dang mé ta qua trinh d6 bang phuong trinh dai s

[M*][OH ] = T (5.32)
[H;0'][OH] = K, (5.33)
va phuong trinh cubi mé ta theo diéu kién trung hoa dién:

2[M*] + [H30'] = [OH] (5.34)

Néu hidroxit tan kha, ndong d6 ion hidro s& nho va phuong trinh (5.34) duoc don gian
hoé:

2[M*] ~ [OH]
Thay hé thirc d6 vao phuong trinh (5.32) va sau khi bién dbi ta duoc:
[M**] = (T/4)"”® = D6 tan (5.35)

Mit khac, ¢ d6 tan rat thap cua M(OH),, dai luong 2[M**] nhé hon [H307] rat nhiéu va
phuong trinh (5.34) tr¢ thanh:

[H:0'] ~ [OH] = 1,00.107 M

Thay két qua thu dwoc vao phuong trinh (5.32) mot 1an nita va sap xép lai cac thanh phan
cua phuong trinh:
T T

[M%*] = - =Po tan 5.36
[OH ] 1,0.10714 (5-36)

Vi dy: Tinh do tan Fe(OH); trong nudc.
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Chung ta chap nhan rang phuong trinh trung hoa dién c6 thé don gian dén
phuong trinh sau:

3[Fe’'] + [H;0] ~ 3[Fe’"] = [OH]

lam gia thiét dé giai.

Thay [OH ] vao phuong trinh tich s6 tan:

[Fe’ ] 3[Fe’']) = 4.107®

[Fe''] = (4.107°%27)* = 2.10'°'M

Do tan = 2.10 "M

Nhung chiing ta gia thiét rang:

[OH] =~ 3[Fe*] = 3.2.10" = 6.10'°M

Tur d6 suy ra rang:

1,00.10714

+71_
(Hs07 == o

=1,7.10° M

RG rang 1a khong nén xem [H307] nhé hon 3[Fe’] rat nhidu. Sy that, trong trudng hop
nay quan sat thay hién tugng nguoc lai:

3[Fe’] << [H30"]

va phuong trinh trung hoa dién dugc quy vé phuong trinh sau:

[H;0'] = [OH] = 1,0.10’M

Sau khi thay [OH ] vao phuong trinh tich sb tan ta duoc:

4.10728

= —410'M
[1,00.1077

[Fe*]=

Po tan = 4.10" M

Gia thiét cho rang 3[Fe’'] << [H30 ] rd rang 1a dung dan. Can nhan manh rang, trong
phép tinh dau, khi da dua ra mot gia thiét khong dang tin cay thi da nhan dugc sai s6 rat 1on.

Vi du trén day chi 6 d6 tan cua hidroxit kim loai dugc tinh toan twong tu cach tinh d6 tan
ctia hop chéit chira bazo yéu. Sau khi chap nhan mot trong hai phép tinh gan dung thi nhimg
phép tinh d6 c6 thé duoc don gian hoa. Nhung chic chin 13 s& c6 mot ving gia tri tich so tan,
& d6 khong mot phép tinh gan dang nao tng dung dugc va dbi véi trudng hop dé can phai
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giai cac phuong trinh (5.32), (5.33) va (5.34) theo ba an s6, & bang 5.2 chi ra nhing gidi han
cua vung d6 doi voi nhirng két taa loai M(OH),.

Bang 5.2 Sai s6 twong ddi ciia nhitng phép tinh gin ding dd tan ciia két tia

Gid tri Do tan tinh | Do tan tinh Sai 50 gay 1a Do tan tinh | Sai s6 gy ra
1a trn T A do st dung ,
d dugc khong | duoc  theo dugc  theo | do sir dung
uQc , \ phuong . A

Z su dung | phuong trinh | - . phuong trinh | phuong trinh
chap hé A trinh
nh4n toe 2l (535 5.36 5.36), %

dung ( . ) (535),% ( . ) ( . )9 0

1,00.10"% [ 6,3.1077 6,3.1077 0,00 1,00.107* 1,6.10*
1,00.10%° | 1,24.1077 1,36.10°7 9,7 1,00.10° 7.1.10°
1,00.102* | 8,4.10”° 2,92.10°% 2,5.10° 1,00.10°® 1,9.10!
1,00.10** | 1,00.107'° 6,3.10° 6,2.10° 1,00.10° 0,00
1,00.102% | 1,00.10° "2 1,36.107° 1,4.10° 1,00.107" 0,00

5.3 Anh hwéng ciia su tao phirc dén dd tan

Do tan cua két tia c6 thé bién ddi nhicu khi c6 mat mot sb chét tao phtrc tan véi anion va
cation ctia két tia. Vi du su két tia nhom bang bazo khong bao gid hoan toan khi c6 mit ion
florua mic du dd tan cta hidroxit nhém cuc nhé. Phirc florua nhém khéa bén can tré sy xuét
hién dinh luong cation Al’" trong dung dich. Khi d6 thiét 1ap nhitng cin bang sau:

A13+
+

AlFg>

Al(OH); (rén) + 30H

~——

_ Nhu vay, ion florua day canh tranh thépg loi véi ion hidroxyl dé phan tmg véi nhom (III).
Nong do ion florua cang cao thi d6 tan cua keét tia cang lon do su tao thanh [AlFq]".

Néu biét hé'mg sb6 bén cua phue, cé thé tinh do tan cua két tia khi c6 mat thudc thir tao
phtc. Khi d6 nhitng bién phap duoc st dung tuong ty nhitng phuong phap da dugc mo ta
trong phan trén.
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Vi dy: Hay tinh d6 tan ctia AgBr trong dung dich NH; 0,1 M. Nhiing cén bang
trong dung dich:

AgBr (i) Ag" + Br
Ag" + NH; AgNH}
AgNH; + NH; Ag(NH3);
NH; + H,0 NH," + OH

Chung ta xac dinh an sd:
D¢ tan cua AgBr=[Br]=[Ag'] + [ AgNH; ] + [ Ag(NH, );]

Nhiing hing sb cin bing twong tng:

[Ag][Br] =T = 52.10" (5.37)
AgNH}
M:Kl ~2,0.10% (5.38)
[qu[NHs]
Ag(NH,)!
[ & 3)2} ~K, =6,9.103 (5.39)
| AgNH |[NHy]
NH; |[oH™
.——[;}IES] }=Kb=1,76.10_5 (5.40)

Phuong trinh cén bang vat chat:
[Br] = [Ag] + [AgNH}] + [Ag(NH;); ] (5.41)
Vi néng dd dau ctia amoniac béng 0,10 M, nén c6 thé viét:

0,10 = [NH;] + [AgNH}] + 2[Ag(NHy),] + [NH{] (5.42)

Ngoai ra, trong tuong tac ciia amoniac v4i nudc, cir moi ion NH xuat hién, mt ion OH™
duogc tao thanh. Nhu vay:

[OH] ~ [NH}] (5.43)
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Phuong trinh trung hoa dién:

[NH;] + [Ag'] + [AgNHS] + 2[Ag(NH;);] = [Br] + [OH] (5.44)

Su nghién ctru can than tdm phuong trinh trén chi ro rang, 7 trong sé d6 1a phuong trinh
doc lap vi phuong trinh (5.44) suy ra dugc tir phuong trinh (5.41) va (5.43). Nhung vi s6 4n
s6 bang 7 nén c6 thé giai dugc.

Gia thiét:
a/ [ NH} ] nhé hon rat nhiéu so véi cac thanh phan khéc ctia phuong trinh (5.42). Gia thiét

d6 1a c6 co so néu ké t6i gia tri bang s6 kha nho cua hang sd bazo cua amoniac (phuong trinh
(5.40)).

b/ [Ag(NHy); ] >> [ AgNH; ] va [Ag']. Loai trir nhiing dung dich amoniac rét lodng, gia

thiét d6 1a c¢6 co s. Piéu d6 duoc suy ra tir gia tri hing sb cin bing cua cac phuong trinh
(5.38) va (5.39).

Thuyec hién nhiing gia thiét ay dan t6i sw don gian cac phuong trinh.

[Br] ~ [Ag(NH;); ] (5.45)

[NH;] ~ 0,10 — 2[ Ag(NHy); | (5.46)

Sau khi thay phuong trinh (5.45) vao phuong trinh (5.46) ta duoc:
[NH3] = 0,10 — 2[Br] (5.47)

Nhan phuong trinh (5.38) vai (5.39):

[Ag(NH); |

L KK, =1,38.10 (5.48)
| Ag" |[NH,

Thay thé cac phuong trinh (5.47) va (5.45) vao phuong trinh cudi cing ta duoc:

[Br~]

== 1,38.107
[Ag"1(0,10-2[Br ])

Thay thé [Ag'] bang gi tri twong dwong tir phwong trinh (5.37) vao phuong trinh trén ta
co:

) Chyng ta bd qua [H3O+] b&i v3 ndng d6 cla ion hidro trong dung dich amoniac 0,10 M1  khung déng ké.
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[Br]

-13
(5’2'10 ](0,10— 2[Br”)
[Br~]

-1,38.107

hoac:

[Br

> =7,2.10"

(0,10 - 2[Br‘])

C6 thé bién ddi phuong trinh d6 dé thu dugc phuong trinh bac hai:
[Br]* + 2,88.10°[Br] — 7,2.10° = 0

Tu do:

[Br] = 2,7.10* mol/l

Do tan = 2,7.10* mol/l

Sy kiém tra chi rd rang nhimg gia thiét dé ra 13 co co so.

Sir tao phirc véi ion cing tén cia két tia. Nhidu két tia c6 thé phan ing v6i mot trong sb
nhimng ion ctia két tia tao thanh nhiing phirc tan. Vi du, bac clorua tao nhitng phtrc clorua cé
thanh phan AgCl;, AgCl3™ ..., & nhing ndng do ion cung tén cao nhirg phan Gng nay lam
tang do tan cua két tua. Sy ting do tan khi c6 du ion cung tén hoan toan khong phai 1a hiém
hoi. Nguoi ta dac bi¢t chi y téi nhiing hidroxit ludng tinh nhu hidroxit nhom va k€m. Nhiing
hidroxit nay ¢ dang két taa it tan, dudi tac dung cta bazo trd thanh nhimg dung dich ion.
Chung hoa tan khi du ion hidroxyl tao thanh phirc hidroxo ctia nhém va kém. Déi voi nhom
c6 thé hinh dung can bang nhu thé nay:

A" + 30H Al(OH);3 (¢4n)

AI(OH)_o, (rén) + OH7 AI(OH)Z

Nhu trong trudong hop bac clorua, d6 tan cua hidroxit nhém va kém trai qua cuc tiéu va
sau do tdng 1én dot ngodt khi tang nong do ion cung tén. Co6 thé deé dang tinh ndng do ion

hidroxyl twong tmg voi do tan cuc tiéu khi biét cac hiang sb can bang cua phan tng.

V}' du: O né)ng do OH™ béng bao nhiéu thi d¢ tan cia Zn(OH); la cuc tiéu. Hay tinh d¢ tan
cuc tiéu.

Céc can bang:

Zn(OH); (sén) Zn*" + 20H



Zn(OH)2 (rén) + 20H Zn(OH)4f

Chung ta ki hi¢u d6 tan cia Zn(OH); 1a S. Khi do:

S = [Zn*] + [Zn(OH)?"]
Hang sb can bang:
T = [Zn*][OH ] = 1,2.107"

K:M:O,IS

[on ]

Thay phuong trinh (5.50) va (5.51) vao phuong trinh (5.49):

[on ]

S:

. +K[OH‘J2
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(5.49)

(5.50)

(5.51)

(5.52)

Dé thu duoc do tan cuc tiéu ching ta 14y vi phan phuong trinh (5.52) va cho dao ham cia

S theo [OH ] tién t6i khong:

d[gf{] i [O;T-]S -2K[ ot

Néu

d[gi—] -

thi: 21
o |

Tir do:

1/4 v
[OH‘J:PT} {—1’2'10 } -9,8.107°

9K 0,13

Nguoi ta thu duge do tan cuc tiéu khi thay thé nong do ion hidroxyl tinh toan dugc vao

phuong trinh (5.52):
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_| 1,22077 . o
S eue tidu = {W}’O,B(&S.IO ) =2,5.10

5.4 Anh huéng ciia nong dd chat dién li dén do tan

Bang thuc nghiém nguoi ta phat hién rang, két tia thuong tan trong dung dich chat dién li
nhicéu hon so véi trong nude, tat nhién la ¢ dicu kién chat di¢n li khong chura ion cung tén voi
két tia. Hinh 5.1 minh hoa dnh hudng cua chat dién li dén do tan cia ba két taa.

~ Khi tang ndng do kali nitrat trong dung dich wo dé'r} 0,02 M, d¢ tan cua bari sunfat tang
gap doi. Do tan cua bari iodat cling & khodng bién doi nong dd chat dién li nhu vay chi tang
1,25 lan va cua bac clorua tang 1,20 lan.

Anh huong cua chét dién 1i t6i d6 tan dugc giai thich bang strc hut tich dién gilta cac ion
ctia két thia va cac ion la tich dién trai dau. Nhimg tuong tac do gay nén su chuyén dich can
bang cua phan tng hoa tan. Diéu quan trong la, can hiéu rang hién tugong d6 khong chi quan
sat thdy trong cic cin bang hoa tan - két tiia ma con trong tat ca cac dang con lai cua can
bang. Vi du, nhirng dir kién trong bang 5.3 chi rd rang, khi c6 mit natri clorua mirc do phén li
clia axit axetic ting 1én dang ké. Nhiing hiang s6 phéan li dan ra thu duoc bang cach do thuc
nghiém nhirng ndng do can bang cua ion hidro va ion axetat trong dung dich chira mudi ¢
nong d6 da néu. Trong trudng hop nay, su chuyén dich can bang rd rét ciing c6 thé duge xép
vao loai do luc hit cua ion chat dién li véi nhirng ion hidro va ion axetat.

3,0

?

BalO4M.107°

B1d tan //-—"’

8.0 ]
| —1 agCiml107®
_'_'_._,_,_.—-'—'_'_.
Ha(IOgioM.107°
_,-'—"'"-'—’ff
1.0 |
0

0,01 0,03 0,03 0,04 0,08
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Hinh 5.1

Anh hudng cua néng d0 chét dién li dén do tan cia mot s mudi

Tur nhiing dir li¢u do co thé rat ra mot két luan: Dinh luat can bfmg ¢ cong thure da dugce
dan ra truéc day c6 giéi han va ching ta chi tng dung cho nhimg dung dich rat lodng, trong
d6 ndng do chat dién li khong dang ké (nghia 1a dung dich 1y tudng, xem chwong IV). By
gid xét t6i cong thire chit ché hon cua dinh luat co thé ding cho nhitng dung dich khong 1y
tudng.

Bang 5.3 Hiing s6 phan li clia axit axetic trong cic dung dich natri clorua ¢ 25°C

N@)ng do NaCl, M Ka1 biéu kién
0,00 1,75.107
0,02 2.29.10°7°
0,11 2,85.107
0,51 3,31.10°
1,01 3,16.107

Nhiéu céng trinh nghién ciru danh hudng ciia ndng do chat dién 1i dén can bang hoa hoc
cho phép rit ra nhimg khai quat quan trong. Mot trong nhtrng khai quat d6 1a, hiéu ung ndng
d6 chat dién li phu thudc nhleu vao dién tich ciia cac hat tham gia vao can bang. Néu cac hat
trung hoa dién thi hang s can bang bién ddi it nhung khi dién tich cta cac hat tham gia phan
tmg hodc san pham ctia phan (mg cang 16n thi hiéu Gmg d6 cang trd nén rd rét. Vi dy, khi thém
luong vira phai kali nitrat thi trong hai can bang:

AgCl () Ag + CI’

BaSOy (in) Ba’" + S02-

can bang thu hai chuyén manh vé bén phai hon can bang thir nhat (xem hinh 5.1).
Piéu khai quat quan trong thtr hai 1a anh hudng ctia chét dién li trong mot khoang rong

ndng do thyuc té khong phu thudc vao ban chat cia né ma chi phu thudc vao thong sé nong do
ion cua dung dich qua luc ion p:

Lycionpu = %(mlzf + mzzf + rn3Z32 +...) (5.53)
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& day my, my, ms... 1a ndng d6 phan tir ctia cac ion khac nhau trong dung dich;
con Zy, Z,, Z3... 1a dién tich cia cac ion twong ung.

Vi du: Luc ion cua dung dich KNO; 0,1 M cua dung dich Na,SO4 0,1 M 1a bao nhiéu?

Trong dung dich KNO3, m, va m - déu bang 0,1 va:
3

u= %(0,1.12 +0,1.1%) =

Trong dung dich Na,;SOy, my ., = 0,2va m = 0,1, do do:

S0%-
w= %(0,2.12 +0,1.2% =

Vi du: Lyc ion cua dung dich KNO; 0,05 M va Na,SO4 0,1 M béng bao nhiéu?
w= %(0,05.12 + 0,051 + 02.1% + 0,1.2%) = 0,35

Tur cac vi du do ta thay rang, luc ion cua cac dung dich chét dién li manh duoc tao thanh
tir cac ion mot dién tich bang noéng do phan tir cua chung. Trong cac dung dich cua cac hop
chat tao thanh tir nhitng ion nhiéu dién tich, luc ion 16n hon ndng d6 phan t.

Ngudi ta phat hién rang trong cac dung dich c6 luc ion nho hon 0,1, anh huéng cua chit
dién li khong phu thudc vao ban chat ion va duoc xac dinh chi bang luc ion. Do d6, do phéan li
cua axit axetic la dong nhét khi c6 mat natri clorua, kali nitrat hodc bari iodua & diéu kién
ndng do cua cac chat dién li d6 dam bao luc ion déng nhit. Can nhan xét rang, quy luat d6 &
luc ion cao bi pha va.

Hoat dé va hé s6 hoat do. Dé md ta dinh lugng anh huong cua luc ion dén can bﬁng, cac
nha hoa hoc sur dung thong s6 hoat do. Hoat d6 duoc xac dinh nhu sau:

a, = [A]l.fa

¢ day a, 1a hoat do cua chit A, [A] la néng do phan tr, fa 1a dai lugng khong thir nguyén,
dugc goi 1a h¢ s6 hoat d6. Hé sb hoat do (va do dé, ca hoat do) cua chét A bién d6i khi luc ion
blen dbi. Nhu vay la khi thay thé [A] bang a trong phuwong trinh hing s6 cin bang, gia tri bang
s6 cua hing sb can bang khong phu thudc vao luc ion. Ching ta minh hoa diéu d6 & vi du vé
su phan li cua axit axetic:

: aHAx [HAx] fHAx
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o day fH3O+ o fope va fia, bién doi theo sy bién doi cua luc ion dé cho K, hang dinh trong

mdt khoang rong gid tri luc ion, khac véi Ka biéu kién duoc danra & bang 5.3.
Nhitng tinh chat cia hé sé hoat . Hé s6 hoat do c6 nhiing tinh chét sau:

1. C6 thé hinh dung hé s6 hoat do nhu thudc do sy tham gia cua céc chét dién li vao can
br:ing hoa hoc. Trong cac dung dich rat loang, khi lyc ion nho nhét, dai lugng do trd thanh
hang dinh va hé s6 hoat d6 nhan gia tri bang don vi, & diéu kién d6 hoat d6 va nong do phan
ttr 1a déng nhat. Khi ting luc ion, sy tham gia ctia ion vao can bang giam xudng va hé sé hoat
d6 ctia n6 giam xudng. Tong két va sir dung nhiing dai luong dua vao phuong trinh (5.54) ¢6
thé nodi: ¢ luc ion vira phai fy < 1; khi pha loang v han fs— 1 va do d6 ax— [A]. O nhiing
luc ion cao, hé s6 hoat do ddi véi mot sd chat tang 1én va tham chi co thé tro thanh 16n hon
don vi; giai thich tinh chat ciia cac dung dich trong viing dé khé phirc tap. Chung ta gi6i han
trong phan 16n nhitng ban luan trong ving gia tri luc ion (khi M < 0,1) thip hodc vira. Nhiing
duong cong dién hinh biéu dién sy phu thudc ctia hé s6 hoat do vao lyc ion duoc din ra trén
hinh 5.2.

2. Trong nhiing d,ung dich khéng qua dam dac, hé sb hoat d6 ctia mot chét di cho khong
phu thudc vao ban chat chat dién li va dugc xéc dinh chi bang luc ion.

3. O lyc ion di cho dién tich cia ion cang 16n thi hé sé hoat d6 ctia né khac don vi cang
16n. Bicu d6 dugc minh hoa trén hinh 5.2. H¢ s6 hoat d§ ctia nhitng phan tir khong tich dién
gan nhu khong phu thudc vao lyc ion.

1,0
Hé Sa 0.8 \
hoat \\"“\R - K
dify g, [
| \ ERE Cag
0,4 \ _“"‘“—h\_.__‘__\‘_‘_‘_‘_‘_“__‘_‘-‘-‘_ ﬂlg_'_
0,2 (T
\-\‘_“ﬂ_________ Fe(CNJp 4™ Lelon

Hinh 5.2

Su phu thudc ctia hé s6 hoat d6 vao luc ion

4. O luc ion xac dinh, hé s6 hoat do ctia nhitng ion c6 s6 dién tich giong nhau xap xi bang
nhau. Su sai I¢ch khong 16n gan lién véi kich thude hi€u dung cta ion hidrat hoa.
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5. Hé s6 hoat do mo ta tinh chit thuc su cia mot ion trong can br:ing ma no
tham gia. Vi du, ¢ lyc ion x4ac dinh mot va chi mdt h¢ so hoat d0 mo6 ta anh hudng cua ion
xianua dén can bang bat ki trong s6 nhirng can bang dugc dan ra duoi day:

HCN + H,0O H;0" + CN~
Ag(CN) (tén) Ag+ + CN
Ni(CN)2~ Ni*" + 4CN

Tinh hé s6 hoat dg. Nam 1923, P. Debye va E. Huckel dé dua ra phuong trinh ly thuyét
sau day cho phép tinh hé so hoat d cua ion:

0,5085x Z3 x [

5.55
1+0,3281xa, x+/u (5-39)

lng =

O day: fa 1a hé s6 hoat do cia A, Z 1a dién tich cua A, u 1a lyc ion cua dung dich, a, 1a
ban kinh hiéu dung ciia ion hidrat hoa do bang anstron, A (1 anstron = 10~ cm). Nhitng hing
s6 0,5085 va 0,3281 dung v6i dung dich 6 25°C, ¢ nhitng nhiét do khac thi phai s dung
nhiing gia tri khac.

Dang tiéc 1a gia trj au trong phuong trinh (5.55) mang tinh khong xac dinh 16n. Gia tri aa
cua phan 16n cac ion mot dién tich gan voi 3 A, do d6 ddi voi nhitng hop chét twong ing, miu
s6 ctia phuong trinh Debye - Huckel dugc don gian dén (1 +./u ). aa cia céc ion dién tich cao
6 thé dat toi 10 A. Can nhan xét thém rfing, & luc ion nhé hon 0,01, thanh phﬁn thtr hai &
méu sb trd thanh nho so véi thanh phan thir nhat. Trong diéu kién d6 tinh khong xac dinh
trong gié tri ay khong anh hudng 16n trong tinh toan hé sé hoat do.

Kielland tinh gid tri as cho s6 16n ion tir nhidu dix kién thuc nghiém. Nhitng gia tri tbt
nhat cta ban kinh ion hiéu dung dugc dan ra ¢ bang 5.4. O day ciing gidi thiéu ca hé so hoat
dd duogc tinh todn theo phuong trinh (5.55) ¢6 sir dung cac kich thudce do.

Sy kiém tra thyc nghiém nhing gia tri h¢ s6 hoat do cta nhirng ion riéng biét duoc dan ra
& bang 5.4, rt dang tiéc 1a khong thé thyc hién. Tat ca cac phuong trinh thyc nghiém chi cho
gia tri hé sb hoat d6 trung binh cta cac ion tich dién dwong va 4m trong dung dich. Nhung can
chu y rang hé s6 hoat d6 trung binh tinh toan dugc nho cac dit kién ctia bang 5.4 kha phu hop
v6i nhitng gié tri tim duoc bang thuc nghiém.

Heé sb hoat do trung binh cua chit dién li A,,B, dugc xac dinh nhu sau:
Hé s6 hoat d trung binh f; = (fAm_an)U(mm)

Bang 5.4 Hé¢ s6 hoat d ciia cac ion ¢ 25°C

Ion Béan kinh | Hé s6 hoat d6 & luc ion twong tmg
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hi¢u
i‘.mg as, 1 0,001 | 0,005 |0,01 0,05 0,1

H;0" 9 0,967 |0,933 |0914 | 0,860 | 0,830
Li", C¢HsCOO™ 6 0,965 |0,929 |0,907 |0,840 | 0,800
Na+, IO37, HSO377

HCOs5, H,PO4, | 4-4,5 0,964 |0,928 |0,902 |0,820 | 0,780
H,AsO4 , AxX™

OH', F, SCN, HS", ClOs~

, ClOs , BrO;, 104,35 0,964 [0,926 |0,900 | 0,810 | 0,760
MnO4f

K", ClI',Br,I,CN,NO;,

NOs . HCOO 3 0,964 [0,925 |0,899 | 0,800 | 0,760
RbY, Cs", TI", Ag", NH," |25 0,964 | 0,924 |0,898 |0,800 | 0,750
Mg”", Be*" 8 0,872 | 0,755 | 0,690 |0,520 |0,450
Ca2+ Cu2+ Zn2+ Sn2+

Mn?**, Fe** Ni¥', Cs*, |6 0,870 | 0,749 |0,675 | 0,480 | 0,400
Phtalat®>

Sr**, Ba®", Cd*", Hg*", 8 |5 0,868 | 0,744 | 0,670 | 0,460 |0,380
Pb**, CO3*, SO% CrO4* | 4,5 0,868 | 0,742 0,665 |0,460 | 0,370
Hg¥, S0&,  S,057,

CrO HPO.2 4,0 0,867 |0,740 | 0,660 | 0,440 | 0,360
AP R, Lt ce* |9 0,738 | 0,540 | 0,440 | 0,240 | 0,180
PO, Fe(CN)s* 4 0,725 [0,500 | 0,400 | 0,160 | 0,095
Th*', Zn*", Ce*" sn*' 11 0,588 [0,350 |0,255 |0,100 |0,065
Fe(CN)s™ 5 0,570 | 0,310 | 0,200 | 0,048 | 0,021

C6 thé do dugc hé s6 hoat d6 trung binh bang mot s phuong phap nhung khong nén quy
gia tri thuc nghiém tim dugc lam h¢ s6 hoat d§ cho mot ion riéng biét fo hoac fg. Vi du, doi
voi két tia A B, ¢6 theé viét:
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= [A]" [BI" fa" fa" = [A]" [B]" £

Po d6 tan cua AnB, O néng do chat dién li tién toi khong, nghia l1a & f4 va fg — 1 ching
ta c6 thé thu duoc gia tri T. Do d6 tan 14n tht hai & luc ion u ta dugc gia tri [A] va [B]. Nhitng
dir kién thu dugc cho phép tinh f,™. fz" = £™*™™ & lyc ion p. Piéu quan trong 1a can hiéu
rang, nhimg dit kién thuc nghiém d6 khong du dé tinh gia tri riéng fa va f va cling khong thé
thu dugc mot thong bao thuc nghiém phu nao cho phép danh gia nhitng gia tri d6. Co6 mot quy
luat téng quat: Xac dinh br:ing thuc nghiém h¢ s6 hoat do riéng co 1€ 1a khong thuc hién ndi.

Nho cong thirc Debye - Huckel va nhiing dit kién cta bang 5.4 ¢6 thé tinh toan dugc hé
s0 hoat d0 ¢ luc ion nho hon 0,1. O gia tri cao hon sy tinh toan theo cong thirc d6 dan t6i sai
s0 va can phai st dung nhiing gia tri h¢ s hoat do trung binh tim dugc bang thyc nghiém.

Tinh toén dg tan co6 sur dung h¢ s6 hoat d0. St dung hoat do thay thé cho néng do phan ta
khi ting hang s6 can bang cho phép ta thu dugc théng bao chinh xac hon. Néu khong c6
nhimg quy woéc ddc biét trudc nhitng gia tri T trong bang thuong 1a tich s6 hoat d6. (Nhimg
hang s6 dugc dién ta bang hoat d, do1 khi nguoi ta goi la hing s6 nhiét dong hoc). Nhu vy,
dbi voi két tha ApB, c6 the viét:

T = ay"bg" = [A]" [B]" fA" fp"
hodc:
AP B = ———— =

fA XfB

& day, trong ngodc vudng 1a ndng d6 phan tir cia A va B. Khi chia hang s nhiét dong T
cho tich sb hé sb hoat d6 ctia cac ion A va B (hodc cho hé s6 hoat do trung binh) dugc héng $6
ndéng d6 T’ dung cho cac dung dich véi luc ion xac dinh. C6 thé st dung hang sé d6 dé tinh
can bang dang xét trong chuong nay. Chung ta trinh bay mot loat phép tinh & vi du sau.

Vi du: Hay tinh d6 tan cua Ba(10s), trong dung dich Mg(10s), 0,033 M. Tich s6 tan dong
hoc cua Ba(10;), bang 1,57. 107°.

Trudce hét ta viét :

-9
O
3

Sau d6 tinh hé s6 hoat do cua Ba** va 105 theo gid tri lyc ion cua dung dich.

1 2
u= E[mMg2+><2 +mIO§X1 }
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[0,33.4 + 0,066.1 ] = 0,099 = 0,1

N |

Khi tinh p ching ta gia thiét ring, cac ion Ba*" va 103 tir két tiia khong thé hién anh
huong déng ké dén luc ion cua dung dich. Su don gian d6 14 ¢6 co s& bai vi bari iodat c6 do
tan nho. Trong nhiing truong hop, khi gia thiét 4o 1a khong thoa man can tinh gan dung ndng
dd cua ca hai ion bang cach thong thudng voi gia thiét 1a hoat do va ndng do phu hop véi
nhau. Can tinh nhitng néng do d6 khi thu duoc nhiing gia tri p xac dinh hon.

Theo bang 5.4 chung ta tim thdy 1a & luc ion 0,1.

fp2e = 0,38 fIOg = 0,78

Néu gia tri lyc ion tinh toan dugc khong phu hop véi mot trong s6 nhiing gia tri duoc dan
ra trong bang d¢ tinh f .. va f; 105 thi can phai st dung phuong trinh (5.55).

Bay gio c6 thé viét:

-9
_ L7107 =6,8.10" 9 _m
(0,38)x(0,78)

[Ba*"]1[105]* = 6,8.10"°

Chung ta 1am tiép nhu thudng 16 khi tinh d6 tan (chuong IV).

PotanS = [Ba’']

[I05] =~ 0,066 : S (0,066)7 = 6,8.10° ; S = 1,56.10°M
Rét 1y thi nhén thiy ring, do tan tinh toan duoc khong ké luc ion bang 3,60.107 M.

B6 qua h¢ s6 hoat dg trong cdc phép tinh cin bang. Mot cach don gian thuong ching ta
b6 qua hé sb hoat do trong cac phuong trinh can bang, su dung nong do phan tur. Piéu d6 lam
don gian cac phep tinh va lam giam di dang ké lugng théng tin can thiét. Trong phan 16n
truong hop sai s6 gdy nén do viéc cho h¢ s6 hoat do bang don vi khong lon dén muc 1am sai
léch két qua tinh toan. Nhung tir vi du trén rd rang 13, sy bé qua hé so6 hoat dJ trong cac tinh
toan loai d6 c6 thé din dén sai s6 dang ké. Sai s6 twong dbi 100% hodc 16n hon trong truong
hop nay khong phai 1a hiém hoi.

Sinh vién can chu y trong tinh toan boi vi d6i khi sy thay thé hoat d6 bang noéng do co thé
dan toi nhitng sai s6 16n. Sy khac biét 16n duoc quan sat thay trong truong hop luc ion 16n
(0,01 va 16n hon) hodc ion nhiéu dién tich (xem bang 5.4). Pdi véi cac dung dich lodng (luc
ion < 0,01) cua cac chét khong dién li hodc céc ion mot di¢n tich, viéc st dung né)ng do trong
tinh toan theo dinh luat tac dung trong luong thudng cho két qua kha chinh x4c.
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Ciing can nhan manh rr?mg, su giam do tan khi c6 mat ion cung tén vdi ion cua két
tua dugc bu trir mot phan bang sy tang do tan dong thoi do nong dd 16n cua céc chat dién li chira
ion cung tén. Hién tuong d6 dugc minh hoa trong vi du vira phan tich.

5.5 Nhitng yéu t6 phu anh hwéng dén dé tan ciia két tia

Nhiét dg, phan 16n cac chat rin khi tan hap thu nhiét. Do do, khi tang nhi¢t 4§ thuong do
tan va tich sb tan tuong tng ctia phan 16n chét it tan ting 1én.

Thanh phan dung méi. Do tan cua phan 16n cac chat vo co trong hon hop nude véi cac
dung moi hiru co nho hon o rét so voi nude tinh khiét. Nhitng dit kién vé do tan cua canxi
sunfat dugc dan ra ¢ bang 5.5 1a dién hinh do6i voi loai anh hudng nay.

Bang 5.5 D) tan ciia canxi sunfat trong cac dung dich rwou etylic trong nuwéc

Nong . dd6 rugu etylic | PO tan,
theo phan tram trong luong g CaS04/100 g dung moi
0 0,208

6,2 0,100

13,6 0,044

23,8 0,014

33,0 0,0052

41,0 0,0029

Toc dé tao két tiia. Can nhin manh rang, khong nén suy doan vé toc do phan tng. Nhiéu
phan mg dat tdi trang thai can bang véi hang s6 16n nhung véi toc do rat nho.

Phan tmg két tua thuong xay ra cham. Dé dat toi can bang can mot sd phut, tham chi mot
vai gio. Poi khi nha hod hoc c6 thé duoc 1oi trong cac phan tng két tia cham vi sy phan chia
khong thé thuc hién duogc trong cac phan Gmg dat can bang nhanh. Vi du, ¢ thé tach canxi
khoi magie bang cach két tua oxalat, mic dii magie ciing tao thanh oxalat c6 do tan khong
khéc nhiéu véi do tan cla canxi oxalat.

Su phan chia c6 thé thuc hién dugc nho tée do thiét 1ap can b?mg tao magie oxalat nho
hon rat nhiéu so vdi toc do tao canxi oxalat. Néu loc canxi oxalat ngay sau khi két tua thi ket
tua thuc té s€ khong bi 1an magie, nhung néu dé két tua trong dung dich thi s€ bi 1an magie.
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5.6 Phan chia cac ion theo nong dd chat két tiia (két tiia phan doan)

Néu hai ion phan Gng voi mot ion thir ba nao d6 tao thanh nhitng két tha c6 do tan khac
nhau, thi hop chét it tan hon s& két tia & ndng d6 thude thir thap hon. Khi d6 tan khac nhau da
16n c6 thé tach dinh lwong ion dau ra khéi dung dich trude khi ion thir hai bat dau két tia. Dé
phan chia nhu vay, can thiét gitr c4n than ndng d6 chat két tia ¢ gidi han da dwoc xac dinh
truge. Mot loat phuong phap phan chia phan tich quan trong, dua trén bién phap nay trong do
c6 phuong phap phan chia bang ion sunfua, bang ion hidroxyl va cac thudc thir hitu co.

Danh gia kha ndng phéan chia dua trén phan ung két tia & nong do thude thir duoc kiém
tra trude la mot img dung quan trong cua quy luat tich s6 tan. Quy luat nay con dugc sir dung
dé tinh toan nhing diéu kién tdi wu cho sy phan chia. Didu d6 dugc minh hoa bang hai vi du
sau day.

Vidy I. C6 kha nang vé mat 1y thuyét dé phén chia dinh luong Fe,t3+ va Mg** béng’ két tiia
phén doan bang OH" tir dung dich 0,1 M cho moi ion hay khong? Néu sy phan chia ay la co
kha nang thi giéi han nong do OH™ cho phép la bao nhiéu?

Tich s6 tan cua cac hidroxit trong tmg bang:
[Fe*'T[OH ]’ = 4.10°®
[Mg”][OH]* = 1,8.107"

T4t nhién 1a cd thé cho rang Fe(OH); s& két tia ¢ ndng do OH thip hon bai vi T cua
Fe(OH)s nho hon rat nhiéu so voi T ctia Mg(OH),.

Pé tra 101 van dé& di dugc néu trén, can tinh toan néng d6 OH™ can thiét dé két tua dinh
lwong Fe’™ tir dung dich di cho, xac dinh ndng d6 OH khi Mg(OH), bat dau két tia. Néu
ndéng do OH trong trudng hop thir nhit nhod hon so véi trudng hop thir hai thi sy phan chia 1a
c¢6 kha nang va khoang nong d6 OH duogc st dung sé& 1a dap sb cua bai toan thir nhat va bai
toan thr hai.

Pé xac dinh gia tri tho nhét, ching ta can bat dau béng viéc xac lap tiéu chuén tach dinh
lugng Fe’" tur dung dich. Boi vi khong ¢ diéu kién nao c6 thé dat dugc viée két tia tat ca cac
ion sat (III) nén chung ta can phai xac dinh gi6i han, ma dudi gidi han do, su cO mat cua ion
nay thyc té 1a c6 thé bo qua. Néu ndng do ciia n6 ha thép dén 10°° mol/l, trong dung
dich chi con bang 1/100.000 luong ban ddu va trong phan 16n truong hop, su két tia nhu thé
c6 thé xem nhu 1a dinh luong.

Dé dang tinh duoc néng d6 OH nim cén bang vai 1,0.107° mol/l Fe*” trong phuong trinh
tich so tan.

1,0.10°[OH]® = 4.10°*

[OH] = 3,4.10"
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Nhu vay, néu ’giﬁ: néng do OH™ éy muc 3,4.10" ’mol/l, néng do Fe* ha dén
1,0.10 ® ion.g/l. R4t 1y thu nhan xét rang, Fe(OH); két tua dinh lugng trong dung dich kha
axit.

Béy gid chung ta cht ¥ dén dai lwong thir hai, nghia 13 toi ndng d6 OH 16n nhét ma ¢ do
Mg(OH), con chua tao thanh. Bé cho Mg(OH), bét dau két tua, tich sb nf)ng d6 Mg®" va ndng
do OH™ b1nh phuong phai 16n hon tich s6 tan 1,8. 10_ll Sau khi thay thé 0,1 (nong do phan tur
ciia Mg®" trong dung dich) vao phuong trinh tich sb tan, c6 thé tinh duoc nong do OH™ cuc
dai cho phép ma & d6 Mg(OH), con chua tao thanh.

0,1 [OH]* = 1,8.10°"
[OH] = 1,3.107 ion.g/l

) Néu ,néng do OH' cao hon gia tri d6 dung dich tr¢ thanh qua bao hoa Mg(OH), va két tua
bat dau lang xuong.

Nhiing phép tinh da thyc hién chi r6‘re°1ng, su tach dinh luong Fe(OH); xay ra ¢ ndong do6 OH
Ién hon 3,410 mol/l va cho t6i khi nong do OH chua dat t6i 1,3.10" mol/l thi Mg(OH), s&
con chua két tua. Do d6 dé tach Fe’" va Mg®" can gitr ndng do OH & khoang giita cac gia tri
do.

Vi dy 2. Phan chia dudi dang sunfua. Trong mét loat phuong trinh quan trong dung dé
tach cac ion kim loai, nguoi ta gitr nong do can thiét cia chat két tia amoni bang cach diéu
chinh ndng d6 ion hidro trong dung dich. Nhitng phuong phap nhu thé c6 stc hip dan dic
biét, boi vi trong cac phuong phap nay twong dbi dé giit nong do ion hidro ¢ mirc xac dinh
nho dung dich dém thich hop'”. C6 1& phuong phap duoc biét t6i nhidu nhét trong sé cac
phuong phap d6 1a phuong phap dua trén sy ing dung hidro sunfua 1am chét két tua.

Hidro sunfua 13 axit yéu phén li nhu sau:

H,S + H,0 H;0" + HS

K, :M =5,7.10°
H,S

HS + H,0 H;0" + §*

K, = M =1,2.1071°
[HS™]

D piduché v ténh chét clia coc dung dich dém dworc x6t t61 & chwong IX. Kha nang git néng dd ion hidro

& murc x6c dinh khung bién d8i1  ténh chAt quan trong cta dung dich dém.
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Cong nhimg phuong trinh do, ta thu dugc phuong trinh téng cong ciia sy phan li sunfua
hidro dén ion sunfua.

HS + O  2H;0" + 8%
H,O" || 8%~
KK, =—[ : }[ } =6,8.107%
[HoS]

Nguoi ta thu dugc hing sd ciia phan g cudi ciing bang cach nhan K, véi K.

Khi phan chia du¢i dang spnfua, nguoi ta thuong Lém dung dich bao hoa hidro sunfua
lién tuc cho to1 khi phan tng ket tua két thuc. Vi vay, néng do cta thude thur trong qua trinh
két tua thyc té 1a khong ddi. Vi hidro sunfua 13 axit yéu, ndng d6 cin bang xap xi bang do tan
trong nudc cia no, bang khoang 0,1 M. Nhu vay chiing ta co thé gia thiét rang, trong qua
trinh két tia mot sunfua nao do:

[HoS] = 0,1 M

Thay thé gia tri d6 vao phuong trinh hang s6 phan li ta dugc:

—[HSO; }120[82_} =6,8.107%°

o2 6810
[ J [Hgoq2

Do do, néng dd cua ion sunfua ty 1€ ngugc véi binh phuong nf‘mg do ion hidro. Hé thirc
do6 duogc img dung dé tinh dicu kién t6i vu cho két tia cac cation dudi dang sunfua.

Vi dy 3. Hiy tim nhirng diéu kién tach dinh luong Pb*" va TI" bang cach dung H,S két tua
tr dung dich chira mdi ion 0,1 mol/l.

Hang sb can bang ciia hai phan Gmg chinh:
PbS (i PbT + ST

[Pb*1[S*] = 7.10°%®

TLS (amy  2TIT + S*

[TIPP[S*] = 1.10%

PbS két tiia & nong do S* nho hon nong do > dé két tia T1,S. Ching ta gi thiét ring sy
ha thdp ndéng d6 ion Pb*" dén 107° mol/l hodc thip hon c6 nghia 13 d3 tach dinh lwong no ra
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khoi dung dich va chung ta thay gia tri d6 vao phuong trinh tich s6 tan. Khi d6 co
thé tinh dugc ndng do ion sunfua can thiét:

10°[8*] = 7.10%®
[S*] = 7.10%

Bay gi¢ cn so sanh gid tri thu dugc v6i ndng o6 S ma & do sy két tia TLS tir dung dich
0,1 M bat dau.

0,1)°[S*] = 1.10°%

[S*] = 1.10°%

Nhu vay, mudn phan chia‘cén giit néng do S*" gitta 7.10%* va 1.10>° mol/I. Chung ta cin
tinh ndng d6 H;0™ ma & d6 ndng d6 S* s& ndm trong giGi han dd ndi trén. Thay vao hé thirc
da rut ra trudce day:

-24
[SQ‘} _ 6,8.10 ~
5,07
Ta thu dugc hai gia tri néng dd gidi han cua S*

6,8.10724

H;0'] = 2222
[F,0'] 7.10722

=0,97.1072 mol/1

[H;0] = 0,0097 ~ 0,01 mol/l

_ 68107

[H;0'T?
’ 1.10720

[H;0'] = 0,026 ~ 0,03 mol/l
Khi gitr noéng d6 [H30'] gitra 0,03 va 0,01 mol/l c6 thé két tua duoc PbS trude khi két tua

T1,S bat dau. Nhung v6i quan diém thyc té, that dang ngo kha ning kiém tra do axit du chinh
xéc dé phan chia dugc.
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Chuong 6

Qua trinh tao thanh két tia

Co ché qua trinh tao thanh két tia 14 dé tai tranh luan trong nhiéu nam. Cé nhiéu ¥ kién
rat khac nhau v€ van d€ nay. Vi vay, chung ta bat dau ¢ nhitng quan sat thyc nghi¢m, sau dé
xem x¢ét nhiing gidi thich 1y thuyét nhiing quan sat do.

6.1 Nghién ciru the nghiém qua trinh tao két tia

C6 thé xem thoi ky tiép xuc kéo dai tir luc tron cac thude thir dén khi xut hién két tua
nhin théy dugc, la giai doan ludn xdy ra va la hién tuong dang cha y nhat. Thoi lugng cua thoi
ky tiép xuc thudng rat khac nhau: khi két tha bari sunfat thot ky tiép xtic rat dai trong khi két
tua bac clorua giai doan do lai rat ngan Hai mudi nay dugc nghién ciru rat can than, vi chung
c6 d6 tan tinh theo mol gan nhu dong nhét. Pidu d6 tao nén mbi quan tam 16n khi nghién ciru
so sanh hai két tua.

Nielsen d3 so sanh nhiing thoi ky tiép xtic cua nhimng két tia khac nhau theo nhimg dir kién
cta nhiéu nha nghién ctru va da rit ra dugce phuong trinh thue nghiém sau:

tCo =k (6.1)
t; 1 thoi ky tiép xuc;

C, 1a néng do ban dau ngay sau khi trén 1an céc thude thu;

n, k 1a cac hfmg s6 thuc nghiém.

Do voi céc két tua AgCl, AgyCrO,, CaF, CaC,04 va KCIOy, gid trj n thu duge tir nhidu
nha nghién ctru kha phu hop va bépg cac gia tri twong ung 5; 4,7; 9; 3,3 va 2,6; con doi voi
bari sunfat nhitng gia tri thu dugc rat khac nhau.

Thoi lugng cua thoi ky tiép xtc khong phu thude vao phuong phép quan sat. Khi quan sat
truc tiép bang mat ciing thu duoc két qua gidng nhu khi str dung cac thiét bi quang hoc c¢6 do
nhay cao hoac do do dan dién. Theo cac sb liéu ctia Johnson va O’Rourke, do dan dién trong
thoi ky tiép xtic hau nhu khong bién d6i. Do vay, trong thoi gian d6 chi mot phan nho chét tan
¢ dang cap ion hodc nhiing lién hgp ion 16n hon.

Khi két tia bari sunfat, thoi luong cta thoi ky tiép xtc phu thudc vao phuong phép tron
thudc thtr. Tir nhitng s6 li€u ctia Lamer va Dinegar c6 thé rut ra két ludn, trong truong hop
di€u che¢ ion sunfat trong dung dich dong thé theo phan ng:
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8,05 + 2505° — 2804 + S;06 (6.2)

Khi ¢6 mat ion Ba®*, dung dich tao thanh & muc d6 qua bio hoa xac dinh khong sinh ra
két tia trong khoang th(n gian tuong d6i dai so v6i chinh dung dich d6 nhung dugce diéu ché
bang cach tron truc tiép cac thudc thir. St dung phuong phap két tia dong thé, Lamer va
Dinegar da di dén két luan, két tia chi xuat hién khi d6 qua bao hoa dat mirc xac dinh:

Apa2Ag02 915
Ky ’

khong phu thudc vao néng dd ion bari hodc tdc d6 tao thanh ion sunfat.

Trong cong trinh mudn hon, Collins va Leineweber chi 1d rang gia tri mic do qua bio
hoa chuin phu thudc vao dg tinh khiét cua thudc thir. Khi két tinh lai nhiéu 1an va loc céc
dung dich thudc thir, cac tac gia trén di thu duoc gia tri mic d6 qua bao hoa chuan bang 32.
Céc tac gia da rat ra két luan, trong truong hop nay khong tao thanh cic trung tam két tinh
dong thé va sy két tinh bat dau trén nhitng trung tam la, ¢ thé 1a luu huynh nguyén t6 ton tai
trong dung dich tiosunfat 14 trung tdm két tinh. Nielsen cho rang, khi 1am sach cin than binh
két tua bang cach xur 1y hoi trong thoi gian dai, lugng tinh thé bari sunfat trén mot don vi thé
tich giam di 10 1an va c6 thé trén 10 lan. Do d6 6ng ta qua quyét rang, & nhitng diéu kién két
tda binh thudng, phan 16n trung tim két tinh dugc tao thanh trén thanh binh thay tinh.

Ngoai ra, nhiéu bang chimg dang tin cdy vé sy tao thanh nhimg trung tdm két tinh la
trong cac dung dich bari clorua vira méi duoc diéu ché d3 duoc cong bd va su khéng dinh vé
su giam luong, déng thoi ting kich thudc hat bari sunfat duoc tao thanh khi sir dung cac dung
dich bari clorua gia hoa va da dugc loc cling da dugc xac nhén. Con c6 mot nhom quan sat rat
quan trong khac vé su phu thudc cta kich thuoc va luong hat ket tha vao ndng do chat két tua.
Von Weimarn da hoan thanh cong trinh nghién ctru ¢6 dién vé sy tao thanh két taa: do kich
thudc tinh thé bari sunfat thu dugc bang cach tron nhanh nhitng dung dich bari tioxianat va
mangan(Il) sunfat c6 ndng d6 phan tir bang nhau. O d6 lodng ~ 10* M, néi chung két tia
khong xuat hién. Khi ting ndng do trong gidi han 10 — 107 M, két tia dugc tao thanh, ban
dau 1a nhitng hat “vé dinh hinh”, sau d6 chuyén tir tir thanh tinh thé. Nhung nhiing bién d6i
nay cta két tia xdy ra rat cham, dén muac dé tao thanh nhiing tinh thé hoan chinh can toi 6
thang. Kich thudc ctia nhitng hat tao thanh ban dau ting 1én cting véi su ting ndng do, nguoc
lai, kich thudc ctia nhiing tinh thé cudi cuing giam di khi ndng do ban dau ting.

Tinh chét ctia mot sd két tia dién hinh nhat trong nhitng khoang thoi gian khac nhau ting
tir t; dén ts dugc dan ra trén hinh 6.1. Khi ndng do ban dau bién doi tir 107 dén 1 M, nhitng
tinh thé méi duge tao thanh kém hoan chinh, xuit hién nhting tinh thé 16n ¢o dang hinh kim
va hinh b khung; & ndng do 16n hon 1 M, ban dau tao thanh mot khdi dong tu, khbi nay dan
dan chuyén thanh két tia hat nho cé thé tich 16n. Tir dau thé ky 20, Weimarn da khang dinh
rang, nhimg két tua duoc goi 1a “vé dinh hinh” vé thuc chat ciing chi 1a két taa tinh thé nhung
bao g@)m nhitng hat cyc ky nhé & dang chua hoan chinh, sau d6 da dugc xac nhén nho nhiing
nghién ctru pho Ronghen. Nhiing nghién ciru nay chi rd rang, nhitng anh Debye cua nhiing
két tia mdi va nhitng két tia da duoc gia hoa thuong 1a ddng nhat; su khac nhau duy nhét 1a
nhing vach trén anh Debye clia nhitng két tia méi c6 dic tinh khuéch tan hon. Weimarn da
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khong hinh dung dugc mot cach rd rang nhimg khac nhau giira sy tao thanh cac hat két tia va
nhitng su bién doi tiép theo vdi ching ma ngay nay chung ta goi l1a “hién tuwong gia hoa™.

-il;hK_{ch tharde trung binh clia hat
S

v

Hinh 6.1

Kich thudc hat 14 ham sb cua né)ng d0 (theo Weimarn)

Oden va Werner do kich thudc tinh thé bari sunfat bang phuong phép trim tich. Céc tac gia
da rat ra ket luan, trong gioi han nong do 10 — 107, kich thude hat ting cing véi su pha lodng
va dong thoi d§ dong nhat cua su phan bo kich thudce cling tang 1én.

Mit khac, & nhirng diéu kién xac dinh, kich thudc hat co thé ting cung vdi sy tang ndng
d6. Quy luat do6 Weimarn da phat hién khi két tia tir nhitng dung dich rat lodng. O’Rourke va
Johnson nhan thdy rang, khi tron nhanh cac dung dich bari clorua va natri sunfat du gia hoa,
tong lugng cac hat bari sunfat tao thanh khong phu thudc vao ndng d6 dau ctia bari sunfat trong
gidi han 2,5 — 25.10* M. Fisher va Rhinehammer chi o r?mg, khi két taa tir dung dich HCI ¢
pH = 1, kich thudc hat bari sunfat ting ciing voi sy ting nong do trong gi6i han 2,6 — 26.10°
M. Céc tac gia nhan xét rang, trong nhimng diéu kién d6 nhimg tinh thé kha 16n (4,3 — 16 um)
dugc tao thanh. O nhimg pH cao hon, kich thudc tinh thé ting 1én nhung nhing tinh thé nay
la nhitng lién hop 16n cua nhitng hat nho.

Sy tang kich thudc hat cing véi sy ting ndng dd dugc quan sat thay ca khi két tia bac
cromat, bac tioxyanat va niken dimetylglioximat.

Dang cht ¥ 1a nhitng két qua nghién ctru két tha bari sunfat cuia Turnbull. Tac gia nghién
ctru mic do két tia X nhu 1a ham sd cta thoi gian t sau khi tron nhanh cac dung dich.
Turnbull dua vao “hé s6 i 1&” £ — 1a hé s ti 1é cua thoi gian dé c6 dugc su phu thudc: X =
F(ft). Mic du hé sb ti 1¢ bién ddi tir thi nghiém nay dén thi nghiém khac d6i khi dén 5 lan,
ham s6 F theo thang chuan thoi gian van dugc gitr khong doi trong tat ca cac thi nghiém. Ham
s6 F loai trir qué trinh 16n 1én cua hat tinh thé, con hé sb ti 1& floai trir sb trung tam két tinh,
bién d6i tir thi nghiém nay dén thi nghiém khac.
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Khac voi bari sunfat, bac clorua két tia nhanh ngay ca trong cac dung dich qué

bao hoa khong 16n. Davies va Jones tim thdy giéi han dudi ctia sy qué bio hoa; dudi gii han
dudi nay, cac trung tam ket tinh c6 1€ ndi chung khong dugc tao thanh. Phuong phap cua hai
tac gia trén 1a quan sat toc do bién doi do dan dién theo thoi gian nhu ham s6 cua nong do
dung dich, sau d6 ngoai suy dén gia tri khong cia toc d6 bién d6i. Cac tac gia chi rd rang, gia
tri bdo hoa gié1 han phu thuge vao ty s6 ndng d6 ctia ion bac va clorua va ¢ ty s bang don vi,
gia tri giéi han d6 dat cuc tiéu & 1,32. Nhung sir dung phuong phap ngoai suy gay nén nhiing
nghi ngo boi vi tde do bién d6i do din dién dung ra lién quan dén do 16n cia tinh thé chir
khong phai v6i qué trinh tao thanh cac trung tdm két tinh. Bac clorua va bac halogenua khac
thuong duoc goi la “két tua sita dong cuc” (két tua phomat) bdi vi dugc tao thanh tr sy tich
g6p cac hat keo, con trai lai bari sunfat lai duoc tao thanh tir nhimg tinh thé riéng biét, bat ké
lic ndo néu két tha tir cac dung dich lodng.

6.2 Ly thuyét co dién vé sw tao thanh cac trung tam két tinh

R rang 13, hop phan nhitng hat nho cua két tia duoc quyét dinh boi toe do twong ddi cua
2 qua trinh:

1. Qua trinh tao thanh cac trung tam két tinh.
2. Qua trinh 16n 1én cta cac trung tam két tinh.

Theo Ostwald, dung dich qua bio hoa c6 thé 1a gia bén nén van & trang thai dong thé 1au vo
han. Cho dén khi ngudi ta cho vao mubi thich hgp véi cac trung tim két tinh. Khi sy qua bio
hoa cao hon mot gia tri xac dinh (gi6i han gia bén) dung dich duoc xem nhu bén, nghia 1a co
kha nang tu két tinh. Mot s6 nha bac hoc dau thé ky 20, dic biét 1a Miers, dé nghi dua vao cum
tir dudng cong “siéu tan”. Nhung trang thai bén va gia bén 1a ham sé cua nhiét do dugc cac
dudng cong siéu tan phan chia thanh nhiing vung riéng bi¢t. Nhitng duong cong va nhiing vung
nhu vay dugc dan ra trén hinh 6.2 va 6.3.

Duya trén nhiing quan diém do, c6 thé gidi thich sy tao thanh két tia nhu sau: Néu & nhiét
do A, ta tang dan néng dd chat bi két taa, vi du nhu br:ing cach vira khufiy manh vira thém dan
dan chat két taa vao (hodc 1a tang dan néng dd cac chat két tua duoc tao thanh do mot phan
g dong thé) thi cho dén diém C trén dudng cong siéu tan két tiia khong duge tao thanh. Néu
& thoi diém twong tmg v6i diém C ta dimg thém thudc thir, nong d6 ctia n6 sé bi ha thap dén
diém B trén duong cong tan. Thém thudc thir tiép tuc cling khong dan t6i su tao thanh céc
trung tam két tinh méi néu néng do ¢ luc d6 khong dat toi diém C. Do d6, két tua tao thanh
khi d6 phai 14 hat twong d6i 16n va dong nhat vé kich thudc.

Néu do thém thudc thir két tia nhanh hodc do khudy khong du nhanh, ndng do diém ¢
mot luc nao d6 vuot qua C thi trong qué trinh két tia nhimng trung tdm két tinh méi c6 thé
dugc tao thanh va do d6 sb hat ting dong thoi kich thudce va 6 dong nhit cia ching giam.
Néu nhitng duong cong tan va siéu tan kha gan nhau nhu trén hinh 6.3 thi hoan toan chic
chan riang kho c6 thé thu duogc két tiia c6 hat to va dong nhét.
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Nlﬁng dd chit tan g1

Trangtlﬁibén ___.p-"""‘
Trang thii glé-]ﬁg_,/

A Vung chiva béo hia Nhiét di

Hinh 6.3

Pudng cong qua bio hoa trong img véi ving gia bén hep

A :
Méng dd chét tan (gl

Wing chara bio hoa

¥

Nhiét d&

Hinh 6.3
Pudng cong qua bio hoa twong ing véi ving gia bén hep

Noi chung, tinh chat ciia bari sunfat twong tng v6i nhiing dudng cong trén hinh 6.2. Nhu
da noi trén day, nhimg dung dich v6i d§ qua béo hoa tuong d6i 16n co the ton tai trong thoi
gian kha lau méi xuat hién két tha va bari sunfat thu duoc tir dung dich rat lodng thuc té bao
gdm nhiing hat twong dbi 10n va déng nhat. Trong khi dé bac clorua c6 d¢ tan tinh theo mol/l
cling gan nhu thé nhung biéu 16 khuynh huéng tao thanh dung dich quéa bdo hoa kha nho va
nhiing hat so cp cua két tiia va ca khi két tua tir dung dich lodng ciing bi khuéch tan rit min.

6.3 Ly thuyét vé su tao thanh cac trung tim két tinh Becker - Doring

C6 thé xem xét qua trinh tao thanh cac trung tim két tinh dudi quan diém ctia nhiét dong
hoc va dong hoc. Nhirng kién giai nhi¢t dong hoc dau tién cua Gibbs da dugc Rudebush su
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dung dé giai thich su tao thanh giot nudc tir hoi nude. Ai luc 16n 1én (Iam giam
ning luong tu do bé mit) cua tap hop phén tir can bang véi ai luc phan li (lam 16n entropi)
cta trung tAm déng tu dé co duogc chinh x4c d6 16n cua tip hop 13 100 phan tir. Kich thude do
ctia tap hop phan tir hodc gia tri chudn ciia trung tam dong tu dugc dic trung bang nang lugng
tu do cuc dai xay ra & 1 mol, do d6 nhiing tap hop phan tr nhé hon s€ hudng tdi su phan li,
con nhitng tap hop 16n hon s& hudng t6i su phat trién.

Khi tao thanh cac trung tdm két tinh, vé co ban tinh hudng ciing nhu thé nhung con phuc
tap hon. Trung tAm két tinh c¢6 kich thudc xac dinh chi ¢ thé 16n 1én khi dong thoi xay ra qua
trinh dehidrat hoa timg phan nhing ion dang tham gia lién két voi trung tAm két tinh hodc da
nam trong trung tim két tinh. Nhu vay 1, ning luong cta hé thoat ra tuong Ung voi néng
lugng mang ludi tinh thé va ning luong tiéu phi (qué trinh khong tu dién blen) tuong ung voi
nang luong dehidrat hoa. Hudng t61 qua trinh tang cudng xap xép lai khi két tinh kém theo
qua trinh giam entropi va dong thdi xay ra qua trinh ting entropi do mirc do mat trat tu trong
chuyén dong cua cac phan tr dung moi tang 1én. Vi vay, co thé cho rang, c6 mot thong 50
nang lugng va mot thong sé entropi co kha ning 1am cho hat 16n 1én va mét cip thong sd
tuong tw nhu vay c6 kha nang ting cudng su phan li. O mot kich thude chuan xac dinh ciia
hat, nang luong tu do dat gia tri cuc dai.

C6 thé xem qué trinh tao thanh céc trung tim két tinh giéng nhu qué trinh di trinh bay
trén day vdi quan diém dong hoc.

Volmer, Werber va Becker, Doring da xem xét qua trinh tao thanh cac trung tam ngung
tu khi chuyén mot chat tir trong thai hoi vé trang thai 16ng. Cac tac gia ndy xem qua trinh d6
bao ham mot loat cac phan tmg bac ludng phén tur dan toi su tao thanh cac tap hop va cac tap
hop nay ciing trong thoi gian do co thé tu 1am giam kich thuéc cia minh do mat di nhiing
phan tir riéng biét. Tir ddy, tan sd tao thanh cac trung tim ngung tu chinh 1a téc d6 tao thanh
cac trung tdm ngung tu c6 kich thude chuan khi cac tap hop phan tir va cham véi cac phan tur
riéng biét. Volmer va Werber cho rang ndng do ciia cac phan tir tuong Gmg voi mdt so trang
thai can bang. Nhung Becker va Doring da hoan chinh thém 1y thuyét d6 va cho rang, khong
phai xut hién trang thai can bang ma 1a trang thai dimg. Do d6 nhimng trung tdm ngung tu co
kich thuéc chuin phat trlen nhanh va tao thanh céac giot trong luc d6 noéng d tuong ng voi
trang thai dung thap hon rat dang ké so véi nong do nd can phai c6 dé twong ung véi trang
thai can bang néu co.

Theo 1y thuyét ciia Becker va Doring, téc do tao thanh cac trung tim ngung tu phu thugc
nhiéu vao nong do va do d6 phu thudce vao do bao hoa chuan. Kich thuéc chuan cia trung tim
ngung tu chat long thé hién gan nhu déng nhét ddi véi cac chat khac nhau, khoang 50 — 100
phan tur.

Pé so sanh 1y thuyét voi thue nghiém, nguoi ta di tim dwoc gia tri chun cia mic d6 qua
bdo hoa. Gia tri chuan nay cung v6i phuong trinh Gibbs - Tomson di dugc sir dung dé tinh
sirc cang bé mit cla trung tim ngung tu va so sanh gia tri thu dugc voi strc cang bé mit thong
thuong. Turnbull trong mot trong nhiing cong trinh cudi cling ctia minh d so sanh nhimg dir
kién thuc nghiém véi ly thuyet va da di dén két luan, su phu hop cua cac két qua xau hon so
v6i nhitng gi da dugc chp nhan trén co so cong trinh ¢ dién ciia Volmer va Flood vé su tao
thanh cac trung tdm cua nhitng giot nude nhung khong c6 mot 1y thuyét khac di duoc xay
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dung t6t hon. Khé khin déng ké 1a ¢ chd, cho dén bay gid chwa c6 mot Iy thuyét mé ta sy phu
thudc cua bién doi strc cang bé mat vao bién doéi do cong cua hat.

Becker da st dung “gid dinh hop phan ldn cdn gan nhdr’. Gia dinh nay ké t6i sy khac
nhau vé sb phéi tri gilta cac phan tr trén bé mat va céac phén tr 6 bén trong tudng. Trong cac
tap hop phan tur nho, s6 phdi tri clia cac phan tir bé mit bang sd phéi tri ciia cac ion nam trén
mit phang. Theo céac dit kién cua Benson va Shuttle-worth khi nghién ctru cac tuong tac thir
cép, stic cang bé mat cua cac tap hop khong 16n phan tir c¢o thé thip hon sic cing bé mit
phang 15%.

Lién quan dén cac hat ran, vin dé st cang bé mit con phtre tap hon nhiéu do kho khin
vé phuong phap do dai luong nay ngay ca dbi v6i cac tinh thé 16n. Hon nita trong truong hop
nay ly thuyét gan dung ciia Becker ciing dugc st dung va két qua thu duoc mot lan nira khang
dinh rang, kich thudc chuan ctia trung tam két tinh c6 gia tri khoang 100 ion. T do can thiét
phai rat ra két luan, tdc do tao thanh trung tam két tinh 1a ham béc cao cua nong do. Nhiing
quan diém cta Turnbull pht hop véi Iy thuyét d6. Ong da chi rd rang, thoi ky tiép xtc (cong
huong) khi két tia bari sunfat c6 dic tinh biéu kién hon 1a hién thyc; thoi ky d6 tuong tmg voi
thoi ky phat trién rat chdm vi bi gigi han boi bé midt nho. Turnbull cho ring, trung tim két
tinh dugc tao thanh ¢ thoi diém tron 1an thude thir & cac diém ma & d6 ndng d6 cao hon nong
d6 chuan dé tao thanh céac trung tim két tinh. Gia tri khac nhau cta théng s6 quy mé (dd duoc
no6i dén trén day) 1a do do lap lai khong dat yéu cdu cta quéa trinh tron 1an. Thoi ky cong
huong twong ddi dai khi chit két tua duoc cung cap mot cach dong thé co thé dugc giai thich
nh¢ 1y thuyét khiang dinh rang, su 16n 1én cua hat chi xay ra khi c6 mit nhimng trung tam két
tinh la. Dé giai thich két qua thu duoc mot luong ddng nhét hat trong két ta theo quan sat ctia
O’Rourke va Johnson, chic 1 phai gia thiét rang, trong mot thé tich dung dich xac dinh ¢
mot luong khong dbi trung tam két tinh la khong phu thudc vao ndng d6 chat tan trong ving
dung dich rét lodng. Nhiing két qua khac ciia nhitng nha nghién ciru khac ciing dugc giai thich
bang nhitng lwong trung tAm két tinh la khac nhau.

6.4 Ly thuyét tao thanh cac trung tim két tinh Christiansen - Nielsen

Christiansen va Nielsen dua ra 1y thuyét tao thanh cac trung tim két tinh trén co s& giai
thich thoi gian cta thoi ky cong hudng. Hai dng cho rang, thoi ky cong hudng lién quan chat
ché véi bac ciia phan tng tao thanh cac trung tim két tinh. Twong ty nhu Becker va Doring,
ho cho rang, cac tip hop ion dugc tao thanh nho cac phan tmg ludng phén tir cho t6i khi tao
thanh trung tAm c6 kich thude chuan rdi sau d6 cic trung tim nay tu phat trién. Nhung vi thoi
ky cong huong 1a ham sé bac khong cao (bac 3 — 9) cuia ndng d6 nén dan téi két qua 13, trung
tam két tinh chuan chi bao gdm mét sé twong ddi khong 16n ion.

Johnson va O’Rourke chinh xac hoa 1y thuyét d6. Chu ¥ o1 dac diém, n6ng do trong thoi
ky cong huong dugc gitr hang dinh, hai tac gia nay da di dén két luan, toc do tao thanh cac
trung tam ket tinh ciing can phai khong d6i trong sudt thoi ky do. Chi ¢ cudi thoi ky cong
huéng méi can cha ¥ téi sy 16n 1én cua hat con trong sudt thoi ky cong hudng can chu y t6i
sy tao thanh trung tam két tinh cling nhu su phat trién cta chung. Hai 6ng da rat ra mot két
ludn rat hay la, tong sO cac trung tam két tinh bari sunfat khi két tia tir cac dung dich rat loing
khong nhat thiét phu thudc vao nong do. Tong két d6 duoc rut ra trén co s6, toc do tao thanh
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trung tam két tinh ty 1& thuan véi nong do theo bac 4 va tré thanh hing dinh trong
sudt thoi ky cong huong. Thoi gian cia thoi ky cong hudng ty 1& nghich véi gia tri nong do
theo bac 4. Nhu vay, co thé dé dang giai thich, s6 hat hr:ing dinh trong két tua thu duoc duge
quan sat thdy trong thuc nghiém. Theo céac s6 liéu ciia Christiansen va Nielsen, sb ion trong
cac trung tam két tinh chuén cua BaS0,, Ag,CrO4 va CaF; tuong tiing 1a 8, 6 va 9. Peisach va
Brescia cong b, trung tAm két tinh chuan ctia oxalat magié c6 thanh phan (MgCs04),.

Duke va Brown khéng dinh rr:ing, sb hat bi két taa phu thudc vao néng dd dau cua ion
chat két tua. Xuit phat tir két qua, toc do tao thanh cac trung tam két tinh va tdc d6 16n 1én ctia
n6 quyét dinh sb hat cudi ciing, cac tac gia trén di dé nghi mot vai quy luat vé su phat trién va
dua ra kich thudc cua trung tdm két tinh chuin. Va ciing trong chinh cong trinh d6, xuat phat
tir bac khong cao cua su phu thudc sd hat vao néng do cac thude thir, mot két luan kha logic
vé kich thudc khong 16n cia trung tim két tinh chuan da duoc rut ra.

Néu chép nhén rang, su 16n 1én cta hat xay ra theo quy luat bac nhat thi trung tim chuan
clia tetraphenylasoni peclorat phai bao gdm céac cap triion, con néu chdp nhan sy 16n 1én cua
hat tuan theo quy luat bac 2 thi trung tim két tinh chudn ctia chat d6 phai duoc tao thanh tir
cac cap tetraion. Rét dang cha y dén nhan xét cho rang, thanh phan trung tim niken nioximat
chuan phu thudc vao diéu kién, trong hai ion phan tng, nioxim va niken, ion nao du. Khi chap
nhan quy luat 16n 1én 13 bac nhit ¢ didu kién du ion nioxim, thanh phin cta trung tdm chuan
tuong ung voi cong thie (NiNiOX);. Con khi du ion niken, cong thirc tuwong ung la
Ni(NiOX);. Thuyét ctia Duke va Brown cho rang, sau khi tao thanh cac trung tam két tinh ban
dau, nhitng trung tim mdi s& khong duoc tao thanh nira.

Quan diém vé trung tim chuin khong 16n dugc dua ra theo linh cam, n6 chi dugce chip
nhan trong nhiing trudong hop khi s6 bac tao thanh trung tam két tinh khong 16n. Nhung
Turnbull bac bo gia thuyet co ban ciia thuyét Christiansen-Nielsen boi vi ong ta cho rang, sy ton
tai ctia trung tdm chuan khong 16n c6 kich thude khong phu thude vao do qua bio hoa khong co
mdt chiit co so 1y thuyét nao ca.

Nhitng phén tich vé& “trung tdm 16m” va “trung tam nhé” dan téi van dé bac 16n hay nho
cua su phu thude tdc d6 tao thanh cac trung tdm vao d§ qua bao hoa. Néu sy tao thanh cac
trung tdm 14 qua trinh bac cao thi qué trinh 4y chi xay ra trong trudng hop ndng do cuc bd cao
hon ndng d6 chuan. Trong truong hop khac, sy 16n 1én cua tinh thé ¢ thé bat dau trén cac
trung tam la, Turnbull dua ra din chimg sau: thuong nhitng giot nho cia chét 1ong hodc cia
dung dich nudc c6 thé cham dong dang ké so véi luong 16n ciia chinh cac chit 1ong dy. Hién
tugng 4y xay ra la do it kha niang c6, du chi 1a mot trung tdm la trong mot giot nho chat 1ong.
Chiac chan 13, trén co s nghién ctru k§ dang duong cong d6 dan dién trong thoi ky 16n 1én
cta tinh thé cling c6 thé rat ra két luan rd rang vé co ché két tinh. Nhung ca hai thuyét déu
gidng nhau ¢ diém 14, trong sudt thoi ky cong hudng, su 16n 1én cta cac mam ban dau chdm
chap va chi & cudi giai doan d6 phan 16n cac ion tu do méi tach khoi dung dich.
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Chuong 7

Phan tich trong lugng

71  Mé diu

Phan tich trong luong dua trén phep do trong luong cua hop chat c6 thanh phan da biét,
lién quan vé mit héa hoc voi ciu tir can xac dinh. Co hai nhém cac phuong phép phén tich
trong luong: nhom cac phuong phap ket tia va nhom cac phuong phap chung cat. Trong
nhom céc phuong phap két tia, cau tir can xac dinh tham gia vao phan tng hoéa hoc véi thude
thir tao thanh san phém it tan; sau do loc va thuc hién nhitng dong tac can thiét khac va cudi
cung can két tia ran c6 thanh phan héa hoc da biét. Trong nhom cac phuong phap chung cat,
cAu tir can xac dinh dugc tach ra khoi miu & dang khi: trong trudng hop niy, phép phan tich
hoic 1a dwa trén phép xac dinh trong luong chit da duoc cét ra, hodc 1a dua trén phép xac dinh
trong luong chit con lai. Ching ta s& chii yéu xem xét phuong phéap két tia boi vi phuong
phép nay thuong duoc st dung.

7.2 Tinh két qua theo dir kién phén tich trong lwong

Phuong phap phén tich trong luong bao gdm hai phép do thuc nghiém: cin mau va can
san phdm d3 biét thanh phan hoa hoc, thu duoc tir lwong mau do6. Trén co s¢ cia nhitng dir
kién d6, bang nhimng phép tinh don gian, ta thuong thu duoc ham luong theo phan trim cua
cAu tr can xé4c dinh.

Neéu A 1a cau tir can xac dinh thi co thé viét:

Trong lugng A
Trong lugng mau

%A = .100 (7.1)

Thong dung hon ca 1a khong do tryc tiép trong lugng ciia A. Thay thé cho dong tac do
ngudi ta tach va can chat hodc chira A hodc lién quan vé mit hoa hoc véi A. Trong trudng
hop nao di nita ciing can dung hé s chuyén dé tinh trong lugng ciia A tuong Gmg véi trong
luong két tua. Co thé théy 10 ban chit cua hé sb chuyén mot cach thuan tién qua nhiing vi du
sau:

Vi dy I: C6 bao nhiéu gam Cl chura trong 0,2040 g két tia AgCl1?

Tur cong thire 10 rang la:
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S6 mol AgCl = 1 6 mol Cly;

2

vi

S6 mol AgCl = - 0’2049 . -1 s6 mol Cl,
Khoéi lugng phan tu AgCl 2

nén:

1/2 trong lugng phan tu Cl,

Trong lugng cua Cl =0,2040 ——
Trong lugng phan tu AgCl

=0, 2040% =0,2040.0,2474 = 0,0505 (g)
143,3

Vi dy 2: Trong luong AlCI; tuong tng v6i 0,2040 g AgCl bang bao nhiéu?
Chung ta biét rang, tir mdi phan tir AICI; thu dugc 3 phén tir AgCl.

0,2040
3 Trong luong phan ttiAgCl

Do d6: s6 phan tir AICI;= gso phén ti AgCl =

Thuc hién nhiing phép tinh tuong tu nhu da mo ta trén ching ta duoc:

Trong lugng phan ti AlCl4

Trong lugng AlCl5 = 0,2040 —
3 trong lugng phan tu AgCl

= 0,204oﬁ =0,0633 (g)
3x143,3

Chung ta nhan thay sy glong nhau cta nhitng phép tinh da dan. Trong ca hai vi du, trong
lwong ctia mot chat duge dién ta qua tich sb trong luong da biét cia mot chat khéac véi ty so
trong luong phén tir tuong mg vdi hai chat d6. Ty sb6 d6 duoc goi 1a hé s chuyén. Trong vi
du thir hai, can phai nhan trong luong phan tir cia bac clorua voi 3 dé 1am cho luong clorua &
tir s6 va mau s ciia hé s6 chuyén bang nhau.

Vi du 3: Co thé thu duoc bao nhiéu gam Fe,Os tir 1,63 g Fe;0,4? Hay tim hé s6 chuyén K.

Trong trudng hop nay can thiét phai gia thiét rang, Fe;04 chuyén dinh lugng thanh Fe,O;
va c6 hoan toan du oxi dé chuyén:

2Fe;04 + [O] = 3Fe,0;

Chung ta thdy rang, tor mot mol Fe3O4 thu duoc 3/2 mol Fe,O;. Nhu vay, s6 mol Fe,0s
16n hon s6 mol FesO4 3/2 1an hoac la:



133
S6 mol Fe,05 = 3/2 s6 mol Fes0y;

Trong lugng FeyO5
Trong lugng phan tit Fe,Og

Trong lugng Fe30,
Trong lugng phéan ti Fe;O0,

3
2

3 Trong lugng Fe304
2 Trong lugng phan tu Fe;0,

Trong luong Fe,Os = x trong luong phan tir Fe,0;

Sau khi bién @01 ta co:

3 Trong lugng phan ti Fe,O4
2 Trong lugng phan tu Fe;O,

Trong luong Fe,Os = trong lugng Fe;O4 x

va thay cac gia tri bang s ta duoc:

3x159,7
Trong luong Fe,03 =1,63———— =1,687 = 1,69
PS Wome Texts 2x231,5 g

Trong vi du nay:

A A 2 T lu hantiaF
Hé s6 chuyén = 3 1rong lugng p an tu €205
2 Trong lugng phan tu FegO,

=1,035.

Trong trudng hop tong quat, hé sé chuyén K duoc xac dinh nhu sau:

e <6 chuy in= 2 Trong luong phan tii cia chat can xac dinh
i b Trong lugng phan ti ctia chat dudccan

O déy a va b 1a nhiing h¢ sO nguyén khong 16, can phai nhan trong luong phén tir voi
nhitng s nay dé cho s6 mol trong tir s va mau sb twong duong vé mit hoa hoc.

Bay gio ¢6 thé hinh dung phuong trinh (7.1) du6i dang thuan tién hon cho viéc van dung
thue té:

Trong IUGng(a Trong lugng phan tii ctia chat can xac dlnhj
100

04 Ae b Trong lugng phan ti cua chat duge can
CA=

Trong lugng can

Mot s0 h¢ s6 chuyén duge dan ra ¢ bang 7.1. Trong phan 16n cac so tra ctru hoéa hoc déu
co cac bang cac hé so chuyén va logarit cua chung.
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Bang 7.1 Nhirng vi du dién hinh vé h¢ s6 chuyén

Chét can x4c dinh Dang can Hé sb chuyén

2 x Trong lugng mol In
In In;0; Trong lugng mol InyO4

5 x Trong lugng mol HgO
HgO Hes(106)2 Trong lugng mol Hgx (I0g ),
2 x Trong lugng mol I

I Hes(106)2 Trong lugng mol Hg5(10g)y

2 x Trong lugng mol KoPO
KsPO, K2PtClg .

3 x Trong lugng mol KoPtClg

Vi du 4: Chiing ta xem xét phép xac dinh gian tiép sat trong sat (IIT) sunfat bao gém phép
két tua va phép can bari sunfat. Trong truong hop nay ¢ tir s6 va mau so cua cong thirc hé s6
chuyén khong c6 nguyén té chung va ching ta phai tim mot cach khac dé dién ta sy tuong
duong hoa hoc gitra cac dai luong d6. Chung ta nhan thiy rang.

2 mol Fe = 1 mol Fe;(SO4); = 3 mol BaSOy4
Hé s6 chuyén dé tinh toan phan trim ham lugng sit s& duoc dién ta nhu sau:

2 x Tronglugng mol Fe
3x Trong lugng mol BaSO,

H¢ s6 chuyén=

Nhu vy, méc du hop chat dimg trong cong thire dé tinh hé s6 chuyén khong co lién quan
truc tiép qua nguyén td chung, chung ta van c6 thé xac dinh sy tuong duong cta ching, khi
biét quan hé hop thirc giira chung.

Chung ta minh hoa viéc 4p dung hé sb chuyén dé tinh két qua phan tich qua nhitng vi du
sau day:

Vi du 5: Ngudi ta nung 0,703 g mot san pham da duoc rira sach dé pha huy chét hiru co.
Sau d6 ché héa phan con lai bang HCI néng dé chuyén P thanh H;PO,. Két tiia phdt phat dudi
dang MgNH,PO,.6H,0 bang cach thém Mg*" vao va trung hoa tiép theo bang dung dich nuéc
ctia NHs. Sau khi rira va loc, két tua chuyén thanh Mg,P,0; bang cach nung & 1000°C. Trong
luong cua két tua thu duoc 14 0,432 g. Hay tinh ham lugng phan trim P trong mau:

0’432( 2xTrong lugng mol P j
100

Trong lugng mol MgoPy 04
0,703

%P =
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~0,432x0,2783x100
0,703

=17,1

Vi du 6: O nhiét d6 cao natri oxalat chuyén thanh cacbonat:
Na2C204 —> Na2C03 + CO

Khi nung 1,3906 g natri oxalat ban thu dugc trong lugng chét con lai 1a 1,1436 g. Hay xac
dinh d¢ tinh khiét cia mau.

Trong truong hop da cho can gia thlet rang sy khac nhau giita trong luong ban dau va
trong lwong cudi cung twong tmg véi sy mét oxit cacbon khi ‘nung. Do lugng mat di d6 1a co
s& ctia phép phén tich. Tir phuong trinh phan tng ching ta thy rang:

S6 mol CO = sd mol Na,C,04
Nhu vay:

Trong lugng mol Na,C,0,

Trong luong CO
Trong lugng mol CO

%N32C204 = x100

Trong luong can

_ (1,3906—1,1436) x 4,784 x 100
1,3906

= 84,97

Vi du 7: Nguoi ta d6t 0,2795 g miu thude trir sdu chi chira lindan CeHeCle (trong lugng
mol =290,8) va DDT C,4HyCls (trong lugng mol = 354,5) trong dong oxi trong 6ng thach anh
va san pham (CO,, H,O va HCI) dugc cho qua dung dich NaHCO;. Sau khi axit hoa, tach CI”
ra khoi dung dich dudi dang AgCl c6 trong lugng 0,7161 g. Hay tinh ham lugng phan tram
lindan va DDT trong mau.

O day co hai 4n s6, do d6 chung ta can thiét 1ap hai phuong trinh doc 1ap va giai chung:

Trong luong CsHeClg + trong lugng Ci4HoCls = 0,2795 g va

Trong luong AgCl tir C¢HeClg + trong luong AgCl tir C14HoCls =0,7161 g

hoac:

Trong luong CcH¢Cls.2,957 + trong lugng C14HyCl5.2,021 = 0,7161

Chung ta thay trong Iugng cua C;4HyCls rit ra tir phuong trinh thi nhat:

2,957 trong lugng CsHeClg + 2,021(0,2795 — trong lugng CsHsClg) = 0,7161

Tu d6, trong lugng CsHeCls = 0,1616 g va
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% CcH,Cl, = 0,1616

x100=57,82;

ki

% C14HoCls = 42,18.
7.3  Tinh chat ciia két tiia va chat tao két tiia

Chat tao két tiia 1y tuong trong phan tich trong luong can phai phan tmg véi cdu tir can
xac dinh, tao két ta théa méan cac diéu kién sau:

1. C6 d6 tan d thap dé co thé bo qua sy mét di do do tan.
2. D& loc va d@ rira cac chat ban kém theo.

3. Khong bi tac dung cua méi truong xung quanh va c6 thanh phan da biét sau khi siy
khé hoic sau khi nung néu can thiét.

Chi c6 s6 rét it két tia va chit tao két tua thoa man tat ca cac yéu cau do, do d6 nha hoa
hoc thuong phai st dung nhiitng sdn pham hoac phan ing con xa méi dat tiéu chuan ly tudéng
de phan tich.

Nhimg yéu t6 anh huéng dén do tan cia két tia da dugc xét trong chwong 5. Bay gid
chung ta can ban luan, lam thé nao dé thu dugc két tia tinh khiét va de loc.

7.5.1 Tinh dé loc va d9 tinh khiét ciia két tia

Kich thuéc hat cua tu(')’ng rin quyét dinh tinh dé loc va tinh d& tinh ché. Gitra kich thudce
hat va tinh d& loc c6 mdi quan hé tryc tiép. Két tia hat 16n dé bi cac vt lidu x6p gitr lai; dleu
do dam bao loc nhanh. Khi phai loc két tia nho, phan tan phai ding glay loc min va do d6 toc
d6 loc bi giam xudng. Anh hudng cua kich thudc hat dén do tinh khiét ciia két taa con phuc
tap hon. Thudng khi ting kich thudc hat kém theo su giam d6 ban cua két tia.

Dé noi toi van dé do tinh khiét ciia két tua, chung ta s& dung tir cong két. Danh tir d6 dic
trung cho qua trinh kéo vao két tiia nhimg ciu ti, trong diéu kién thudng cling ton tai trong
dung dich. Sinh vién can hinh dung r rang rang sy lam ban két tiia do cac chat c6 tich s6 tan
da dat t6i, dung ra khong phai 13 hién tuong cong két.

Nhitng yéu to quyet dinh kich thude hat két tia. Kich thudc hat két tia khac nhau rat
nhiéu tuy thudc vao cau tric va diéu kién tao thanh né. O mot dau cua thang kich thudce la he
keo. Nhiing hat riéng biét ctia hé nay nhé dén muc khong thé phan biét duoc bang mat thudng
(ban kinh 107° — 10~* mm). Nhing hat nhu vay khong két tia dugc tir dung dich va khong gitr
lai duoc bang cac gidy loc thong thuong. O mot dau khac cua thang 1a nhimg hat kich thude
¢& mot vai chuc milimet. Hé khong bén theo thoi gian chira nhitng hat d6 phan bé trong pha
long duoc goi 1a huyén phui tinh thé. Nhiing hat huyén phii tinh thé nhanh chéng lang xuéng
va de loc.
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Khi chuyén tir keo sang tinh thé dién hinh khong c6 mot sy bién déi dot ngdt nao vé tinh
chét vat ly, chi tuy thudc vao kich thudce hat 6 tudng ran. ‘Trong thuc té ton tai nhimg két tua
c6 tinh chat trung gian dién hinh. Nhung c6 thé dé dang sap xép phan 16n két tia vao loai tinh
keo chiém uu thé hoic vao loai tinh tinh thé chiém wu thé. Nhu vy, mic du tinh khong triét
dé ctia cach phan loai d6 van c6 thé sir dung thanh cong cho phan 16n tuéng ran.

Maic du hi¢n tuong két tua da tir 1au thu hat sy chd y cua cac nha hoéa hoc, nhiéu van dé
quan trong c6 lién quan dén co ché cua qua trinh van con chua hoan toan sang to (xem
chuong 6). Va lai c6 thé xem, kich thudc hat & tuong ran duogc tao thanh mot phan duoc quyét
dinh boi nhiing didu kién thyc nghiém da duoc thiét 1ap nhu nhiét do, do tan trong moi truong
da cho, nong do va tdc d6 khudy thudc thir. C6 thé giai thich anh huong cua cac yeu t6 nay,
trong moi truong hop mot cach dinh tinh. Khi gia thiét rang kich thudc hat gan lién v6i mot
trong céac tinh chét ctia hé goi 1a tinh qua bdo hoa twong doi.

Tinh qué bdo hoé twong déi = % (7.2)

¢ day Q la nong dd chat tan & mdt thoi diém nao do; S 1a d6 tan cua no lic can bang.

Ly thuyét qua bio hoa twong ddi va anh hudng cua n6 dén kich thude hat gin lién vai
tén tudi cia Phon Veimarn. Tir 1y thuyét ciia Veimarn, nguoi ta rat ra dugc nhiing diéu
kién co ban dé thu duogc két tua véi kich thude hat thoa man yéu cau. Qua trinh két taa
dugc nghién ciru chi tiét hon trén co s cac Iy thuyét khac nhau.

Trong qua trinh tao thanh két taa it tan, sy thém mdi phan chat tao két tua din toi su qua
bao hoa chdp nhoang ctia dung dich (nghia 1a Q > S). Trong phan 1én truong hop trang thai
khong bén do, qua mot thoi gian ngin s& bi pha huy do tao thanh két tua. Nhitng quan sat thuc
nghiém chi rd rang, kich thudc hat cia két tua thu dugc ty 1€ nghich véi hién tuong qua bao
hoa tuong dbi trung binh sau khi thém m01 phan thuoc ther. Nhu thé 13, néu (Q — S)/S 16m, két
tia biéu 16 khuynh hudng tao thanh keo; néu ty s6 d6 nho thi s& thu dugc tudng rin tinh thé.

Co ché tao két tia. Dé giai thich anh huong cua hién tuong qua bio hoa tuwong d6i dén
kich thudc hat, chung ta tich qua trinh két tia thanh hai giai doan: giai doan tao thanh céc
trung tam két tinh va giai doan 16n Ién cua hat. Kich thudc hat cua chat vira méi két taa duge
quyét dinh boi sy kién 1a, giai doan nao trong hai giai doan do chiém uu thé.

Su tao thanh cac trung tam két tinh 1a qué trinh hop nhat mot s6 cuc tiéu ion hodc phan tor
(c6 thé dén bon nam ca thay) dé tao thanh tudng thir hai bén viing. Su két ta tiép theo cé thé
duoc thuc hién hodc 1a béng cach tao thanh nhiing trung tam mai hoac 1a b?mg cach chuyén
két tua dén nhiing mam tinh thé d3 dugc tao thanh. Néu su két tua xdy ra theo con dudng thir
nhét 1a chu yéu thi két tha thu duoc 1a sb 16n cac hat nhd; néu qué trinh 16n Ién cua tinh thé
chiém wu thé thi s& thu dugc s6 nhé cac hat 1on.

Gia thiét rang tbc do tao thanh cac trung tim két tinh ting véi su ting cua qua trinh qua
bao hoa tuong doi theo quy luat ham s6 mii, trong khi d6 toc do 16mn 1€n cia hat lai li€n quan
voi thong s6 do bang quan hé gan nhu tuyén tinh:
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n
Téc d6 tao thanh mam = k, (Qé S]

¢ day n khoang 4 va:

Téc d6 16n 1én cia hat = k, [Q(;Sj .
Thuong k; 16n hon ki, do do khi su qua béo hoa tuong dbi thap thi qua trinh phat trién

tinh thé chiém uu thé. Neu su qua bao hoa 16n, nhd dic tinh ham s6 mii, qua trinh tao trung
tam két tinh c6 thé thuc té 14n 4t qua trinh 16n 1én cta hat. Hinh 7.1 minh hoa hi¢n tugng do.

S phit trifn tinh thé Sw hinh thanh trung tim két
chi#m s th tinh chigm v the

‘I f | ‘HH" S
I
/
.....munu||||||||||||I|III||
But béo hila tiomg 861 (Q — B8
Sy 1én 1én ciia tinh thé
Hinh 7.1

Anh hudng ciia hién twong qué bdo hoa twong dbi dén qua trinh két tia

Su diéu chinh kich thuéc hat. Sy nang nhiét do (dé tang S), su pha loang dung dich dé
giam Q va su thém chat tao két tia cham trong diéu kién khudy manh (dé giam gia tri Q trung
binh) 13 nhitng diéu kién thuc nghiém cho phép lam cho do qua béo hoa giam dén cuc tiéu va
d6 cling chinh 1a nhitng diéu kién dé thu duogc két tua tinh thé.

D¢ tiang kich thudc hat két tia c6 do tan phu thudc vao pH mai truong, thudong ngudi ta
lam tang S trong qua trinh két tha. Vi du, dé thu dugc nhitng tinh thé canxi oxalat 16, dé loc,
phan chu yéu cua két tiia can duogc tao thanh trong dung dich axit, khi d6 mudi tan kha. O cudi
qua trinh két tua nguoi ta thém cham dung dich amoniac dén pH ma ¢ d6 xay ra su tach dinh
lugng canxi oxalat. Két tua duge tao thanh & giai doan do duoc chuyen 1én nhiing hat ran da
duoc tao thanh.

Lam viéc voi két tia tinh thé thuan loi hon so véi két tia vo dinh hinh. Vi nguyén nhan
do, qua trinh 16n 1én cua tinh thé thuong duogc va thich hon qua trinh tao nhitng trung tam két
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tinh méi trong qua trinh két tiia. Nhung néu do tan S ctia két tia rat nho, dé tranh hién tugng
qua bio hoa chép nhoang twong ddi 1on trong khi khudy dung dich thuc té 1a khong c6 kha
nang. Vi duy, trong nhiing diéu kién phan tich hidroxit sit (IIT), nhom, crom (III) va ca sunfua
cua phﬁn 16m kim loai nang, do do tan cua chung nhé nén chi co thé thu duoc & trang thai keo.
Céc halogenua bac cling thudc loai két tha nay (nhan tién ciing cin noi, & vi du bac clorua,
nhing thiéu sot ctia thuyét qua bao hoa twong ddi dugc thiy rd, két tia thuong dugc tao thanh
& dang keo; trong khi d6 do tan ciia n6 khac biét khong dang ké do tan cua cac hop chét khac
da biét, vi du nhu bari sunfat lai thuong duoc tao thanh & dang tinh thé).

7.5.2 K&ét tiia vo dinh hinh

Nhitng hat keo riéng biét nho dén mirc khong gitr duoc khi loc, chuyén dong Brao ciing
can tro su két tua chung tir dung dich nho tdc dung cua trong luc (su léng dong). May mén 1a
c6 thé 1am dong tu hodc 1a 1am 16n 1én nhiing hat ciia phan 16n hé keo va khi dé trong lugng
khong phai 14 tinh thé ling xudng nhanh va dé loc.

Sw dong tu keo 1a qua trinh déng tu duoc 1am nhanh 18n khi dun ndng, khudy va thém
chat dién li. B¢ hiéu tdc dung ctia nhiing y€u t6 do6 can thiét phai phan tich nguyén nhan tinh
bén viing cua nhirng hé keo.

Do su hép phu trén bé mat ctia minh nhiing cation hoac anion nén mdi hat keo déu mang
dién tich duong hoac am. C6 thé dé dang theo ddi bang thuc nghiém sy c6 mat cua dién tich
bang cach quan sat su dién chuyén hat dudi tdc dung cia dong dién mot chiéu.

Sy hip phu cac ion trén két tiia rin c6 cdu trac ion duoc gay nén boi chinh nhitng luc tao
ra sy phat trién tinh thé. Nhu ion bac phan bd trén bé mat hat bac clorua mang mat phﬁn dién
tich khong dugc bu trir. Nhimng ion tich dién 4m bi kéo vé phia nhiing phan d6 boi chinh
nhing luc giit ion clorua trong mang ludi bac clorua. Nhitng ion clorua trén bé mat hat thé
hién tac dung tuong tu 1én cation c6 mat trong dung dich.

Ban chat va gia tri dién tich cta hat keo phu thudéc mét cach phire tap vao mot loat yéu td.
Nhung dbi v6i nhitng hé keo dang cha ¥ trén quan diém phan tich thi c6 thé dé dang du doan,
nhiing chit nao s& bj hép phu va do do6 xac dinh dugc dién tich cua hat khi st dung quy luat
thuc nghiém. Nhiing ion tham gia vao thanh phan mang lu6i tinh thé thudng bi hap phu manh
hon so véi nhitng ion la. Vi duy, hat bac clorua s€ tich dién duong trong dung dich chtra du ion
bac nho sy hap phu vu tién ion d6. Do nguyén nhan d6 né sé mang dién tich 4m khi du ion
clorua. Rat 1y tht nhan xét rﬁng nhitng hat bac clorua tao thanh khi xac dinh trong luong
clorua, ban dau mang dién tich 4m va sau khi thém du chit két tia tro thanh dién tich duong.

Mirc do hap phu ting 1én nhanh véi sy ting nong do ion hap phu. Nhung cudi cing bé mit
ctia mdi hat dugc bdo hoa, trong diéu kién do sy tang tlep tuc nong do hodc la khong anh hudng
dén muc d6 hip phu hodc 1a anh huong rit khong dang ké.

Trén hinh 7.2 dan ra hinh anh dién ta ‘péng SO ‘dé hat keo bac clorua trong dung dich chira
du ion bac. Nhiing ion bac lién ket tryc tiép voi bé mat tao thanh 16p hap phu thir nhat. Xung
quanh hat tich dién tao thanh mdt 16p doi ion, trong d6 chira lwong du ion am dé lam trung
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hoa di¢n tich ctia cac ion duong bi hép phu trén bé mit. Lop ion ddi duoc tao thanh
dudi tac dung cua lyc tinh dién.

Ldptich di¢n diong ban du
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(trong dung
Hinh 7.2

Hat keo AgCl trong dung dich AgNO;

Nhirng ion bi hip phu dau tién va nhitng ion dbi cta ching nam trong dung dich tao
thanh 16p dién kép quyét dinh do bén viing cua hé keo. Nho sy 6 mit cua 16p do, nhitng hat
keo diy 13n nhau, luc hat giita cic hat v6i nhau khong dii 16n dé thang luc day cua 16p dién
kép. Mudn 1am dong tu keo can phai lam giam luc day dén cuc tiéu.

D@ dang chi ra anh huong cia 16p dién kép dén do bén cua hé keo ¢ vi du két tia ion
clorua bang ion bac. O dau qua trinh két tia, khi thém bac nitrat vao, bac clorua duogc tao
thanh & diéu kién néng do6 ion clorua cao, do dé trén nhiing hat bac clorua xuét hién dién tich
am cao. Kich thudc cua 16p dién tich duong ctia ion ddi bao quanh mdi hat can phai tuong d6i
16m va chira mdt lugng ion duong, vi du ion hidro hodc natri, da dé trung hoa dién tich am cua
hat. Sy dong tu trong nhimng diéu kién d6 khong xay ra. Theo mirc d thém ion bac, dién tich
ctia hat thap dan vi nong do cua ion clorua bi giam xuong va sb hat tang 1én, tac dung diy cua
16p dién kép khi d6 giam xuong Khi thém du luong thudc thir ta quan sat thiy sy dong tu keo
xay ra nhanh chong. Khi d6 s6 ion clorua bi hip phu trén hat bi giam nhanh va 16p dién kép bi
giam xudng dén muc 14 nhitng hat riéng biét c6 thé tién gan lai nhau dén khoang cach ma & do
c6 kha ning xay ra sy két ty. Pang chi ¥ 1a qué trinh két ty 1a thuan nghich, khi thém du
nhiéu ion bac, sy tao keo lai mot lan nita xay ra. TAt nhién dién tich cua 16p dién kép bay gio
bién ddi vi 16p ion ddi tich dién am.
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Su dong tu thuong xay ra khi dun nong trong mot thoi gian ngan, dic biét 1a kém theo
khuéy. Su nang nhiét d¢ lam giam sy hép phu va do d6 lam giam dién tich chung cua hat;
ngoai ra cac hat c6 dugc ning lugng dong hoc du dé vuot qua hang rao ngin can chung tién
gan lai nhau.

Su 1am tang ndng d6 chit dién li trong dung dich bang cach thém hop chit co dic tinh ion
thich hop 1a phuong phap déng tu hiéu qua hon. Trong trudng hop nay, dé trung hoa dién tich
cia hat doi hoi mot thé tich nhé dung dich chtra ion tich dién ngugc dau. Do su thém chét
dién li gdy nén sy bop méo 16p ion ddi va do két qua do dién tich trén bé mit hat dugc trung
hoa hoan toan hon. Sy ha thép dién tich hi¢u dung dan t6i su xich lai gén nhau cua cac hat.

Cdng két trén két tia vo dinh hinh. Nhimg két tia vo dinh hinh bi lam ban chu yéu do
cong ket theo co che hap phu. Poi voi nhitng két tua tinh thé nhitng dang cdng ket khac 1a dac
trung.

Két tia vo dinh hinh gé)m nhiing hat c6 cAu trac khong trat ty tao thanh khéi réng, toi,
x6p. Két tia d6 c6 bé mit bén trong 16n nam tiép xuc véi nudce cai (xem hinh 7.3). Bé mit do
giit phan 16n ion d4 bi hap phu ban dau trén bé mat nhimg hat keo khong dong tu. Mic du 16p
jon dbi bao quanh hat keo ban dau, néi ding ra 1a mot phan cua dung dich, nén can néi rang
dé bao dam tinh trung hoa dién ctia hé trong qué trinh déng tu va loc can phai gitr mot lugng
tuong ddi ion du 16n & gan cac hat (16p chit 16ng bao quanh né). Do két qua cua sy hap phu,
céc chat trong nhiing diéu kién da cho dang 1& phai ton tai trong dung dich lai roi vao két tia
va 1am ban bé mat.

Hinh 7.3

CAu tao cua két tia vo dinh hinh

Su peptit héa keo. Peptit hoa 1a qua trinh lam cho keo dd déng tu lai dugc chuyén thanh
trang thai khuéch tan ban dau. Hién twong peptit héa thuong dugc quan sat thay khi rira két
tha vo dinh hinh bang nudc tinh khiét. Mic du rira khéng phai 1a phuong phap ¢ hiéu qua dé
tach chit ban, hon nita né con dan t6i su tach chét dién li lam dong tu tur 16p chét long nam
tiép xtic véi tudng ran. Theo mirc d6 tach chat dién li, kich thudce cua 16p ion ddi duoc ting
1én. Lyc day gay nén sy tao thanh keo dugc phuc hdi va cac hat dugc tach ra tir khdi da dugc
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dong tu. Chat long rua tré nén duc bdi vi nhitng hat khuéch tan lai mét lan nira di
qua giay loc.

Khi Iam viéc voi nhitng két tua keo, nha hoa hoc phai dung cham té1 mdt tinh huéng kho
XUr: can phai lam sach két tiia khoi cac chit ban nhung dong thoi khong 1am mat di mot phan
két tua do hién tugng peptit hoa. C6 thé giai quyét tinh hudng kho xir d6 bang cach chon dung
chat 16ng rira cho két taa vo dinh hinh. Thuong nguoi ta sir dung dung dich chét dién li bay
hoi, n6 duogc tach ra khi nung ndng tiép theo. Vi du, thudng rira bac clorua bang dung dich
axit nitric loang. Két tia di rira con nhiém ban nhiéu axit nhung diéu d6 khong anh hudng
dén két qua phan tich bai vi axit nitric bay hoi khi say két tua & 110°C.

Tach dinh lvong két tua vé dinh hinh.

‘Thuong khi khudy, két tiia vo dinh hinh dugc tao thanh tir dung dich nong co6 du chat dién
li dé dong tu keo. Trong nhiéu truong hop, dé hoan thién nhimg tinh chat vat 1y cua két tua
dong tu tudng rin, ngudi ta gitr két ta tiép xac voi dung dich noéng ma tir d6 qua trinh két tia
dugc tién hanh. Trong thoi gian cua qué trinh dugc goi 1a gia hoa do, chic 1a nudce lién két
yéu duoc tach ra tir két tha va do d6 két tia tré thanh min hon va dé& loc hon.

Khi loc két tiia ngudi ta rira bang dung dich lodng chit dién li bay hoi. Nhitng ion bj hap
phu trudc it bi tach ra khi rira boi vi chung lién két chit v6i chat két tia ran. Nhung giita
nhitng ion ddi trong két tia va mot trong nhitng ion ciia chat 16ng rira c6 thé trao d6i. Khi ké
t6i tat ca nhitng diéu do, kho ma hy vong rang két tia khong bi ban dén murc d6 nao d6 tham
chi ca ngay sau khi rira tich cuc. Sai s6 phén tich do nguyén nhan d6 cé thé dao dong tir (1 —
2).10*% (vi du nhu bac nitrat cong két trén bac clorua) dén nhitng dai luong khong thé chip
nhan dugc (vi du nhu hidroxit cac kim loai ndng cong két trén oxit hidrat hoa st hoa tri ba
hodc nhom).

Két tha lai 12 bién phap hiéu qua nhit dé 1am giam hap phu. Trong trudng hop nay nguoi
ta hoa tan két tiia da duoc loc va két tia lai mot 1an nira. Nhu thudng 18, két tua thu dugc ngay
tir diu chi chita mot phan nho luong chit ban tong quét ton tai ban dau. Do d6, nong d6 hdn
hop ban trong dung dich thu dugc khi hoa tan két tiia s& nho hon rat 15 rét so vi nong do chat
ban trong dung dich ban dau. Khi lap lai dong tac két tia co thé mong doi sy hap phuy thip.
Két tua lai 1am kéo dai dang ké dong tac phan tich, nhung mic du vay, dong tic ay hau nhu
khong thé tranh khoi dbi v6i nhimg két tiia nhu hidroxit sat (III) va nhom c6 khuynh hudng
héap phu dic biét 16n cac hidroxit cac kim loai nang nhu k&m, cadimi va mangan.

7.5.3 Nhirng két tiia tinh thé

Ché hoa cac két tia tinh thé néi chung d& hon so voi két tiia vo dinh hinh. Trong truong
hop nay co thé diéu chinh kich thudc hat két tia dén mot mire do nhét dinh. Nhu vay, nha hoa
hoc c6 thé diéu khién nhiing tinh chét vét 1y va do tinh khiét ctia két tia thong qua nhing diéu
kién thuc nghiém.

~ Nhing bién phap lam cho hat lon va ndng cao tinh dé loc ciia két tia: Theo thuong 18, co
thé lam tang kich thudc hat két taa tinh thé khi gitr trang thai qua bao hoa tuong doi trong qua
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trinh két tia & mic d6 thip. Nhu di thay trén hinh 6.2, co thé dat toi didu d6 bang cach ha
thap Q hoac nang cao S hodac di¢u chinh ca hai yéu t6 do.

Dung dung dich lodng, thém chit két tiia cham va khudy manh ngudi ta ¢6 thé lam giam
su qua bao hoa ¢ tirng noi trong dung dich. Thuong co6 thé nang cao S khi két tua tir dung dich
néng. Nho bién phép don gidn do, hoan toan c6 thé thanh cong vé kich thudc hat.

D6 sach cia cdc két tia tinh thé: Bé mit riéng cia két taa tinh thé (duoc xac dinh bang
dién tich cho mot don vi trong lugng tinh theo cmz/g) thuong nho, do d6 su cong két theo co
ché hap phu khong dang ké. Nhung nhimg dang khac cua su cong két lién quan dén sy lam
ban bén trong tinh thé co thé din dén sai s6 nghiém trong.

Nguoi ta biét ¢ hai loai cong két trén két tia tinh thé: loai hap tang va loai hip luu;
chung khac biét nhau ¢ dic tinh phan bd tap chét bén trong tuéng ran. Tap chat hip tang &
dang céc ion hodc phan tir don 1¢ dugc phan bd déng thé trén toan tinh thé. Nguoc lai, sy hép
lru 14 sy phan bd khong dong déu, nhiéu ion hodc phén tir tap chit roi vao tinh thé do su
khoéng hoan chinh ctia mang luéi tinh thé.

Su hép luu xudt hién trong nhiing truong hop khi ma nhimng giot nho hoan chinh cia
dung dich chira tap chit gy ban bj kéo vao va bj bao quanh rat nhanh chéng béi su 16n 1én
ctia tinh thé. Vi tap chit nam bén trong tinh thé nén kho tich ching bang cach rira, c6 thé
giam murc d6 hap luu dang ké bang cach két tia chdm hon dé cho nhitng hat nho tap chét kip
tach ra khoi bé mit tudng ran trudce khi chung bi roi vao bén trong tinh thé. Con mot phuong
phap hiéu qua hon dé lam giam tap chat hap luu d6 13 phuong phap lam gia két tua.

Lam gia nhitng két tia tinh thé: Pun noéng nhig két tia tinh thé (khong khuay) trong mot
thoi gian sau khi két tia thuong cho phep ta thu dugc san pham tinh khiét va kha dé loc.
Khong con nghi ngo gi nira, sy lam sach két tia gan lién v6i nhitng qua trinh hoa tan va két
tinh lai xay ra lién tiép ma toc do cua ching ting 1én khi nhiét do tang. Trong thoi gian do
nhleu 16 hong cua tinh thé duoc dung dich hoan chinh, kha ning tach chat ban khoi tudng rén
xuat hién va do d6 tinh thé tré thanh hoan chinh hon.

Su hoa tan va két tinh lai khi lam gia con tao kha nang nang cao tinh dé loc. Sy xuit hién
cAu giira nhitng hat gdn nhau dan t6i sy thu duoc nhitng lién hop (chum tinh thé) tinh thé dé
loc hon. Gia thiét d6 khang dinh rang sy khudy két tia v6i dung dich khi lam gia thuc té
khong anh huong dén tinh dé loc cua két taa.

7.5.4 Sai s6 do cong két

Su cong két tap chat c6 thé 1am ning cao hodc ha thip két qua phan tich. Néu tap chat
khong tao hop chét v6i ion can xéac dinh, sai s6 s& luén ludn dwong. Vi dy, khi xac dinh ion
clorua s& thiy sai s6 duong do héap phu bac nitrat trén két tua bac clorua vo dinh hinh. Nguoc
lai, néu tap chit chtra ion can xac dinh, sai s6 c¢6 thé 1a duong hodc am. Vi du, khi xac dinh
bari bang cach két tua dudi dang bari sunfat ngudi ta quan sat thay sy hap luu mudi bari. Néu
bari clorua 14 tap chat bi hap luu thi xudt hién sai sé 4m boi vi phén tir luong cta né nho hon
phan tir luong cua bari sunfat.
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7.5.5 Két tia tir dung dich dong thé

Khi két tua tir dung dich dong thé su sinh ra chat két tia trong dung dich phai du cham dé
su quéa bdo hoa turong dbi ludn ludn thap. Vi chat két tua dugc phan bd déu trong toan bo thé
tich dung dich nén su quéa bdo hoa & mot chd khong xay ra. Theo thudng 1¢, nhitng két tia ca
v6 dinh hinh va tinh thé thu dugc tir dung dich dong thé ¢ nhitng tinh chat phan tich quy gia
hon so véi nhitng két tia thu duge bang cach thém truc tiép chét két tia vao.

Thuodng dé thu dugc ion hidroxyl dong thé ngudi ta ding ure cho phan Gng theo phuong
trinh sau:

(NH2 )2 CO+ 3H20 COZ + 2NHZ +OH™

O nhiét do thap hon nhiét d6 s6i mét chit, phan tmg nay xay ra chdm. Théng thuong, dé
c6 du luong thude thir dé két tia hoan toan phai can tir mot dén hai gi0. Phuong phap d6 dac
biét thuan tién khi két taa hidroxit hodc mudi bazo. Vi du, hidroxit sat (ITT) va nhom duoc két
tha bang cach thém bazo truc tiép vao 1a mot khéi keo xbp rat ban va kho loc. Nguoi ta thu
dugc ciing chinh nhitng san phim d6 nhung min hon, dé loc hon va tinh khiét hon rat nhiéu
néu phép két tua duoc thyc hién bang nhitng ion hidroxyl tir dung dich dong thé.

Su két tia cac két ta tinh thé tir dung dich dong thé ciing dan téi sy tang kich thudc tinh
the 1€n rod rét: sy phat trién tinh thé thuong kém theo do tinh khi€t cao. Nhitng vi du vé nhiing
phép xéc dinh dua trén su két tua tir dung dich dong thé dugc dan ra ¢ bang 7.2.

7.5.6 Séy va nung két tiia

Sau khi loc két tiia ngudi ta nung dén khi trong luong khong ddi. Muc dich ctia dong tac
nung la tach dung mai va nhiing chat dién li bay hoi bi két tia dong thoi voi két tia. Ngoai ra,
phép ché hoa doé doi khi dan to1 sy phan huy két tua véi sy tao thanh san pham c6 thanh phan
da biét.
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Hinh 7.4

Anh hudng cua nhiét d6 dén trong lwong két tua

Nhiét do can thiét dé thu duoc san pham mong mudn phu thudc vao ban chat cua ket tua.
Trén hinh 7.4 gidi thiéu su phu thudc cua sy mat trong luong vao nhiét d6 dbi vai mot s6 két
tua thuong dung trong phan tich. Nhitng dit kién do thu duoc trén can nhiét ty dong, can lién
tuc, lién tuc do trong lugng cua chét theo nhiét do trong 10 tdng voi tde do khong ddi. Khi
nung ba két ta: bac clorua, bari sunfat va nhom hidroxit, nudc bi tach ra va co thé ca nhitng
chat dién li bay hoi bi két tiia trong qua trinh thu duoc két tia. Pé dwa nhimg két tia da duoc
khtr nuée dén trong luong khong ddi nguoi ta st dung mot khodng rong nhié¢t do. Nhu dé tach
hoan toan do 4m khoi bac clorua doi hoi nhiét d6 tir 110 dén 120°C; su dehidrat hoa hoan toan
nhom hidroxit dat dugc ¢ nhiét do cao hon 1000°C. RAt 1y tht nhan xét rﬁng, nhom hidroxit
thu duoc bang phuong phap két tua dong thé tir dung dich ure, c6 thé mét nudc hoan toan &
nhiét do khoang 650°C.

R rang 13 nhiét trong luong dd cua canxi oxalat phtrc tap hon nhiéu nhiét trong luong d6
ciia cac chat khac duoc dién ta trén hinh 6.4. O nhiét do thép hon ~ 135°C d6 4m hép phu
duoc tach ra, monohidrat CaC,04.H,O duogc tao thanh va & ~ 225°C nd chuyén thanh oxalat
khan. O khoang 450°C su bién doi dot ngdt trong lugng chi ré sy phan huy canxi oxalat, tao
thanh canxi cacbonat va oxit cacbon. Bac cudi cung trén nhiét trong lwong dd tuong ting voi
sur chuyén cacbonat thanh canxi oxit va khi CO,. Hién nhién la dang trong luong dugc st
dung ddi vé6i canxi oxalat phu thudc vao diéu kién nung.
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7.4 V& thiéu s6t ciia phwong phap phén tich trong hrong

Hién nay mét s6 nha hoa hoc c6 khuynh huéng lam giam y nghia cia nhing phuong
phap trong lugng, vién c¢6 rang ching c6 hiéu suét thap va da gia coi. Ching toi cho rang,
nhimg phuong phép trong luong c6 mit manh, mit yéu va né da thuc hién mot sd kha 1on
nhiing nhiém vu phan tich (va ca nhitng nhiém vu khéac nira, khi ma phan tich trong luong la
phuong phap t6t nhat dé giai quyét nhitng nhiém vu do).

7.5.1 Thoi gian thuc hién phan tich trong lugng

Két cuc, trong tat ca cac phuong phap phan tich nguoi ta déu do mét tinh chat vat ly M
nao do bién doi theo sy bién d6i lugng hoidc ndng dd C, clia cdu tir can xac dinh A trong mau
dau. Trong truong hop 1y tuong, nhung hoan toan khong phai 1a ludn ludn, sy phu thudc ham
sO giita Ca va M 1a tuyén tinh, nghia la:

Ca=kM

Trong phan 16n cac phuong phap phan tich can thiét phai xac dinh k bang cach chuan hoa
hodc 13 bang duong chuin thuc nghiém trong d6 nguoi ta do M d6i v6i mot hoac mot sb 1on
hon méu chuan c6 C, da biét. Co hai ngoai 1¢ dic biét 1éch ra khoi quy luat d6: phuong phap
phén tich dién trong lugng va culdng (cac phuong phap phén tich cong cu). Trong cac phuong
phap nay c6 thé tinh k truc tiép tir nhitng hang s6 tong quat da biét. Nhu vy, su can thiét phai
hiéu chinh hodc chuan hoa khong con nita.

Trong phan tich trong luong k 14 yéu tb lugng c6 thé tinh dugc theo bang phan tir lugng.
Nhu s& duoc chi rd sau déay, doi khi tinh hinh d6 lam cho phén tich trong lugng tr¢' thanh
phuong phép hiéu qua nhat dé giai quyét nhitng nhiém vu phan tich.

Khi d& cap dén van dé thoi gian thuc hanh phén tich, can thiét phai phan biét thoi gian
xéac dinh va thoi gian nha phén tich tiéu phi cho phép xéac dinh. Thoi gian xac dinh 14 s6 gio
hodc phut ké tir liic bit dau phan tich dén khi thu duoc két qua. Con thoi gian nha phan tich
tiéu phi 1a thoi gian thuc té tiéu phi cho su hoan thanh cac dong tac can thiét d& hoan thanh
phép phan tich va tinh toan két qua. Khi so sanh véi cac phuong phap khac, ta thdy phuong
phap phan tich trong lugng c6 dic diém 1a co su khac nhau 16n giita thoi gian xac dinh va thoi
gian nha phan tich tiéu phi, béi vi phan 16n nhiing giai doan phan tich dai khong can thiét phai
lubn ludn chit y. Vi dy, nhitng dong tic nhu dwa chat dén trong luong khong d6i, 1am bay hoi
dung dich, lam gia két tiia va nung san pham chiém mat mot s6 gio nhung nha phan tich tiéu
phi cho tit ca nhitng dong tic d6 nhiéu nhit ciing chi 1a mot sé phut va do d6 thoi gian con lai
c¢6 thé dung dé hoan thanh nhitng nhiém vy khac.

Néu so sanh voi nhitng phuong phap khac, vé nguyén tic, viéc hinh thanh mot phép xac
dinh nao do theo thoi gian ma nha phan tich phai tiéu tn cho viéc thuc hién ching thi phan
tich trong luong thuong to ra hiéu qua nhat ddc biét 1a khi chi phan tich mot hoic hai miu boi
vi khong can t6n thoi gian cho duong chudn hodc chuan hoa (nghia 1a xac dinh k). Khi tang 5O
mAu phan tich thoi gian tiéu tén cho dudng chuan tinh cho mot mau trong nhimg phuong
phap khong trong luong trd nén ngay cang nho hon va thuong khi phan tich 8 dén 10 mau néi
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chung la c6 thé bo qua. (Tat nhién la gia thiét rang mot duong chuan du dé phan tich tat ca cac
mau). Khi phan tich mot s6 16n mau, dé loc két tua, rira va can c6 thé can thoi gian 10n hon so
véi viée thue hién nhitng dong tac twong duong trong cac phuong phap khong trong lugng.
Do d6, néu phai phan tich mot sé 16n mau, phuong phap trong lwong thuong (nhung khong
phai 14 luén ludén) khong thich hop.

7.5.2 Linh vwe rng dung cia phan tich trong lwgng

Nhimng phuong phap trong lugng duogc nghién ctru cho phan 16n cic anion va cation vo
co va ca cho cac hop chit trung hoa nhu nuége, dioxit luu huynh, khi CO, va i6t. Ca mot loat
céc hop chét hitu co ciing dé dang xac dinh bang phuong phap trong luong, vi du nhu xac
dinh lactoza trong cac san pham sira, salixilat trong duoc phim, phenolphtalein trong thudc
s0, nicotin trong hoa chat doc, cholesterol trong huyét thanh va benzandehit trong dich chiét
qua hanh nhan. Phan tich trong lugng 1a mot trong nhitng phuong phap phan tich dugc st
dung rong rai nhat.

7.5 Ung dung phwong phap phén tich trong lwong

7.5.1 Cac chit tao két tiia vo co

Bang 7.3 liét ké nhiing chét két tia vo co thuong dung nhét. Nhitng thude thir nay thuong
duoc sir dung dé diéu ché nhimg mudi va hidroxit it tan. Hodc 1a chinh mudi hoic 13 oxit dugc
dung 1am dang can. Nhiéu hop chét duoc gach dudi trong bang chi rd tinh khong da chon loc
ctia phan 16n cac thude thir vo co.

7.5.2 Nhirng thudc thir c6 tinh chat khir

Bang 7.4 dan ra mot sé thude thir khir cdu tir cdn xac dinh dén nguyén t6 1a dang duoc
dung lam dang can.

7.5.3 Nhirng chit tao két tia hiru co

Mot loat cac chit hitu co duge dé nghi dé xac dinh trong luong cac chat vo co. Nhimg
thudc thur loai nay c¢6 do lua chon cao hon so v6i nhiéu thude thir vo co duge dan ra & bang
7.3.

Bang 7.3 Mot s6 chat tao két tia vo co

Chét két tua Nguyén t6 bi két tia

Be (BeO), Al (ALO3), Se (Sc,03), Cr (Cr,03)", Fe (Fe,03), Ga

NH; (nute) (Ga,0s), Zn (Zn0»), In (In05), Sn(Sn05), U(U30y),




Cu(CuO)*, Zn (ZnO hay ZnSO*4), Ge (Ge0y), As (AsyOs3 hay
H,S ASZOj), Mo (MOO3), Sn(Sl’lOz) , Sb (S_szg) hay szOs), Bi
(Bi,S3)
(NHy)2S Hg (HgS), Co (Co304).
(NH,),HPO Mg (Mg;P,07), Al (AIPO4), Mn (Mn,;P,07), Zn (Zn,P,0), Zr,
2 (Zr,P,0,), Cd (Cd,P,05), Bi (BiPOy).
H,SO4 Li, Mn, Sr, Cd, Pb, Ba (tét cd ¢ dang sunfat)
H,PtClg K (K,PtClg), hodc Pt) rb (RbyPtClg), Cs (Cs,PtCle)
H,C,04 Ca(CaO), Sr (SrO), Th (ThO,)
(NH4),MoO4 Cd (Cd MoOy)’, Pb (PbMoOy)
Ag (AgCl), Hg (Hg,Cl,), Na (¢ dang NaCl trong butanol), Si
HCI >
(SlOz)
AgNO; Cl1 (AgCl), Br (AgBr), I (Agl)
(NH4)2COs Bi (Bi;03)
(NH4)>SCN Cu [Cuy(SCN),]
NaHCO; Ru,'Os, Ir (két tia dudi dang hidroxit bi khir dén trang thai kim
loai, Hy)
HNO; Sn (Snoz)
H;s106 Hg[Hgs(10¢)2]
NaCl, Pb(NOs), | F, (PbCIF)
BaCl, SO4* (BaSOs,)
MgClL, NH,Cl | PO (Mg,P,07)
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Chir ddm ky hiéu trong bang 7.3 chi nguyén t6 hodc ion ma dbi voi chung phwong phap

trong luong la phuong phap xac dinh chiém wu thé nhat. Dang can cta ching duoc chi ra ¢
trong ngodc. Dau sao c6 nghia la phuong phap trong lugng it dugc dung. Gach dudi chi dang
can thich hop nhat.

Co hai loai thudc thtr hitu co. Nhiing thudc thir loai thir nhat tao phuc chét it tan co dic
tinh khoé ion hoda goi 1a cac hop chat phoi tri. Nhitng thudc thir loai thir hai tao nhiing san
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pham trong d6 lién két giira nhitg ion v6 co va thude thir mang dic tinh ion & mirc d6 dang
ke.
Nhimng thudc thir hitu co tao nhitng hop chat phdi tri it tan thuong chira it nhat hai nhém

tao phuc, trong d6 mot nhém c6 kha nang cho cation kim loai doi dién tir khong phan chia.

Nhing nhém tao phirc phan bd trong phén tir nhu thé nao d6 dé cho két qua phan tmg 1a
vong nam hodc sau thanh phan. Nhirng hop chét tao phtc loai d6 duoc goi 1a nhirng thude thir
tao vong cang. Con san pham tuong tac giita chung véi cac cation kim loai duge goi 1a phtc
vong cang (chelat).

Bang 7.4 Mt s6 chat khir dwoe ing dung trong phén tich trong lwong

Chét khu Nguyén té can xac dinh
SO, Se, Au

SO, + NH,OH Te

NH,OH Se

HyC,04 Au

H, Re, Ir

HCOOH Pt

NaNO, Au

TiCl, Rh

SnCl, Hg

Khtr bang dién phan Cs, Ni, Cu, Zn, Ag, In, Sn, Sb, Cd, Re, Bi

Nhimng hop chat phdi tri khong tich dién co d6 phan cuc tuong ddi thap, do d6 chung it
tan trong nudc va tan tot trong dung méi hitu co. Thuong cac phtrc vong cang ¢ phan tir gam
16n va ¢6 mau dam. Nhimng hop chat phdi tri khéng bi tim wdt bang nudc va do d6 d& mat do
am & nhiét d6 thip nhung dong thoi nhitng két tia ki nudce cia chung biéu 16 tinh chat khong
thé chap nhan dugc theo quan diém phan tich, d6 1a tinh chit bam vao thanh gidy loc khi rira.
Vi vay, néu khong thuc hién nhitng bién phap ngin ngira c6 thé mat két tia theo co ché co
hoc. Duéi ddy chung ta xét 3 thude thir tao phirc vong cang.

8-oxiquinolin: thudc thir ndy con co tén oxin, tao hop chat phdi tri it tan v6i hon hai chuc
cation:
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Dung hop chat cua oxin voi magie 1am vi du dién hinh:

D¢ tan cua oxiquinolinat kim loai bién d6i trong mot gidi han rdng tuy thudc vao ban
chat cua cation va gia tri pH, bdi vi phan tng tao phtrc kém theo sy day ra proton. Do do, dicu
chinh pH khi két tua 8-oxiquinolinat c6 thé dat dugc do lua chon kha.

1-nitrozo-2-naphtol: d6 1a mot trong nhimg thude thir hitu co lva chon dau tién, dugc dé
nghi nam 1885; cong thirc cia n6 nhu sau:

Khi twong tac véi coban (IT) n6 tao thanh phirc vong cang cua coban (IIT) khong dan dién
c¢6 thanh phan CoAs, & ddy A~ 13 bazo lién hop cua thudce thir. Ching ta nhan thay rang, su tao
két tia kém theo sy oxi hoa coban béng 1-nitrozo-2-naphtol nén két tia thuong bi bén bdi san
pham khtr ctia thude thir. Do do, néu chap nhan nung phirc vong cang trong khi quyén oxi hoa
thi dén Co304; con néu nhu ding coban & trang thai nguyén t6 1 dang can thi phai nung trong
khi quyén khur.

Xac dinh coban khi c6 mat niken la truong hop quan trong nhit cta 1-nitrozo-2-naphtol.
Mot s6 ion khac bao gom bismut (IIT), crom (III), thuy ngan (II), thiéc (IV), titan (III),
vonfram (VI), uran (VI), vanadi(V) ciing tao két tua v6i thude thir ndy.

Dimetylglyoxim:

H3C—ﬁ—ﬁ—CH3

NONQ

HO OH
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1a thudc thir hitu co c6 do Iya chon rét cao. Vi du, trong méi truong axit chi c6 paladi tao
hop chat ph01 tri it tan voi thude thir ndy, con trong moi truong kiém yu chi ¢6 hop chét cua
niken ling xudng. Két tia dimetylglyoximat niken c6 mau hdng tuoi, c6 ciu tao nhur sau:

HSC\C C/CH3

; /oo
H Ni H
N\ AN/

va ¢6 thé tich 16n dén muc 1a co thé két tia ca mot luong niken rat nho. Két taa nay co
mot tinh chat dang ghét 1a bo 1én thanh gidy loc khi rira. Hop chat phoi tri nay bi say kho &
110°C va tuwong rng vdi thanh phan trong céng thirc néu trén.

Natri tetraphenylborat: natritetraphenylborat 1a mét dai dién quan trong cua cac chat
ket ta hitu co tao két tia dang mudi. Trong cac dung dich axit vo co lanh, thudc thir d6 thuc
té co tac dung dic trung voi cac ion kali va amoni.

Nhiing két tua cua mudi kali hodc amoni 13 hop thirc, d& loc trong chan khong va dat
trong luong khong doi ¢ nhiét do 105 — 120°C. Chi ¢6 thuy ngan (II), rubidi va xezi can tré
phép xac dinh nén can phai tach trude.

Benzidin:

1a mot thude thir tao mudi khac. Benzidin két tiia ion sunfat trong méi trudng axit yéu dudi
dang C;,H,2N2.H,SO4. DG tan cua két tua tang nhanh khi nang nhiét do va axit hoa; phai kiém
tra nghiém ngit ca hai yéu t6 d6. Co thé thay dong tac cin két tha bang dong tac chuan do
bang dung dich NaOH chuan. Theo mdt phuwong phép khac, phép phan tich dugc két thic
bang cach chudn benzidin bang dung dich chuan pemanganat. Nhitng phuong phéap két taa st
dung benzidin dugc ap dung thanh cong khi c6 méit cac ion d@)ng, coban, niken, kém, mangan
(I), sat (II), crom (II) va nhém. Phuong phap néu trén dugc dung dé xac dinh nhanh hang
loat mau sunfat.

7.5.4 Xac dinh trong lwgng cac nhom chure hiru co

Hang loat thubc thu phan Ung lya chon véi mot s6 nhom chire hitu co da duoc dé nghi.
Diéu d6 cho phép xac dinh phan 16n cac hop chat ¢ chira trong thanh phan ciia minh cac
nhém chirc 6. Danh sach cac thudce thir két tua cac hop chat cé cic nhom chirc twong (mg
dugc dan ra ¢ bang 7.5. Nhiéu phan mg trong sé nhing phan tmg da néu c6 thé duoc sir dung
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trong cac phuong phap phén tich chuan d6 va do mau. Khi thuc hién nhitng phép
phén tich don nhét, phuong phép trong luong thuong chiém wu thé boi vi trong truong hop
nay khong can thiét 1ap duong chuén.

7.5.5 Nhitng phwong phap trong lwong xac dinh cac hop chit hitu co riéng 1é

Nhirng vi du dién hinh x4c dinh mot sb hop chat hitu co duge mo ta trong phan nay.

Xac dinh axit salixilic: Hoa tan axit salixilic trong dung dich natri cacbonat va sau khi
thém iot vao, d¢€ yén. Khi d6 xay ra phan ung:

COO

I I
OH
2 + @2 + OH' e O C—C O + 8I-+ 2HCO3-+ 6H20

loc, say va can két tia vang cua tetraiotphenylenquinon. Bang phuong phap nay cé thé
xac dinh axetylsalixilic axit (aspirin) sau khi thuy phan n6 dén axit salixilic.

Xac dinh nicotin: Sau khi cit 16i cuén hoi nuéc nicotin khoi mau, co thé xac dinh hop
chat nay trong cac hoa pham ddc hodc trong cac san pham cua cong ngh¢ thude 14 bang cach
ket tia véi axit silicovonphramic. Loc, rira, nung két tia dén hon hop oxit SiO,.12WO3 va sau
do6 can.

Xac dinh phenolphtalein: Phuong phép chuan xac dinh phenolphtalein trong thudc tay bao
gOm dong tac chiét bang ruou va lam bay hoi tiép theo dén kho. Sau d6 hoa tan phenolphtalein
trong dung dich kiém lodng va két tua dudi dang tetraiodua bang cach thém dung dich iot vao.
C6 thé sdy san pham dén trong luong khong déi ¢ 110°C.

7.5.6 Phwong phap chung cit

Hai phuong phap trong luong phd bién nhét dua trén phép chung cit 1a phép xac dinh
nudce va phép xéac dinh khi CO..

Nudc bi tach dinh luong ra khoi phan 16n cac chat vo co khi nung ching. Phuong phap
xac dinh tryc ti€p dua trén su tdng trong lugng chat 1am kho roi suy ra trong lugng nudc.

Phuong phap gian tiép dwa trén sy mat trong lvong mau khi nung cho két qua kém thoa
mén hon. Trong truong hop nay budc phai gia thiét, nude 1a cau tir duy nhat bi tich. Gia thiét
d6 thuong khong c6 co s boi vi khi nung, nhiéu chat bi phan hiay va khi d6 dan téi sy mat
trong luong khong lién quan vdi su ¢6 mat cua nude.
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Cac cacbonat thuong bi phan huy boi cac axit tao thanh khi CO; dé dang tach ra khoi
dung dich khi dun nong. Nhu trong phuong phép truc t1ep xac dinh nudc, trong luong khi
CO; dugc xac dinh theo sy tang trong lugng cua chat hip thu ran. Askanit va amiang tim
kiém natri duoc ding lam chét hap thu khi CO,.

2NaOH + 002 —)Na2003 + H2O
Ong hép thu khi ciing can chira chat hut nuwéc dé ngan ngira sy mat nude tach ra.
Ciing c6 thé xac dinh sunfua va sunfit bing phuong phap chung cit. Trong truong hop

nay, sau khi phé h(’)a‘m?lu brﬁng’ axit, sunfua hidro hodc dioxit luu huynh duogc tach ra tir dung
dich, dugc hap thu bang chat hap thu thich hop.



154

Chuong 8

Mé dau vé phén tich thé tich

Trong nhiéu truong hop, dé giai quyét nhiém vu phan tich, phwong phap phan tich trong
luong 14 phuong phap t6t nhat. Tuy vy, thoi gian thyc hién phép phan tich trong lugng
thudng qua dai nén nhiéu khi khéng dap tng nhu cau cta san xuit cong nghiép. Do 1a 1y do ra
doi cua phuong phap phan tich thé tich.

Phuong phap dinh lugng dya trén phep do thé tich duoc goi 1a phuong phap phan tich thé
tich hay phuong phap chudn d6. Phuong phap chuan do dwoc sir dung rong rai hon phuong
phap trong luong vi phuong phap nay nhanh hon, thuan ti¢n hon ma dg nhay lai khong thua
kém.

8.1 Nhirng khai niém co ban

Chudn d¢ 1a qua trinh dinh luong chat can phan tich theo luong thudc thir tiéu chuan tiéu
ton. Phép chuén d6 duge thuc hién béng cach thém mét cach théan trong dung dich thudc thir
da biét ndng d6 vao dung dich chit can xac dinh cho t6i khi phan tng giira chiing két thuc,
sau d6 do thé tich dung dich thudc thtr chuén. Doi khi, néu diéu do khong thuén tién hodc can
thiét, nguoi ta thém du thude thir va sau d6 chuén do nguoc bfing mét thude thir khac da biét
nong do dé xac dinh lugng du thude thir thir nhat khong tham gia phan tng.

Dung dich thudc thir ¢6 ndng do chinh xac da biét dung dé chuin do duoc goi 13 dung
dich chudn. Do chinh xac cua nong do dung dich chuin han ché d6 chinh xac chung cia
phuong phap, do do can dic biét chi y viée dleu ché cac dung dich chuan. Nong do dung dich
chuan dugc xac dinh hodc truc tiép hodc gian tiép:

1. Truc tiép bang cach hoa tan hoan toan mot lwgng can chinh xac thude thir chuan gbe va
pha loang dén thé tich chinh xac da biét bang nudc cat.

2. Chuan ,d(f) dung Qich chira mot lugng can xac dinh cua mét hop chét tinh khiét bfing
dung dich thuoc thir chuan la cach gian tiép.

qu’chét hoéa hoc duogc dﬁng lam chét chuén phéi" co do tinh khié'tqcao duoc goi la chat
chudn goc. Qua trinh xac dinh néng d6 dung dich chuan theo cach chuan do bang dung dich
chat chuan goc dugc goi 1a phép chudn hoa.
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Muc dich cua mét phep chuin bit ky nao ciing 1a tim lugng dung dich chuan twong
duong vé mat hoa hoc v6i lugng chat phan g voi no (chét can xac dinh). Diéu d6 dat duoc
& diém tuong duong. Vi du, trong phép chuin d6 dung dich natri clorua bang dung dich bac
nitrat, diém tuong duong dat dugc khi mdt mol bac nitrat dugc thém vao mot mol natri clorua
trong mau. Khi chuan axit sunfuric bang natri hidroxit diém tuong duong 1a luc di thém hai
phan tr gam kiém vao mot phan tir gam axit.

Piém tuong duong la mdt khéi niém 1y thuyét. Pé xac dinh vi tri thuc té cua no, phai
quan st su bién doi tinh chét vat ly lién quan voi diém tuong duong. Nhirng bién d6i do chi
tr& thanh 18 rang ¢ diém cudi cua phép chuan. Thuong nguoi ta cho rang hiéu sO thé tich ¢
diém trong duong va o diém cudi nho nhung luén ton tai do sy khong twong Ung gilta qua
trinh bién ddi tinh chat vat 1y va phuong phéap ching ta quan sat nd; do d6 xuit hién sai sd
chuan do.

Thong thuong, dé xac dinh diém cudi phep chuan d6 nguoi ta sir dung hoa chit phu co
kha ning bién d6i mau cua minh theo sy bién d6i ndng do6 & gan diém twong dwong. Nhiing
chat nhu vay goi 1a chat chi thi.

8.2 Phan tng va thudc thir diung trong phén tich chuin do

Tuy thudc vao loai phan tng dung 1am co s& cho modi phuong phap ngudi ta chia cac
phuong phap chuan d6 thanh 4 loai: phuong phap két tua, phuong phap trung hoa (axit -
bazo), phuong phap complexon va phuong phap oxi hoa khir. Cac phuong phap nay khac
nhau vé ban chat ctia can bang dugc sir dung, vé chi thi, vé thudc thir, vé chit chuan gdc.

8.2.1 Nhiing chit chuin goc

Do ding cua két qua phén tich chuan do phy thudc rat nhiéu vao chat chuan gbc duoc
dung de¢ thiét 1ap (truc ti€p hodc gian ti€p) nong do dung dich chuan. Céac chat dugc chap nhan
1a chat chuan gdc tot can phdi thod man mot loat nhirng doi héi quan trong:

1. Chung phai c¢6 d6 tinh khi’é't cao nhét, hon nita phai c6 nhiing phwong phap don gian,
tin cay dé khang dinh d¢ tinh khiét cia chung.

2. Phai bén, nghia 1a khong tac dung véi cc cau tir ciia khi quyén.

3. Khong chira nudc hidrat. Khong phai 1a chat hiit am hodc c¢6 xu huéng phong hoa kho
lam kho va kho can.

4. Phai dé kiém (gi4 thanh vira phai).

5. C6 phan tir gam mol du cao. Khéi lugng chét can thiét dé chuan hoa hoic dé diéu ché
dung dich c6 nong d¢ da cho s€ cang 16n néu phan tir gam cua no6 cang lon. Khi kh01 luong

tang sai sb cua phép can s€ giam, phan tr gam cang cao c¢6 kha nang lam giam sai sb can cang
16n.
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Chi ¢6 mdt sd it chat théa man hodc hau nhu thoa man céc yéu cau d6 va do do
sO chat du quy cach dung lam chat chuan goc bi han che.

Trong mdt sb truong hop, thay thé cho chat chuan thir nhit phai dung chit kém tinh khiét
hon. B¢ tinh khiét cua chat chuan thtr hai do can phai dugc xac dinh bang con duong phan
tich can than.

Viéc sir dung cac tir ngir cht chuan “thir nhar” va “thir hai” 1a ngudn gbc su bat dong
gitra cac nha héa hoc. Mot ) 01 mot sb tuong ddi it hop chét c6 céac tinh chit dugc ké ra &
dau myc nay 1a cac chat chuin gbc va cac chat chuin co thanh phan duoc biét mot cach tin
cay la chit chuén thir hai. Mot sd khac wa thich xem tit ca cdc chat loai di biét 1a cac chat
chuan thir nhat va cac dung dich voi ndng do da biét 1a cac chat chuan thi hai. Chiing ta chon
hé cac thuat ngit thir nhat.

8.2.2 Dung dich chuin

Dung dich chuén 1y tuéng dé phan tich chuan d6 can phai c6 nhiing tinh chat sau:

1. Sau khi diéu ché nong d ciia né phai khong bién doi trong thoi gian bao quan lau
(trong mdt vai thang hoac hang ndm), khong can phai chuan hoa lai.

2. Phan tmg nhanh v&i chit can xac dinh dé thoi gian cho doi sau khi thém ting phan nho
thuoc thir phai ngan.

3. Phan ung gitra thuoc thir va chat can xac dinh can phai xay ra du hoan toan dé co6 thé
xac dinh diém cuoi du thoa man.

4. Phan mg gitra thudc thtr va chat can xac dinh can phai xay ra hop thirc, néu khac di thi
khong thé tinh truc tiép khoi lugng chat can xac dinh.

5. Can phai c¢6 phuong phap xac dinh diém tuwong duong cua phan ng gilta thude thtr voi
chat can xéc dinh, nghia la c6 phuong phap xac dinh diém cudi du thoad man.

Hién nay, chi c6 mdt so it trong nhiing thuoc thtr da dugc st dung thoa man hoan toan tat
ca cac yéu cau do.

8.3 biém cudi trong cac phuong phép chuan do

Nguoi ta xac dinh di€m cuoi cua phép chuan d6 bang cach quan sat sy bién doi mét tinh
chat vat Iy nao do ¢ diém tuong duong. Co6 thé xac dinh di€m cudi theo sy bién d6i mau cua
thuoc thir, cua chat can xéc dinh hodc cua chi thi. B¢ tim diém tuong duong nguoi ta sir dung

su bién doi ca cua céc tinh chat vat 1y khac nhu thé dién cuc, d§ dan, nhi¢t d va chi s6 khuc
Xa.

Sw bién d6i nong dg trong qud trinh chudn dg
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O diém cudi ctia phép chuan do xay ra sy bién doi nbng do rat 16n it nhat cia mot trong
cac chat phan tmg. Trong phan 16n (nhung khong phai la tat ca) truong hop, xac dinh diém
cudi nghia 1 x4c dinh nhiing bién d6i xay ra & ving lan cén diém turong duong la dac biét
quan trong. D& minh hoa ¥ ndy trong cot thir hai va thir ba cta bang 8.1 dan ra nhirng dir kién
chi rd sy bién di ndng d6 ion hidro va hidroxyl khi chuan do 50,0 ml dung dich axit clohidric
0,100 M br:ing dung dich NaOH 0,100 M. Pé nhdn manh réng, chung ta dac biét chu y to1
nhitng bién d6i ndng do dang ké, nén ta thém vao timg thé tich thudc thir dii giy nén su ting
hodc giam 10 1an ndng do chét phan tmg.

Pé lam giam ndng d6 ion hidro tir 0,100 M dén 0,0100 M can phai thém vao 40,9 ml
kiém. Dé ha thip ndéng d6 dén 0,00100 M doi hoi phu thém 8,1 ml. O giai doan sau, dé lam
giam nf)ng d6 10 1an chi can phai thém vao 0,89 ml ... dong thoi quan sat thdy su bién doi
tuong tu nong do ion hidroxyl. Ttr cac dir kién cua bang 8.1, ta thiy gan diém tuong duong su
bién d6i ndng d6 cac chat phan tng 1a cao nhat. Trong nhleu truong hop, su xac dinh thanh
cong diém cudi duoc thuc hién nhd chinh gia tri cia sy bién ddi d6. Trén hinh 8.1 dan ra dd
thi bién ddi duge xay dung theo cac dir kién cta bang 8.1. M3i dd chia trén hé truc cta dd thi
d6 c6 gia tri 10n dé toan thang bao trim mot khoang 16n cta su bién ddi nong do thude thr.
Do d6, nhitng bién ddi quan sat dugc trong ving chiing ta quan tdm nhét - ving diém tuong
duong - con chua dugc rd rang.

Bang 8.1 Su bién d6i nong dd khi chuin®

Thé tich dung dich | Nong d6 | Nong d6 OH

NaOH 0,100 M, ml HyO", moll | mol/l pH pOH
0,0 1,0.10™ 1,0.10" 1,00 13,00
40,9 1,0.10° 1,0.10" 2,00 12,00
49,01 1,0.10° 1,0.10" 3,00 11,00
49,90 1,010 1,0.10"° 4,00 10,00
49,990 1,0.107° 1,0.10° 5,00 9,00

49,9990 1,0.10° 1,0.10° 6,00 8,00

50,0000 1,0.10°7 1,0.10°7 7,00 7,00

50,0010 1,0.10° 1,0.10° 8,00 6,00

50,010 1,0.107° 1,0.10° 9,00 5,00

50,10 1,0.107"° 1,0.10" 10,00 4,00

51,01 1,0.10™" 1,0.10° 11,00 3,00
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61,1 1,0.107" 1,0.107 12,00 2,00

* Nhitng dir kién trong bang 8.1 chi dung (jé minh hoa nén ciing d& dang hiéu réng: khong
c6 kha nang thu dugc nhiing dir kién nhu thé trong phong thi nghiém boi vi do thé tich va
nong d6 dung dich dén 6 chit s6 c6 nghia thuong 1a dicu khong thé lam duoc.

Pé hinh dung rd rang hon sy bién d6i trong ving d6, biéu dién ndng d6 khong phai ¢
dang tuyén tinh ma & dang logarit s& thuan loi hon. Vi ching thuong nhé hon don vi nén s
dung logarit am 1a hop 1y va vi vy ham s6 d6 dién ta nong do dudi dang sé duong nho.
Logarit 4m (co s6 10) ciia ndng do phan tir dugc biét dudi dang ham sé p. Nhimg gia tri pH
va pOH duge dua ra & 2 c¢ot cudi ctia bang 8.1.

Ning di H30" hofic OH™ molil

0,10

0,08

[H301]
0,06

0,04

0,02

0,00
00 25,0 50,0 7
Thé tich dung dich MaOH 0,100 M, ml

Hinh 8.1

Su bién dbi ndng do cac chat phan tng khi chuén 50,00 ml dung dich HCI 0,0100 M béng dung dich NaOH 0,100 M

Vi dy: Hay tinh ham sd p ctia mdi ion trong dung dich 0,020 M theo NaCl va 0,0054 M
theo HCL.

1. [H;01=0,0054=5,4.10"
pH = —log[H;0"] = —log[5,4.10°] = 2,27

) Can nhé rang trong }{ét qua tim dugc c6 3 chir §6 c6 nghia dé xay dung dd thi theo ham
s6 p (hinh 8.2) mic du d6i voi [H;0'] chi ¢6 2 chit so.

2. [Na']=0,020=2.10"

pNa = —log(2.10%) = 1,70.
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3 [CI] = 0,020 + 0,0054 = 0,0254

pCl=—log(2,54.10%) = 1,6.

Vi dy: Hay tinh [Ag'] trong dung dich néu pAg = 6,372.
pAg=-6,372=-7,000 + 0,628

[Ag"] = antlog(—7,000).antlog(0,628) = 10 ".4,246 = 4,25.10".

Néu néng dd ion 16n hon 1 mol/l, ham sb p cua no s€ la s6 am. Vi du, trong dung dich
HCI 2,0 M:

[H;0']=2,0 ion.g/l
pH = —log[H3O+] =—log2,0 =-0,30.

Néu nhiing gia tri pH va pOH duoc din ra ¢ bang 8.1 duoc mang 1én do thi theo thé tich
thudc thir thém vao thi thu dugc dudng cong cho birc tranh 1& rang hon vé sy bién d6i nong
d6 xay ra trong dung dich ¢ gan diém tuong duong: & ddy quan sat thiy su ting dot ngot pH
va sy giam tuong tng pOH.

Nhitng duong cong tuwong tu nhu duong cong dugc dién ta trén hinh 8.2 duoc goi la
duong chudn dg. Pd thi duge xay dung theo nhitng dit kién tuong tu d6i voi cac phép chuin
oxi hoa khir, két tua hoic complexon ciing c6 nhing dac tinh ay. Trong cac chuong sau sé dan
ra va ban luan nhimg vi du dién hinh vé duong chuan do.

pH hodc pOH

140 T

12,0 +

) pioH /‘
rH

10,07

8.0 T

g8.0 7T

0| pH pOH
E,I:I 4+ | T Ytaeaga
I:I,I:I [l Il N

0,0 26,0 0,0 76,0

Thé tich thude thir0,100 W, ml

Hinh 8.2
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Pudng chun d6 50,0 ml dung dich HC1 0,100 M bing dung dich NaOH 0,100 M

Diéu cha ¥ 16n nhét doi v6i nha hoa hoc phan tich 1a dang duong chuan d¢ va dic biét 1a
gia tri bude nhay, trong truong hop nay la bude nhay pH ¢ diém twong duong, boi vi chinh
yéu to do quyet dinh c6 thé xac dinh diém cubi ding va d& dang dén murc nao. Co thé dé dang
phat hién sy bién ddi tinh chét vat 1y va do d6 phat hién chinh diém cudi, diém d6 thuong gin
lién truc tiép voi gia tri va tée d6 bién d6i ham sb p. Theo 18 thudong, xac dinh diém cubi dé
hon ca 1a khi ham s p bién d6i 16n trong mot ving nho thé tich thude thir.
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Chuong 9

Chuan d két tiia

Nhimng phuong phap chuin do dya trén sy tao thanh mudi bac it tan 1a nhitng phuong
phap phan tich da duoc biét tir 1au. Cho dén by gio, nhitng phuong phap d6 van thuong duoc
sir dung dé xac dinh bac va nhimg ion nhu clorua, bromua, iodua va tioxianat. Ung dung
nhimg phuong phap chuan do két tia trong do chat chuan khong phai 1a mudi bac ma la
nhing hop chat khac con twong dbi han ché.

9.1 DPuwong chuan dj ket tiua
Trude khi nghién ctru chuong nay, sinh vién can 6n lai nhitng luan diém co so vé do tan
cua két tiia & chuong 5.

Puong chuan do c6 ich cho viée lwa chon chi thi va ca phép tinh sai s6 trong chuan do. Vi
du sau day s€ chi rd cach xdy dung duong chuan dg két tia xuat phat tur tich so tan cia ket tua
tao thanh.

Vi du: Hay dung duong chuan d6 50 ml dung dich KBr 0,005 M bang dung dich AgNO;
0,010 M.

Chung ta tinh pBr va pAg mac du thu(mg chi can tinh mot trong 2 dai luong a ay 1a du (lya
chon dai lwgng nao 14 do anh hudng ctia cac ion dén tinh chat cia chi thi quyét dinh).

Piém dau: O dau phép chuan do chung ta ¢6 dung dich Br 0,00500 M, Ag" chua c¢é. Do
d6 pBr = —10g(5,00.10) = 2,30; gia tri pAg khong xac dinh duoc.

) Piém sau khi thém 5 ml thudc thir: Nong d ion bromua trong trudng hop nay ha thip do
ket tia dugce tao thanh va do ca sy pha loang dung dich. Do do6:

50,00x0,005-5,00x0,010
50,00 +5,00

CNaBr = =3,64.10°M

Thanh phin dau & tir s6 14 lugng milimol NaBr ban dau, thanh phan thir 2 1a luong
milimol AgNO; thém vao. Ion bromua ton tai trong dung dich do phan NaBr chua bj chuan va
do d6 tan cta AgBr, do do néng dd chung cua Br 16n hon néng dd NaBr chua bj chuin mot
luong bang do tan cua két ta, nghia 1a:

[Br]=3,64.10" +[Ag']
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Sb hang thir 2 trong tong s6 d6 phan anh sy dong gop cua AgBr vao ndng do
Br', ma moi ion Br dugc tao thanh tir mdt ion Ag’. Néu nong d6 NaBr khong quéa nho thi ¢6
thé bo qua sb hang thir 2, nghia 1a néu:

[Ag"] << 3,64.10 ion.g/l

thi

[Br]~3,64.10" ion.g/l

pBr = —log(3,64.107°) = 2,439 = 2,44

C6 thé tinh dai lugng pAg mdt cach thuan tién khi st dung logarit am dé dién ta tich s
tan cua AgBr:

—log([Ag ][Br ]) = —logT = —log(5,2. 107,
—log[Ag'] - log[Br ] = —logT = 12,28

hoac
pAg + pBr=pT =12,28
pAg=12,28-2,44=9.84

C6 thé tinh mot cach twong ty nong d6 Br va Ag’ & cac diém khac cua duong chuan do
cho dén diém tuong duong.

Piém twong dwong: O diém nay khong co du ca AgNO; va NaBr, do do:
[Ag']=[Br]

Thuyc hién nhiing phép thay thé twong tmg trong phuong trinh tich sb tan ching ta c6:
[Ag]=[Br]=+5,2.10" =7,21.10" mol/l

pAg = pBr=—log(7,21.10 ") = 6,14

Piém sau khi thém 25,10 ml thudc thir: Trong dung dich c6 du AgNOs, do d6:

25,10x0,010-50,00x 0,005

-1,33.10° M
75,10

CagNo, =

va

[Ag]1=1,33.10" + [Br ]~ 1,33.10" ion.g/Il
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Thanh pl}ﬁn thr 2 bén phdi phin anh luong ion Ag” di vao dung dich do do tan cuia AgBr,
thuong c6 thé bo qua dai luong do:

pAg =-log(1,33.10°°) = 4,876 = 4,88
pBr= 12,28 — 4,88 = 7,40

_ Nhimng diém bd sung dé xay dung dudng chuin d6 sau diém twong dwong co thé thu duoc
bang cach tuong tu.

9.2 Y nghia ciia chir so khi tinh dwong chuan do

Tinh duong chuin d6 & gan dlem turong dwong thuong khong c6 d chinh xac cao boi vi
n6 dya trén co so st dung hiéu sb hai sé 16n gin nhau vé gia tri. Vi du, khi tinh ndéng do
AgNO; sau khi thém 25,10 ml dung dich AgNO3 0,010 M; tir s6 trong cong thie tinh (0,2510

—0,2500) chi chtra 2 chir s6 ¢6 nghia. Do do, nong d6 AgNOj; trong truong hop t6t nhat cling
chi ¢6 thé tinh voi d6 chinh xac dén 2 chit s6 c6 nghia. Hon nita dé lam giam sai s6 khi lam
tron, chiing ta kiém tra phép tinh d6 v6i d6 chinh xac dén 3 sb 1¢ va 1am tron sau khi tinh pAg.

Khi 1am tron ham sd p, can nhé rang (chuong 2) logarit gom c6 phéan dic tinh (nhing chir
s6 O bén trai ddu phay ngan cach voi so 1¢ thap phan) va phan dinh tri; phan dic tinh duoc
dién ta chi bang s0 6 nguyén trong gia tri liy logarit. Do d6 chi ¢6 thé 1am tron phan dinh tri
dén sb tuong tng cua chit s6 c6 nghia.

Trong vi du dd dugc phén tich trén day, cac diém cia dudng chudn d6 du tich biét khoi
budc nhay chuan do. Chiang ta c6 kha ning tinh budc nhay véi do chinh xac cao. Chung ta cd
thé dua ra pAg ¢ diém dau béng 2,301, nhung do chinh xac d6 it c¢6 y nghia boi vi, trude hét
chung ta quan tam dén ving gan diém tuong duong. Do do, ¢ day cling nhu khi xay dung cac
duong chuan d6 khac, ching ta s& lam tron ham sé p dén 2 80 sau dau phay Do chinh xac
khong cao ciing hoan toan théa man boi vi diéu quan trong can biét 1a su bién d6i ctia ham sd p
chir khong phai 1a gia tri tuyét d6i ciia n6. Nhing bién d6i d6 di 16m va it phu thudc vao sai so
trong phép tinh.

9.3 Nhirng yéu t6 anh hwéng dén tinh ré rang cia diém cudi

DPé ¢o su 10 rang va do dé dé dang xac dinh duogc diém cudi cua phép chuin, diéu can
thiét nhat can biét 1a & gan diém tuong dwong chi can thém mot luong nho chat chuan ciing
1am cho ham s6 p bién dbi 1 rét. Do d6, can thiét phai xét nhimng yéu t6 anh huong dén gia tri
budc nhay cta ham sb p trong qué trinh chuan db.

Nong d6 thude thir: bang 9.1 din ra nhiing két qua tinh theo phwong phap da duoc phan
tich trong vi du dan ra trén day. Tinh toan dugc tién hanh dbi voi 3 ndéng d6 ion bromua va
ion bac khac nhau 10 lan. Nhiing két qua tinh toan pAg ddi v6i ca 3 truong hop duge dién ta
trén hinh 9.1, minh hoa 1 rang anh hudng ctia ndong d6 dén dudng chuan do. Khi ting nong



164
do chat can chuan va chat chuan, sy bién déi pAg & vung gan diém tuong duong
tr¢ nén ro hon.

1. Chuan d6 dung dich Br™ 0,0500 M bang dung dich Ag" 0,100 M.
2. Chuén d6 dung dich Br 0,00500 M bang dung dich Ag" 0,0100 M.
3. Chuan d6 dung dich Br 0,000500 M bang dung dich Ag” 0,00100 M.

Hién tuong twong ty ciing dugc quan sat thay néu thay thé pAg trén truc tung bang pBr.

pig
12,00 T 1
10,00
8,00

6,00
. 00600 M Br
0.00500 M Br
0000500 M Br™

4,00

ﬁg++ In
1l
Apln -
2,00
0,0n : ! : ' i '
, 0,00 10,00 20,00

Thé tich AghO-, mi

pap 6.7

Hinh 9.1

Anh huéng ciia ndng do thude thir #én duong chuin d6 25,0 ml dung dich NaBr

Bang 9.1 Su bién d6i pAg va pBr trong qua trinh chuin d$ nhirg dung dich c6 ndng
do khac nhau

Chuan 25,0 ml Br Chuan 25,0 ml Br Chuan 25,0 ml Br
Thé tich 0,0500 M  bang | 0,00500 M bang | 0,00500 M bang
AgNO; (ml) AgNO; 0,100 M AgNO; 0,010 M AgNO; 0,001 M

pAg pBr pPAg pBr pAg pBr
0,00 - 1,30 - 2,30 - 3,30
10,00 10,68 1,60 9,68 2,60 8,68 3,60
20,00 10,13 2,15 9,13 3,15 8,13 4,15
23,00 9,72 2,56, 8,72 3,56 7,72 4,56
24,90 8,41 3,87 7,41 4,87 6,50 5,78°
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24,95 8,10 4,18 7,10 5,18 6,33 5,95°
25,00 6,14 6,14 6,14 6,14 6,14 6,14
25,05 4,18 8,10 5,18 7,10 5,95 6,33
25,10 3,88 8,40 4,88 7,40 5,78 6,50
27,00 2,58 9,70 3,58 8,70 4,58 7,70
30,00 2,20 10,08 3,20 9,08 4,20 8,08

® Trong trudng hop nay gia thiét [Ag'] <<Cy,p: khong dung

® Trong trudng hop nay gia thiét [Br ] <<C AgNo, khong ding

Hiéu tmg d6 c6 ¥ nghia thuc té khi chuan ion bromua. Néu nng d6 bromua du 16n dé st
dung dung dich bac nitrat 0,100 M thi diém cubi duoc xac dinh d& dang va sai s6 chuan do sé
cuc tiéu. Nguoc lai, dbi voi cac dung dich c6 ndong d6 0,001 M, su bién ddi pAg hodc pBr nhod
dén mirc 13, kho khin xac dinh diém cudi. Trong trudng hop do6 sai sé chuan do phai 16n.

Nong d6 thudc thtr anh hudng twong tu dén budc nhay ctia phép chuan do theo céac loai
phan tng khac.

Do xay ra hoan toan cua phan vwng: Hinh 9.2 minh hoa anh hudng ctia d6 tan cua san
pham phan ing dén duong chuan do khi dung dung dich AgNO; 0,1 M lam chit chuan. RS
rang la sy bién doi pAg 16n nhat dugc quan sat thiy khi chuan d6 ion iodua. Ion iodua tao hop
chat véi bac it tan nhat so voi tit ca cac anion dang nghién ctru. Piéu d6 dam bao phan tng
xay ra hoan toan nhat. Buc nhay kém dot ngdt nhat duoc quan sat thdy & phan tng xay ra
kém hoan toan nhat nghia 13 ¢ phép chudn d6 ion bromat. Budc nhay trén duong chudn do
theo phan tmg ma san pham 1a hop chét cta bac c6 do tan trung gian, cling s& c6 gia tri trung
gian. Mot 1an nira, chung ta nhan xét rang, anh huong do6 1a dic trung ddi voi dudng chuan do
theo cac loai phan tng khac.
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DAg
16,00 |
r
14,00 |
1200 |
Br~
10,00 bt + I
L
pag 5-T
6,00 L IOg”
4,00 | fegTn
ErOg~
200 |
0,00 " | t ] i ]
0,00 10,00 20,00 20,00
Thé tich AgH 05 0,100 I, ml
Hinh 9.2

Anh‘hué‘ng clia d6 hoan toan cua phan tng xdy ra dén duong chudn d6 25,0 ml dung dich anion 0,050
M bang dung dich AgNO; 0,100 M

9.4 Puong chuian dd hén hop

_ Nhimg phuong phap dugc xét trong muc trude co thé mo rong cho hdn hop ion tao véi
chat chuan nhimg két tua c6 do tan khac nhau. Ching ta xét phép chuén 50,0 ml dung dich
chira 0,080 M iodua va 0,100 M clorua bang dung dich bac nitrat 0,200 M.

Vi bac iodua it tan hon nhiéu so v&i bac clorua nén khi thém chat chuan vao, & dau phép
chuan d6 chi riéng bac iodua tao thanh. Buong chuin do s& tuong tu duong chuan d6 iodua
duoc mo ta trén hinh 9.2. Can dic biét chu ¥ dén viéc thiét 1ap gidi han ma & do, két tia bac
iodua xay ra khi su tao thanh bac clorua khong dang ké.

Khi xuat hién nhiing phan dau tién cta két tua bac clorua thi tich s6 tan cua ca 2 két tia
da dat dugc. Chia hé thire nay cho h¢ thuc kia, ta co:

] 83.10°Y

=4,56.10"7
[CI"] 1,82.1071°

[[1=4,56.10".[CI]
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va thu duoc hé thuc

[[1=4,56.10".[CI]

R& rang 1a trude khi két tia bac clorua xuat hién, néng dd cua ion iodua phai ha thép dén
gia tri chi béng mot ph?m rat nho néng do ion clorua. N6i mot cach khéc, bac clorua khong
dugc tao thanh gin nhu dén chinh diém tuong duong cua ion iodua hodc cho t6i khi thém
khoang 20 ml chit chuan. Trong trudng hop ndy ndéng do ion clorua c6 ké t6i ca su pha lodng
bang khoang:

50,0x0,100

C..=[Cl]=
a- ~IC1] 70,0

=0,0714 mol/l

va

[[1=4,56.10".0,0714 = 3,26.10"° mol/l

Phén tram iodua khong két tua ¢ diém d6 c6 thé tinh nhu sau:
Luong milimol ban dauctal = 50,0.0,080 =4,00

3,26.1078 x70,0x 100
4,0

% I” khong két tia = =5,7.107

Nhu véy 1 cho dén khi ndng d6 iodua chua bi chun d6 bang khoang 6.10°% luong ban
du, bac clorua van chua tao thanh nén duodng chuan do phai tuong ty duong chuan d6 mot
minh iodua. Xuat phat tir d6, nira ddu ciia dudng chuin d6 duoc dan ra bang dudng dam nét
trén hinh 9.3.

Ngay khi ,ké't tia AgCl bit dau ,xuét hién, sy gidm nhanh chong pAg dot ngdt dung lai.
Thuén tién nhat 1a tinh pAg tur tich so tan cua bac clorua:

[CI]~0,0714

-10
[A ﬂ _ L8210 7 o 5r 109 mol

0,0714
pAg =—log(2,55.10%) = 8,59
Tiép tuc thém bac nitrat s& lam giam ndéng do ion clorua va dudng cong chuyén thanh
du(‘rpg cong dac trung cho phép chuan do mgt minh clorua. Vi duy, sau khi thém 25,00 ml chat

chuan:

50,0x0,10+50,0x0,080—-25,0x 0,200
75,0

Cyp- =[C17] =
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Hai s0 hang dau tién ¢ tir s0 1a s6 milimol cta clorua va iodua tuong tng, con
s0 hang thtr 3 14 s6 milimol chat chuan thém vao. Nhu vay:

[CI]=0,0533
-10
(Agt]= 28210 541 1079 mol/l
0,0533
pAg =847

C6 thé tinh phan con lai ctia duong cong nhu truong hop chuan mét minh clorua.

DAg

1600 ¥ C+or

14,00
15,00

10,00
8,00
§,00

4,00
2,00

0,00 : | : ' i |
0,00 20,00 40,00 60,00

Thé tich &gN05 0,200 M, ml

Hinh 9.3

Nhiing duong chuén d6 50 ml dung dich chura 0,100 M C1” va 0,0800 M Br™ hoac I

Hinh 9.3 chi rd réng, duong chuan d6 hdn hop 14 lién hop hai duong chuén do riéng biét.
Trén dudng cong ta thay hai budc nhay chuan do. Co thé hy vong rang, sy bién ddi pAg & gan
diém tuong duong thtr nhat s& cang nho néu do tan cua hai két tia cang gan nhau. Hién tuong
d6 duoc quan sat thdy khi chuan do hdn hop céc ion clorua va bromua. Piéu d6 duoc thiy 1d
rang trén hinh v&. Trong trudng hop niy gia tri pAg & dau phép chuin do s& thip hon boi vi
d6 tan cta bac bromua cao hon do tan cua bac iodua. Sau diém twong dwong, hai dudng cong
trung nhau. Nhitng duong cong thuc nghiém twong tu dugc dién ta trén hinh 9.3 c6 thé thu
duoc bang cach do thé cua dién cuc bac nhing vao dung dich. Bang phuong phap d6 co thé
xéc dinh nhing cu tir riéng biét trong hdn hop.
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9.5 Nhirng chat chi thi héa hoc clia phwong phap chuan do két tia

Tac dung cua chét chi thi hoa hoc thuong dya trén sy xac dinh bang mat sy bién d6i mau
hodc d¢ duc cua dung dich. Chét chi thi phan g lya chon hodc 1a véi chét chuén hodc 1a véi
chét can chuan hoic 1 v6i san pham cua phan Gng chuan do. Vi du, khi chun d6 chat A bang
thudc thir B v6i chét chi thi (In) c6 kha ning phan tng voi B, cac phan tng c6 thé xay ra nhu
sau:

A+B AB
In+B InB

T4t nhién 1a tinh chat cta InB can thiét phai khac biét dang ké véi tinh chét cua In. Ngoai
ra mét phai nhan biét duogc moét lugng InB nho dén murc 1 sau khi tao thanh InB, su tiéu ton B
khong nhén thiy duoc va cudi cung hang sd can bang cua phan Ung voi su tham gia cua chi
thi can phai c6 mét gia tri nhu thé nao do dé ¢ gan diém tu(rng duong, khi [B] (hodc pB) bién
ddi sé Xxay ra sy bién d6i dot ngot [InB]/[In]. Piéu kién cudi cung d& thuc hién nhat khi pB
bién d6i 16n.

Chung ta xét su chuan do 3 dung dich (bang 9.1 va hinh 9.1) véi chét chi thi bién d6i
hoan toan mau trong ving pAg = 7 — 5 lam vi du. RS rang 1a dé chiém ving pAg dd néu,
trong mdi truong hop doi hoi mot thé tich chat chuan khac nhau. Nhu, tir nhimng dit kién cua
hé chudn & cot thir 2 bang 9.1, rd rang 1a chi can it hon 0,10 ml dung dich AgNO; 0,100 M,
nghia 14 sy bién doi mau bat ddu sau khi thém 24,95 ml chat chuan va két thuc trudc khi thém
vao 25,05 ml. Khi d6 co thé hy vong su bién d6i mau dot ngot va sai s6 chuin do cuc tiéu.
Nguoc lai, khi chuan d¢ bang dung dich AgNO; 0,001 M su bién d6i mau bat dau khi thém
vao khoang 24,5 ml va khi két thuc thém vao 25,8 ml. Trong truong hop nay khong ¢ kha
nang xac dinh diém twong dwong. Khi chuan d6 bang dung dich 0,010 M, dé mau bién doi &
diém cudi doi hoi mot lugng nhé hon 0,2 ml mot chut, trong trudng hop nay co thé ding chat
chi thi nhung sai s6 xac dinh diém tuong duong s& kha 16n.

Bay gid chung ta xét, ciing chinh chét chi thi ¢ d6i voi cac truong hop cia nhitng phép
chuan dugc mo ta béng cac duong cong trén hinh 9.2, s€ thuén tién va c6 hiéu qua dén
nhudng nao. Khi chuin cac ion bromua va iodua, chi thi s& vé co ban ¢ dudi dang Agln, do
d6 sau khi thém nhiing phan bac nitrat dau tién, sy bién d6i mau khong quan sat thay.

Vi bac bromua va iodua c6 do tan thip nén dén trude diém trong duong khong xay ra sy
tao thanh mot lugng dang ké Agln. Theo hinh 9.2, pAg con thyc té 16n hon 7 dén tan trude
diém twong duong khi chuan d6 bromua va thdm chi sau diém tuong duong khi chuan iodua.
Trong ca 2 trudng hop, su du ion bac 1a can thiét dé mau bién d6i hoan toan twong Gmg véi it
hon 0,01 ml chat chuan. Do d6 sai s6 chuan d khong dang ké.

Chét chi thi véi khoang pAg = 5 — 7 khong thich hop dé chuan clorua bai vi sy tao thanh
mot luong dang ké Agln bat ddu ¢ khoang 1 ml trude diém twong duwong va tiép tuc cho téi
khi thém vao du khoang 1 ml. Trong truong hop nay khong c6 kha nang xac dinh chinh xac
diém cudi ctia phép chuan do. Nguoc lai, v6i khoang chi thi pAg tir 4 dén 6 hoan toan thich
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hop. Khong c6 chi thi hoa hoc thich hop dé chuan iodat va bromat bai vi budc
nhay chuan do quéa nho (hinh 9.2).

Nhing vi du vé€ st dung cac chat chi thi dé chuan dg két tia bang ion bac dugc dan ra
trong cac muc sau.

Su tqo thanh két tia thi 2 - phwong phdp Mohr: Sy tao thanh két tia thir 2 c6 mau khac
v&i mau cia hop chat két tia 1a co s¢ dé xac dinh diém cudi theo phuong phéap Mohr.

Phuong phap Mohr dugc tng dung rong rai khi chuan clorua va bromua béng dung dich
bac nitrat chuan. lon cromat dugc dung lam chi thi, & di€ém cuoi phép chuan d¢ xuat hién ket
tia bac cromat Ag,CrO4 mau do gach.

Do tan cua bac cromat cao hon nhiéu d6 tan cua bac halogenua. Do do, khi chuin dd theo
phuong phap Mohr, bac cromat chua dugc tao thanh khi thyc té tit ca halogenua chua két tia
hét. Biéu chinh néng do cromat c6 thé ngan ngura sy tao thanh bac cromat cho téi khi néng do
jon bac chwa dat toi ndng do tinh toan 1y thuyét dbi v6i ving diém tuong duong khi chuan do
halogen.

Vi du: Sai s6 £0,1% tuong (mg vai + 0,025 ml d6i v6i thé tich 25 ml chat chudn. Nong do
jon bac dwgc tinh toan nhu & chuong 5 bang 4,78.10° mol/I sau khi thém 24,975 ml dung
dich Ag” 0,100 M va béng 3,81.10” mol/l sau khi thém 25,025 ml cling dung dich d6 vao
dung dich CI" 0,05 M. C6 thé thay d6i nong d6 ion cromat can thiét dé tao thanh Ag,CrO,
trong khoang nao dé chuan d6 quéa hodc chuan d¢ chua t6i khéng 16n hon 0,025 ml.

Khi thém 24,975 ml chat chuén, két tta Agr,CrOy4 co thé xay ra néu:
[CrOf J[Ag' 2T

-12
Néu: [Cro?[} T L0 048 mol/l

C[Agl T (4,78.1075)2

va khi thém 25,025 ml chét chuan, néu:

-12
[CrOZ‘] > LU0~ 761074 molil
(3,81.107°)2

Nhitng tinh todn d6 chi rd rang, dé chuan do chinh xac theo phwong phap Mohr, c6 thé
gilt ndong do chit chi thi trong mot khoang kha rong, giita 0,0008 va 0,05 M. Nhung trong
thuc té & néng dd 16m hon 0,005 M mau vang dam cuda ion cromat s€ can tré mau dé cua bac
cromat. Ngudi ta thudng st dung ndng do cromat nho hon 0,005 M mét chit. Khong thé tinh
todn luong tdi thiéu cromat can phai duoc tao thanh ma mit c¢6 thé nhan biét ma chi xac dinh
duoc béng thuc nghiém. Trudc khi phéat hién mau dé cia bac cromat, dung dich da bi chuén
d6 qua trung binh 0,05 ml dung dich 0,1 M. Cht y sai s6 d6 trong sai sé két qua ctia phép
chuan d¢, nén trong thoi gian phan tich ngudi ta thuong 1am thi nghiém trang. Dé dat muc
dich d6 ngudi ta xac dinh sy tiéu tén ion bac cho mdt thé tich nhu vy huyén phu canxi
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cacbonat khong chira ion clo véi chinh chét chi thi do. Dung dich va két tua thu duoc sau
phép chuan do tréng duoc dung lam chuén rat thuin tién dé chuén do 1ap lai. Phép chuin héa
dung dich bac nitrat bang cach chudn natri clorua tinh khiét theo phuong phap Mohr la mét
bién phap khac lam giam di dang ké sai s6 chi thi. Xac dinh " nong do duong luong dé chudn
d¢" nhu vay s& khong nhitng gitip tinh toan sy tiéu tén qua dung dich chuin ma con can nhéc
ca nhitng kha ning khéac xac dinh sy d6i mau ctia nha phan tich.

Can chi ¥ dén do axit clia mdi truong boi vi khi ting ndng d6 ion hidro, can bang:
2Cr02~ + 2H" Cr,02~ + H,0

S€ chuyén dich v& bén phéi. Do tan ctia dicromat bac cao hon khé nhiéu do tan cua
cromat bac, do d6 doi vdi phan ing chi thi trong mdi trudng axit doi hoi nong do ion bac 16n
dang ké néu phan tng nodi chung c6 thé xay ra. Trong mdi trudng kiém co6 thé lang xudng oxit
bac:

2Ag+ + 20H" 2AgOH 4n) A2y0¢in, deny + H20

Nhu vay, phép xac dinh clorua theo phuong phap Mohr can phai dugc tién hanh trong
moi trudng trung tinh hodc gan trung tinh (pH = 7 — 10). C6 thé giir ndng do ion hidro trong
khoang d6 mot cach thuan ti¢n béng cach thém vao natri bicacbonat, canxi cacbonat hodc
natri tetraborat.

S tao thanh phitc mau - phiwong phap Volhard: Dé chuén bac theo phwong phap Volhard
c6 thé str dung dung dich tioxianat chuan:

Ag" + SCN™ AgSCNirén)

Ton sat (IIT) lam cho dung dich c6 mau d6 khi thém nhiing giot dung dich tioxianat du dau
tién dugc dung lam chi thi:

Fe’* + SCN- Fe(SCN)**

Phép chuan can dugc thuc hién trong moi _truong axit dé ngan ngira su két tia sat (I11)
duéi dang hidroxit. C6 thé d& dang tinh dugc ndng do chi thi ma ¢ d6 sai sé chuan do tién toi
khong nhu s€ dugc chi rd trong vi du sau day.

Vi du: Bang thuc nghiém nguoi quan sat c6 thé phat hién mau do Fe(SQN)Z+ & nong do
trung binh 1a 6,4. 107‘6 M. Can tao ra nong d6 Fe’* bang bao nhiéu d¢ khi chuan d6 50 ml dung
dich Ag" 0,050 M bang dung dich KSCN 0,100 M, sai s6 chuan do tién ti khong?

Dé sai s6 chuan do bang khong, mau cua F e(SCN)*" can phai xuét hién ¢ ndng d6 Ag",
con trong dung dich bang ndng d6 téng cong cua tioxianat:

[Ag]=[SCN ]+ [Fe(SCN)*']=[SCN ]+ 6,4.10°°

hoac:
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T 111072
[SCNT] [SCN7]

=[SCN7]+6,4.107°

Bién doi:

[SCNT*+6,4.10 ° [SCN]-1,1.102 =0
[SCN]=1,7.10" ion.g/l

Hing s bén cia F e(SCN)*":

[Fe(SCN)?*]

K=1,4.10% =
[Fe*][SCNT]

Bay gi¢ chung ta thay thé nong d6 [SCN] bao dam tao thanh mot lugng Fe(SCN)**
du nhan biét bang mét & diém twong dwong vao phuong trinh hing sé bén:

6,4.107°

1,4.10% = - -
[Fe®*]x1,7.10~

[Fe’™1=0,27 mol/l

Khi chuan theo phwong phap Volhard, ndng d6 d6 khéng bat budc phai chat ché. That
vay, nhimg tinh toan twong ty nhu vira dugc tién hanh chi rd rang & ndng do sét (III) trong
khoang 0,002 —1,6 mol/l mdt cach 1y thuyét, sai s6 s& khong vuot qua 0,1%. Trong thuc té
ngudi ta cling phat hién rang, & ndong do vuot qua 0,2 mol/l, mau riéng cia chat chi thi gy trd
ngai cho su phat hién phirc tioxianat. Do d6 nguoi ta tao ra ndng do sat (II1) thap hon (thuong
1a khoang 0,01 mol/l).

Ung dung phiong phdp Volhard dé xdc dinh ion clorua: Thuong nguoi ta ing dung
phuong phap Volhard dé xac dinh gian tiép clorua. Thém vao mau clorua du mot luong xac
dinh dung dich bac nitrat chuin va luong du ion bac duogc xac dinh bang phép chuan do
nguoc bang dung dich tioxianat chuan. Uu thé dic biét cua phuong phap Volhard trudc cac
phuong phap xac dinh clorua khac 13 & kha nang chuan do trong méi trudng axit manh boi vi
nhing ion nhu cacbonat, oxalat va asenat (tao mudi bac it tan trong méi truong trung tinh)
khong can tro.

Khac voi cac halogenua bac khéc, bac clorua tan nhiéu hon bac tioxianat. Do d6 phan
ung:

AgClyn + SCN™ AgSCNin + CI' (8.1)

gdy tré ngai cho sy phat hién diém cudi phép chuan d6 theo Volhard. Vi vay ta quan sat
thdy su tiéu. t6n qua muc ion tioxianat va xuét hién sai s phan tich am. Gia tri sai s6 d6 phu
thudc vao nong do chat chi thi.



173

D¢ tranh sai s6 lién quan véi phan tng giita tioxianat va bac clorua ngudi ta st dung chu
yéu hai bién phap. Bién phap thir nhat 13 tao ra nbng do chat chi thi cuc dai duoc phép
(khoang 0,2 M sat (II)). Bién phap thir hai phd bién hon 1a tach két tua bac clorua trudc khi
chuan do nguoc bang dung dich tioxianat. Phep chuan mot phan nudc loc sau khi loc bac
clorua cho két qua tot nht trong diéu kién két tiia dong tu tot. Su tiéu ton thoi gian cho phép
loc tit nhién 14 nhuoc diém cua phuwong phap ndy. Dudng nhu phwong phap dugc Gng dung
rong rai nhét 1a phuong phap Caldwell va Moyer. Theo phuong phap nay, nguoi ta phu 1én
két tua bac clorua mot 10p nitrobenzen dé ngin ngira né tiép xtc véi dung dich. C6 1ap két tua
bang cach lic hdn hop v6i mot vai mililit nitrobenzen trudce khi chuan do ngugc.

Chdt chi thi hdp phu: Chét chi thi hp phu 13 nhitng chat hitu co bi két ta hap phu hoic
duogc giai hép tir bé mat két tia dugc tao thanh trong qua trinh chudn d6. Trong truong hop 1y
tuong, sy hip phu hodc giai hap duoc quan sat thiy & gan diém tuong duong va kem theo
khong chi sur bién d6i mau cua dung dich ma con ca su tao thanh hop chit mau trén bé mit
két tua. Phuong phap duwa trén su st dung chét chi thi hap phu déi khi dugc nguoi ta goi 1a
phuong phép Fajans dé ky niém nha bac hoc di cbng hién nhiéu cho sy phat trién phuong
phap nay.

Chat mau hitu co fluoretxein duoc dung khi chuén do ion clorua béng nitrat bac la mot
chét chi thi hdp phu dién hinh. Trong dung dich nuéc, fluretxein phan i mot phan thanh ion
hidro va ion fluoretxeinat tich di€n am, lam cho dung dich c6 mau vang luc. Ion fluoretxeinat
tao mudi bac c6 mau dam it tan. Nhung khi st dung cht mau 1am chi thi, néng do cua no
khong bao gid du dé dat tich s tan cta fluoretxeinat bac.

O dau phép chuan do clorua bang cac ion bac theo phuong phap Fajans, cac anion chét
mau hau nhu khong bi két taa hip phu. Thuc té ching day bé mat két tia tich dién 4m do hap
phu cac ion clorua. Sau diém twong duong, nhiing hat két tia mang dién tich dwong do sy hap
phu manh cac ion bac du; trong nhiing diéu kién do ion fluoretxeinat di vao 16p ion d6i. Vi
vay, trén bé mit két tua xuat hién mau doé dic trung cho fluoretxeinat bac. Can nhdn manh
rang, sy blen d6i mau xay ra do qué trinh hap phu (chir khong phai do qua trinh két tua), boi
vi tich sb tan cua fluoretxeinat bac khong dat dugc trong thoi gian chuan d6. Su hap phu la
thuan nghich: chat mau bi giai hap khi chuan do nguoc bang ion clorua.

Dé ung dung thanh cong chit chi thi hip phu thi chat két tia va chi thi cin ¢ nhitng tinh
chat sau:

1. Nhitng hat két tiia phai c6 co kich thudc cia hat keo boi vi bé mit cuia két tua phat trién
manh, hap phu dugc lugng 16n chat chi thi.

2. Két tua phai hap phu bén cac ion riéng biét. Ching ta dd thiy (chwong 7) tinh chit d6
1a dac trung d6i voi két tua keo.

3. Chit mau dung lam chat chi thi can phai duoc gitr chéc trong 16p ion dbi bao quanh
nhimg ion bi hap phu dau tién. Noi chung su hap phu loai d6 duoc quyet dinh boi do tan thap
ctia mudi tao thanh giita chit mau véi cic ion ctia mang ludi tinh thé. Pong thoi nhimg hop
chat d6 phai c6 d6 tan di 16n dé khong xay ra sy két tua chung.
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4. pH cua dung dich can phai dugc gitt & mirc xac dinh. Ion dung lam dang
hoat dong cuia phan 16n cac chét chi thi hip phu 1a axit hodc bazo lién hop v6i phan tir chat
mau nén c6 kha ning lién két v6i ion hidro hodc ion hidroxil tao thanh phén tir ban dau khong
hogt dong. Do d6, nguoi ta tao ra gia tri pH nao ma ¢ d6 dang ion cia chét chi thi chiém uu
the.

Phép chuan do véi chit chi thi hip phu nhanh, chinh xac, dang tin cdy nhung tng dung
cua nd tuong ddi bi han ché boi s6 it phan tng két taa c6 két tia vo dinh hinh duoc tao thanh
nhanh chéng. Khi c6 mat chét dién li & néng dd cao, diém cubi cua phép chuén do véi chét
chi thi hap phu tré nén kém 13 rang do sy dong tu két tia 1am giam bé mit trén d6 xay ra qua
trinh hap phu. Phan 16n cac chat chi thi hap phu la axit yéu, do d6 linh vuc tmg dung cua
chung bi giéi han trong cac dung dich trung tinh hodc axit yéu vi & d6 chét chi thi chu yéu ton
tai & dang anion. Ngudi ta da biét mot s chi thi hip phu cation dé chuédn trong cac dung dich
axit manh. Véi nhimg chit chi thi d6, su hap phu chat mau va sy nhuém mau két tia duoc
quan sat thiy khi c6 du anion két tua, nghia 14 khi cac hat mang dién tich am.

Bang 9.2 Nhirng phwong phép két tiia do bac dién hinh

Chu tir cdn xdc dinh | puong php xéc dinh | . o
diém cuoi
AsO,, Br, T, . N .
CNO', SCN™ Phuong phap Volhard Khong can tach muodi bac
CO;*, CrO, CN i a2 e
- P 3 , Trude khi chuan do ngugc lugng
(szl,’ C,047, POy4”, | Phuong phép Volhard Ag+ du, cAn tach mudi bac
Chuin d¢ tiép theo luong Ag" du
trong phan Ung:
BIL- Phuong phap Volhard
N bién dang BH, + 8Ag" + 8OH™
8Ag(r§n) + H,BOs + 5H,O
. . Chuéan d6 luong CI” du sau khi ché
Epoxit Phuong phap Volhard héa bing hidro clorua
Két tia K' bang luong du
K' Ph}IGﬂg phap Volhard B’(C6H5)4* da biét, thém du Ag+ tao
bién dang ket tha AgB(C¢Hs)s va chuan do
nguoc Ag' du
Br, CI' Phuong phap Mohr
Br, CI, I, SeOs* Chi thi hap phy
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Phuong phap phan tich | Chuan d9 tryc tiép bang dung dich
dién hoa Ag’

V(OH),", cac axit
béo, cadc mecaptan

Két tia dudi dang ZnHg(SCN),.

Zn*" t}:i}:élll;ocrilagn phap Volhard Loc va hg‘)a tan trong axit, thém du
ang Ag’; chuan do ngugc Ag' du

. Két tha dudi dang PbCIF. Loc hoa

F Phuong phip Volhard tan trong axit thém du Ag’; chuan

bién dang do nguoc Ag” du

Cudi cung, can chii ¥ mot sd chat chi thi hdp phu phan tng véi két tua chtra bac co tinh
chat nhay sang gay trd ngai khi lam viéc vdi chung.

Nhitng phwong phdp khdc xdc dinh diém cudi: Trong giao trinh cac phuong phap phan
tich cong cu c6 m6 ta nhimg phuong phap dién hoa phat hién diém cubi trong mot sé phuong
phap chuin do két tua.

Ung dung ciia phirong phdp chudn d¢ két tua: Trong phan 16n trudng hop, phép chuin do
két tia dua trén sy st dung dung dich bac nitrat chuan, doi khi phuong phap nay goi 1a
phuong phap do bac. O bang 9.2 dan ra nhimng vi du dién hinh vé tng dung phuong phap do
bac. Chiing ta nhan thiy rang, nhiéu phuong phap xac dinh trong nhiing phép xac dinh da néu
dua trén phép két taa ciu tr can xac dinh bﬁng mot lugng du chinh xac dung dich bac nitrat
va chuan d¢ tiép theo bang dung dich kali tioxianat chuan theo Volhard. Ca hai thudc thir d6
c¢6 thé dung dugc dudi dang chat chuan dau nhung kali tioxianat hut 4am mot chut gay kho
khin cho phép cin ¢ d6 am cao. Nhitng dung dich bac nitrat va kali tioxianat bén trong thoi
gian 1au khong gidi han.

 Bang 9.3 liét ké nhiing phuong phap chuan d6 khac dung cac thude thir khac thay thé cho
muoi bac.

Bang 9.3 Nhirng phwong phip chuin d§ két tia khac

Chat chuén Ton can x4c dinh San pham phan tmg | Chét chi thi
K4[Fe(CN)s] Zn*" KyZn;3[Fe(CN)s]a Diphenylamin
Pb(NOs), SO+ PbSOy4 Eritrozin B
MoO,* PbMo0O4 Eosin E
Pb(CH;CO0), | PO Pb3(POs), Dibromfluoretxein
C,04% PbC,0, Fluoretxein
Th(NO3)4 F ThF4 Alizarin do
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Hgg(NO3)2

Cl, Br

Hg, X,

Bromophenol cham

NaCl

Hg22+

Hg, X5

Bromophenol cham
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Chuong 10

Ly thuyét chuan d§ Axit — Bazo d6i véi nhirng hé
don gian

Chuan do axit - bazo 13 viéc xac dinh diém cubi dya trén su bién ddi pH dot ngot quan sat
thiy ¢ gan diém tuong duong. Glong nhu nhitng truong hop chuén d6 khac, ban chit va nong
d6 ciia ca chat bi chudn va chat chuan quyét dinh khoang bién d6ii pH. Dé lya chon chét chi
thi thich hop va xac dinh sai s6 chudn d6 can phai biét su bién ddi pH trong qua trinh chudn
d6. Nhu vay, nghia 1a cin phai biét dudng chuan d6 trong phuwong phap axit - bazo dugc xay
dung nhu thé nao.

Trong chuong nay s€ xét nhitng axit va bazo don gian, chiing phan li tdch ra mot ion
hidro hoac mot ion hidroxyl. Trong chwong 11 s€ ban t61 nhitng duong chuan do nhitng axit
hodc bazo nhiéu nac va hon hop axit.

Pé chuén bi cho nhitng ban luan sép t&i, sinh vién can xem lai nhirng kién thuc vé axit,
bazo va phuong phap tinh todn can bang axit - bazo (chwong 4).

10.1 Thudc thir chuin dé chuin d¢ axit - bazo

Trong phuong phap chuan d¢ axit - bazo, céc axit hoic bazo manh ludn luén duoc ding
lam thudc thir chuan boi vi phan tng voi sy tham gia cua ching xay ra hoan toan hon so voi
phan ng voi sy tham gia cua axit hoac bazo yeu Cung nhu trong phep chuan do ket taa,
phan tng xay ra cang hoan toan, ham s p bién doi cang 16n va cang dé xac dinh diém cubi.

10.2 Chat chi thi dé chuin d¢ axit - bazo

Nhiéu hop chat tong hop ciing nhu ty nhién c6 mau khac nhau tiy thudc vao pH cua dung
dich. Mot s6 trong cac chat dé tir 1au da duoc sir dung dé chi 16 tinh kiém hodc tinh axit ctia
nuée. Chung cling quan trong ca d6i v6i nhitng nha héa hoc hién dai trong viéc dung chung
dé xac dinh pH cua dung dich va dé phat hién diém cudi trong chuin do axit - bazo.
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10.2.1 Ly thuyét vé tinh chat ciia chit chi thi

Nhiing chi thi axit - bazo 13 nhitng hop chét hitu co biéu 16 tinh axit yéu hodc bazo yéu.
Phan Gng phan li hodc 1i€n hgp cua chat chi thi kém theo sy chuyén vi cau tao bén trong dan
td1 su bién d61 mau. Chung ta dua ra phan tng dién hinh cuta chi thi axit - bazo dudi dang sau:

H,O + HIn H;0" + In”

(mau axit) (mau kiém)
hoic

In- + H,O InH + OH
(mau kiém) (mau axit)

Trong cac dung dich axit manh, chi thi & dang HIn 1a dang chiém uu thé, twong tng voi
"mau axit" va In" s€ 1a "mau kiém" cua no6. Trong cac dung dich kiém, céc hat In s€ chiém uu
thé tuong ung vo1 "mau kiém" cua chat chi thi do.

Khi can bang, nhitng qué trinh d6 duoc dic trung bang nhing hang sé:

_[HgO')[In"] . o _[IH][OH ]
A [HIn] b [In]

C6 thé bién ddi nhitng phuong trinh d6 nhu sau:

7] _ K, ,[MH_ K, _ Ky[H307]
[HIn] [Hgo*] [In] [OH] Ky,0

Khi pH bién ddi, dung dich chua chat chi thi bién d6i lién tuc thanh phan phéan trim dang
mau cua minh. Nhung mat ngudi rit khong nhay voi nhimg bién doi d6. Thudng mot ~dang
phai hon tir 5 d&én 10 lan dang kia thi nguoi quan sat moi nhan biét duwoc mau cia né; tiép tuc
tang lugng du cia dang do6 s€ kho nhan biét. Sy bién ddi mau cua chi thi chi dugc nhan biét
trong ving ma & d6 mot dang hon dang kia 5 — 10 1an. Nhu vay "sw bién déi mau" quan sat
dugc phan anh su chuyén dich can bfing cta chi thi. Xét HIn 1am vi du, c¢6 thé néi rr:ing, chi thi
thé hién mau axit hoan toan ciia minh dé dugc nguoi quan sat nhan biét khi:

[In"] < 1 va mau hoan toan kiém khi [In"] > 10
[HIn] ~ 10 [HIn] ~ 1

Bén trong khoang duoc xac dinh bang nhimng dai luong d6, mau 1a mau hdn hop cua chi
thi. Nhung gi61 han bang s6 da néu tat nhién phan anh tinh chat trung binh cta chi thi. Mot s6
chat chi thi bién doi mau trong khoang hep hon doi véi nong d6 dang axit va dang kiém, mot
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s6 khac lai bién doi trong khoang rong hon. Hon nira, kha nang cua nguoi quan sat phan biét
mau ciing khong déng nhat. Nhitng ngudi mi mau khong phéan biét dugc mot sé sic thai mau.

Néu thay hai ty s ndong d6 d6 vao phuong trinh hing s phan li ciia chi thi thi c6 thé tinh
khoang nong dd ion hidro can thiét dé chuyén mau chi thi. D61 vdi mau hoan toan axit:

[Hz0"][In"] _ [H30"]x1
[HIn] 10

-K, - [H;0'1=10K,

va mot cach tuong tu d6i véi mau hoan toan kiém:

K

+
[H3O ]X10:K3—>[H30+]:1—a

1

Pé thu dugc khoang chuyén mau cua chi thi chung ta tim logarit 4m ciia ca hai phuong
trinh.

Khoéang pH chuyén mau ctia chi thi:
<\ A K <\ A
tir logl 0K, dén —logl—(‘;1 =t -1+ pK, dén —(-1) + pK,=pK, £ 1.

Nhu vay, su chuyén mau cia chi thi v6i hang s6 phan li axit 1.10° dugc quan sat thdy
khi pH cua dung dich bién doi tir 4 dén 6. D€ dang rat ra nhimg h¢ thic twong tu vdi chi thi
loai kiém.

10.2.2 Nhirng loai chi thi axit - bazo

Danh sach nhitng hop chét c6 tinh chét chi thi axit - bazo 1a danh sach nhimng chit hitu
co. Thuong c6 thé tim chi thi c6 mau bién doi trong khoang pH can thiét bat ky. Mot so chi
thi duoc dan ra ¢ bang 10.1.

Bang 10.1 Mt so chi thi axit - bazo quan trong

Su bién d6i mau o
Tén Khoang bién d6i pH - 14031 chi thi
Dang axit Dang kiém
1,2-2,8 bo Vang
Timol cham ) 1
8,0-9,6 Vang Xanh bién
Metyl vang 2,9-4,0 bo Vang 2
Metyl da cam 3,1-44, bo Vang 2
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Bromcresol luc | 3,8 -5,4 Vang Xanh bién 1
Metyl do 42-63 bo Vang 2
Clophenol d¢ 48-6,4 Vang bo 1
Bromtymol 6,0—7,6 Vang Xanhbién | 1
xanh
Phenol do 6,4 —-8.,0 Vang bo 1
D¢ trung tinh 6,8 — 8,0 b Vang dacam |2
7,4-9,0 Vang bo gach
Crezol do 1
1,2-2,8 bo Vang
Phenolphtalein | 8,0 —9,6 Khong mau | Do 1
Tymolphtalein | 9,3 - 10,5 Khong mau | Xanh bién 1
Alizarin vang 10,1 - 12,0 Khong mau | Tim 2

1. Chi thi axit :HIn+ H,0O HiO +1In’,
2. Chi thi kiém :In +H,0  InH+ OH.

Phan 16n nhiing chi thi axit - bazo cé cAu tao dic trung duoc chia thanh 6 loai. Ba trong
s0 cac loai d6 duoc dé cap toi dudi day.

Nhing chi thi phtalein: Phan 16n nhitng chi thi phtalein khong mau trong dung dich axit
va c6 mau trong moi trudng kiém. Trong mdi truong kiém manh mau ciia chiing bi mat cham.
Trong mét s6 trudong hop diéu d6 1a khong thuan loi. Thuong nhitng chi thi phtalein tan vua
phai trong nudc. Dé chuan bi dung dich chi thi ngudi ta thuong dung etanol. C6 thé biéu dién
phenolphtalein theo cong thirc ciu tao nhu sau:
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OH OH

OH OH
Q @ + 2H,0 —= Q @ + H30"
C—(I) C——OH
C=0 C\=O
0~

Khong mau Khong mau
0] 0
C——O0OH \C
CSO C\=O
o~ (O
Khong mau Do

Day 1a chi thi phd bién nhét trong s6 nhitng chi thi phtalein.

Chung ta nhan thy rang, can béng thtr hai dén to1 sy tao thanh vong quinon va sy c6 mat
cua vong nay trong phan tur hop chat thuong quyét dinh mau caa né. Nong do dang ké cua ion
mau dugc quan sat thiy ¢ vang pH = 8,0 — 9,6; pH ma & d6 quan sat thiy sy xuat hién mau
phu thudc vao nong do chi thi va vao su nhay cam cua thi giac nguoi quan sat.

Nhirng chi thi phtalein khac, khac véi phenolphtalein 1a c6 trong vong phenol cac nhém
chuce; vi du trong phan tir tymolphtalein hai nhom alkyl duge gin vao mdi vong. Nhirng bién
d6i cau tric co ban gin lién voi sy chuyén mau cua chi thi d6, tuong tw nhu da mé ta ddi véi
phenolphtalein.

Nhitng chi thi sulfophtalein: Piac trung ciia nhiéu chi thi sulfophtalein 14 c6 hai khoang
chuyén mau; mot khoang dugc quan sat thiy trong dung dich kha axit, mot khoang khéc trong
mdi trudng trung tinh hodc kiém vira phai. Khac véi cac chit mau phtalein, cac chi thi loai nay
¢6 dang kiém mau do rat bén trong méi truong kiém manh.

Pé chuan bi cac dung dich chi thi, nguoi ta thuong sir dung mudi natri cua sulfophtalein
bdi vi ban than chi thi co tinh axit rd rét. C6 thé diéu ché dung dich truc tiép tir mudi natri
hodc bang cach hoa tan sulfophtalein trong mot thé tich twong tng dung dich natri hidroxit
lodng trong nudec.

_ Phenolsulfophtalein duoc biét dudi tén phenol do6 1a chi thi don gian nhat. Nhimg cén
bang quan trong nhat doi véi chi thi o6 1a nhu sau:
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OH OH" OH 0
K,=101
+ H,0 + H30"
7 Z
C C
SO; S04
Do Vang
OH 0 O 0]
K,=10"9 .
+ Hy0 + H30
= =
C C
SOs5 SOs5
Vang Do

Su quy gia thuc té chi 1a khoang chuyén mau thtr hai trong hai khoang chuyén mau quan
sat thay ¢ khoang pH = 6,4 — 8,0.

Thay thé cac nguyén tir hidro & vong phenol ctia hgp chét ban dau bang cac halogen hoic
cac nhom alkyl s€ thu dugc nhiing sunfophtalein khac nhau vé mau sac va khoang pH chuyén
mau.

Nhitng chi thi azo: Khi ting d6 kiém ctia mdi trudng mau ctia phan 16n cac chi thi azo
bién doi tor mau dd sang vang; di€ém chuyén mau cua chi thi chuyén dich mdt chut vé viung
axit. Metyl da cam va metyl do 1a nhitng dai di€n pho bién nhat cua loai chi thi d6. C6 thé mo
ta tinh chat cua metyl da cam nhu sau:

OOt
(OO
- 3S@N=N@N(CH3)2 + H30"

Vang

>'+H2O

0,8

Metyl d6 duoc dic trung bang cong thirc tuong tu cong thirc ciia metyl da cam, chi loai
trr nhom sunfo trong vong va thay thé bang nhom cacboxyl. Thay thé cac nhom thé ¢ nito
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cua nhom amino va & trong vong s€ thu dugc hang loat chi thi c6 tinh chat khac nhau mot
chut.

10.2.3 Sai s6 chuin dd véi cac chi thi axit - bazo

Can phén biét hai loai sai s6 chuan do. Sai s6 hé thong do pH chuyén mau cua chi thi
khac voi pH ¢ diém twong dwong cia phan Gng hoa hoc dung dé chuan do 1a sai sé loai thir
nhat. Co thé giam sai sé d6 dén cuc tiéu bang cach lua chon can than chi thi. Thi nghiém tring
s& cho bo chinh twong tng.

Sai s6 ngdu nhién do kha ning cua ngudi quan sat phan biét mot cach lip lai thoi diém
chuyén mau bj han ché 1a loai sai sb thi hai. Gid tri cua sai s6 d6 phu thudc vao su bién doi
pH trén mot mililit thude thir & diém tuong dwong, nong do chi thi va phuong phap nha phan
tich ding dé phan biét hai mau cua chi thi. Khi quan sat bang mat vi chi thi axit - bazo sai sb
trung binh khoang + 0,5 don vi pH. So sanh mau cua dung dich b1 chuin chira luong chi thi
"doi chitng" & gia tri pH tuong Gng thuong cho phép ha thap sai s6 dén +0,1 don vi pH hoic
nho hon. RS rang, d6 1a nhimg gia tri gan dung va & muc do dang ké chung phu thudc vao ban
chét cua chi thi cling nhu vao trinh do ctia nguoi thyce hién.

10.2.4 Nhitng yéu t6 anh hwéng téi tinh chit cia chi thi

Nhiét d9, luc ion, su c6 mat cua nhirng dung mdi hitu co va cac hat keo anh hudng den
gia tri khoang pH chuyen mau cua mot sO chét chi thi nhat dinh. Mot sb trong nhitng yéu to
do, dac biét la hai yéu t6 cudi cung c6 thé lam chuyén dich khoang d6i mau di mot hodc mot
s6 16n hon don vi pH.

10.3 Puong chuin dd axit manh hoiic bazo manh

Néu ca chit chudn va chat bi chuan 1 axit manh va bazo manh thi c¢6 thé hinh dung phan
ung axit - bazo tong thé bang phuong trinh:

H;0" + OH = 2H,0

va co thé x@y dung dudng chuan do trong truong hop niy twong ty nhu di lam trong
phuong phéap chuan do ket tua.

10.4.1 Chuan d9 axit manh bing bazo' manh

Nhirng ion hidro trong cac dung dich nude clia axit manh xuét phat tir hai nguon:

1. Do tuong tac cua axit tan voi nudc;
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2. Do sy phan li cta chinh nudc. Trong cac dung dich khong qua loang phan
dong gop cuia phan tng gitta chit tan v6i dung moi vao do axit tong cong 16n hon nhleu phan
dong gop do dung méi phan li. Do d6, d6i v6i dung dich HCI ¢6 ndng d6 16n hon 1.10°° M:

[H;0"] = Cuci (10.1)

Néu ndng do dung dich ‘ghép hon 1.107° M, @ tinh [H3;0"] ¢6 thé sir dung phuong trinh
chinh xac hon, thu duogc tir di€u kién trung hoa dién tich:

Ky,0
[Hy0"]

[H;O']=[Cl]+[OH ] =Cyey + (10.2)

Thanh phan dau tién o phan bén phai cta phuong trinh 13 Iuong ion hidro tao thanh do
HCI phan li, con thanh phan thtr hai 1a luong ion hidro tao thanh do nuéc phan li.

Nhiing l4p ludn twong ty cling dung dan d6i voi dung dich bazo manh, vi du ddi véi natri
hidroxit:

[OH ] = Cxaon
R& rang 1a ddi voi bazo phan li hoan toan, Ba(OH),:

[OH ] = 2xCgyom),

C6 thé thu dugc phuong trinh thuan tién dé tinh pH cia cac dung dich kiém bang cach lay
logarit phuong trinh biéu thtrc tich s6 ion nudc:

—logKH20 =-log([H5O"][OH ]) =-1og[H30"]-1og[OH]
pKy,0 =pH+pOH

0 25°C, pKy,0 = 14,00.

Nhu sé& dugce chi ro trong vi du dan ra dudi day, viéc xay dung duong chuin dd axit manh
bang bazo manh khong kho khan gi boi vi nong do ion hidro hodc ion hidroxyl dugc tinh toan
truc ti€p tr nong d¢ chung hoac axit du hodc bazo du.

Vi dy: Hay xay dung duong chuan do 50,00 ml dung dich HCI 0,050 M bang dung dich
NaOH 0,100 M. Nhitng gia tri pH thu dugc dugce 1am tron dén so 1€ thir hai sau dau phay.

Gid tri pH ddu: Ching ta c¢6 dung dich HCI 5.10 2 M. Vi HCI phan li hoan toan:
[H;0"]=5.10" mol/l,
pH = -10g(5,00.1072) = -log5,00 — log 1072

=-0,699+2=1,301=1,30
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Gia tri p{-l sau khi thém 1 O,QO ml dung dich NaOH: Thé tich dung dich tr¢ thanh 60,00
ml va mot phan HCI da duoc chuan do, do do:

50,00 x0,050-10,00x0,100
60,00
pH=2-10g2,560=1,60

[HyO"]= =2,50.10~2 mol/1

Bang cach tuong tw, ngudi ta tinh pH cho dén tan diém twong dwong. Nhimng két qua tinh
toan dugc gioi thiéu trong cdt 2 ciia bang 10.2.

Gid tri pH sau khi thém 25,00 ml dung dich NaOH: O thoi diém d6 trong dung dich
khong con du HCI va ciing khong du NaOH va pH dugc xac dinh bang sy phan li cuia nudc:

[Hy0*]=[0H ]= /Ky, 0 =1,00.10"" mol/l;pH =7

Gida tri pH sau khi thém 25,10 ml NaOH:

25,10x0,100-50,00 % 0,0500

=1,33.10*M
75,10

CNaOH =

Gia thiét rr:ing néng do OH tao thanh do su phan li ciia nude nho hon so véi Craon.
[OH ]=1,33.10* ion.g/l
pOH = 3,88
pH = 14,00 — 3,88 = 10,12

Trong cot thir hai cia bang 10.2 dan ra nhiing dit kién bd sung cua phép chuan do trén,
duoc tinh toan tuong tu.

Bang 10.2 Sy bién d6i pH khi chuin axit manh bing bazo manh

pH

Thé tich dung dich 2

NaOH, ml Chuén 250 ml) o dn 250 ml HCL 0,0005 M
HCIL 10,050 "M bang | |~ NaOH 00010 M
NaOH 0,100 M g ’

0,00 1,30 3,30

10,00 1,60 3,60

20,00 2,15 4,15

24,00 2.87 4,87
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24,90 3,87 5,87
25,00 7,00 7,00
25,10 10,12 8,12
26,00 11,12 9,12
30,00 11,80 9,80

Anh hwéng ciia nong do: Hai loat di kién dwoc din ra ¢ bang 10.2 phan anh anh hudng
cua nong do chat chuan va chat bi chuan dén dang ctia duong chuan do axit - bazo. Sy dien ta
bang do thi cac dir kién do dugc gidi thi¢u trén hinh 10.1.

rH Ehodngchuyénm u

P AN
A 1
12,0 T
o 1 cmmmenasman|[[[[HINN
so 1 cnmvromsmorxent ([N
IR
40 Teecrreanannenns
N
0,0 N : . : ] .
00 10,00 20,00 30,00
Th# tich dung dich HaOH, mi
Hinh 10.1

Nhiing dudng chuin d6 HCI bang dung dich NaOH chuin
1. Chuédn 25,0 ml HCI 0,0005 M bing NaOH 0,0010 M.

2. Chuén 25,0 ml HC1 0,050 M bang NaOH 0,100 M.

Khi chq’fm d6 bang dung dich NaOH 0,100 M (duong cong 1) 6 vung diém tuong duong,
quan sat thdy budc nhay pH 16n, trong trudong hop chuén bang dung dich NaOH 0,001 M
budc nhay pH nho hon nhiéu nhung rat cudc van hoan toan nhan thay dugc.

Tir hinh 10.1 1 rang 13 & néng d6 chat chuan 0,100 M, viéc lwa chon chi thi khong khé
khan. Trong truong hop d6 hiéu sb thé tich chat chuan tiéu ton cho phép chuan khi ding cé ba
chi thi duoc néu 1én trén hinh v& chi bang sai sé doc trén buret va do d6 khéng dang ké. Mat
khac, bromerezol lyc rd rang 14 khong thich hop cho phép chuin d6 bang dung dich chuan
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0,001 N, khong chi vi sy chuyen mau chi thi dugc quan sat thay trong mot khoang 16n thé tich
chét chuin ma con vi su chuyén chi thi thanh dang kiém thuc té xdy ra rit sém trude khi dat
t6i diém twong duong va do do xuét hién sai s6 xac dinh 16n. Cuing do chinh nguyén nhan d6
ma ndy sinh sy bat dong vé su sir dung phenolphtalein. Trong s6 ba chi thi da xet chi co
bromtimol xanh cho phép xéac dinh diém cubi véi sai s6 nho nhét.

10.4.2 Chuan d9 bazo manh bing axit manh

Tinh hinh tuong ty dwoc quan sat thdy khi chuan bazo manh bang axit manh. O gan diém
tuong dwong, dung dich 1 kiém manh va néng do cta ion hidroxyl bang ndng do cua kiém
manh chua dugc chuan d6. Mot cach chinh xac, ciing theo nhimg nguyén nhén da xet trén
day, dung dich ¢ diém tuwong dwong tré thanh trung hoa. Cudi cung, dung dich sau diém
tuong duong trd thanh axit va truong hgp nay nguoi ta tinh pH theo lugng axit manh du thém
vao. Puong chuan d6 bazo manh bang HC1 0,100 M duogc gidi thiéu trén hinh 10.5. Nguoi ta
chon chi thi ciing nhu trudng hop chuan axit manh bang bazo manh.

10.4 Puong chuin dj axit yéu hoic bazo yéu

Khi xay dung duong chudn d6 axit yéu can phai tinh pH cta dung dich chinh axit d6 lién
hop véi bazo clia nd va hdn hop ciia chung. Nhiing tinh toan twong ty cling can thiét khi xay
dung chuan d6 bazo yéu. Nhitng phuong phap tinh pH cta dung dich axit yéu va bazo lién
hop di duoc xem xét & chwong 4. Tinh pH cua cac dung dich chira mot lugng déng ké cip
axit - bazo lién hop s€ dugc xem xét trong chuong sau.

10.4.1 Tinh pH cuiia dung dich chira m{t cip axit - bazo lién hop

Dung dich chita mot cip axit - bazo lién hop ¢ thé 1a axit, kiém hodc trung tinh tiy
thudc vao hai can bang canh tranh ton tai trong dung dich. D6i véi axit yéu HA va muoi natri
NaA cua n6, nhitng can bang do la:

_[H;0"J[A"]

HA + H,O H;0' + A ; K (10.3)
[HA]
A+ H0 OH +HA ;K :% (10.4)

Néu can bang thur nhét chuyén dich vé bén phai manh hon can bang thir hai thi dung dich
s€ axit. Nguoc lai, néu can bang thir hai chiém uu thé thi dung dich s& kiém. Tir cac phuong
trinh hang s6 can bang 4y, 1 rang 1a ndng do twong d6i cua ion hidro va hidroxyl phu thudc
khéng chi vao cac dai luong K, va Ky ma con phu thudc vao ty sé ndng do cua axit va bazo
lién hop vdi nd.
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Dung dich bazo yéu ciing hoan toan tuong tu. Trong dung dich chtra amoniac
va amoni clorua, cac can bang sau day dugc thict 1ap:

NH; + H,O NH," + OH,

[NH,"][OH"]

=1,76.107°
[NHj]

b =
NH,” + H,0 NH; + H;0°,

_[NH3][H;0"] _ Km0 1,00.10‘14

a —=5,68.10"1°
[NH;] Ky,  1,76.10”

K

Vi Ky, 16n hon K, nhiéu nén trong dung dich cin bang thir nhit chiém wu thé va dung dich
s& kiém. Nhung néu ndong d6 NH} 16n hon ndng dé6 NH; khoang 200 lan, sy khac nhau vé gia
tri hing s6 can bang duoc bu trir va dung dich trong truong hop do sé axit.

_ Tinh pH cua dung dich chita axit yéu va bazo lién hop véi né: Ching ta xét dung dich co
nong do axit chung Cpa va nong do bazo lién hop chung Cnaa. Nhimg can bang quan trong
nhat va nhiing h¢ thuc hang so6 can bang ay dugc mo ta bang cac phuong trinh (10.3) va
(10.4).

Do kég qua cua phan tng (10.3), nf}ng d6 axit HA giam xubng mot gia tri bang [H;0']; mt
khac, do két qua cta phan tmg (10.4) néng do axit HA tang mot gia tri bang [OH ]. Nhu vay, c¢6
theé dicn ta ndng d) can bang cua axit HA bang phuong trinh:

[HA] = Cya — [H;0"] + [OH] (10.5)

Mot céch tuong ty, do két qua cua phan tmg (10.3) [A'] tang 1én mdt gid tri bang [H;O'],
trong khi d6 do két qua ctia phan tng (10.4) [A] giam di mdt gia tri bang [OH ]:

[A7]= Cnaa + [H;0'] - [OH] (10.6)

Du¢i day s¢ chi 6 rang, phuong trinh (10.5) c6 thé dé dang thu duoc tir phuong trinh can
bang vt chit va diéu kién trung hoa dién. Trong dung dich, [HA] va [A] dugc tao thanh tir hai
ngudn HA va NaA ma ndng d6 chung cua chung da biét, do dé:

Cha + Craa = [HA] +[AT] (10.7)
Diéu kién trung hoa dién doi hoi:

[Na'] + [H;0']=[A] + [OH ]

nhung vi:

[Na+] = CNaA
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nén:

Cnaa + [H30']=[AT] + [OH] (10.8)

Sau khi bién d6i phuwong trinh d6, chiing ta di toi phwong trinh (10.6):

[A]=Craa + [H:O] - [OH ]

Lay phuong trinh (10.8) trir phuong trinh (10.7) v bién ddi ta thu dugc:

[HA] = Cnaa — [H30"] + [OH]

nghia la m§t phuong tinh twong tu phuong trinh (10.5).

Trong phan lon truong hop ching ta s€ dung cham t6i van dé 1a hiéu 5O ([H;0"] -
[OH ]) nho hon rat nhi€u so v6i cd hai nong do chung. Trong céc dic¢u ki¢n do6 cac phuong
trinh (10.5) va (10.6) dugc don gidn hoa:

[HA] = Cya (10.9)

[A ]~ Craa (10.10)

Thay céc phuong trinh thu duoc vao phuong trinh hing s phan li, sau khi bién d6i ta
duoc:

[H;07]=K, Cra (10.11)
CNaa

Trong cac tai liéu vé sinh vat va hoa sinh thudng gip mot s6 dang khac ctia phuong trinh
(10.11). Dang d6 thu duoc khi dién ta moi thanh phéan cua phuong trinh dudi dang am logarit
va chuyén cho ty s6 nong do:

~log[H;0"] = -logK, —1g Cra
CNaA

Tu do:
CNaA

pH =pK, +1g—"22& (10.12)
Cha

Biéu thirc nay c6 tén la phuong trinh Henderson-Schwazenbach.

Gia thiét dan té1 phuong trinh (10 9) va (10.10) doi khi khong c6 gia tri d6i voi axit hoic
bazo c¢6 hang sé phan i 16n hon 107 hoac 1a trong truong hop néu ndng do chung cua axit
hoic bazo lién hop ciia né (hodc ca hai cAu tir ctia cip axit - bazo lién hop) rat nho. Nhu trong
cac tinh toan trude day, sau khi thyuc hién cac gia thiét tuong mg, nhiing gia tri [H;O'] va
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[OH ] tim duoc trong cac tinh toan so b, can duogc st dung dé kiém tra do ding
d4n cua nhitng gia thiét do .

Tt phwong trinh (10.11) ta thay rang, trong dung dich chira axit yéu va bazo lién hop véi
n6, nong do i ion hidro chi phu thudc vao ty s6 néng d6 chung cua cac chat nay; diéu d6 dung
trong khoang nong do thoa man nhing gia thiét, tir d6 dé rit ra phuong trinh (10.11) con c6
nghia. Ngoai ra, gid tri h¢ thie d6 khong phu thudc vao su pha loang dung dich, boi vi khi
bién doi thé tich dung dich, ndng d6 ctia mdi ciu tir bién d6i mot s6 lan nhu nhau. Nhu vay,
ndng do ion hidro trong dung dich chira mot lwong déng ké axit yéu va bazo lién hop véi no,
khong phu thudc vao d6 pha lodng va dugc xac dinh chi bang ty s nong do chung cua ca hai
chat tan. Sy khong phu thudc ciia pH vao d loing 1a mot trong nhimng biéu hién tinh chét
dém cua nhitng dung dich do6.

Vi du: pH cta dung dich chtra 0,400 M axit focmic va 1,00 M natri focmiat bang bao
nhiéu ?

Nong d6 cua ion hidro trong dung dich d6 dugc xac dinh bang can bang ctia phan tng:
H,O + HCOOH H;0" + HCOO™
hang sb cin bang cua can bang d6 la:

_ [H;0"][HCOO™]

o\ = =1,77.1074
[HCOOH]
Theo diéu kién bai tap:
[HCOO ]~ C___ =1,00M

HCOO
[HCOOH] ~ CHCOOH = 0,400 M
va:

[H30*]x1,00
0,400

=1,77.107*
tur do:
[H;0"] = 7,08.10 > mol/l

pH = —log(7,08.10°) = 4,150 = 4,15

() Néu [H,0"] ct gid tri d0 16m, dung dich s6 axit v cd thé b6 qua gid tri [OH]. Nguoc lai néu
dung dichl kiém sécd[OH]1 chiyéuv cd thé khung can ké téi gid tri [H3O+].
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’ Néu chung ta so sanh pH cta dung dich d6 véi pH cua dung dich axit focmic 0,400 M thi
thay rang, khi thém natri focmiat, &nh hudng cua ion cung té€n dan téi sy tang pH tir 2,08 dén
4,15.

Tinh pH ctia dung dich bazo yéu va axit lién hop véi né: Tinh pH ciia mot dung dich chira
bazo yéu va axit lién hop véi né khong co gi khac véi vi du da phan tich & trén.

Vi du: Tinh pH ctia dung dich chirta NH4C1 0,28 M va NH3 0,070 M.
Cén bang chung ta chu ¥ 1a:

NH; + H,O NH; + OH"

duogc dic trung bang hang s6 K, =1,76.107.

Nhu thuong 18, chung ta c6 thé gia thiét rang :

[NH3] ~ CNH3 = 0,070
+1 ~ —
[NHj] ~ Cyyy. =0,28

Thay thé nhiing gia tri d6 vao phuong trinh hang sb cin bang chung ta duoc:

[OH'1x0.28 _, 76 195
0,070

[OH ] = 4,40.10"° mol/l
pOH = —log(4,40.10 %) = 5,36;

pH =14 - 536 =28,64.
10.4.2 Anh huwéng ciia lyc ion dén cin bing axit - bazo

Trong chwong 4 da chi rd mic d6 phan li cua axit yéu, vi du axit axetic ting 1én clng véi
su tang cua lyc ion. Nguyén nhan cua hién tuong dé tuong tu nguyén nhan gay nén su chuyen
dich can bang két tia- dung dich. Vi dang khong phan li cua axit khong tich dién nén su bién
dbi luc ion it anh huong dén tinh chit ciia nd; mat khac, vi su bién d6i luc ion anh huéng dén
tinh chit cic ion cta chat dién li, khuynh hudéng cac ion hidro va ion axetat tai lién hop bi
giam xudng.

Vi du dan ra duéi day chi 1& rang c6 thé tinh toan anh huéng ctia luc ion néu biét hé s6
hoat d0 cua cac ion.
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Vi dy: Tinh pH cta dung dich d@m chua 0,0400 M a>§it focmic va 0,100 M .
natri focmjat, theo hoat d9. So sanh két qua thu dugc véi két qua tim dugce khi st dung nong
do thay thé cho hoat do.

Gia thiét mot cach hop ly réng, luc ion cua dung dich d6 dugc xac dinh bﬁng néng do
natri focmiat, nghia 1a nong d6 H;O" va ion focmiat tao thanh khi axit focmic phan i nho:

o= %(0,100.12 +1,00.1%) = 0,100.

Tir bang 5.4 (xem chuong 5) chung ta tim thay rang d6i véi p=0,1:
fH30+ =0,83;
facoo- =0.76

Nhu vay:

_[H30")[HCO0 ] fh,0" *fhcoo-

a =1,77.107%
[HCOOH] facoon

Hop nhat hé s6 hoat do d6i v6i K, chung ta tinh dwoc hing s6 ndng do cua can bang K, :

-4 —4 + —
L7710 xfycoon _ L7700 x1.0 o) s [HyO'JHCOO"]

Ka
00 *frcoo- 0,83x0,76 [HCOOH]

‘ Chung ta nhgfm théy réng hé sb hoat d6 cia HCOOH khong tich dién duoc chép nhan
bang 1,0. Gia thiet do doi véi hat trung hoa thuong 1a dung.

Sau nay, dé tinh toan ching ta str dung hing s6 can bang néng do K,":
[HCOO 1=0,100 M
[HCOOH] = 0,0400 M

+
w: 2,81.107%

0,0400
[H;0"]=1,12.10"* mol/l;
pH = —log(1,12.10%) = 3,95.

Chuy rﬁng, néu khong tinh h¢ s6 hoat do chung ta da thu duoc pH =4,15.
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10.4.3 Dung dich dém

Dung dich dém 13 dung dich c¢6 pH khong bién doi trong cac truong hop:
1. Khi pha loang;

2. Khi thém vao mdt lugng nho axit hodc bazo. Dung dich d6 ¢6 ndng do axit va bazo lién
hop v&i nd cao va xap xi bang nhau 1a tot nht.

Anh huong cia sw pha lodng: Gia tri pH cta dung dich dém thuc té khong bién ddi khi
pha lodng cho t6i khi ndng d6 ciia né khong giam téi mirc 13, sy gan dang duoc st dung dé
rt ra phuong trinh (10.9) va (10.10), tré' thanh mat gia tri. Vi du dan ra duéi ddy minh hoa
tinh chét dién hinh cta dung dich dém khi pha lodng.

Vi duy: Hay tinh pH cua dung dich dém c6 pH = 4,15 khi pha loang dung dich dém (xem
vi du 6 muc 10.4.1):

1. 50 lan;

2.10.000 lan.

Giai:

1. Sau khi pha lodng 50 lan:
Crcoon = 0,400/50 = 8,00.10° M
Chcoona = 1,00/50 =2,00.10° M

Nhu trude ddy, néu gia thiét rang, hiéu sé [H;0'] — [OH ] nho so v&i Crcoon va Crcoona
ta co:

[H307]x2,00.1072

. =1,77.107%
8,00.10"

[H;0']=7,08.10° mol/l; pH = 4,15.

Trong trudong hop do:
~14
[OH ] = L0010 4 4110710 mol/1
7,08.107°

Nhu vay gia thiét (7,08.10° — 1,41,10'%) << 8,00.10 va 2,00.10* c6 du co s6.
2. Sau khi pha lodng 10.000 lan:

Chcoon = 4,00.10° M
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Chcoona = 1,00.10% M

Trong truong hop nay can sir dung phuong trinh (10.5) va (10.6), ching cho nhimng két
qua chinh xac hon:

[HCOOH] = 4,00.10° — [H;0'] + [OH ]

[HCOO] =1,00.10"+[H;0']—[OH]

Vi dung dich d¢ 1a axit nén chéc chin phai c6 [H;0'] >> [OH ], nhu vay:
[HCOOH] = 4,00.10° — [H30"];

[HCOO] ~1,00.10*+ [H507]

Thay thé céc gia tri d6 vao phuong trinh hang s6 can bang ta dugc:

[H30"]x(1,00.1071* +[H;07])

- =1,77.107%
4,00.107° —[H30"]

Pua phuong trinh d6 dén dang bac hai:
[Hy0" 2 +2,77.107 x[H;07]-7,08.107 =0
va gidi ra:

[H;0"]=2,36.10" mol/l; pH = 4,63.

Nhu vy, khi pha loang 10.000 lan pH tang tir 4,15 dén 4,63 va khi pha loang 50 lan pH
thuc té khong bién doi.

Trén hinh 10.2 dan ra sy so sanh anh huéng cua sy pha loéng dén pH cua cic dung dich
dém va khong dém voi nong do dau cua moi dung dich bang 1,00 M. Tur hinh v€ thay r6 rang

1a nhitng dung dich dém it bién d6i pH.

Thém axit va bazo vao dung dich dém: Kha nang cta dung dich dém giir khong ddi gia tri
pH khi thém axit hodc bazo vao dugc chiung ta minh hoa ¢ vi du sau.

Vi du: Hiy tinh xem pH bién d6i nhu thé nao néu thém vao 400 ml dung dich dém chira
NH; 0,200 M va NH4Cl1 0,300 M.

1. 100 ml NaOH 0,0500 M; 2.100 ml HCI 0,500 M.
Chung ta tinh gia tri pH ban dau, khi gia thiét rang;

[NH}] ~ CNH3 = 0,200 M
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[NH}] ~ Cyp,q) =0.300 M
va thay thé nhiing gia tri d6 vao phuong trinh hang s phan li:

[OH]x0,300 _ 1.76.10°5
0,200
[OH ]=1,17.10" mol/l; pH = 14,00 — (-log1,17.10°) = 9,07

pH

60T

4.0

1. Dung dich khéng dém HCL
Tl 2. Dung dich khéing dér (HA)
| 2 3. Dung dich dém (HA+Tab)

2,01

?

1.0 r

0,0 l ] l ] .
0,0 100 107 107% 19t 107F

Ning d thudc thi I
Hinh 10.2
Anh huéng cia sy pha lodng dén pH cua céc dung dich dém va khong dém.

Hing s phan li HA bang 1,00.10*. Ndng do dau d6i véi tt ca cac truong hop bang 1,00
M.

1. Thém NaOH vao gy nén su chuyén dich mot phan NH thanh NHj:
NHZ + OH — NH; + H,O

N@)ng dd chung ciia NH; va NH4Cl sau khi thém kiém vao tré thanh nhu sau:

400x0,200+100x0,0500
500

Cxm, = =0,170 M

400x0,300-100x0,0500
500

Cnn,01 = =0,230 M
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Sau khi thay thé nong d6 di tim dugc vao phuong trinh hang sé phan li cua
NH; ta thu duoc:

1,76.107° x 0,170
0,230

[OH ] = =1,30.10° mol/1

pH =14 — (-log1,30.10°)=9,11
ApH=9,11-9,07 = 0,04

2. Thém HCI gay nén sy chuyén mot phan NH; thanh NHj , do dé:

~400x0,200-100x0,0500

CNH, = 500 =0,150 M
400x%0,300+100x0,0500
Cm,c1 = - 0,250 M

1,76.107° x 0,150

[OH™]=
0,250

=1,06.10"° mol/1

pH = 14 — (-log1,06.10°) = 9,02
ApH = 9,02 — 9,07 = 0,05

Vi du: Hiy so sanh tinh chit cua dung dich khong dém co pH = 9,07([OH ] = 1,17.10°
mol/l), khi thém vao cling mét lugng kiém va axit nhu trong vi du trén.

1. Sau khi thém kiém:

400x1,17.10™ +100x0,0500

[OH = 500

=1,00.10"2 mol/1

pH = 14 — (-log1,00.10 %) = 12,00
ApH = 12,00 —9,07 =2,93
2. Sau khi thém axit clohidric:

100x0,05—-400x1,17.107°

H.O0%]=
[H3O0"] 200

=1,00.102 mol/1

pH = 1log(1,00.10%) = 2,00

ApH=2-9,07=-7,07
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Khoi heong dém:  nhing vi du dé xét chi o rang dung dich chira cap axit - bazo lién hop
c6 kha nang gitr pH 6n dinh khi pH cua dung dich bi bién d6i. Tinh chat giit pH 6n dinh cta
dung dich dém d6i v6i su bién doi dang ké cua pH phu thudc ca vao ndng do chung cua cac
cau tir cua dung dich dém ca vao ty s6 cua ching. Vi du, néu thém vao 400 ml dung dich dém
thu duoc béng cach pha loang 10 lan dung dich dém da mo ta trong vi du trén, cling mot
lugng nhu thé natri hidroxit hodc axit clohidric thi pH cta n6 bién ddi khoang +0,5 don vi;
d6i véi dung dich dém dic hon, sy bién d6i pH chi khoang 0,04 don vi.

Nguoi ta do khéi lugng dém cua dung dich bang s mol axit manh hoic bazo manh can
thiét phai thém vao mot lit dung dich dém dé lam bién d6i pH ciia nd mot don vi. Chung ta
cling da thay rang, khéi luong dém phu thudc vao ndng do cip axit - bazo lién hop dong thoi
ca vao ty s nong do cua cidp axit - bazo lién hop va dat t6i gia tri cuc dai khi ty sd d6 bang
don vi.

Chung ta xét dung dich dém chura a mol axit HA va b mol bazo lién hop NaA. Néu thém
vao dung dich d6 n mol axit manh, nong do chung cuia axit va bazo li€n hop sé nhu sau:

a+n
Cha = ;
v
b—-n
CNaA:
v

& day v 1a thé tich dung dich. Chung ta x4c dinh pH cua dung dich d6 theo phuong trinh
(10.12):

pH =pK, +logC =pK, +10gb
CHa

=pK, +log(b—n)-log(a+n)

Lay vi phan phuong trinh theo n ta dugc phuong trinh mé ta toc do bién d6i pH ciia dung
dich dém khi thém axit:

AH _ 434t 0434«
dn b-n a+n

Cho vi phan bac hai bang khong chiing ta tim dwogc cyc tiéu ciia ham pH = F(n).

2
ii—9E=0,434>< L 0434x— 1!

=0
dn? (b-n)? (a+n)?

Sau khi bién ddi ta duoc:

1 _ 1
b-n)® (a+n)?

Khai cin béc hai ca hai phan ctia phuong trinh va sap xép lai ta duoc: b = a.
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Nhu vay, tbc do bién ddi pH cuc tiéu khi thém axit duoc quan st thdy trong
truong hop néu s6 mol bazo lién hop b bang s6 mol axit lién hop a. Ta ciing c¢6 duoc mbi
quan h¢ nhu vay néu thém bazo vao dung dich dém duogc diéu ché tir bazo yéu va axit lién
hop voi no.

Gioi han vung dung phuong trinh Henderson-Schwazenbach.

Phuong trinh Henderson-Schwazenbach:

pH = pK, +log CNaA. (10.12)
Cha

duogc str dung rong rai dé tinh pH va diéu ché dung dich dém. Trong phuong trinh trén

pK, 14 hang s6 nén ty sd CCN—aA quyét dinh gia tri pH cta dung dich, nhung trong thyc té, diéu

HA
d6 chi dang trong mot khoang xac dinh. Khi ty s6 ndy rat 16n hodc rat nho, phuong trinh trén
-1
r& thanh khong ding va khong thé 4p dung duoc. Vi du, khi <Naa _ L1107 ;506 i ¢4

Cha 1.1077
v6i hé NaCH;COO - CH;COOH, pH cua dung dich s€ 1a:

pH =14,76 + logl0° = 4,76 + 6,00 = 10,76

Két qua trén 1a khong thé chip nhan dugc vi 16n hon nhidu pH cia dung dich
NaCH3;COOH 0,100 M, ddng thoi ciing chinh 1a pH & diém rat gan véi diém tuong duong
trong phép chuan dung dich CH;COOH 0,200 M bang dung dich NaOH 0,200 M (xem muc
10.4.4 dudi day). Vi lac nay [NaCH3COO] >> [CH;COOH] nén:

-14

== (Ko 10 1 5,12

a

pOH = 5,12
do do

pH=14,00 - 5,12 = 8,88

-7
Nguoc lai, khi(él\l—aA =10—1 =107 thi dbi voi hé NaCH;COO - CH;COOH ta dang xét
HA 107

pH s¢€ la:
pH=4,76 + 1ogl0°=4,76 — 6,00 = —1,24

Két qua nay ciing khong thé chap nhan duoc vi dung dich nay thuc té 1a dung dich
CH3;COOH 0,100 M, dong thoi pH ciia né ciing chinh 1a pH & diém dau, chinh xac hon 1a &
diém "cuc ky sat" voi diém dau cua duong chudn d6 dung dich CH;COOH 0,100 M bang
dung dich NaOH 0,100 M (vi [CH3COOH >> [NaCH3COO ]) nén:
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[H30+] = \/KCHSCOOH X CCHSCOOH = \/10_4’76 X 10_1 = 10_2’88 (Xem 1044)

pH = 2,88.

Khi sinh vién mudn tinh pH & diém "vé ciing sdat" v6i diém dau va diém "vé ciing sdt" véi
diém tuong duong cua phép chuan dd axit yéu bang bazo manh nhung lai bang phuong trinh
phuong trinh Henderson-Schwazenbach thi da pham phai nhiing sai 1am nhu trén.

Su that 1a hé¢ dém axit yéu va bazo lién hop v6i no ¢ khdi luong dém (xem khdi lugng
dém ¢ 10.4.3) cuc dai khi Ciya = Cnaa va khdi lugng dém giam dan vé ca hai phia khi Cya va
Craa giam dan. Khi Cyp = 107 nghia 1a Ca — 0 va Cnaa = 107 nghia 12 Cyaa — 0 14 Itc
khéi lwong dém cua hé tién t6i khong nén hé khong con 1a hé dém nita va do d6 khong thé
diung cong thirc ciia Henderson-Schwazenbach dé tinh pH.

’ Dié‘q ché dung dich dém: V& nguyén tic c6 thé diéu ché dung dich dém c6 pH can thiét
bat ky bang cach tron nhiing lugng da dugc tinh todn trudc cuia nhitng cdp axit - bazo 1ién hop
thich hop.

Vi dy: Hiy trinh bay cach diéu ché dung dich dém c6 pH = 5,00 tir dung dich axit axetic
(K, =1,75.10") 0,500 M va dung dich NaOH 0,426 M.

Ta tim dugc ty s ndng do axit axetic va anion axetat & pH = 5,00 tir phuong trinh hing
sO phan li:

[0Ax"]  Kgoax  1,75.1070
[HOAx] [H;0"] 1,00.107°

1,75

DPé ¢ duoc ty s can trdn Vya ml axit axetic v&éi Vo ml NaOH 0,426 M. Sau khi tron,
nong do axit va bazo lién hop s€ tuong ting bang:

04265V, oA
OAx VHA + VOH_
o 0500x Vi ~0.426x Vi HOAX
HOAx VHA + VOH_

Néu thay thé [OAx ] va [HOAx] bang nhiing ndng do d6 vao ty sé ban dau thi mau sb
dugc don gian hoa:
0,426xV

OH =1,75
0,500 Viga —0,426x V.-

va sau khi sdp xép lai ching ta thu dugc:
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—OH_ _ 0,747
VHA

Néu cén thiét didu ché 100 ml dung dich dém thi chiing ta lam nhu sau:
Vou+ Viua= 100
0,747Vua + Via = 100
Viua =572 ml; Vog =100 — 57,2 =42,8 ml

Nhu vay, néu thém 57,2 ml dung dich axit axetic vao 42,8 ml dung dich NaOH thi vé
nguyén tic phai thu duoc dung dich c6 pH can thiét. Béng cac tinh toan loai tuong tu c6 thé
huéng dan viée didu ché cac dung dich dém cé pH xép xi pH tuong Ung can thiét. Thuong
khong nén mong doi cac gia tri chinh xac boi vi gia tri cua nhiéu hang sb phan i c6 sai sd.
Con mot diéu quan trong hon nira 1a lyc ion cia cac dung dich dém thuong 16n dan dén muc
la khong thé thu duoc gia tri hé sb hoat dd tin cdy cua cac ion trong cac dung dich do tu
phuong trinh Debye-Huckel. Nhu trong vi du da xét, luc ion khoang 0,18 vi vay hang s phan
li ndng d6 K, can phai 16n hon 1,75.10° dang ké nhung chua dugc xac dinh chinh xac
(khoang 3.107).

Nhitng hudéng dan diéu ché cac dung dich dém c6 pH biét trudc co trong cic sb tay tra
ctru héa hoc. Can dic biét nhé hai hé¢ dém phd bién nhat: dung dich dém Makilvein d6i voi
khoang pH = 2 — 8 duoc diéu ché bang cach tron dung dich axit xitric va natri hidro-photphat
va dung dich dém Klark va Labo dbi voi khoang pH = 2 — 10 dugc diéu ché bang cach sir
dung ba hé: axit phtalic-kali biphtalat, kali dihidro photphat-kali hidro photphat, axit boric va
natri borat.

10.4.4 Pwong chuin dd axit yéu

Pé xay dung dudng chuan d6 axit yéu (hodc bazo yéu) can phai thuc hién bon loai phép
tinh twong ung vdi bon phan cua dudng cong:

1. Trude khi chuén, dung dich chi chira axit yéu, nén pH cta dung dich duoc tinh theo
nong do¢ chat bi chuan.

2. Sau khi thém mot phan bét ky thude thir (mot lwong cho téi trude diém twong duong
nhung chua béng lugng twong duong), cac dung dich s€ 1la mot loat h¢ dém; ddi véi mdi hé
dém d6 c6 thé tinh pH theo ndéng do chung ctia san phim phan Umg va cia axit hodc bazo
chua bi chuén.

3. O diém tuong duong dung dich chira hop chat lién hop voi axit yéu hodc bazo yéu bi
chuan va pH dugc tinh theo nong dd chung ctia hop chat do.
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4. Cudi cung, sau diém tuong duong lwong du axit manh hoic bazo manh duoc dung lam
chat chuan to1 mirc ngén can phan Ung cua san pham tao thanh nén pH chu yéu duoc xac dinh
theo ndng d6 luong du chat chuan.

Xay dung dwong chudn dg: Chung ta xét nhimg tinh toan do ¢ vi du x@y dung dudng
chuan do 50,00 ml dung dich axit axetic (K, = 1,75.10_5) 0,100 M bang dung dich NaOH
0,100 M.

Gié tri pH ban dau: Sir dung phuong phap mé ta truée diy ¢ chuong 4 cho dung dich
HOAXx 0,100 M chung ta dugc pH = 2,88.

Gia tri pH sau khi thém 10,00 ml chat chuin: Trong truong hop nay chung ta thu duge
dung dich dém gdm c6 NaOAx va HOAx. Ta phai tim nong d6 cta ca hai ciu tir cia dung
dich dém:

~50,00x0,1000-10,000x0,1000 4,000

C - -
HOAx 60,00 60,00
o _10,00x0,1000 _ 1,000
NaOAx 60,00 60,00

Thay thé nhimng gia tri tim dugc vao phuong trinh hing s phan li HOAx chung ta thu
duoc:

[H30%1x1,000
60,00
4,000
60,00

—K, =1,75.107°

[H;0']=7,00.10" mol/l - pH = 4,16

Bang 10.3 Su bién d6i pH khi chuin axit yéu bing bazo manh

pH

;ﬁ%g‘ﬁl dung dich | oy 2 50,00 ml CHCOOH | Chuin 50,00 ml CH;COOH
0,100 M bang dung dich | 0,00100 M bang dung dich
NaOH 0,100 M NaOH 0,00100 M

0,00 2,88 3,91

10,00 4,16 4,30

25,00 4,76 4,80

40,00 5,36 5,38

49,00 6,45 6,45
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49,90 7,46 7,46
50,00 8,73 7,73
50,10 10,00 8,00
51,00 11,00 9,00
60,00 1196 9,96
75,00 12,30 10,30

Nhitng tinh toan loai twong tu, thich hop dé xay dung duong chuan do ¢ subt ca ving
dém. Nhitng két qua ctia nhiing tinh toan d6 dugc gidi thi¢u & cot thir hai ctia bang 10.3. Cha
¥ 1a néu axit bj chuan 50% (dbi véi phép chuan di cho, diéu d6 twong tGng véi sy thém vao
chinh xac 25 ml dung dich kiém) néng d6 chung cia axit va bazo lién hop béng nhau; trong
gidi han cua nhiing gia thiét théng thudng, ngudi ta cong nhan ndéng do can bang bang nhau
ctia chung. Do d6 trong phuong trinh hang s0 phan li nhitng dai luong d6 da dugc don gian
héa va néng do6 ion hidro bang tri s hang s6 phan li, nghia 1a pH bang pK,. Bing cach twong
tu khi chuén bazo yéu, néng do6 ion hidroxyl ¢ thoi diém 50% bazo duoc chuin do bfmg tri s&
hang sé phan li bazo.

Gia tri pH ¢ diém tuong duwong: & diém twong duong, axit axetic chuyén thanh natri
axetat nghia 1a chung ta c6 dung dich chi chira bazo d6. Sau khi tinh nong do tong quat cua
ion axetat nguoi ta tinh pH nhu d3 moé ta d6i voi bazo yéu (chuong 4). Trong vi du da cho,
nong d6 bazo NaOAx 1a 0,0500 M, do do:

K —14
[OH ] = \/ 10 ,0,0500 = 1,00x10 ><(;,O5OO
K, 1,75.10"

[OH ]1=5,34.10"%mol/1
pH =14,00-(~log5,34.1076) = 8,73

Gia tri pH sau khi thém 50,10 ml bazo manh: Sau khi thém 50,10 ml kiém, ion hidroxyl
dugc tao thanh do su phan 1i cia bazo du va do tuong tac ctia ion axetat véi nudc. Sy dong
gop cua phan tng sau qua nho boi vi luong du bazo manh can trd sy phan 1i bazo yéu va co
thé khong can ké toi nd. Pidu d6 di tré thanh rd rang khi ching ta tinh dugc ndng d6 ion
hidroxyl & diém twong dwong trong phép chuin dé da cho 1a 5,34.10°° mol/l. Sy déng gop
[H30"] do phan tng phén li cta axit axetic khi vira xuit hién luong du bazo manh s& con bé
hon do do:

50,10x0,1000 -50,00x0,1000
100,1

pH =14,00-(~log1,0.10™*) =10,00

[OH = CnaoH = =1,0.10*mol/1
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Chung ta nhén thdy rang duong chuan d¢ axit yéu bang bazo manh ¢ sau diém twong
duong gidng v6i duong chuin d6 axit manh bang bazo manh.

Anh huong ciia nong d@¢: Trong cac cot thir hai va thir ba cua bang 10.3 dan ra nhiing dit
kién thu duoc khi chuén d6 céc dung dich axit axetic 0,100 M va 0,001 M béng dung dich
NaOH c6 cung nong d6. Vi du din ra dudi ddy chi 1 rang khi xdy dung dudng chuan do cac
dung dich lodng can tinh toan ndng d6 ion hidro bang nhitng phwong trinh chinh xac hon.

Vi du: Hay tinh pH cua dung dich tao thanh khi tron 50,00 ml dung dich axit axetic 0,001
M v6i 10,00 ml dung dich NaOH 0,001 M.

Chung ta tinh ndng d6 HOAxX va NaOAX:

50,00x0,001—10,00x 0,001 4
ChoAx = 000 =6,67.10* M

10,000,001 .
CNaOAx :W:].,G’?].O M

Néuq chung ta tinh [H;0'] béng chinh nhitng phuong trinh da dugc su dung trong truong
hop chuan bang cac dung dich thude thir 0,100 M thi tim thay: [H;0'] = 7,00.1()‘*5 mol/l. R
rang 1a gia tri [H30"] tim duoc bay gio ¢6 thé sanh v6i Croax va Craoax do d6 can tung dung
cac phuong trinh (9.5) va (9.6):

[HOAX] = Cya — [H;0'] + [OH ]

[OAX] = Cnaa + [H;0"] - [OH]

Co thé bo qua gia trj [OH ] bdi vi dung dich 1a axit. Thay thé cac gi4 tri tim dugc vao
phuong trinh hang s6 phan li ta co:

[H;0" 1x(Cyaa +[H;0"1)

(Cra ~[H507])

a:

va sau khi chuyén thanh phwong trinh béc hai:
[H30']* + (Cnaa + Ko).[H30'] = Ko.Cra = 0
Ddi voi vi du da cho:

[H;0']* + 1,84.10 *.[H;0] - 1,17,10* = 0;
[H;0"]=5,00.10"> mol/I;

pH=4,30
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~ Giatri pH dbi v6i nhimg thoi diém chudn twong ng v6i su thém vao tir 10,00
dén 49,00 ml dung dich bazo manh (bang 10.3, c6t 3) dugc tinh todn tuong tu.

Su dién ta béng dd thi nhiing dir kién cta bang 10.3 dugc gidi thi€u trén hinh 10.3.
Chung ta nhan thay rang d6i v6i dung dich lodng hon, gia tri pH ban dau cao hon va pH &
diém twong thap hon so vé6i truong hop dung dich 0,100 M. O cac diém tuong Gng véi su
thém vao mot thé tich trung gian chit chuin, pH bién ddi it hon. Trong ving d6 cia phép
chuan dung dich dém chua axit axetic va natri axetat duoc tao thanh. Hinh 10.3 khing dinh
lai rang, sy pha lodng it 4nh huong dén pH cia dung dich dém.

Trén hinh 10.4 din ra nhitg dudng chuan do cac dung dich axit 0,100 M c6 cuong do
khéac nhau. RO rang 1a khi l[am gidm cuong d¢ axit, su bién doi pH trong vung diém tuong
duong trd nén it rd rang hon bdi vi phan ing gitra axit va bazo xdy ra kém hoan toan hon.

Anh huéng cua ndng do tl}uéc thir dén do hoan toan cua phan tng (hinh 10.3) tuong ty
nhu da duoc mo ta trudc day doi voi duong chuan do két tia (chuwong 9).

{2 ~ Khoing chuyén min
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Nhiing duong chuin d¢ axit axetic bing dung dich Anh hudng cua cuong do axit dén dic diém ciua duong
NaOH chuan do.
1. Chuén axit 0,100 M bang NaOH 0,100 M. M3&i dudng cong twong ung v6i phép chuén 50,00 ml axit

0,1000 M bing NaOH 0,1000 M
2. Chuén axit 0,00100 M bing NaOH 0,00100 M

Lua chon chi thi: Hinh 10.3 va 10.4 chi ro rﬁng, su lua chon chi thi cho phép chuén axit
yéu bi han ché hon so véi phép chuan axit manh. Vi du, brom crezol luc hoan toan khong
thich hgp cho phép chuén axit axetic 0,100 M; ca brom timol cham ciing it thich hop dbi voi
phép chuan do axit axetic 0,100 M boi vi su bién doi mau cua ndé dugc quan sat thiy trong
khoang tir 47 dén 50 ml bazo manh 0,100 M. Nhung c6 thé ding brom timol cham néu chuan
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dén mau hoan toan kiém; bién phap d6 doi hoi phai dung dung dich kiém chuén chira cing
mot luong chi thi va dung dich bi chuan (d6i ching) dé so sanh. Dé chuan do, nhimng chi thi
¢6 su chuyén mau trong méi truong kiém nhu phenolphtalein thich hop hon.

Sy bién d6i pH ¢ diém cubi khi chuan do axit axetic 0,00100 M (duong cong 2 trén hinh
10.3) nho dén murc 1a co thé gay sai s6 chuén d6 16n. Pé xac dinh diém cubi véi do lap lai mot
vai phan trim can st dung chi thi véi sy chuyén mau trong ving chuyén mau tir
phenolphtalein dén brom timol cham va ngoai ra can dung d6i ching.

Tir hinh 10.4 13 rang 13, nhimg van dé twong tu nay sinh theo muc do giam cudng do axit.
Khi chuén axit 0,100 M véi hﬁng ) phan li 10® ¢6 thé thu duoc d6 chinh xac 2% & diéu
kién c6 d6i chtng thich hop. C6 thé chuan nhitng dung dich dic hon ctia nhiing axit tuong d6i
yéu v6i do chinh xac kha.

Sau day xin dAn ra mot vi du vé cach tinh budc nhay pH khi chuén d 20,00 ml dung dich axit
0,100 M c6 K, =1.10~8 bang dung dich NaOH 0,100 M lam minh chtmg,

— Pau budc nhay 1a luc phép chuan d6 dang con thiéu 0,10 ml NaOH 0,100 M, nghia 1a
=8,00+2,30 =10,30.

mot dung dich dém nén pH =pK, —log 1(:)’ 19

— Tai diém twong duong phép chuin d6 da thém du 20,00 ml NaOH 0,100 M, hé trd
thanh dung dich bazo lién hop cua HA 1a NaA c6 V= 40,00 ml nén [NaA] = 5.107 M,
Ky, =1.10°°, [OH‘J =V1.106.5.102 =2,24.10™* M, pOH = 3,65, pH = 10,35.

— Cubi budc nhay 1a lac phép chuin d6 di thira 0,10 ml NaOH 0,100 M nén [OH] do
NaOH du tao ra la:

[OH} 0,100x0,10 =2,50.10_4MVQ[OH_}doA_taoralé

40,10
+ +

OH |~+1.1065.102 =2.24.10°*M
[oH" |

> [oH" ] = 4,74.107*M

pOH =-0,68+4,00 = 3,32
pH =10,68

Vay budc nhay c6 ApH = 0,38.

Véi bude nhay nhu trén, két hop véi khoang chuyén mau cua chi thi va ¢ diéu kién c6 ddi
ching co thé dat do chinh xac £2% da néu trén 1a hop 1y.
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10.4.5 Puwong chuin dj bazo yéu

Xay dung duong chuin d6 bazo yéu khong co gi khac vai xdy dung duong chuan do axit
yéu.

Vi dy: Chuan 50,00 ml dung dich NaCN 0,050 M b?mg dung dich HC1 0,100 M. Hay tinh
pH sau khi thém:

1. 00,00 ml; 2.10,00 ml; 3.25,00ml; 4.26,00 ml axit.

1. Thém 0,00 ml dung dich chuan. Ion xianua 13 bazo yéu; tinh pH duoc tién hanh nhu da
chi ra & chuong 4.

[OH™ ]~ K} xCnacn

_ Kpo 1,000
Kuen 2,1.10_9

& day: K, =4,76.107°

Gia tri pH tim dugc 1a 10,69.

2. Thém 10,00 ml dung dich chuin: sy thém axit dan t&i sy tao thanh dung dich dém
chura:

50,00x0,050-10,00x0,100 1,500

C - -
NaCN 60,00 60,00
. . _10,00x0,100 _ 1,00
HCN 60,00 60,00

Thay thé cac gia tri d6 vao phuong trinh hang s6 phan 1i cia HCN ta duoc:

2,1.1079 x1,00
. 60,00 9
[H3O0"]= 1500 =1,4.10"7 mol/1
60,00
pH = 8,85.

3. Thém 25,00 ml dung dich chuan: thém vao mot thé tich nhu vay chat chuan cho phép
dat t61 diém tuong duong; bay gid trong dung dich c6 axit yéu HCN:

Chen = % =0,03333 M va do do6 (xem chuong 4)
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[OH_] ~ ’,Kb X CNaCN
= 1/2,1.107° x0,03333 = 8,37.10~% mol/1
pH =5,08

4. Thém vao 26,00 ml chit chuan: lugng du agit manh ngan can sy phan li HCN dén murc
la sy dong gdp cua no6 vao gia tri pH khong dang ké va do do:

[H,0"] = Cyrey = 26,00><0,10706—0500,OO><O,O50 _1.32.10°% mol/1

pH = 2,88

Trén hinh 10.5 dan ra nhimg dudng chuin d6 bazo yéu c6 cuong do bazo khac nhau. RS
rang 14 khi chudn bazo yéu c6 thé sir dung nhitng chi thi véi su chuyén mau trong ving axit.

Hinh 10.5
Anh huéng ciia cuong d6 bazo dén dang cua duong chuén do.

M3&i dudng cong tuong tng v6i phép chudn 50,00 ml dung dich bazo 0,1000 M bang HCI 0,1000 M
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Chuwong 11

Puwong chuan d§ nhirng hé Axit — Bazo phirc tap

Trong chuong nay chung ta s€ xem x¢ét nhirng can bang duoc thiét 1ap trong dung dich co
hai axit hodc hai bazo khac nhau vé hang s6 phan li. Pang chu y 1a hai loai dung dich:

— Dung dich hén hop don axit hoic don bazo;
— Dung dich hén hop da axit hodc da bazo.

11.1 Puwong chu?in dd hdn hop axit manh va axit yéu hodic hdn hop bazo
manh va bazo yéu

Xay dung duong chuan do hSI} hop axit manh va axit yéu duoc thuc hién trén vi du chuan
dd hon hop axit clohidric va axit yéu HA.

O giai doan dau cta phép chuan do, ndng do ion hidro duoc dién ta bang phuong trinh:

[H30'] = Cuci + [AT] + [OH ]

trong do so hang dau thé hién sy dong gop cua axit manh, sé hang tht hai 1a sy dong gop
clia axit yéu, sd hang thir ba 1a sy dong gop do su phan li ctia dung méi vao do axit tong cong
ctia dung dich. Trong phan 16n cac dung dich axit, sy dong gop do sy phan li cia dung moi
qua nho nén co thé bo qua trong cac phép tinh.

7 Glgiai doan dau cua phép chuén, axit clohidric ngan can sy phén li cua axit yéu nén c6
thé chap nhan [A] << Cyc va do d6 ndng do ion hidro ctia hon hgp bang nong do cua axit
manh.

Vi dy: Tinh pH cta dung dich c¢6 [HCI] = 0,120 M va [HA] = 0,080 M (K,=1,00. 107
[H;0']=0,120 + [A]

_ Gia thiét rang [A] << 0,120, khi d6 [H;0"] = 0,120 va pH = 0,92. B¢ kiém tra do ding

dan cua gia thiét trén ta tinh nong do [A]:

[A_J_ K,  1,00.107*

- - =8,33.107*
[HA] [H?,Oﬁ 0,120
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Vi:
0,080 =Cs=[HA]+[A]
nén:

o
0,080 =8’3[3.%+[A‘J

Tir d6: [A]=6,66.10" mol/l
R& rang 1a [A ] << 0,120, nghia 1a gia thiét néu trén 1a dung.

Nhu vay 13, co thé dung nhimg gia thiét tuong tw cho t61 khi chuan hét phén 16n axit
manh. Tur d6 ta thay 13, phan dau cua dudng chuan do hdn hop axit manh va axit y€u khong
khac duong chuan do riéng dung dich axit manh. Tat nhién sy c6 mit cia axit yéu HA can
phai duoc ké dén trong trudng hop ndng d6 axit manh thap.

Vi du: Tinh pH cta dung dich tao thanh khi thém 29,00 ml dung dich NaOH 0,100 M vao
25,00 ml dung dich c¢6 [HC1] = 0,120 M va [HA] = 0,080 M (K,= 1,00.104).

Tinh ndng d6 HCI va HA sau khi thém dung dich NaOH:

95,00x 0,120 — 29,00 x 0,100
Crer = 54,00

25,00x 0,080
54,00

=1,85.10° M

Cha = =3,70.102 M

nén:
[HiO']=Cha + [A]=1,85.10"° + [AT] (11.1)
Ngoai ra ta c6 thé viét:
Cua = [HA]+[A]=3,70.10° M (11.2)
Bién d6i phuong trinh hing s6 phan li axit dé c6 thé tim dwoc [HA]:

20 A
[HA]= % (11.3)
Giai dong thoi hai phuong trinh cudi ta co:

%J{A] =3,70.1072
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Tur do ta tim duoc:

_ 3,70.107°
[A ] ) [H30+J +1,00.1074

Thay [A"] va Cyc vao phuong trinh (11.1) ta duogc:

3,70.1076
[H30+] +1,00.1074

[H;0" | -1,85.107 +

hoic: [H;0]* - 1,85.10°[H;0"] - 3,88.10°=0
[H;0']=3,03.10" mol/l; pH = 2,52

Nhu vay la, trong tong s6 ndng d6 H;O" ciia dung dich (3, 03 10~ M), phan dong gop cua
axit manh 14 1,85.10, phan dong gop cua axit yéu 1a 1,18.10° M, hoan toan c6 thé sanh vai
su dong gbp cua axit manh

Néu luong bazo thém vao twong duong voi luong axit clohidric ban dau thi dung dich thu
duoc vé moi mit déng nhét véi dung dich dugc pha ché béng cach hoa tan mot lugng axit yéu
va natri clorua twong tmg vao mot luong nude thich hop. Natri clorua khéng anh hudng dén
pH ctia dung dich va c6 thé bo qua anh hudng cia luc ion t6i ndng do ion hidro dé xay dung
phan tiép theo ctia dudng chuin do duoc tinh toan tuong tu nhu khi xay dung dudng chuan do
axit yéu loang HA.

Do d6, dang ctia duong chuan do hdn hop axit manh va axit yéu cha yéu phu thudc vao
hang sé phan li (cuong d0) cua axit yéu. Trén hinh 11.1 din ra nhitngdudng chuan do hdn hop
axit manh va axit yéu khac nhau vé hang s6 phan li. Ta nhan thiy rang, néu hiang sé phan li
cla axit yéu tuong ddi 1on (duong cong sb 1), trén dudng chuan do thuc té khong co bude
nhay ¢ diém twong duong tha nhat. P6i v6i nhimg hdn hop nhu vay, trén co so két qua chuén
d6 chi c6 thé xac dinh tong noéng do axit (nghia 1a [HCI] + [HA]). Trong truong hop hang so
phan i cta axit yéu qua nho thi trén duong cong chuan do hon hop axit manh va axit yéu
cing chi ¢ mot budc nhay. Nhung trong truong hop nay chi chuan dugc axit manh. Khi
chuan do hon hop axit manh va axit yéu c6 gia tri hang s phan li trung gian thi trén duong
chuin d6 xuat hién hai budc nhay riéng biét. Puong chuan do ctia phép chuan do hdn hop
bazo manh va bazo yéu & didu kién cua hing sé phan li cia bazo yéu < 10* nhung >10°"
cling c6 hai budc nhay gidng nhu truong hop chuan d6 hdn hop axit manh va axit yéu di mo
ta trén day.
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Thi tich dung dich NaOH 0,100 M, ml

Hinh 11.1

Céc dudng chuan d6 hdn hop axit manh va axit yéu c6 hang sé phan li axit hic nhau bang dung dich NaOH 0,100 M

Mbi  duong chuér‘l do twong ung voi phép chudn 25,00 ml dung dich
¢6 [HCI] = 0,120 M va nong d¢ axit yéu HA 1a 0,080 M.

11.2 Tinh toan ndng @9 cin bang ciia cac hé da axit - da bazo

Nhiéu axit yéu co kha ning tach ra hai hoic mot s6 16n hon proton. Ching ta xét can
bang cua axit photphoric trong dung dich nudc:

. _
H;PO, +H,0  H;O" + H,PO; ; K, = [HS([)HSEZTEOJ =7,11.107%
9
H,PO; + H,O  H;O'+HPO,” ; K, = [H3O+][HP04 J =6,34.10°
| HyPO; |
3—
HPO;  +H,0  H;0'+ PO}~ Ky = [0 ][} L4,2.10‘13
| HPOj |

Doi voi axit photphoric, ciing nhu d6i véi phan 16n cac axit khac, mdi hang so tiép sau
ludn nhé hon hang so6 trude, nghia la K3 < K, <Kj.
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Ciing thuong gdp ca cac da bazo. Ion cacbonat 1a bazo lién hgp cua ion
bicacbonat tham gia vao céc can bang tirng nac sau:

[HCOg}[OH’}

[co%*} =2,13.107*

CO}¥ +H,0  HCO; +OH ;  (Ky), =

[HyCO, ]| OH |

HCO: + H,0  H,COs + OH S (K ), =
’ (Kp), [HCO; |

-2.25.107%

C6 thé thu dugc gia tri bang s6 cta nhiing hang sé phan li bazo ciia CO2~ va HCO;
((Kp); va (Ky), twong tng) xuat phat tir nhitng hang sé phan li ting nic cua axit cacbonic
(chuong 4):

:[{H2
(Ko)y = )

I{H2
(Kp), = (Kai

§ day (K,); va (K,); 12 nhimg hang sé phén i thi nhat va th hai cia H,COs.

Co thé tinh toan kha chinh xéc pH cua cac dung dich da axit va cac dung dich dém cua céac
da axit bang cach str dung bién phap ddi v6i cac hé da cau tr d duge mé ta trude day (chuong
4). Nhiém vy d6 doi hoi phai giai mot sb phuong trinh kha vét va. Nhung trong nhiing truong
hop khi ma ty s6 nhimg hang s phan i axit hodc bazo timg nic khoang 10° hodc 16n hon thi c¢6
thé thyc hién mot s6 gia thiét nham don gian hoa kha nhiéu phép tinh. Tiép theo ching ta s&
xem xét nhitng vi du trong d6 nhimg gia thiét duoc img dung thanh cong. Phuong phap tong
quat dé tinh pH ctia cac dung dich d6 duoc xem xét & truong hop dung dich mubi loai NaHA.

11.2.1 Dung dich mudi loai NaHA

Trong dung dich mudi loai NaHA c6 kha niang thé hién ca tinh axit ca tinh bazo.
Phuongtrinh phan 1i axit d6i véi NaHA dugc viét nhu sau:

HA +H,0 A* +H;0'
Vi HA™ 14 bazo lién hop ciia axit HA nén can bang tha hai dugc thiét 1ap:

HA™ + H,0 H,A + OH
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O mot trong hai phan tmg nay, ion hidro duoc tao thanh, con trong phan tng con lai ion
hidroxyl dugc sinh ra. Dung dich HA™ s€ 1a axit hodc bazo tuy thudc vao ti s6 hang so can
bang cua hai qua trinh do:

_Kuo _ [HZA][OH_J

SR [

(11.5)

Néu K, > K, dung dich s& kiém, con trong truong hop nguoc lai dung dich s& axit. Chat
loai NaHA c¢6 kha nang thé hién ca tinh axit va tinh bazo dugc goi 1a chat di¢n li ludng tinh.

Dbi voi dung dich NaHA ta c6 phuong trinh can bang vat chét:

Craita = [H2A] + [HAT] + [A7] (11.6)
va diéu kién trung hoa dién:

[Na']+ [H;0']=[HA ]+ 2[A% ] +[OH]

Vi ndng do ion natri bang nong dd chung ctia muoi nén c6 thé chuyén phuong trinh cuoi
cung thanh:

Caina = [HA]+2[A” ] + [OH ] - [H;0"] (11.7)
Thong thuong ddi véi cac dung dich cac chét loai NaHA, khong nén bo qua nong do ion

hidroxyl va nét}g d6 ion hidro. Do d6 dé tim duogc gia tri cua tat ca cac an sé ([H;0'], [HA'],
[A*], [OH]) cin phai giai hé 5 phuong trinh. Vi vay cin ca tich sb ion nudc:

Ki,0 =| Hy0" | OH" |

Tim phuong trinh chinh xac dé tinh [H3;0"] suy ra tu 5 phuong trinh néu trén rat phirc tap
nhung c6 thé thue hién phép gan ding du chinh xac dé tinh pH cua cac dung dich cua phan
16n cac muoi loai NaHA. Giai dong thoi cac phuong trinh (11.6) va (11.7) ta co:

[HA]=[A*]+[OH ]~ [H;0']

Thay thé cac gia tri [HA] va [A*] bang cac phuong trinh biéu dién qua [HA ] nho cac
phuong trinh (11.4) va (11.5) vao cac phuong trinh trén ta s€ thu dugc:

Ki,0 [HA’] Ky [HA’}
K;[OH | |H;0" ]

+[OH™ |- Hy0" |
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va vi

1 Ko
[OH } [H36+J
nén

[H30+}[HA_}_K2[HA_J+ Kio [ o
K [H07] [H0'] 0]

Sau khi nhan 2 vé cta phuong trinh v&i [H30 ] va bién doi:

|:H3O+]2 ¥+1 =K, [HA_J+KH20

va tur d6 ta tim dugc gia tri can tim:

KK, [HA‘J + K K0

|:H30+:|: (11.8)
[HA‘J +K,
Trong phén 16n truong hop, co6 thé chép nhéan:
[HAi] ~ CNaHA (1 19)
va do do co thé chuyén phuong trinh (11.8) thanh dang:
K,K,C + KK
[H3O+]:\/ 18oUNaHA 18%H,0 (11.10)
CNana + Ky

Phuong trinh (11.9) c6 nghia trong diéu kién hai hang s6 cin bang K; va K, nhé va nong
do NaHA khong qua nhd.

Thuong Cnana >> K va KlKH20 << K;K7Cnana nén phuong trinh (11.10) dugce rat gon:

[HSO*]zm (11.11)

Rét dang chu ¥ 13, c6 mot khoang ndng do ma ¢ d6 pH cia dung dich mubi loai NaHA
khong phu thudc vao nong do.

Vi du I: Tinh néng dd ion hidro trong dung dich NaHCO3 0,100 M.
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Trudc hét ta can klem tra nhimng diéu kién can thiét dé st dung phuong trinh (11. 11)
H,CO; c6 K =4.45. 107 va K,=4 ,7.107 1 Ro rang 1a, K; nhé hon Cnapga rat nhiéu; KlKH 0=

4,45.107 va KleCNaHA—Z.IO’lg. Do dé ching ta c6 thé sir dung phuong trinh da don gian
hoa:

[H3 ] ~/4,45.107 x4,7.10"'1 =4,6.10° mol/1

Vi dy 2: Tinh ndng d6 ion hidro trong dung dich Na,HPO, 0,001 M.

D¢ giai bai tap trong trudng hop niy can sir dung hop 1y cac hing s6 phan li, K,=
6,34.10° va K3 =42.10" B cua H3PO4 Xem xet nhitng dleu kién dé sir dung phuong trinh
(11.11) ta thay rang, K, = 6,34.10"° nho hon rat nhidu ndng d6 Na,HPO,, do d6 c6 thé don
gian hoa mau sb. Mit khac, khong thé bo qua dai luong KoKy,o khi so sanh voi
K5K;3 Cya, 1po, b0 vi thanh phén thir nhét 14 6.107 va thanh phén thi hai 14 3.107. Nhu vay

ta phai str dung phuong trinh (10.11) ¢ dang don gian héa mau sb:

=8,1.10719 mol/1

-8 -13 -3 —22
[H3O+}: 6,34.10 ° x4,2.10 ><1,(;.10 +6,34.10
1,0.10™

Khi str dung phuong trinh (11.11) ta thu dugc két qua:
[H;0"]=1,6.10"" mol/l.
Vi du 3: Tinh néng d6 ion hidro trong dung dich NaH,PO4 0,0100 M.

Trong truong hop nay, K;=7,11.107 va K, = 6,34.10° clia H3POj4 13 nhimg hang s can
thiét. K; va CNan,po, la nhimg dai luong khong khac nhau nhiéu nén mau sd ciia phuong
trinh (10.11) khong thé don gian hoa duoc, nhung vi K K, CNam,po0, >~ KKg,0 nén tur s6 cuia

phuong trinh d6 dugc don gian hoa dén KK Cy,p,po, va tim dugce gia tri cua an s6 la:

=1,6.107° mol/1

[H 01_ 7,11.107% x6,34.10° x1,0.1072
? 1,0.102+7,11.107

11.2.2 Dung dich da axit
Su phén li cua diaxit H>A xdy ra theo hai giai doan:
H,A + H,O H30+ + HA™
HA +H,0 H;0"+A*

dugc mo ta bang cac hang s can bang twong Gng:
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A

Dbi véi dung dich axit H,A di biét ndng d6, phwong trinh cin bang vat chat co thé viét
dudi dang:

Cirya =[HoA]+ [ HA™ [+[ A% ] (11.14)

va diéu kién trung hoa dién:

[H;0']~ [HA ]+ 2[A% ]+ [OH ] (11.15)

Vi dung dich la axit nén c6 thé bo qua sb hang cudi cung trong phuong trinh (11.15).

Bon phuong trinh dai s doc 1ap trén cho phép tinh toan tat ca cac gia tri cta cac 4n so:
[H3O ], [HA], [H2A], [A2 ]. Nhung néu ti s6 K,/K, du 16n thi con c6 kha ning don gian hoa
tiép theo, nghia 1a gia thiét rang nhimg ion hidro tao thanh ¢ giai doan phan li thi nhét ngan
can su phan li & giai doan tht hai dén muc 13 c6 thé bo qua sy phan li nay. Theo gia thiét do,
[A%] trong cac phuong trinh (11.14) va (11.15) s& nho thua nhiéu so véi [HA ] va [HLA]. Néu
gia thiét 46 dugc thuc hién, phuong trinh (11.14) s€ tr¢ thanh:

Crpa ~ [HZA]+[HA-] (11.16)
va phuong trinh (11.15) dugc don gian dén:

[H;O"] ~ [HA'] (11.17)
Giai dong thoi cac phuong trinh (11.16), (11.17) va (11.12) s& thu dugc:

[0
Ci,a - H30" |

- K, (11.18)

Phuong trinh cubi cling tuong tu phuong trinh da dﬁq ra trugc day, dé tinh ndng do ion
hidro trong dung dich don axit yéu (chuong 4) va ciing giong nhu truong hop da dugc mo ta

trude day co thé giai hoan toan hodc giai theo cach don gian hoa néu |:H30+:| <<Cp,a -

i Su thich Gng cua gia thiét qho réng, su phén, li & giai doan thr hai cia HyA 1a that sy co
thé bd qua dugc minh ching bang céach thay thé phuong trinh (11.17) vao phuong trinh K,
(11.13). Két qua thu duoc: [A*] = K, dugce st dung dé so sanh [A¥] véi cac két qua tinh toan



217

dugc d6i voi mdi truong hop cu thé cia [H;0'] hodc [HA']. Trong truong hop tong quat, su
bo qua phan li ¢ giai doan hai cua H>A khi tinh toan nong d6 ion hidro c6 thé dan t6i sai lam
dang ké chi trong trudng hop néu ti s6 K;/K, nho hodc dung dich axit qua lodng. Trong nhimg
truong hop nhu vay can phai giai hé tir bén phuong trinh.

Vi dy I: Tinh pH cua dung dich axit maleic 0,100 M.

Ta ky hiéu axit maleic 1a H,M va viét cac phuong trinh phan li:

H,M H:0" + HM™ - [Hy0" [ _K, =1,20.10~2
[HyM]
HM™ H;0"+M* w Ky =5,96.10""

| [

Bo qua sy phan li ciia H,M & giai doan 2 va st dung phwong trinh (11.18) dé tinh [H;0"]
ta duoc:

1,0 ]

0,100 | H;0" | ~K=1.20.10°7

Hiang s6 phan li thir nhat cia axit maleic 16n dén mirc 1a phai giai hoan toan phuong trinh
bac 2 dé tim [H;07].

[HiO']*+ 1,20.102[H;07] - 1,20.10° = 0
[H;01=2,92.107 = [HM ]
pH =-10g2,92.10 % = 1,54

Pé chung minh rang, sy phan li cua axit maleic & giai doan 2 trong nhimng diéu kién da
cho that su c6 thé bo qua ta thay [H;0'] = [HM ] vao phuong trinh Ky:

% — 5,96.10_7;[M2_J =5,9.1077

Nhu vay la, [M?7] that sy nho thua nhiéu so v6i [HM ] va gia thiét dua ra khong co thé
dan toi sai s6 dang ké trong tinh toan néng d6 ion hidro.

Vi dyu 2: Tinh ndng d6 ion hidro trong dung dich H,SO4 0,0400 M.

Axit sunfuric phan li hoan toan & giai doan thtr nhat va chi phan li mot phan & giai doan thir
hai. Néu bd qua su phan li ¢ giai doan thir hai thi nong d ion hidro la:
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[H;0"] = [HSO; ] = 0,0400 mol/l

Nhung tinh [ SO%~] tir phuong trinh K, trén co s& gia thiét d6 chi rd rang:

[H;0" || 807" |

[HSO;J ~1,20.1072

R rang 1a khong thé bo qua gia tri [SOZ ] khi so sanh véi gia tri [HSO; ] nén doi hoi
phai giai chinh xéac hon.

Nong d¢ ion hidro cta dung dich 14 do sy phén 1i cuia H,SO,4 nén:
[H;0']=0,0400 + [SO%]

[SO%]=[H;0"]-0,0400

Do diéu kién can bfmg vét chét nén:

Ch,s0, = 0,0400 = [HSO;]+[SOF ]

Hop nhat va bién d6i hai phuong trinh cudi ciing ta dugc:

[HSO; ]=0,0800 — [H;0"]

Thay cac gia tri [SO3™ ] va [HSOj ] vao phuong trinh K, s& dugc phuong trinh:

[H30+]([H30+] —0,0400)

0,0800 - H;0" | ~120.10°%

Sau khi bién d6i phuong trinh d6 sé& thu duoc:
[H;0']* — 0,0280[H30'1 - 9,60.10* = 0

[H;0"] = 0,0480 mol/l
11.2.3 Dung dich da bazo

Tinh toan pH cta dung dich da bazo dugc thyc hién twong ty nhu di mé ta d6i voi dung
dich da axit.

Vi dy: Tinh pH cta dung dich natri cacbonat 0,100 M.
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Can thict phai xem xét cac can bang sau:

[HCOg}[OH’}

[CO?} =2,13.10"*

CO%™ +H,0 HCO3 + OH ;

[HyCO, ]| OH |
[HCOgJ

HCOj; + H,O H,CO; + OH™ ; =2,25.10°°

Néu do két qua cta phan tng thir nhat, luong OH tao thanh du dé ngan can su phan li
theo phwong trinh thit hai thi [H,CO3] << [ HCO3 ] va [H,CO;] <<[CO03™]. Do dé:

[HCO5;]=[OH]
[CO?} = CNa,co, ~[OH ]~ Cng,co,

Thay thé nhiing gia tri [ HCO3 ] va [ CO2™ ] vao phuong trinh K ta co:
[OH ]*=2,13.10%1.10"=2,13.10"

[OH ]=4,62.10" mol/l

Gia thiét dua ra khong dan dén sai s6 déng ké trong tinh toan pH:

[H,CO, ][ OH |
[Hcog}

=92,25.107°

Su that 1a, [H,COs] << [HCO3;] va [COZ™]. C6 thé no6i rang, gia thiét di dua ra

([CO%‘} ~ CNa,co, ) mang lai sai s6 nhé hon 5%.

11.2.4 Dung dich dém ciia cac hé axit yéu va bazo lién hop véi né

Tir da axit yéu va mudi ctia né co thé diéu ché hai loai dung dich dém:
1. Dung dich dém cua h¢ axit yéu tu do H,A va bazo lién hop véi n6 NaHA.
2. Dung dich dém cua h¢ axit NaHA va bazo lién hop v6i nd NaA.

Vi hang s6 phan li cia HA™ nho hon hang s6 phan 1i cia H,A nén pH ctia dung dich dém
hé NaHA va NayA ludén 16n hon pH cua dung dich dém h¢ H,A va HA™.
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Pé xac dinh chinh xéc néng dd ion hidro ciia mot hé dém bat ky, can thiét lap

s6 phuong trinh tuong tmg. Nhung dé tinh toan chi can sir dung nhimg can bang chiém uu
thé, vi vay can don gian hoa nhimg can bang khong chiém wu thé. Vi du nhu, trong dung dich
dém H,A va NaHA chi can chi ¥ toi su phan li cua H,A ¢ giai doan tht nhét, bo qua giai
doan thir hai. Trong truong hop nay co thé tinh toan ndéng do ion hidro twong ty nhu dung
dich dém cua don axit yéu va bazo lién hop voi né (chu’cng 10). Giéng nhu trude day, dé
kiém tra d6 dung cua gia thiét dua ra can tinh nong do A? va so sanh v6i [HoA] va [HA].

Vi dy: Tinh ndng d6 ion hidro trong dung dich dém cua axit phtaleic 0,100 M (H,P) va
kali biphtalat 0,200 M (KHP).

Can bang co ban ¢ ¥ nghia quyét dinh trong dung dich la:

: %:Kl =1,12.107°
2

H,P + H,0 H;O" + HP~
Bo qua su phan li cia HyP & giai doan tht hai nghia 1a gia thiét rang:
[P*] << [HP] va [P*] << [HyP]

nén

[H2P] ~Cy p = 0,100

[HP ] = Ckup = 0,200

va do do:

1,12.1072 x 0,100

=5,60.10"* mol/1
0,200

0]

Tinh [P* ] duoc thue hién bang cach thay thé [H;0'] va [HP ] vao phuong trinh K. Két
qua tinh toan chi 1 rang gia thiét dua ra 1 hoan toan dung dén.

Dbi voi dung dich dém duogc diéu ché tir NaHA va Na,A thi cAn bang co ban 14 su phan 1i
cua H»A ¢ giai doan hai va phuong trinh:

HA + H,0O H,A + OH

dugc bo qua. Néu c6 thé gia thiét rang, ndng do H,A nho dén murc khong dang ké so véi
ndng d6 HA™ va A* thi c6 thé tinh toan nong do ion hidro giéng nhu dbi véi nhiing dung dich
dém don gian, nghia 1a str dung hang sb phan li thir hai cua H2A Dé kiém tra do ding dan cua
gia thiét dua ra can so sanh ndng d6 H,A v6i ndng d6 HA™ va A*

Vi dy: Tinh ndng d6 ion hidro trong dung dich dém kali biphtalat (KHP) 0,0500 M va kali
phtalat (K;,P) 0,150 M.
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Phuong trinh phéan li cta axit phtaleic ¢ giai doan hai:

g 0" [P*]
HP + H,0 H;0"+P* Ky=t—4t_34-391.107°
P
Gia thiét rang, [HoP] << [HP ] va [H,P] << [P*], ta c6
[HPi] ~ CKHP = 0,0500
[P*]~ Cy = 0,150

Tu do:

[Hgoﬂ 3,91.10 ¢ x5.1072

: =1,30.107% mol/1
1,5.10”

D¢ kiém tra d§ ding dén cuia gia thiét thi nhat ta tinh gid tri gan ding ctia [H,P] bang cach
thay vao phuong trinh K; nhitng gia trji bang s6 ctia [H;0'] va [HP ]:

1,3.107% x0,0500
[HyP]

=1,12.1073

Do d6 gia thiét dua ra 1a hoan toan c6 thé tmg dung dwoc. Nong do H,P nho thua rat
nhiéu so v6i ndng d6 HP™ va P>, va c6 thé bé qua phan tmg phan li cua bazo HP .

Khong phai trong tit ca moi truong hop déu c6 thé chap nhan trong mot dung dich chi
ton tai mot can bang duy nhat. Diéu d6 din dén nhiing sai 1am rat dang ké trong tinh toan pH
ctia nhimg dung dich dém bao gdm nhiing da axit néu ndng do axit va bazo lién hop qua nho
hoc 1a hang sb phan li cia axit & giai doan 1 va giai doan 2 gin nhau vé gia tri. Trong nhiing
truong hop nhu vay can thiét phai lao dong ning nhoc hon dé tinh toan chinh xac hon.

11.3 Puong chuin dé da axit

Puong chuan do da axit c6 dang phuc tap hon so voi tat ca cac duong chuan do da dé cap
truge day. Néu nhimg hang s phén li khac nhau du 16n thi c6 thé quan sat thay mot s6 budc
nhay trén duong chuan do. C6 thé sir dung cac budc nhay do6 trong thuc té néu pH trong ving
budc nhay bién ddi du dot ngot.

Nhung bién phap duogc st dung dé xay dung dudng chuén do da duoc mo ta trudc day
déu thich ung ddi vai hé da axit & diéu kién ti sO Kl/Kz cao hon 10° mot chat. Néu ti sb Kl/Kz
thap hon gia tri do, sai sb, dic biét 1 trong ving diém twong duwong thir nhit cao hon nhiéu
gid tri co thé chap nhan duoc, do d6 nhiing tinh toan khi giai nhiing can bang can thiét phai
chinh xac hon.
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Dé lam vi dy, chung ta xem xét cach tinh ndng d6 ion hidro & nhiing thoi diém
khac nhau trong phép chuan axit maleic - mot axit hitu co, kép, y€u - c6 cong thirc H,C4H»0,.
Ta ky hiéu axit tu do 1a H;M va viét can bang phan li ctia axit theo hai giai doan:

H,M + H,0 H;O"+HM  :; K;=1,20.10"
HM + H,O H;O'+M> :  K»,=5,96.10"

Vi ty s6 Ki/Ks ¢6 gi tri 16n (2.10%) nén & giai doan diu cta phép chuin d6 c6 thé bé qua
su phén li cua H,M ¢ giai doan 2, nghia la:

[M*] <<[HM ] va [M*] << [H,M]

C6 thé néi rang, gia thiét dua ra trén day khong dan t6i nhitng sai s6 dang ké trong gidi
han mdt vai phan muoi mililit trong ving diém twong dwong thtr nhat. Sau diém tuong duong
thir nhat, can bang chiém uu thé 14 can bang phan li cla axit maleic & giai doan 2 va khi d6 ¢
thé gia dinh rang, phan Gmg phan li ciia bazo HM :

HM + H,O OH + HM

khong thé hién anh huong dang ké dén pH cua dung dich. Nhu vay 14, trong cac tinh toan
ta chdp nhan [HoM] << [HM ] va [M*].

Vi dy: Xay dung duong chudn do 25,00 ml dung dich axit maleic 0,100 M bing dung
dich NaOH 0,100 M.

Gia tri pH cua dung dich axit maleic 0,100 M truéc khi bit dau phép chuan do da duoc
tinh trudc day (xem vi du 1, muc 11.2.2, dung dich da axit); pH =1,54.

Tinh pH cua dung dich sau khi thém 5,00 ml dung dich NaOH. Sau khi thém dung dich
kiém, axit maleic chua bi chudn H,M va bazo lién hop v61 n6 HM™ tao thanh dung dich dém.
B0 qua su phan li cia HM™ va tinh pH gidng nhu truong hop cta dung dich dém tao thanh tir
don axit yéu. Ta tim dugc nong do HoM (Cp,m) chua bi chuan va noéng do cta bazo lién hop

HM™ (Cnanm)-

25,00x0,100-5,00x1,00
30,00
5,00x1,00
30,00

=6,67.102 M

Cu,m =

CNaHM = =1,67.102 M

Nho cac phuong trinh (11.9) va (11.10) ta tim dugc:
[HM] =~ 6,67.10° M

[HM ]~ 1,67.10° M
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Thay thé cac gia tri tim dugc vao phuong trinh K, ta c6 [H}O ] =4,8.10% mol/l. Do do,
gia thiét [H;0'] << Cp,m hodc Cp - déu khong dung nén cin thiét phai st dung nhiing

phuong trinh (11.7) va (11.8) chinh xac hon:
[HoM] = 6,67.10 + [H;0'] — [OH ]
[HM ]~ 1,67.10 % — [H;0'] + [OH ]

Vi dung dich 13 axit nén gia thiét cho rang [OH ]rit nho 13 hoan toan dung dan. Thay thé
cac gia tri [HM ] va [Ho,M] trén vao phuong trinh K;:

‘- [H30+J(1,67.1O_2 +[H3O+J) 110
6,67.1072 —[H30+]

Sau khi bién doi ta co:

[H;0']* +2,87.10 2[H;0']1 - 8,00.10*=0

va tir do

[H;0']=1,74.10 mol/L;

pH=1,76

Bang cach twong tir ¢6 thé tinh pH & tt ca cac diém ciia ving dém thir nhat.
Piém twong dwong thir nhat: O diém twong dwong thir nhit:

[HM_J N 25,00x0,100

=5,00.1072
50,00

RO rang 14, ¢6 thé don gian hoéa tir s6 phuong trinh (11.10). Mt khac, nong do HM™
khong khac nhiéu gia tri K; nén

=17,60.10"° mol/1

[H 0+}~ KiKoCiy-  [1,20.107%%5,96.1077 x5,00.1072
40" |~ -
Ky +Cpppp- 5,00.1072 +1,20.1072

pH=4,12

Viing dém thir hai: Tiép tuc thém kiém vao, mot dung dich dém méi s& hinh thanh, bao
gdm axit HM™ chwa chuén do hét va bazo M lién hop v6i nd. Néu bazo thém vao dén lugng
du dé bo qua phan tmg cua HM véi nudc tao thanh OH ™ (mdt vai phan muoi mililit), pH cua
dung dich c6 thé tinh toan d& dang tir K,. Chung ta tinh pH ctia hén hop khi thém 25,50 ml
dung dich kiém lam vi du:
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c (25,50-25,00)x0,100 0,050
Na,M ~ 50,50 50,50

va nong d6 chung cuia NaHM sé bang:

. 25,000,100 - (25,50 - 25,00)x0,100 _ 2,45
NaHM ™~ 50,50 " 50,50

Thay ndng 6 NaHM va M* bang cac gia tri bang sb tim duogc trén ddy vao phuong trinh
K2:

[0 ) 5%

2,45
50,50

J =K, =5,96.107"

Tir d6 [H;0"]=2,92.10"° mol/l

Piem twong dwong thir hai: sau khi thém 50,00 ml dung dich NaOH 0,100 M vao 25,00
ml dung dich H;M 0,100 M ta thu dugc dung dich Na;M 0,0333 M. Trong h¢ nay, phan ng
ciia M?” v6i nude 1a can bang chiém uu thé nén chi can cha ¥ d&én can bang d6 ma théi. Nhu

vay la:
M* +H,0 OH +HM

~Ky,o 1,00.007™

Ky
Ky,  5,96.1077

[OH ]=2,36.10" mol/l

pH = 14,00 — (—l0g2,26.10°) = 9,37
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rH

0 | | | | | | |
o 10 20 80 40 50 GO
Thé tich dung dich MaOH 0,100 M, ml

W

Hinh11.2

DPudng chuan d6 25,00 ml dung dich axit maleic (H,M) 0,100 M

Tinh pH sau diém twong dwong thir hai: Tiép tuc thém kiém vao, sy phéan li cia M*™ s& bi
can trg, do d6 pH cua dung dich dugc tinh theo luong kiém du thém vao.

pH

L

O 10 20 30 40 50 60
Thé tich dung dich MaOH 0,100 M, ml

Hinh 11.3

Céc duong chudn d6 25,00 ml cic da axit béng dung dich NaOH 0,100 M
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1. Dung dich axit photphoric 0,100 M
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2. Dung dich axit oxalic 0,100 M

3. Dung dich axit sunfuric 0,100 M

DPuong chuén do dung dich axit maleic 0,100 M béng dung dich kiém NaOH 0,100 M
dugc dan ra trén hinh 11.2. Pudng chuan d6 d6 dugc xay dung trén co s¢ nhing tinh toan
trong vi du trén déy. Nhilng budc nhay tuong mg véi phép chuan proton thir nhat va thir hai
dugc phén chia rat rd rang. Vé nguyén tac, néu chon ding chi thi s& xac dinh dugc hodc mot
hodc ca hai budc nhay khi chuén do axit maleic. Vi quan diém thuc té, st dung budc nhay
thir 2 thuan tién hon bai vi su bién doi pH trong ving diém twong duong tht hai dugc thé
hién chinh xac hon.

Trén hinh 11.3 dan ra nhitng duong chuan d6 3 da axit khac. 'Nhing duong chuan d6 nay
chi 1 rang, budc nhay tuong (mg voi diém tuong duong thir nhit dugc thé hién rd trén hinh
v& chi duoc quan sat thay trong trudng hop néu cac hang s6 phan li K; va K cua da axit khac
nhau dua 16n.

Trong truong hop cua axit oxalic (duong s6 2) ti s6 K1/K; bang khoang 1000, do d6 trong
vung diém tuong duong thir nhit, diém ubn cia duong cong dugc quan sat thay nhiing budc
nhay nho té1 mirc thuc té khong thé x4ac dinh duge bang chi thi. Két qua 1a, dé xé4c dinh chinh
xac oxalic chi c6 thé str dung diém twong duong thi hai.

Puong cong 1 1a duong chuin do 1y thuyét cua axit photphoric, mdt axit phan li 3 néc.
Trong truong hop nay ti s Ki/K, bang khoang 10°, 16n hon gan 100 lan so véi ti s6 d6 cia
axit oxalic, do do trén duong chuin d0, hai budc nhdy dugc xéac dinh chinh xac va mdi bude
nhay d6 déu hoan toan thich tmg cho muc dich phan tich. Néu dung chi thi chuyén mau trong
vung axit cho phép chuén thi 1 mol axit tiéu ton 1 mol kiém. Néu chi thi d6i mau trong ving
kiém thi s& tiéu ton 2 mol kiém cho 1 mol axit. Khong nén chudn do proton tht 3 cia axit
photphoric béi vi hing s6 phan li & giai doan qua nho (K = 4,2.10™"). Hiéu tng dém cua giai
doan phéan li thir 3 cia axit photphoric khong 16n nhung theo dang dudong cong 1 trén hinh
11.3 ta thdy, du sao di nita hiéu ing d6 ciing gy nén sy giam pH 5 rét hon & sau diém tuong
dwong thir hai so voi cac dudng chudn do cia axit 2 nic (duong cong 2 va 3) trén hinh 11.3.

Nhu vay 13, nhimg budc nhay tach biét trén duong chuin do da axit chi dugc quan sat
thdy khi ti s 2 hing sé phan li khéng nhé hon 10*. Néu ti s6 hing s6 phan 1i nho hon gia tri
néu trén thi sy bién doi pH trong ving diém tuong dwong thir nhat s& rat nho va budc nhay d6
khong nén st dung dé xac dinh chinh xac. Trong trudng hop ndy can cb dinh hoa diém tuwong
duong thir hai.

11.4 Puwong chuan d6 da bazo

Xay dung duong chuin do da bazo, ndi chung, tuong tu cach xay dung duong ghuén do
da axit. Ching ta xem x¢t cach xay dung duong chuan do dung dich natri cacbonat bang dung
dich axit clohidric. Trong dung dich natri caconat trong nude nhiing cén bang sau day duoc
thiét 1ap:
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C0% +H,0 HCO3 +OH ; (Kp), T Hz)o -213.107
a2

HCO3 + H,0 H,CO; + OH (Kp), = (KH2;7’ ~2,25.10"
all

Phéan mg dién ta twong tac ctia ion cacbonat voi nudc quyét dinh pH ban dau cta dung
dich. pH cta dung dich dugc tinh theo phuong phap dd mé td & muc 11.2.3. Sau khi thém
nhiing phﬁn axit dau tién, dung dich dém dugc tao thanh tir bazo chua bi chuan CO%‘ va axit
lién hgp HCOg3. Nong d6 ion hidroxyl dugc tinh tir phuong trinh (Ky); hodc ndng do ion
hidro dugc tinh tir phwong trinh (K,),. O diém tuong dwong thir nhat, natri bicacbonat 1a hop
chat chu yéu nén nong d6 ion hidro trong dung dich dugc xac dinh bang phuong trinh (11.11).
Tiép tuc thém axit, dan t&i sy hinh thanh dung dich dém mdi tir bicacbonat va axit cacbonic.
Nong d6 ion hidroxyl tuong ung dugc tim thiy tir phuong trinh (Ky), hodc ndng do ion hidro
tuong ng duge tim thay tir phuong trinh (Ka):. O diém tuong duong thir 2, dung dich bao
gbm axit cacbonic va natri clorua. Nong d9 i ion hidro dugc tinh toan theo phuong phap thong
thuong, giéng nhu truong hop cac don axit yéu, sir dung (K,);. Cudi cing, néu thém du axit
clohidric, sy phan li cta axit yéu bi can trd td1 muec, néng d ion hidro thuc té do néng do axit
clohidric quyét dinh. Trén hinh 11.4 dan ra dudng chuan do dung dich natri cacbonat. Trén
duong cong xuit hién 2 bude nhay, budc nhay thir hai thé hién chinh xac hon. Diéu d6 ¢o
nghia 13, c6 thé dung phuong phap chuan d6 axit - bazo dé xac dinh cacbonat va bicacbonat
khi ching cung ton tai. Phep chuin d6 theo phenolphtalein cho phép dinh luong s6 mmol
cacbonat. Néu chuan d6 dén (101 mau bromerezol luc, luong axit tiéu tén tang gap 2 lan (luong
milimol cacbonat cong véi sé milimol cua bicacbonat trong dung dich bi chuén).

"0 10 20 80 40 &0 &0
Thé tich dung dich HC1 0,100 M, m]

.
>

Hinh 11.4

Duong chuén d6 25,00 ml dung dich natri cacbonat 0,100 M béng dung dich axit clohidric 0,100 M



229
11.5 Puwong chuin dj chit dién li lwdng tinh

Nhu da noi trude déy, trong cac dung méi thich hop, nhing chat dién 1i ludng tinh c6 kha
nang thé hién ca tinh chat axit yéu va ca tinh chit bazo yéu. Tuy thudc vao diéu kién cu thé
ma tinh axit hodc tinh bazo thé hién manh hon. C6 thé chuin d6 dung dich chét dién li ludng
tinh béng bazo manh hodc axit manh, vi du nhu trong dung dich dihidrophotphat trong nudéc,
céc can bang sau day duoc thiét 1ap:

H,PO; +H,0 H;O" + HPO} K, =6,34.10"

K
"0 11410712

HZPOZ + Hzo OH + H3PO4 ) Kb =
1

Ky qué nhé nén khong thé chuan d¢ bing axit, ngugc lai K, du 1on va do do ¢ thé chuén
do thanh cong H,PO4 bang dung dich kiém chuan. Trong dung dich natri hidrophotphat, phan
ung xay ra:

HPO2™ + H,O H;O" + PO~ ; K;=42.10"

nén khong thé chuan d6 bang kiém, nhung mit khéc:

K
HPOZ™ + H,0 OH + H,POj ; Ky = —229 ~1,58.107
2

nén c6 thé chuan d6 HPOZ~ bang dung dich axit clohidric chuan.

Céac amino axit don gian nhat thudc loai cac chat dién li ludng tinh quan trong. Tinh chat
axit - bazo cta ching la do trong phan tir c6 cd nhom chirc axit va nhom chtrc bazo. Trong
dung dich nudc ctia aminoaxit dién hinh, vi du glyxerin, ba can bang quan trong sau day duoc
thiét 1ap.

H,NCH,COOH  H;'NCH,COO (11.19)
H;'NCH,COO +H,0  H,NCH,COO +H;0" ;K,=2.10"° (11.20)
H;'NCH,COO +H,0  H;'NCH,COOH + OH ; Ky=2.10" (11.21)

Phuong trinh dau tién 1a mot bién dang ctia phan mg axit - bazo - phan tng axit - bazo noi
phéan - va veé thuc chat twong tu phan ung cua axit cacboxilic véi cac amin:

R;NH, + R,COOH R;NH;" + R,COO™ (11.22)

Hang s ion hoa cta nhiing amin beo dién hinh dugc dic trung bang nhing dai luong trong
khoang 10* — 107, Hang s6 phan li ciia phan 16n axit cacboxilic cling nam trong khoang d6. Do
do, nhimg can bang (11.19) va (11.22) thyc té chuyén dich vé bén phai.
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Cac hat amino axit mang dong thoi ca dién tich duong va dién tich am
(phwong trinh 11.19) duoc goi 13 cac ion ludng cuc. Tl gia tri cac hing sd can bang (11.20)
va (11.21) thi tinh cht axit cta ion ludng cuc glixin thé hién manh hon tinh bazo va do dé
dung dich glixin c¢6 phan tng axit yéu.

Khac véi cac ion chi co dién tich duong hodc am, ion ludng cuc amino axit mang dong
thoi ca dién tich dwong va dién tich 4m nén khong dién chuyén tdi ca catdt va andt trong dién
truong. O pH ctia dung méi c6 nong do dang anion va cation bang nhau, sy dién chuyén cia
amino axit trong dién truong khong quan sat thay. Gid tri pH d6 dugc goi 1a diém dang dién
va la dic tinh quan trong ctia amino axit. C6 thé d& dang tim duoc diém dang dién khi biét
hang s phan li. Vi du nhu d6i véi glixin:

[H30+}[H2NCH2COO—J

[HgNCHZCOO‘] ~

a’

[OH‘J[HgNCHZCOOHJ

[HgNCHZCOO_} o

O diém ding dién:

[HoNCH,COO ] = [H; NCH,COOH]

Chia K, cho K, ta thu duoc:
H:0'] x,
[OH‘J K,

. - KHZO L 1A A,
Sau khi thay [OH ] bang va bién doi:

1,0

10 ]- %fo

Doi véi glixin, diém dang dién ndm & pH = 6,0:

-10
[H3O+] _ A0 10 21107
2.10712

Nhitng gia tri K, va K}, ctia nhirmg amino axit don gian thuong nho t6i mirc khong thé xac
dinh tryc tiép bang phuong phap chuan do axit - bazo. Khi thém focmaldehit vao hé s& xay ra
phan tng phong toa nhom chic bazo do d6 c6 thé chuan do san pham bang dung dich bazo
chuan. Vi du nhu, trong truong hop glixin:
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H; NCH,COO + CH,0 CH,=NCH,COOH + H,0

duong chuan do san pham phan tmg c6 dang dic trung cho cac axit cacboxilic dién hinh.
11.6 Thanh phan ciia dung dich da axit 13 ham sé ciia pH

Dé c6 thé hinh dung mot cach 16 rang hon vé sy bién dbi thanh phan cua dung dich xay ra
trong qua trinh chuan do da axit, cach biéu dién luong twong dbi ciia phan tir axit ty do va tat
ca cac dang anion ciia né dudi dang ham sb ctua pH 1a rat co ich. Pé lam viéc d6 can dinh
nghia dai luong o d6i véi mdi hat & trang thai cin bang xudt phat tir ndng d6 chung ban dau
cua da axit. Vi du, n6ng do6 chung ban dau cua axit maleic 1a CHZM. Khi d@o, can béng vat chét

s€ la:

Cp,v = [HoM] + [HM ]+ [M”]

va theo dinh nghia:
_ 9—
M) [EM] M
0= jop = Jog =
Cy,m Cr,m Ca,Mm

RO rang 1a, tong cua tat ca cac gia tri o doi véi mot he¢ bat ki can phai bang don vi:
O, tog+ap=1

Chung ta c6 thé dién ta Olo, OL] VA Ol qUa [H3O+], K, K. Bién ddi céac phuong trinh héng
sO phan li ta co:

[H;0°) 0 |
Sau khi thay thé cac gia tri [HM ] va [M* ] tim dwoc ¢ trén ddy, phuong trinh cén bing

vat chit c6 dang:

Ky [HM] KK, [HoM]
[Hs0"] [HSO*T

CHZM = [H2M] +

va sau khi bién doi:

Cir,n| H3O" f

[H30+}2 +K, [Hgoﬂ +K, K,

[HoM] =
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Thay gia tri [H,M] vira tim dugc vao phuong trinh o, ta duoc :

2
o = (50" (11.23)

’ [H3o+]2 +K, [H3O+] + KK,

Béng cach tuong tu, cé thé tim dugc nhitng gia tri a khéc :

o = Ky [ 150" (11.24)

[H30+T +K, [HSOﬂ +K, K,

BLSLS (11.25)
[H3O+J +K, [H3O+} + KK,

Ay =

Chung ta nhan thay rang, miu s trong tit ca cac phuong trinh 1a dong nhat va nhu vay
1a, su tinh toan gia tri a ¢ gia tri pH xéac dinh khong phai la cong viéc phuc tap. Ngoai ra, tir
phuong trinh (11.23) dén (11.25) can thiy 10, lugng tuong dbi ctia mdi dang ¢ bat ki gia tri
pH c6 dinh nao ciing khong phu thudc vao ndng do chung cia axit (Cr,m)-

1,0 >

4

0,8

0,4 _ ML

0,0 e

Hinh 11.5

Thanh phin cta dung dich axit maleic (H,M) bién dbi theo pH
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Ba duong cong biéu dién trén hinh 11.5 minh hoa sy bién ddi cac gi tri o clia tat ca cac
hat ¢ trang thai can bang xuét phat tir axit maleic phu thuéc vao pH. Ddi chiéu cac duong
cong d6 véi dudng chuan do axit maleic (hinh 11.2) ta s& c6 hinh anh tryc quan vé su bién doi
ndng do cua tat ca cac dang cua H,M trong qué trinh chuin d6. Vi du, tir hinh 11.2, pH cua
dung dich axit maleic trudc khi bit dau chuan do phai bang 1,5. Theo hinh 11.5, & gia tri pH
do o, ¢ khoang 0,7, con o cia HM™ bang khoang 0,3. Do d6 a, thyc té bang khong. Nhu vay
1a, & pH 1,5 khoang 70% axit maleic ton tai & dang khong phan li con 30% ton tai & dang
HM . Theo mirc d6 thém kiém vao, pH cua dung dich ting 1én, ¢ diém tuong du’O’ng thir nhét
(pH = 4,12) toan b axit maleic ton tai or dang HM™ (o, —1). Khi thém tiép tuc kiém vao, hop
phan HM ™ giam xudng va hop phan M tang 1én. Hoan toan rd rang 13, & diém dat toi dlem
tuong dwong thir hai (pH = 9,37) thyc té toan bd luong axit maleic chuyén thanh bazo M*
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Chuwong 12

Chuan d6 Axit — Bazo trong méi truong khong nwéc

O chwong 10 ching ta d4 biét khong thé chuan d¢ dugc nhing axit hodc bazo ¢6 hang s6
phan li nhé hon 1.107° boi vi phan tng xay ra khong hoan toan va rat kho xac dinh diém cubi.
Nhung c6 thé chuan d6 nhiéu hop chét trong s6 nhitng hop chat ké trén trong dung méi khong
nude, boi vi cac dung méi nay c6 kha ning 1am ting tinh axit hodc tinh bazo ctia cac hop chét
d6. Nhirng dung mdi khong nudc da duoc sir dung thanh cong dé chuan do nhiéu chit kho tan
trong nudc.

Pang tiéc 1a nhimg dit kién dinh luong can thiét dé xdy dung duong chuin do trong dung

moi khong nudc thudng khong co hoic khong du, do dé chi co thé danh gia chuan do mot
cach dinh tinh.

12.1 Dung mdi dé chuin dé khong nwéc

C6 thé chia dung moi theo tinh chét cta ching thanh 3 loai:

e Dung mdi ludng tinh: dung moéi ludng tinh 1a nhitng dung moéi c6 cé tinh axit va tinh
bazo, ty ion hoa hodc proton phan. Mac du nude 1a dung moi ludng tinh dién hinh nhat, nhiéu
hop chat khéc cling thé hién tinh chat tuong tu thong qua cac phan tng.

2H,0 H;O"+ OH"
2C,HsOH C,H;OH; + C,Hs0
2HOAX H,0Ax" + OAX™

2NH; NH} + NH;

hoic 1a duéi dang tong quat:
2SH SHy +S°

& day SH 1a phan tir dung méi ludng tinh, SH," 1a proton solvat héa; S™ 1a bazo.
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Trong bang 12.1 dan ra nhiing gié tri hang s6 proton phan ciia mot sé dung méi phd bién
nhat.

Bang 12.1 Hing s6 proton phan ciia mdt s6 dung mdi théng dung nhit & 25°C

Dung moi Ks Hing sb dién moi
Nuéc 1,01.10" | 78,5

Metanol 2.10°"7 32,6

Etanol 8.10° 243

Axit focmic 6.10" 58,5

Axit sunfuric 1,4.10° >84

Axit axetic 3,6.10° 6,2

Amoniac (=50°C) | 1.107 22

Etilendiamin 5.107'° 14,2

Khac voi nude va ruou, mot s6 dung moi ludng tinh nhu axit axetic, sunfuric, focmic thé
hién tinh chat axit rd rang hon tinh bazo nhi€u va ngugc lai, nhitng dung mo6i nhu amoniac
hodc dietyldiamin lai c6 tinh bazo manh hon tinh axit.

e Dung mdi aproton hodc dung méi tro: Nhitng dung méi nay khong thé hién tinh axit
hodc tinh bazo va khong proton phan & muc d¢ dang ké. Benzen, tetraclorua cacbon, pentan
thudc loai dung moi nay.

e Cuodi cung con c6 mot ddy dung moi nhu xeton, ete, este va nhitng dan xuat cua pyridin.

Nhimg dung méi nay co tinh bazo va khong biéu 16 tinh axit, chung khéng c6 xu hudng
proton phan.

12.1.1 Phan rng axit - bazo trong dung moi ludng tinh

Thay thé dung méi thuong c6 anh hudng siu sic dén do hoan toan cua phan tmg axit -
bazo. Trong muc nay, ching ta s€ xem xét anh hudng cua dung mdi ludng tinh dén do hoan
toan cua phan Ung axit - bazo.

D6 hoan toan ciia phan ing axit - bazo: ¢6 thé hinh dung phan Gng xdy ra khi chuan do
bazo yéu B bang dung dich chuan axit manh trong nuéc ¢ dang:

B+ H;0" BH" + H,0 (12.1)
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va do hoan toan ctia phan tng xay ra c6 thé dugce dic trung bang gia tri cua
hang so can bang:

_ [BH*} __ Ky
[BI[H;0"] Knyo

K, (12.2)

RO rang 1a, hang so can bang cua phan ung trén bang ti s6 hang s phan li bazo B va tich
sO 1on cua nudc.

Mot cach twong ty, d6 hoan toan ciia phan mg giira axit yéu HA va bazo manh co thé
dugc bi€u dién bang hang s can bang:

A
K, = Al x (12.3)
[HA][OH‘] Kpy,0
Co thé glﬁn ra nhing ti s6 tuong tu cho nhiing phan tng trong dung méi khong nude. Vi
duy, néu chuan d¢ bazo yeéu B bang axit manh trong axit focmic khong nudc, chung ta c6 the
viét:

B +HCOOH;, BH' + HCOOH (12.4)

& ddy HCOOHS 1 proton solvat hoa, twong tu nhu H;O" trong dung dich nuéc. Hang s6
can bang cta phan tng do:

_ L (12.5)

" [B[HCOOH; | Ks

& day K, 1a hang s6 phan li bazo B trong axit focmic, nghia la:

. ) . [BH"|[HCOO" |
B+HCOOH BH' +HCOO; K, = (12.6)

[B]

Con Ks 1a hang s6 proton phan ciia axit focmic:
2HCOOH HCOOHS + HCOO; Ks=[HCOOH; J[HCOO] (12.7)

Vi ndng do ctia dung méi HCOOH thyc té khong bién doi nén dai luong d6, giong nhu
trong trudng hop tich so ion nude, duge bao ham trong K.

Chuan db axit yéu HA bang natri etilat trong etanol, c6 thé dé dang hinh dung ¢ dang:

HA + GHsO° A +C,HsOH (12.8)
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0 day dung dich natri etilat C;HsONa trong etanol dugc dung lam dung dich chuén bazo
manh. Glong nhu trong cac vi du trén day, do hoan toan cua phan tng co thé duoc dic trung
bang hang so can bang:

'

S
[HA] C;H;0" | Ks (129

ch =

& day K, la hang s phan li cua axit HA trong etanol:

, [A‘}[02H5OH§J

HA + C,HsOH CoH;OHy +A; K, = (12.10)
[HA]

va Kg 1a hang s6 proton phan cua etanol:

2C,HsOH CyH;O0Hy + C,HsO ; Ks=[CyH;0H; ][C,Hs0 ] (12.11)

Nhung vi du d6 chi rd rang, dd hoan toan cua phan tng phu thudc ca vao hang sb phan li
ctia chat bi chuan, ca vao hang sO proton phén cua dung méi. Sy c6 mat cua ca hai hang s6
phan 1i trong phuong trinh chic chan s& 1am dé& hiéu hon néu xem mdi phan tng axit - bazo
nhu cudc chay dua gianh proton. Vi du nhu, chiéu sdu cta sy xdy ra phan tng (12.4) phu
thudc vao viéc, nhiing phan tor dung m6i HCOOH chay dua v61 nhimmg phén tar bazo B dé
gianh ldy nhitng ion hidro H" thanh cong dén muc nao ma chiing ta biét rang s6 ion do lai bi

han ché do sy hop thirc ctia phan tmg. Hang s6 phan li Ks va Kj, quyét dinh hi¢u qua ciia mdi
hop phan trong cudc canh tranh d6. Mot cach tuong tu, ¢ thé hinh dung phan ung (12.8) nhu
cudc chay dua gianh ion H' giita cac anion A~ va C;HsO ma gianh thing loi thudc vé ion nio

trong ching 1a do cac dai lugng K, va Ks quyét dinh.

Ttr nhitng ban luén trén day, rd rang la nhiing phep chuan do axit - bazo trong cac dung
moi c6 hang so proton phan thap chiém wu thé. Ngoai ra, nhitng phan Gng axit - bazo s€ xay
ra hoan toan hon trong cac dung méi cé gia tri K, va Ky, 16n. Hai diéu kién giai trén day
khong phai la hoan toan doc lap voi nhau va cting khong thé doc doan quyét dinh sy lua
chon dung mo6i ludng tinh cho phép chuan d khong nudc.

Anh hwéng cia cuong dé axit hodc cueong dé bazo ciia dung méi 1én tinh chat cua chat
tan: Hang loat nhirng dung mdi ludng tinh nhu axit focmic, axetic, sunfuric dé dang cho
proton hon 12 lién két proton va do d6 duoc xem nhur nhirng dung moi axit. Trong nhing
dung méi nhu thé, tinh bazo cua chét tan dugc ting 1én dong thoi tinh axit giam xudng. Vi
du nhu, khéng nén chuan d6 anilin C¢HsNH, trong dung dich nudc bai vi hang s6 bazo ctia
n6 khoang 10°'° nhung trong axit axetic bang, alinin 1a bazo manh hon nhiéu boi vi kha
nang tuwong tac véi dung méi cia nd duge ting cuong. Vi du: hing sd can bing Ky’ cia
phén tng:

CeHsNH, + HOAx CeH;NH; + OAX
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cao hon kha nhiéu so v6i K, ctia phan tmg twong tu trong nudc.

Trong khi d6, nhitng dung méi axit lai c6 kha nang lam ting cudng do bazo, con ddi véi
axit ching biéu 16 tic dung nguoc lai, nghia 13 1am giam cuong do cta chung. Axit clohidric
1a axit manh trong nudc nhung chi phan li mot phan trong axit axetic bang. Nhiing axit 1a yéu
trong nudc, trong dung mdi axit con trd thanh yéu hon.

Nhiing dung moi nhu etilendiamin, amoniac 1éng c6 ai lyc manh véi proton va do dé la
nhitng dung moi bazo. Trong moi truong cua chung, nhiing tinh chét axit ctia chit tan duoc
tang cuong. Vi dy, phenol co hang s0 phan li trong nudc khoang 10 1 tr& thanh axit du
manh trong etilendiamin va c6 thé chuan d6 dugc bang dung dich kiém chuan. Cudng d6
bazo trong cac dung mdi loai d6 thi nguoc lai, bi gidam xudng.

Nudc va ruou no mach thang nhu metanol va etanol duoc dung lam vi du cho nhitng dung
mdi ludng tinh trung tinh. Nhiing dung méi nay c6 kha ning cho va nhan proton kém nhit so véi
nhitng dung méi cing loai da xét ¢ trén. Nhung diéu quan trong can nhé 13, diéu d6 khong co
nghia 14 tinh axit va tinh bazo ciia chiing chinh x4c bang nhau.

Anh huong ciia hang sé dién méi lén tinh chdt cia chat tan: Hang sé dién moi dic trung
cho kha nang tach cac hat mang dién tich trai dau. Trong dung mdi c6 hing s6 dién mdi cao,
vi du trong nuéc (Dy,o =78,5), chi doi hoi cong to1 thiéu dé tach cac ion mang dién tich

duong va am, con dbi vé6i cac dung moi ¢o hing s dién mai thap, vi du axit axetic (Droax =
6,2), mubn thyc hién qua trinh tach can tiéu phi nang lugng 16n. Metanol va etanol c6 hang s6
dién moi tuong ung la 33 va 24, theo tinh chat ctia minh ching chiém vi tri trung gian. Gi4 tri
hang sb dién moi cia mot s6 dung médi duge dan ra & bang 12.1.

Héng s6 dién moi cua dung méi duogc thé hién anh huong 16n dén cuong do axit hodc
bazo hoa tan, boi vi do két qua cua qua trinh phan li, nhitng ion tich dién trai ddu dugc tao
thanh. Vi du nhu, néu axit yéu khéng tich dién HA hoa tan trong dung méi ludng tinh SH, qua
trinh phan li doi hdi sinh ra nhitng hat tich dién.

HA + SH SHy + A~
Mot qua trinh tuong tu cling dugc quan sat thay khi hoa tan bazo khong tich dién B:
B +SH BH + S~

Do d6, c6 thé hy vong rang, trong cac dung moi nhu vay, gidng nhu trong nudc, nhung
phan tmg twong tu s& chuyén dich vé bén phai & muc d6 16n hon so véi trong cac dung moi
nhu metanol va etanol, bai vi dé xay ra phan mg phan li chi doi héi mot cong nho. Higu tng
d6 c6 thé rat d& nhan thiy; vi du nhu, hing sé phan i cta axit axetic trong nudc khoang 107,
con trong etanol nho hon, khoang 107", Cuong d6 cua nhiing axit twong tuy khac ciing giam
xudng nhu vay.
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Néu phan tmg phan li khéng bao ham giai doan sinh ra dién tich thi cuong d¢ axit hoac
bazo it phu thudc vao hang sb dién méi cua dung moéi. Vi dy, sy bién d6i hing sé dién moi
ctia dung mdi SH s& khong anh huong dén can bang:

BH' + SH SH," + B
A +SH HA + S

Lira chon dung méi ludng tinh dé chudn dj axit - bazo: P hoan toan cua phan (mg axit -
bazo ti 1¢ thudn voi gia tri hfmg s6 phén li cua axit hodc bazo hoa tan va ti 1€ nguoc vai hang
s6 proton phan cua dung méi. Ngoai ra, hang s phén li phu thude vao tinh axit hodc tinh bazo
va hang s dién ‘mo6i cua dung moi. Nhu vay la, dé lua chon thanh céng dung mdi cho mot
phép chuin do can chi y 3 yéu td doc 1ap.

1. Hang s6 proton phan ctia dung méi. Sao cho dai lugng nay cang nho cang tot.

2. Tinh chét axit - bazo ctua dung méi. Dé chuin d6 bazo yeu dung moéi ¢6 tinh chat cho
proton (nghia la dung moéi axit) la thich hop. Pé chudn do axit yéu can chon dung méi c6 tinh
chat nhan proton tdt.

3. Hang s6 dién moi cua dung moi. Tot nhat 1a sir dung dung méi c6 hang s6 dién moi
cao.

Ngoai ra, dung méi Iya chon phai hoa tan tot chat can phan tich.

Dé chuan do bazo rat yéu, nén chon axit axetic bang lam dung méi, boi vi axit nay c6 kha
nang cho proton va lam tang cuong do bazo hoa tan. Hing s6 proton phan cua axit ciing can
thich hop (3,6.10°"° ), thip hon ciia nudc mot chut. Nhung doc 1ap voi nhimng wu thé trén, axit
axetic lai co hang s0 dién moi thap Hai vu dlem quan trong hon mét nhugc diém nén axit
axetic 1 dung méi tot nhit dé chuin d6 bazo yéu; nhung khi chuin d¢ axit yéu, axit axetic lai
thua nudc boi vi ¢6 tinh chat nhan proton yéu hon.

Xem xét kha nang st dung axit focmic lam dung moi axit. Twong tu nhu dung moi axit
axetic, nhung axit focmic c6 kha nang cho proton manh hon nudc. Ngoai ra, khac véi axit
axetic, axit focmic c6 hing sé dién méi gan voi nude. Phan xét theo hai tinh chat d6 thi axit
focmic dudng nhu s& 13 dung mai 1y tuong cho chuan do bazo yéu. Nhung dang tiéc 13, hang
) proton phan cua axit focmic lai 16n hon nhiéu so v&i nude hodc axit axetic. Do d6, mic du
¢o hai phém chét rét tot, axit focmic chi ¢6 wu thé cuc tiéu so véi nude.

Metanol va etanol dugc sir dung rong rdi 1am dung moi chuén do axit - bazo. Ca hai
thudc loai dung méi trung tinh béi vi theo tinh chat cho nhan proton, chung rat gan véi nudc.
Uu thé ctia chiung so véi nudc 1a & tinh chét, ching déu c¢6 hang sb proton phan thip hon.
Nhung hing s6 dién méi thip cta ca hai dung méi nay da lam mat di wu thé noi trén cua
chiung. Vi du, hang s6 phan li cia phan I1én nhiing axit khong mang dién tich, nhu axit
benzoic, trong etanol giam xubng hau nhu 10° 1an so vdi trong nude, nhung hing sé proton
phan lai hdu nhu bang sb 1an nhu vy (8.10°) thip hon so vi nude. Do d6 ti s6 K, /Ks d6i voi
etanol chi cao 1én khong déng ké so v6i nudc nén wu thé trong xac dinh diém cubi khi st dung
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dung moi do rat khiém tén. Nguoc lai, phép chuan db axit tich dién, nhu ion amoni,
trong etanol lai mang 1o1 ich 16n. Trong truong hop nay, trong qua trinh phan li khong xay ra
giai doan phan chia dién tich.
NH; + C,HsOH NH; + CoH;OH;
Khac voi sy phan li ciia axit benzoic, su phan li cia NHJ trong etanol giam xudng khong
dang ké. Phan ung cia NHJ véi bazo manh trong etanol xay ra hoan toan hon so véi trong

nude boi vi hang sd proton phan ciia etanol thap hon so véi nuée. Do d6, phép chuan NH}
trong etanol c6 y nghia.

Vi du sau ddy s& minh hoa diéu d6: Tinh phan trim NH] khong bi chuan d6 ¢ diém
tuong dwong khi chuan d6 dung dich NH} 0,20 M.

1. Bang dung dich NaOH 0,20 M trong nudc.
2. Bang dung dich C,HsONa trong etanol tuyét di.

Hing s6 proton phan cua nuée bang 1.10%, cua etanol tuyét d6i 1a 8.10%°; hang sé phan
li cia NH} bang 6.10'° trong nuéc va 1.10™" trong etanol tuyét doi.

Khi chuan d9 trong nudc xay ra phan tng:
NH; + OH NH; + H,O
duogc dic trung bang hang sb cin bang:

Ko [NH; ] K, 6101

b [NHZ][OH‘J “Kpo 11017 610"

Mot cach tuong tu, khi chuan d6 trong etanol:
NHZ + CHsO NH; + C,HsOH

[NH;] K, 1.107%

[NHX:||:C2H5O_:| “Ks 81020 1,2.10°

ch =
‘Trong ca hai truong hop, 6 diém tuong dwong, nong d6 chung ctia NH; s& 13 0,10 M. Khi
chuan do trong nudc:
[NH;]=[OH] ; [NHs]=0,10-[NHj]

Khi chuan d6 trong etanol:
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[NH;]=[CHsO]; [NH;3]=0,10 — [NHy ]

Néu gia thiét rang, & diém twong dwong, trong ca hai truong hop [ NHj ] << [NH;] ta cé:

1. ﬁz6.104;[OH‘J:[NHﬂ:1.10_3 mol /1
OH
2. ﬂﬂ,Q&O%[OH‘}:[NHZ]:9.10‘6 mol /1

[on ]

Nhu vay 13, khi chudn dé trong dung dich nudc, & diém twong duong con lai khoang 1%
NH; chua phan (mg, con trong etanol tuyét d6i, chi con khoang 0,01% NH; chwa phan tng.

Pé chuan do nhitng axit rit yéu, mot sé dung méi ludng tinh da dwoc sir dung.
Etilendiamin, H,NCH,CH;NH,;, ¢6 nhiing tinh chét co ban, biéu 10 rd nét nhét nén duoc
coi 12 dung moi ludng tinh tét nhat 1am ting cudng do axit cta chat tan. Hang sb proton
phén cua etilendiamin khoang 5.10'°. Pimetylfocmamit HCON(CHj3), 1a mét bazo yéu
hon etilendiamin, c6 hang s dién moi bang 27 ciing dugc st dung thanh cong.

12.1.2 Phan ting axit - bazo trong dung méi aproton va dung méi hon hop

Nhing dung moi khong ludng tinh c6 uvu thé 1a khong chay dua gianh proton voi cac chat
tham gia chuan d9; néi cach khéc 13, hang s6 proton phan ctia nhimg dung moi nay tién dan
t6i khong. Do d6, khi chuan d6 trong nhitng dung méi ndy c6 thé dat ti do hoan toan cia
phan tng 16n.

Nhitng chit v co c6 do tan gidi han trong cac dung méi aproton, do d6 ngudi ta da
nghién ctru stir dung nhidu hdn hop gitta dung mdi aproton véi cac dung méi phan cuc hon. Co
thé dan ra hon hop benzen-metanol va etilenglicol-hidrocacbon lam vi du. Nhung dang tiéc 1a
nhiing kién thirc co ban vé tinh chit va vé twong tac ciia axit va bazo trong cac hé nhu vay
con thiéu va nghéo nan. Do d6, van dé st dung cac dung moi hdn hop trong cac truong hop
cu thé duogc giai quyét chi bang thuc nghiém.

12.1.3 Phat hién diém cudi khi chuan d trong dung méi hon hop

Phuong phap phd bién nhat dé phat hién dlem cubi khi chuan d6 trong dung moi khong
nuée 1a do thé cua dién cuc thuy tinh nhu ham s6 ciia ndng dd proton solvat hoa. Pién cuc
thity tinh s& dugc ban chi tiét trong gido trinh phuong phap phan tich cong cu. Nhiéu chi thi
dugc tmg dung khi chuin d¢ trong cac dung méi nudc ciing thich hop trong dung méi khong
nude. Tat nhién 1a khong thé sir dung tinh chat cta chi thi trong méi truong nudc dé du doan
tinh cht cua n6 trong dung mdi khong nude. Sy han ché trong thong bio vé tinh chét cua chi
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thi trong dung méi khong nudc dan toi viée Iya chon chi thi, trong da ) truong
hop, dugc thuc hién mét cach thuc nghiém.

12.2 Ung dung phuong phap chuan d9 trong dung moi khong nwréc

Chuan db axit - bazo trong dung méi khong nude duge tmg dung dé giai quyét nhidu van de.
Trong cac muc tiép theo cuia chuong nay s€ ban luan téi nhitng kha nang do.

12.2.1 Chuan d9 trong axit axetic bing

Nhiéu bazo qua yéu, khong thé chuin d6 trong nudc nhung co thé chuan do dé dang
trong axit axetic bang. Trong dung méi nay, dung dich axit pecloric chuén 14 axit manh hon
axit clohidric va axit sunfuric dugc ding 1am chat chuan. Trong axit axetic bing, natri axetat
13 bazo manh gan nhu bang natri hidroxit trong nuéc. Do d6, khi can thiét c6 thé dung dung
dich natri axetat chuan dé chuén do nguoc.

Hé s6 dan né cua cac dung dich trong axit axetic bang: Giébng nhu phan 16n cac dung
méi hitu co, axit axetic ¢ hé s6 din nd cao hon dang ké so voi nude (0,11% trén 1°C so véi
0,025% trén 1°C cuia nuéce). Do do, can dic biét chu v dé loai bo sai sb do su tang nhiét do khi
do thé tich. Trong thyc té, ngudi ta thuong phai ghi nhd nhiét d6 dung dich axit pecloric trong
thoi gian chuan hoa, ghi chép nhiét do trong thoi gian chuan d6 bang thudc thir néu trén va
thuc hién phép do thé tich ¢ nhiét do da chuan hoa twong tmg v6i phuong trinh:

Vie =V[1 +0,0011(Te, — T)] (12.12)

¢ day T, 1a nhiét do cua thube thu trong thoi gian chuin hoéa, T 1a nhiét do trong thoi
gian hoan thanh phép phan tich, V 1a thé tich thudc thir, Vi, 1a thé tich thude thir da dugc hidu
chuan.

Anh hiong ciia nude: Trong axit axetic, nude xir sy nhu 13 bazo yéu va tham gia cudc
canh tranh danh proton v4i1 dung méi. Do do, su c6 mat cua nude lam cho sy bién doi pH &
gan diém tuong dwong kém dot ngodt, gay kho khin cho viée xac dinh diém cudi trong chuén
dd axit - bazo. Lugng nudce cho phép phu thudc vao dang chuan dd. Khi chuan do axit rt yéu
doi hoi phai thuc t& hoan toan khong c6 nude. Nguoc lai, khi chuan do bazo tuong d6i manh
trong dung moi dang ban, ham lugng nudc c6 mit tham chi 1én t6i 3% (theo thé tich) ciing
khong gy can tro.

Trong thuc té, c6 thé diéu ché axit axetic bang cach sir dung anhidrit axetic. Nudc c6
trong dung moéi phan tng vdi anhidrit axetic tao thanh axit axetic. Lugng du anhidrit axetic
phai dugc tach ra bdi vi nd cé thé can trd phép chuan do.

Phat hién diém cudi khi chudn dé trong axit axetic: Tim tinh thé va metyl tim 1a hai chi
thi axit - bazo thich hgp cho phép chuan d¢ trong axit axetic. Ca hai chi thi nay c6 su chuyén
mau phtrc tap. Vi du nhu mau cua metyl tim, theo muc d¢ axit héa, mau cua dung dich bién
ddi tir tim qua luc dén vang. Su mat mau tim chi 16 ring, da dat t6i diém twong duong. Mau
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cia metyl tim bién doi khong thét 6 rang nhu mong muon nhung khi chuan do bazo du
manh, sai s6 duoc ha thap. Khi chuan d nhirng bazo rat yeu x4c dinh diém cubi bang mat
khong chinh xac, cin xac dinh bang phuong phap dién thé véi dién cyc thiy tinh (xem
phuong phéap phéan tich cong cu).

Tiéu chudn héa dung dich axit pecloric: Dé tiéu chuan héa dung dich axit pecloric trong
axit axetic, kalibiphtalat thuong dwoc dung lam chat chuan gbéc. Can cha y Ia,
kalihidrobiphtalat trong axit axetic 1 mot bazo di manh, do d6 c¢é thé s dung né dé tiéu
chuan hoa dung dich axit. Phan tng x4y ra tao thanh axit it phan li.

Ung dung phép chudn dé trong axit axetic: St dung axit axetic khong nudc 1am dung
moi cho phép chuin d6 nhiéu hop chét vo co va hitu co khong thé chuan d6 duoc trong dung
mdi nudce. Vi dy, bang cach chuan do trong axit axetic bang co thé xac dinh nhitng mudi natri
nhu clorua, bromua, iodua, nitrat, peclorat va sunfat. Dung dich axit pecloric chuan trong axit
axetic bang hodc trong dioxan khong nude duge ding 1am chat chuan. Trong dung méi nay
cling c6 thé xac dinh cdc mudi amoni va cac mudi kim loai kiém ctia phan 16n céc axit
cacboxilic, vi du nhu amoni benzoat, natri salixilat, natri axetat, kali tactrat, natri xitrat.
DBuong 1 trén hinh 12.1 1a dudng cong dién hinh twong Gmg véi phép chuan do dung dich natri
axetat trong axit axetic khong nuéc bang dung dich axit pecloric ciing trong dung moi do. bé
so sanh, duong chuan d¢ 1y thuyét (duong 2) dung dich natri axetat bang dung dich axit
pecloric ciing nong d6 v4i duong 1 nhung trong nudc ciing duge dan ra trén hinh 12.1.

pH

. L L
40 &0 &0 100 120

%, d4 dirge chudn

L 3

Hinh 12.1

Hai dwong chudn d6 dung dich natri axetat 0,075 M bing dung dich HC10, 0,100 M

1. Buong chuén d6 thuc nghiém (chét bi chuén va chét chuin déu trong axit axetic khong
nuoc).

2. Puodng chudn d¢ 1y thuyét cua dung dich natri axetat bang dung dich HCIO4 déu trong
nudc.
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Axit axetic khong nuée 1a dung moi dic biét thich hop cho chuan do cac chit
hiru co ¢6 nhém chirc amino hodc amid. Khac véi nude, dung modi nay thich hop cho chuan
d6 truc tiép phan 16n cac amino axit bang cac dung dich axit chuan. Nhu da nhan xét trong
chuong 11, cic amino axit ton tai chil yéu ¢ dang ion ludng cuc 1a axit hodc bazo khong du
manh dé co thé chuan do. Nhung trong axit axetic bang, sy phan li cia nhém cacboxilic thuc
té hoan toan bj can tré nén co thé chuan d6 nhoém amino bang axit pecloric.

Trong nhiéu vi du di din ra trén day, dung dich natri axetat trong axit axetic da duoc st
dung lam dung dich chuén trong chuan d6 nguoc.

12.2.2 Chuén @9 trong dung mdi bazo

Pé xéac dinh cac bazo qua yéu ddi v6i phép chuan do6 trong nudc, ngudi ta da sir dung mot
s6 dung moéi bazo. Etilendiamin, pyridin, dimetylfocmamit, axeton, metylisobutylxeton,
axetonitryl va hon hop etilenglycol va rugu isopropilic (1 : 1) duoc dung lam cic dung moi
loai d6. Mot sb bazo manh hoa tan trong cac dung moi d6 duge dung lam dung dich chuén.
Dung dich natri metilat trong hdn hop benzen-metanol dugc chon 1am dung dich chudn dé
chuan d6 axit yéu. C6 thé xac dinh mot s phenol va ca nhiing axit cacboxilic yéu nhit bang
dung dich natri aminoetilat trong etilendiamin. C6 thé dung cic dung dich bazo manh nhu
hidroxit tetrabutylamoni (C4H¢)sNOH trong hdn hop benzen-metanol, isopropanol, hodc
etanol 1am dung dich bazo chuén thich hop cho chuin d6 khong nude.

Trong cac dung modi bazo cod the de dang xac dinh phan 16n cac axit cacboxilic cling nhu
nhiéu phenol. Khi chuan d6 mét sé6 mudi cua cac bazo yéu, vi du nhw, mubi amoni, mudi cia
cac amin béo va thom trong etilendiamin hoac dimetylfocmamit, budc nhdy dugc quan sat
thdy rat rd rang. Trong cac dung mdi co tinh bazo manh hon, c6 thé chuan d6 ca mot sé ruou
va imid.

00 —

200
phenol

140

mv

axit axetic
—100

—500 axt salixilic

Sl axit hidracloric

=Ton
axit peclotic Uit
-a00
| l | | | l

Thé tich chiit chudn

—1100
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Hinh 12.2

Chuén d¢ hdn hop axit trong metylisobutylxeton

Trén hinh 122 din ra duong chudn d0 thuc nghiém hdn hop axit trong
metylisobutylxeton bang dung dich chuan hidroxit ctia tetrabutylamoni trong ruou isopropilic
0,2 M. Trén tryc tung la thé cua dién cuc thuy tinh bién ddi tuyén tinh theo sy bién ddi cua
pH. RG ran la, trong dung méi nay, axit pecloric manh hon axit hidrocloric rat nhiéu do do
diém cudi cua ‘moi phép chuan d¢ duoc xac dinh riéng biét. Ta ciing nhan thiy rang, phenol la
mdt axit qua yéu ddi véi phép chuan do trong nude nhung trén dudng chuan do trong méi trudng
khong nude, bude nhay dugc thé hién o rét.

12.2.3 Chuin d¢ trong dung madi aproton hoic trung tinh

Nhiing dung moé1 aproton rat it dugc st dung dé chuan do boi vi thude thir va chat bi
chuan it tan trong cac dung moi nay. Nhung ching thuong dugc st dung trong hon hop véi
cac dung moéi trung tinh khac. Vi dy, hdn hop (1 : 1) cua etylenglycol hoic propilenglycol véi
hidrocacbon hodcc dan xuat halogen cua hidrocacbon 1a nhirg dung moi tuyét voi dbi voi
mudi kim loai kiém ctia cac axit hitu co. Dé chuin cac mudi dé, ngudi ta sir dung dung dich
axit pecloric cling trong cac dung moéi trén lam dung dich chuan d6. Ciing c6 thé chuan do cac
axit yéu trong metanol va etanol.
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Chuong 13

Chuan a6 tao phirc

Ton ctia nhiéu kim loai phan g v&i cap dién tir cho tir mot chét khéc tao thanh hop chét
phdi tri hodc ion phirc. Chéit c6 kha ning cho ddi dién tir dugc goi 1a phdi tir (ligan), can phai
¢6 it nhat mot doi dién tir khong phan chia dé tao lién két. Cac phan tr nude, amoniac va cac
ion halogenua 13 nhirng phéi tir thuong gip.

Maic du con c6 nhitng ngoai 1€, cac cation thuong tao thanh s6 lién két phéi tri cuc dai la
2, 4 hoac 6 va so cuc dai do dugc chap nhan la so phoi tri. Hop chat phoi tri duoc tao thanh co
thé mang dién tich duong, dién tich &m hoac trung tinh. Vi du nhu, dong (II) véi s6 phoi tri 4
¢6 thé tao thanh phirc amoniac cation Cu(NH; )‘2; , phtre glixin trung tinh Cu(H,NCH,COO),

hoic phirc anion véi ion clorua CuCl3~.

Céc phuong phap chuin do duwa trén cac phan tng tao phic di duoc st dung ca thé ky
qua. Nhung chi khi mét loai hop chat phdi tri dic biét dugc goi la cac phdi tir vong cang dugc
phat hién, phuong phap chuan do tao phirc méi thue sy bude vao giai doan phat trién diéu ky.
Chelat 12 phirc vong cang duoc tao thanh giita ion kim loai véi phdi tir ¢ hai (hodc nhiéu
hon) nhém cho dién tir. Trong phirc ctia ddng véi glixin néu trén, dong lién két ca véi oxi cia
nhom cacboxilic va ca véi nguyén tir nito cia nhém amino. Phdi tir tao phirc vong cang co 2
nhom cho dién tir tham gia tao lién két phdi tri duoc goi 1a phdi tir hai ring. Nguoi ta da biét
cac phéi tir 3 ring, 4 ring, 5 ring va 6 rang.

Trong phan tich chuin d¢, cac thudc thir tao phic vong cang ¢ uu thé hon céc thude thir
tao phirc khong vong cang boi vi su tao phirc vong cang thuc té xay ra trong mot giai doan,
trong khi d6 su tao phirc don gian thuong phai trai qua mot hodc mot sé 16n hon cac hop chat
trung gian.

Chung ta xét can bang giira ion kim loai M ¢6 sb phdi tri bang 4 va phdi tir 4 rang D, dién
tich cuia M va D quyét dinh di¢n tich cua san pham phan ing nhung do61 vdi cac ban luan tiép
theo, di€u do khong cd y nghia nén dién tich da dugc bo qua.

M+D MD

Khi can bang cua qua trinh 6 duoc thiét 1ap:

_ (MD]
- [M][D]
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K 1a hang s6 can bang.

Mot cach twong ty, cAn bang gitta M va hang sb bén twong tng 1a két qua cta qué trinh 2
giai doan, bao ham su tao thanh mét hop chat trung gian MB:

M +B MB
MB + B MB;
Hai c4n bing d6 duoc thé hién bang hai hing sb bén:

o IMB] o [MBy]
L DB] 2 T B[]

Tich s6 K; va K, cho ta phuong trinh hang s can bing cia qua trinh téng hop:

[MB] [MB,] _ [MB,]

Po =B = In][B] IMB]B] ™ [y

Mot cach tuong ty, phan Gng gitta M va phdi tr mot ring A c6 thé viét dudi dang can
bang tong cong:

M +4A MA4
va hing sb can bang B4 tuong ing vai su tao thanh MA4 tir M va A, bang tich sé hang sb

can bang cua 4 giai doan riéng biét.

a0 T

phi

10

10 20 30 40 50 &0 TO &0 40
Thé tich chit chmfn, ml
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Hinh 13.1

Puong chuin d6 complexon

1. Chuan do 60,0 ml dung dich kim loai M 0,020 M bang dung dich phdi tr D 4 ring véi
su tao thanh hop chat MD.

2. Chuéan d6 bang dung dich phdi tir 2 ring B 0,040 M véi su tao thanh hop cht MB,.
3. Chuan d6 bang dung dich phdi tir 1 ring A 0,080 M vdi sy tao thanh hop chit MA..
Hing sb bén chung cua tit ca cac hop chit da néu 1a 1,0.10%.

M&i duong chuin d6 duge dan ra trén hinh 13.1 tuong tng v6i mot phan tng c6 hing sb
can bang chung bang 10%°. Puong sb 1 duoc xay du’ng cho qua trinh mgt giai doan, tao thanh
hop chat MD, dudng s6 2 phan anh qua trlnh 2 giai doan tao thanh MB, v6i céac hing s6
can bang tuong ung K, =10"? va K, =10°. Puong sé 3 dai dién cho qua trinh tao thanh
MAy; cac hang sé cén bang cua 4 giai doan tuong ung la 10%, 10°, 10%, 10%. Céac duong
cong minh hoa wu thé rat rd rang cia cac ph01 tir phan g v6i ion kim loai theo ty 1€ 1 :
1, boi vi dbi v6i nhitng hé nhu vay, sy bién d6i pM & vung diém twong duong 1a cuc dai.
Nhu vay 1a, ddi voi phép phan tich chuan do, nhitng phdi tir da rang 1a thich hop nhat boi
vi, thong thuong phan tmg tuong tac ciia chung véi cac ion kim loai duoc dic trung biang
hé s6 hop thic don gian nht.

Khong phu thude vao loai phan tmg dugc s dung dé chuén d¢, sai s6 chuan do giam khi
d6 hoan toan cua phan Ung tang 1én. V6i quan diém do6, khong con nghi ngd gi nita, nhiing
phéi tir da ring c6 wu thé rd rét so voi nhitng phdi tir don ring béi vi chung tao vé6i ion kim
loai nhimng phtc bén hon.

13.1 Chuan dd bang cac thudc thir vo co

Chuén do tao phirc la mét trong nhimg phuong phap chuin d6 l4u doi nhit. Phép chuin
dd ion iodua bang dung dich thiy ngéan (II) theo phan tng:

Hg™' +41° Hgl%
lan dau tién dugc cong bd vao nam 1834, phuong phap xac dinh ion xianua dya trén
phan ng tao thanh ion phirc Ag(CN) ciing da dugc cong bo vao nam 1851. Trong bang

13.1 dudi day din ra nhitng chat chuan dién hinh khong tao phic vong cang.

Bang 13.1 Nhiirng vi du dién hinh vé phép chuin dd bing cac chit tao phirc vo co

Chat chuan | Chat can dinh lugng Ghi cht

Tao phuc trung hoa di¢n cua Hg(Il), st

Hg(NO;), Br, Cl, SCN, CN, tioré dung nhiéu chi thi
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San phém cua phan ung la Ag(CN),,

AgNO; CN chi thi 1a T, chudn d6 dén xuét hién duc
dung dich do Agl
San pham cua phan tng 14 Cu(CN)3~,
KCN Cu’’, Hg™", Ni*’ Hg(CN)2™, Ni(CN)Z, sir dung nhidu
chi thi

13.2 Chuian d9 bing cac axit aminopolicacboxilic

13.2.1 Thubc thir

Phuong phap chuan d6 dya trén phan tng tao phirc ctia cic ion kim loai vi nhém cac
axit aminopolicacboxilic dugc goi la phuong phép chuan d6 complexon. Cac complexon la
nhitng dan xuat cua céc axit aminopolicacboxilic:

e Nitrilotriaxetic axit hay complexon I:

_ CHy—COOH
N: CH,— COOH viét tat 1a HyY
CH,— COOH

e Etilendiamin tetraaxetic axit (EDTA) hay complexon II:

HOOC — H,C CH,—COO

AN /
N— CHQ_ CHQ_N
/

N viét tat 1a HyY
HOOC —H,C CH,—COO

Vi axit nay it tan trong nudc nén trong thyc té ngudi ta thudng ding ¢ dang mudi dinatri
(NayH,Y hay comlexon III, trilon B).

e trans-1,2-diaminoxiclohexan tetraaxetic axit, comlplexon IV:

_cH, _ CH;— COOH
™ CH,— COOH
| _ CH;— COOH
H CH—N
N N
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Cac complexon tao phurc bén vé6i nhiéu ion kim loai. Cac phan {mg tao phirc
nay thoa min tt ca cac diéu kién cta phan tich thé tich; do do, ngay nay phuong phap chuan
d6 complexon tré thanh mét trong nhirg phuong phap phan tich thé tich phd bién nhat.

EDTA la thudc thir dwoc sir dung nhiéu nhét. D6 1a mot axit yéu c¢6 4 nac phan li: pK; =
2,0; pK,=2,67; pK3=6,16; pK4= 10,26. Nhu vay la, hai proton dau tach ra kha dé dang, hai
proton sau tach ra kho khian hon nhiéu. Ngoai 4 ion hidro ctia cic nhom cacboxilic axit, phan
tirt EDTA con c6 hai nguyén tir nito, mdi nguyén tir déu c6 d6i dién tir khong phan chia (tu
do), do d6 c6 tiém ning tao 6 lién két v6i ion kim loai (phdi tir 6 ring).

EDTA duogc ki hiéu 1a HyY va c6 thé ton tai ¢ 5 dang sau: HyY, H3Y ", H,Y>, HY® va
Y*.

H4Y va NaH,Y.2H,0 ¢6 thé djéu ché dugc ¢ dang tinh khiét dung 1am dung dich gbc.
Muon vay phai say ¢ 130 — 150°C dé 1am mat nudec.

Thanh phan cua dung dich EDTA nhu 13 mot ham sé cua pH. Trong dung dich nudc
EDTA t6n tai & 5 dang. Luong twong ddi ciia mdi dang trong dung dich nay phu thudc vao
pH. Nhiing ti s6 d6 dugc dién ta bang dd thi qua sy phu thudc cua gia tri o ddi véi cac dang
khac nhau nhu 14 ham s cua pH.

[H,Y] [H?’Y_]
oT ¢ MTTC

a day C la tong s0 nong do can bang cua tat ca cac dang. Nhu vdy a la ti s6 mol cia moi
dang.

R& rang 1a vung axit vira phai (pH = 3 — 6) dang H.Y? 1a dang chiém uu thé, OpH=6-
10 dang HY?™ chiém wu thé va chi & pH > 10 thi dang Y*" méi bat dau chiém wu thé.

Nhimng ti s6 d6 anh hudng 16n dén can bang trong dung dich chira EDTA va céc cation
khac.



251

Hinh 13.2

Thanh phin ciia dung dich EDTA bién déi theo pH

13.2.2 Phurc cua EDTA vdéi cac cation kim loai

Tinh chit quy gia nhét cta chit chuan EDTA 1a kha ning phan tmg ctia nd voi cac ion
kim loai theo ti 1€ 1 : 1 khong phu thudc vao dién tich cation. Trong cac dung dich axit vira
phai, c6 thé viét cac phan ung do6 dudi dang:

Me?t + H,Y? MeY?> +2H"
Me* + H,Y? MeY +2H"
Me*t + HyY? MeY +2H"

Tir d6 thi phan b trén, 16 rang rang nhiing phan tng xdy ra trong dung dich trung tinh va
kiém vtra phai viét dudi dang sau:

Me™ + HY>" MeY +2H"

EDTA c6 tinh chit cuc ky quy gid 13 tao phirc bén va tan trong nuéc véi nhiéu ion kim
loai. T4t ca cac cation phan ing va1 EDTA, trir cac kim loai kiém déu tao thanh cac phuc du
bén, d6 1a co s¢ cho cac phuong phap chuin d6. Do bén cao cua cac phirc tao thanh 1a do su
c6 mit trong phan tir EDTA mot s6 nhom cho: nhitng nhom nay c6 thé tao cau tric ddi xtng
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it sttc cang. Mot trong cac dang ctia phitc duoc dién ta trén hinh 13.3. Can chu ¥ 13,
sdu nhom cho cua phan tir EDTA tham gia tao lién két véi ion kim loai hoa tri 2.

o ™

/
[ CH,
= e
=——c
o H,0 \
\ CHe
o
I
— 0 —
Hinh 13.3

CAu truc phtrc cia kim loai véi EDTA

Can phai dac biét nhan manh rang, tat ca cac hang s6 can bang déu mo ta tuong tac ctua
jon kim loai véi Y*:

Me"™ +Y* MeY ™"

[MeY“l—‘*)+ }

Kpey :W (13.1)

Bang 13.2 Hing s6 bén ciia phirc kim loai véi EDTA (¢ 20°C va lyc ion bing 0,1)

Cation Kmy lgKmy Cation Kmy 1gKmy
Ag’ 2,1.10 7,32 Cu?” 6,3.10" 18,80

Mg 4,9.10° 8,69 Zn* 3,2.10" 16,50

Ca®" 5,0.10" 10,70 cd* 2,9.10' 16,46

Sr** 4,3.10° 8,63 Hg™ 6,3.10% 21,80

Ba®* 5,8.10 7,76 Pb>" 1,1.10" 18,04

Mn** 6,2.10" 13,79 Al 1,3.10' 16,13

Fe* 2,1.10" 14,33 Fe* 1,3.10% 25,1
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Co* 2,0.10'° 16,31 v 7,9.10% 25,9

NiZ* 42.10" 18,62 Th* 1,6.10% 23,2

13.2.3 X4y dung dwong chuin do

Xay dung duong chuan do cho phan mg giita ion kim loai va EDTA vé co ban khong
khac viéc xdy dung dudng chuin do trong phuong phap chuin do axit bazo, nhung trong
truong hop nay phuc tap hon vi truong hop chuan do axit bazo thuong chi can nghién ctru
mot can bang, con trong trudng hop chuin d6 complexon can nghién ciru mot sb can bang 16n
hon.

13.2.3.1 Anh hwéng ciia pH

Su nghién ctru cin bang trong dung dich chira ion kim loai va EDTA chi rd rang, mirc d6
tao phuc phu thudc vao pH cua dung dich. Dé chuan do nhing cation tao phire kém bén (vi
du: Mg**, Ca®") nguol ta phai chuan trong moi truong kiém. Nguoc lai, dé chuan do nhng
cation tao phirc bén hon (vi du: Zn**, Ni*") ¢6 thé thyc hién thanh cong ngay ca trong moi
truong axit vira phai.

Dic biét chu ¥ t6i su tao phirc phu thudc vao pH, nén phép chuin d6 bang dung dich
EDTA thuong duoc thuc hién trong cac dung dich dém véi cac gid tri pH thich hop, c¢d dinh.
Giir pH khong d6i, cho phép don gian kha nhiéu cach tinh toan dé xay dung duong chuan.

Dé xiy dung duong chuan d6 ion kim loai bang EDTA trong dung dich dém c6 thé st
dung gia tri o.s mot cach rat tién loi:

@ (13.2)

oy =
trong d6 C 1a ndng d6 chung cua EDTA khéng tao phic.
Nhu vay:

C=[Y"]+[HY ]+ [HY* ]+ [HsY ]+ [HsY]

va o la phﬁn thude thir khong tao phuc, tdn tai & dang Y4*, o4 chi phu thudc vao pH va
nhiing hang s6 phan li cia EDTA K, K, K3, K.

o = LSLSLCLY (13.3)

[H+ T 1K, [H+]3 + KK, [H+ ]2 + K, K,Ksg [H+] 1K KKK,
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Bang 13.3 Cac gia tri a4 cia EDTA & cac gia tri pH

pH o4 pH o4

2,0 3,710 [ 7.0 4810

3,0 2,510 8,0 5,4.10°

4,0 3,6.107° 9,0 5,2.107

5,0 3,5.107 10,0 |3,5.10"

6,0 22.107° 11,0 |8,5.10"
12,0 |9,8.10"

Thay [Y*] bang a4C (phuong trinh (13.2)) vao phuong trinh hang sé bén cua phirc (13.1)
ta duoc:

[MeY“H*)*}

W (13.4)

Kymey = 0Kyey =

trong do K'vey 12 héng sO bén diéu kién hay biéu kién mo ta can bang ch1 O gid tri pH da
dung dé tinh gié trji ou. Hang sd bén diéu kién cho phép tinh toan d& dang ndng d6 can bang
cua ion kim loai va phirc ¢ bat ky diém nao cta dudng chuan do. D@ dang nhén thiy rang,
phuong trinh hing s bén diéu kién khac véi phuong trinh hing sb bén di duogc st dung trude
day chi & mot diéu duy nhit 1a ndng do can bang tuyét ddi (toan phan) cta anion phan 1i [Y*]
dugc thay thé bang gia tri C - ndng do chung cia EDTA. Nhung diéu d6 cuc ky quan trong
boi vi C dé dang xac dinh tir phan tmg hop thirc hon 1a [Y*].

Vi dy: V& dudng chuan d6 50,0 ml dung dich Ca*" 0,0100 M bang dung dich EDTA
0,0100 M trong dung dich dém c6 pH = 10.

e Tinh hing s6 bén diéu kién & pH=10: K'c,y = 0Ky = 0,35.5.10'°=1,75.10".

o Tlnh pCa trude dlem tuong duong Cho dn trudc dlem tuong duong, ndéng do chung
ctia Ca*" bang tong s6 ndng d6 ion Ca®" chua bi chuan va nong d6 Ca®" do phu:c phan i ra.
Thong thuong, hoan toan horp 11 khi ching ta chap nhan rang noéng dg ion Ca”" do phuc phén
li ra nho thua ndng d6 ion Ca>" chwa bi chuén nén c6 thé bo qua ndng do nay (Ta cir chép
nhan gia thiét nay boi vi [Ca’ ] do phtre phén li ra ¢ diém tufo*ng duong con nhé thua [Ca®']
do phirc phén li ra & trudc diém tlmng dwong vi ndng do [Ca’ ] chwa bi chuan do con 16n,
ngan can sy phan li ctia phirc CaY?>". Khi ta tinh toan [Ca®'] ¢ diém twong duong dudi ddy ta
s& thiy rd hon diéu ta gia thiét trén ddy 1 hoan toan ding dan).

Vi dy: Sau khi thém 25,0 ml chat chuén thi:
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[CagJﬂ _ 5O,Ox0,01025—§5,0x0,0100

+C~3,33.10 mol /1

va pCa=2,48.

e Tinh pCa ¢ diém twong duong: O thoi diém nay [CaY> ] = 0,00500 M va su phan li cua
phirc d6 14 ngudn duy nhat cung cip Ca®*. R3 rang la [Ca®"] bang ndng do chung ciia EDTA
chua tao phuec:

[C32+] = Cgpra

[CaY® ] =0,00500 — [Ca*"] ~ 0,00500 mol/l

K'cay 9 pH=101a1,75.10"°

(xem muc trén)

Vay:

0,00500 _ 0,00500 —1.75.1010
[Caz+]CEDTA [Ca2+ T ,

[Ca’']1=535.10" M;

do do:

pCa =6,27.

Két qua nay khing dinh gia thiét ciia chung ta & myc trén 1a dang.

e Tinh pCa sau diém tuong duong: Tinh ndng do chung cua CaY? va EDTA sau diém
twong duong rat dé dang. Vi duy, sau khi thém 60,0 ml chat chuan.

CC _ :w:4,55,10—3 M
a¥ 110
CEpTA =W= 9,1.107' M

Mot cach gan dung c6 thé viét:
[CaY?]=4,55.10" M — [Ca*"] ~ 4,55.10°°
Cepra =9,1.10* M + [Ca*] = 9,1.107*

4,55.1073

=1,75.10 = K'c,y
[Ca?"]x9,1.107* :
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[Ca’]1=2,86.10""M

do do:
pCa =9,54.

Tir nhitng tinh toan nhu trén ta c6 thé v& dudng chuan d6 ion Ca** trong nhiing dung dich
dém c6 pH khac nhau. Tt hinh 13.4, rd rang 13, su bién doi pCa chi rd rét ¢ diém twong
duong khi pH > 8 (Nhung tai sao ta khong chuan & pH=12 c6 budc nhay pCa 16n nhat? Cau
hoi nay s& duoc tra 10i & muc sau n6i vé diém cudi khi chuan d¢).

D061 voi nhitng cation tao phtrc bén hon, c¢6 thé xac dinh diém cudi rat 10, ngay ca trong
dung dich axit.

pH=1%
pH=10

L]
w

0 20 =0 40 50 &0
The tich EDTA, il

Hinh 13.4

Anh huong cia pH 1én dudng chuén do dung dich Ca** 0,0100 M bang dung dich EDTA 0,0100
M
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oo - (’—- Kpy- = 13.10%
PGmE
LU /- K, .- =352.10%"
A H

12 -

21
Kpy- =63.10
14
g L Kpg-=4110
21
Kpy- =63.10
4 —
0 1 1 1 1 1 1 >
10 20 80 40 850 B0 ol
Hinh 13.5

Nhiing duong chuén d6 50 ml dung dich cac cation 0,0100 M ¢ pH=6

13.2.3.2 Anh hwéng ciia cic thudc thir tao phirc la dén phép chuin d9 bang EDTA

Thuong qué trinh chuén do béng EDTA tr¢ thanh phac tap do hién tuong két taa mot
phan ion can xac dinh dudi dang oxit bazo hay hidroxit & pH can thiét cho qua trinh chuan do.
bé gitlr ion kim loai trong dung dich, dac biét 1a & giai doan dau cua phép chuén do, can thiét
phai thém chét tao phtc phu vao dung dich chét can dinh phan. Vi dy, khi chuan d6 Zn(II)
thuong phai dung mét lugng 16n amoniac va amoni clorua. Cdp axit bazo lién hgp nay tao
thanh dung dich dém c6 gia tri pH can thiét. Ngoai ra, amoniac con ngin can su két tia
hidroxit k&m nhd su tao thanh cac phirc amoniacat. Nhu vay 13, phan ting chuan d6 k&m bang
dung dich EDTA duoc dién ta nhu sau:

Zn(NH3)2* + HY ZnY* + 3NH; + NHj
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28

26

24 -

22

0+

12

14 | > Foof

12 L

10

Hinh 13.6

Gia tri pH nhé nhét, du cin thiét & chuin d6 cic dung dich cation bing dung dich EDTA

Trong nhitng hé twong ty nhu vay, dd hoan toan ctia phan ng va do do chét luong xac
dinh diém cuoi khong chi phu thudc vao pH ma con phu thudc vao nong do amoniac trong
dung dich.

Anh huéng cua cua thude thir tao phirc phu dén qua trinh chuan do c6 thé tinh toan duoc
giong nhu tinh todn anh huong pH dén nong do cac dang khac nhau cia EDTA.

Ta ki hiéu:
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[l\g; J (13.5)

B=

vo1 Cyge 1a ndng do chung cua tat ca cac dang chira ion kim loai can chuan dg, trur loai
phuc cua EDTA véi kim loai can chuan d¢. Boi voi dung dich chira Zn(II) va amoniac ta co
thé mo ta nhu sau:

Cwme= [Z0°"] + [Zn(NH3)*"] + [ Zn(NH3)3" ] + [ Zn(NH3)2" ] + [ Zn(NH;)2* ] (13.6)

D¢ dang tim duogc gia tri bang s6 cua P tir nong dd cua amoniac va hang so bén cua phuc
tao thanh. Vi du:

[zn(NH3 )ﬂ

K=t~ J
| Zn?* |[NH;]

va tur do:
[Zn(NH3)*'] = K, [Zn”][NH;]
Mot cach tuong tu:
[Zn(NH;3),”"] = K Ko[Zn* ][NH;]?
Thay thé nhimng gié tri tim duoc vao phuong trinh (13.6) ta c6:
Cw=[Zn*"(1 + K, [NH;3] + K K, [NH3]* + K KK [NH3] + K K,K3K, [NH;3]Y)
Giai phuong trinh ndy ciing v6i phuong trinh (13.5) va cho [Me™] = [Zn®"] ta tim duoc:

1
B= 2 3 4
1+ K]_ [NH3 ] + K1K2 [NHB] + K1K2K3 [NH3] + K1K2K3K4 [NH3]

(13.7)

i Cudi cung giai dong thoi cac phuong trinh (13.4) va (13.5) ta tim duoc hing s can bang
diéu kién ctia phan tng EDTA véi Zn*" trong dung dich dém chtra amoniac va amoni clorua:

[ZnYZ* }

(13.8)
Cue-CEDTA

K"7ny = 04BKzny =

& day K"zuy 14 hang s6 bén diéu kién méi chi dwoc sir dung khi gi tri pH 1 duy nhat va
nong dd amoniac cling la duy nhat. Vi du dugc xem xét dudi day s€ chi rd cach dung hang s6
dicu kién do dé xay dung duong chuan do.

Vi dy: Tinh pZn trong cac dung dich khi tron 1an 4(,),0;‘ 50,0; 60,0 ml dung dich EDTA
0,0010 M véi 50,0 ml dung dich Zn*"0,0010 M. Gia thiét rang dung dich Zn*" va dung dich
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EDTA déu chira 0,100 M NH; va 0,176 M NH4Cl tao nén gia tri pH khong doi
bang 9,0. Nhitng hing s6 bén cua cic phirc amiacat Zn(Il) 1a nhu sau: K; = 1,9.10% K, =
2,2.10% K3=2,5.10%; K4=1,1.10% Kzuy = 3,2.10°.

1. Tinh hing sé bén diéu kién: dé tinh dugc B ta lay [NH;] = Cng, Vva thay vao phuong

trinh (13.7) gia tri CNH3 va cac gia tri héng s6 bén tung nic K, Ks, K3, K4 cia phttc amiacat

kém:
B= L . - =8,0.107°
1+19+420+1,04.10 +1,14.10
Thay vao phuong trinh (13.8) gia tri Kzny = 3,2.10'%; oy = 5,2.107 va gia tri B =

8,0.10°° ta co:
K"zy =5,2.102.8,0.10°.3,2.10"° = 1,33.10"°

2. Tinh pZn sau khi thém vao 40,0 ml EDTA. Nong d6 Zn*" chwa phan tng voi EDTA &
thoi diém nay véi su gan ding kha tot la:

~50,0x0,00100-40,0x0,00100

=1,11.10~* mol/1
90,0

CMe

Chung ta gia thiét rﬁng c6 thé bo qua sy phan li cua céac dang phuc cua Zn*" va thay thé
vao phuong trinh (13.5), nong d6 chung cua ion kim loai Cy 1a tong néng do cén bang cua tat
ca cac phuc cua Zn®" khong chira EDTA va tinh ndng d6 can bang cua ion kém:

[Zn**] = CmeP(1,11.10*)(8x107°) = 8,9.10™'° mol/I;

do do: pZn =9,05.

_ 3. Tinh pZn sau khi thém 50,0 ml EDTA: O diém tuong dwong [ZnY* ] = 5,00.10". Tong
nong d) can bang cua cac dang phuc kém khong chira EDTA bang tong ndong d) can bang cua
cac dang khong tao phurc voi EDTA:

Cwme = Cepra.

va:

[ZnY?]=5,00.10"* — Cpex 5,00.10* mol/I
Pua két qua nay vao (13.8) ta duoc:

5.10.107%
2 b
CMe

K"zy =1,33.10""=

Cyme= 1,94.107 mol/l



261
Tur (13.5) ta co:

[Zn*] = CumeP = (1,94.107)(8.10%) = 1,55.10 "% mol/I;
do do: pZn=11,81
4. Tinh pZn sau khi thém 60,0 ml EDTA: trong trudong hop nay dung dich c6 du EDTA:

60,0x0,0010-50,0x0,0010
110

50,0x0,0010 _ »
[ZY] e 455107 M

=91.10° M

Cgpra =

Thay céc két qua thu duoc vao (13.8) ta co:

—4
1,33.1010 = % 5 Cpe=3,76.10" mol/1
9,51.10°.Cyy,

[Zn*"] = CumeP = (3,76.107'%)(8.10%) = 3,01.10""° mol/l;
do do: pZn = 14,52,

T cac tinh toan nhu trén nguoi ta xay dung dugc cac duong chuin d¢ 1y thuyét Zn*
bang EDTA (pH =9) ¢ cac nong do (can bang) amoniac khac nhau.

Trén hinh 13.7 dan ra hai duong chuan d6 1y thuyét Zn®" bang dung dich EDTA ¢ pH =
9. Nong do can bang ciia amoniac trong trudng hop thir nhéat 1a 0,100 M va trong truong hop
thir hai 13 0,0100 M. Hinh v€ chi r6, amoniac lam giam budc nhay trén duong chudn do. Vi
vay, ndng do chét tao phirc phu khong dugce vuot qua ndng do tdi thiéu, du dé ngan ngira tao
hidroxit. (Chung ta nhan thay rang, gia tri p khong anh hudng dén pZn sau diém tuong duong

nhung gid tri o4 va do d6 pH dong vai tro quan trong trong su tao thanh ving nay cta dudng
chuan dg).
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16 B
pZn

14 /’

12

W o =0100

Chr = 0,0100

10 20 40 &0 &0 TO 80

Hinh 13.7

Anh huong cua ndng do amoniac dén phép chuin d6 dung dich Zn** 0,0010 M bang dung dich EDTA
0,0010 M. Ca hai phép chuan déu dugc thuc hién ¢ dung dich dém c6 pH = 9.

13.2.3.3 Piém cudi trong chuin do complexon

Chi thi kim loai: Trong chuan d6 bang EDTA hoic 1a bang nhimg thudc thir tao phirc
khéc, nguoi ta thuong dung mdt s6 chét chi thi kim loai dé xac dinh diém cubi. Nhiing chi thi
nay 13 nhimg chit mau hitu co tao phirc vong cang (chelat) v6i cac cation kim loai & nhimng
ving pH xac dinh, tiy thudc vao tinh chit cta cation kim loai va chi thi. Nhiing phirc nay co
mau kha ddm, c6 thé phat hién ion kim loai & trong khoang ndng d6 10° — 10" M. Phan 16n
chi thi kim loai c6 kha ning lién két proton va tao thanh nhitng hop chat mau gan nhu giéng
mau phuc kim loai. Vi vy, chung dong thoi ciing 1a chi thi axit bazo nén ching chi dong vai
tro chi thi kim loai mot cach thun lgi & ving pH ma ¢ dé khong c6 phan ing canh tranh cta
proton. Ericrom T la chi thi co tinh chat nhur d3 néu trén va duoc str dung rong rii nhat trong
chuan d6 complexon. Trong dung dich axit va kiém vira phai, can bang sau day chiém wu thé:
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N K,=5.10"" N .\
Il —_— Il +H
N N
ool o0l
O9N O9N
SO; SO5
P4 Xanh bién
H,In _— HyIn~ + HY
P4 Xanh bién
ol 4
10,0
In3_
HIt™ xanh hifn da cam
Holn™ dd
8,0
[:l i i i i i i i P pH
a qd 4] & 16 12 14
Hinh 13.8

Su d6i mau ciia ET- OO va ciia MgIn™ phu thudc vao pH va pMg

O gia tri pH rét’ cao HIn? phén 1i tiép tao thanh In*" c¢6 mau da cam. Sau day 13 burc tranh
toan canh vé mau sac cua Ericrom T den va phtrc cia n6é véi Mg phu thudc vao pH. Hinh 13.8
giai thich vi sao khong chuan Mg>", Ca®" ¢ pH = 12 (vi & pH nay chi thi c6 mau da cam).

Chi thi dé chuén d¢ complexon can tao phtrc voi ion kim loai ¢c6 hfmg sd bén 10 1an nho
thua hing sé bén cua phirc kim loai véi EDTA. Neu nho thua qua 10 14n, phép chudn d6 s&
két thuc som (sai so am) hodc nguoc lai, hai hing s6 ben khac nhau qua nho, nhu truong hop
ctia Ca®", diém cubi s& dugc xac dinh qua mudn (sai s6 dwong). Piém yéu cua Ericrom T den
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13 dung dich ctia n6 kém bén. Dé khic phuc, nguoi ta dung ¢ dang ran (hdn hop 1 :
100 v6i NaCl) hoac dung canmagit c6 tinh chat tuong ty va ¢6 cong thirc nhu ¢ bén.

N
Il
N
= OH
e
203

13.2.3.4 Nhirng phwong phap chuin dd complexon

Trong chuén do complexon, ngudi ta su dung nhiéu bién phap khac nhau. Sau day la
nhiing cach pho bién nhat:

Chudn dé truc tié'p: Theo Welcher, nguoi ta c6 thé chuan d¢ truc tiép 25 jon kim loai. Chuan
do tryc tiép chi ¢ thé thuc hién véi nhimg ion kim loai phan mg nhanh véi EDTA va c6 chi thi
thich hop dé xac dinh diém cubi. Trong trudng hop nguoc lai, nguoi ta 6 thé st dung phuong
phap chudn d6 nguoc hay chuin do thay thé.

Chudn dé nguoc: Chuan do nguoc dugc su dung dé chuan nhirng cation tao phtrc rit bén
voi EDTA nhung phan tng ch@m hodc khong tim dugc chi thi thich hop. Trong trudong hop
nay, luong du EDTA duoc xac dinh bang phép chuan d6 nguoc bang dung dich magie chuan
v6i chi thi Ericrom T den hodc canmagit. Phirc ciia ion kim loai can xac dinh v6i EDTA phai
bén hon phirc cua Mg®" véi EDTA, néu khong ion kim loai s& bj ddy ra tir phtrc.

Chudn do thay thé: Trong chuin do thay thé, nguoi ta dwa vao dung dich phan tich mét
lugng du phlig cua EDTA vdi Mg2+ hodc Zn>". Néu cation kim loai cén~xéc dinh tao véi
EDTA phtic bén hon phirc trong tng ctia Zn®" hodc Mg”" thi phan tng sé& dién ra nhu sau:

MgY* + Me*" MeY +Mg**

Sau d6 nguoi ta chuin Mg®* bi ddy ra khoi phirc bang dung dich chuédn EDTA.

Chudn d¢ axit bazo: Trong phuong phap chuan do axit bazo, nguoi ta thém vao dung
dich trung tinh cua ion kim loai mdt lugng du EDTA. Phan tng xdy ra nhu sau:

Me?t + H,Y* MeY? +2H"

Chuér} d6 lugng ion hidro dugc giai phong ra bang dung dich kiém dé suy ra luong ion
kim loai can xac dinh.
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Chuwong 14

Chuan d6 Oxi héa khir

14.1 Nhirng khai niém co ban

14.1.1 Pinh nghia

— Chat oxi héa la chdt c6 kha nang nhén electron.
— Chdt khir la chdt ¢6 kha ning cho electron.

Chat oxi hoa (Ox) sau khi dd nhan electron tr¢ thanh chat khir (Kh) goi la chét khr lién hop
vo1 nd. Moi cdp oxi hoa khur lién hop ¢6 thé biéu dién bang phuong trinh:

Ox + ne Kh

Mot vai vi du vé cap oxi hoa khur lién hop:

Dang oxi hoa Dang khur Cap oxi hoa khur lién hop
Zn®" + 2e Zn’ Zn>"/Zn
Fe* +e Fe*' Fe’'/Fe**
2H" +2e H, 2H'/H,
Ch+e 2CI° CL/2CI°
MnOj + 5e + 8H' Mn*" + 4H,0 MnOj; /Mn*"*
Fe(CN)2™ +e Fe(CN)g~ Fe(CN)2~/Fe(CN)&~
AgCH +e Ag’+Cl Ag'/Ag’

Electron khong ton tai & trang thai tu do trong dung dich, do d6 mot chét chi thé hién tinh
oxi hoa khi c6 chat khur cho electron ctia n6 hay nguoc lai.

Phan (g trao doi electron giita cac chat oxi hoa va chat khir goi 1a phan tmg oxi hoa khtr.
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a0Ox; + bKh, cKh; + dOx,

Vi du, khi nhing mét thanh kim loai hoat dong hon dé)ng, vi du kém vao dung dich déng
sunfat thi s€ xdy ra phan rng oxi hoa khu.

Trong phan tmg oxi hoa khtr c6 tinh chat héa hoc dudi day, ion Cu*" nhan 2e cta nguyén
tir k&m, bi khtr thanh nguyén tir dong, con nguyén tir kém bj oxi hoa thanh ion Zn*"

Chung ta c6 thé 1am mot thi nghiém dién héa dé néu ro rang trong phan ung trén cé su
chuyén electron tir chat khir 1a kém kim loai sang chat oxi hoa la ion Cu** dé cach xa nhau,
hay n6i mdt cach khéc la c6 mdt dong dién di tir chat oxi hoa 1a ion dong sang chat khur 1a
kém.

Chiéu quay cua kim dién ké chi rd rang c6 dong dién di tir cuc dong sang cuc kém. Diéu
do6 c6 nghia la the bén cuc dong 16n hon theé bén cuc kém va electron chuyén tir cuc kém sang
cuc dong.

Sau mot thoi gian, kim dién ké tré vé vi tri khong, trong hé khong con dong dién. Pem
cac dung dich ra phan tich thi thdy néng do dung dich kém tang 1én va noéng do dung dich
ddng giam di, cuc kém sang ra, cuc dong duoc pha mét 16p ddng kim loai. Chiéu cua dong
dién trong thi nghlem trén ching t6 rang Cu®* cua cap oxi hoa khur lién hop Cu*/Cu’ ¢ thé
cao hon nén d3 oxi hoa k&m kim loai cua cip Zn>*/Zn° c¢6 thé thap hon. Thé oxi hoa khir cua
cdp oxi hoa khtr lién hop quyét dinh chiéu ciia phan tng:

Zn’ + Cu** Zn* +

Cznso, =51 Couso, = O

Ban diu £ =

Hinh 14.1
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He¢ oxi hoa khir déng kém
14.1.2 Phuong trinh Nerst

Thé oxi hoa khir ctia mot cip oxi hoa khir lién hop duoc tinh bang phuong trinh Nerst.

Doi voi h¢ don gian:

Ox+ne  Kh
B = E° + 50 1 80x
nF  aygy,

trong do: E 14 thé oxi hoa (Von), R la hang sO khi (8,331 Jun), T 1a nhiét do tuyét déi, F 1a
s6 Faraday (96500 c), n 1a s6 electron trao doi, E° 1a thé oxi hoa khir tiéu chuan, thé khi biéu
thire sau logarit bang 1, In 12 logarit co s6 e (logarit ty nhién) apy, akn 1a hoat do cta dang oxi
hoa va dang khir. E° chi phu thudc vao ban chét caa hé oxi hoa khir lién hop.

Trong thuc té, nguoi ta khong thé xac dinh dugc gia tri tuyét dbi thé cua mot cap oxi hoa
khtr lién hop ma chi xac dinh dugc gia tri trong doi cua n6 (xem thi nghiém trén).

Dé so sanh thé cua cac cdp oxi hoa khir 1ién hop véi nhau can phai xac dinh gié tri tuong

dbi thé cuia mot cap oxi hoa khtr lién hop duoc quy ude bang khong. Ngudi ta quy wée thé oxi
hoéa khir tiéu chuan cua cap 2H'/H, bang khong.

14.2 Nhirng yéu t6 anh hwéng dén thé oxi hoéa khir
Thé oxi hoa khir tiéu chuan quyét dinh chiéu ctia phan tng oxi héa khtr, nhung trong thuc

té c6 nhitng yéu t6 anh huong rat manh dén thé oxi hoa khir ctia cac cip oxi hoa khir 1ién hop
va do d6 anh huong dén chiéu cuia phan tng. Sau day ta xét tung trudong hop cu thé.

14.2.1 Anh hwéng cia dd axit

Tinh thé oxi héa khir diéu kién ciia cip AsO3 /AsO3~ trong moi truong natri hidro
cacbonat - nghia 1a & pH = 8; biét E° ctia cap nay 6 pH =013 +0,57 V.

V6i cap ndy c6 thé xay ra phan tng:
AsOF +2H" +2e AsO5 + H,0

Thé oxi héa khur cua cap nay:
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E=E°+

0,059 9 0,059, @as0P
log ag. + log
2 2 aAsog_

Thé chuan diéu kién E° khi pH = 8 nghia 1 thé khi:
[AsO} ] =[AsO3 ]va[H]=10"

, 0,059 " 0,059
E =E°+Tlog[10 J ~ 0,57+ T[(—8)><2]=+0,10(o,098)

Nhu vay, pH cang tang thi thé chuan diéu kién cang giam nghia 1a kha ning oxi hoa cta
AsO}~ giam khi pH ting, con kha ning khir cia AsO3~ lai ting cung v6i pH. Chinh vi vay
ma thé oxi héa chuan ctia cip AsO} /AsO3~ = 0,57 V khi pH = 0 nén AsO3}~ c6 thé oxi héa
duogc I vi thé chuan cua cap [L/2I =0,54 V.

AsOF +2I +2H" AsO3™ + I, + H,0

Nhung trong dung dich NaHCOs (pH ~ 8) thi I, lai oxi héa dwgc AsO3~ vi nhur trén da
tinh 1a thé chuan ciia cap AsO} /AsO3~ chi con 1a +0,10 V. Phan Ung xdy ra theo chiéu
nguoc lai:

AsO3™ + 1, + H,0 AsO +2I +2H"

14.2.2 Anh hwéng ciia phan &ng tao phic

Khi chit oxi héa hodc chat khir cia mot cip oxi hoa khir lién hop tham gia vao phan tmg
tao phtrc thi thé oxi hoa khir ciing bién ddi. Chung ta xét mot vi du cu the.

Vi dy 1: Tinh thé oxi hoa khir tiéu chudn diéu kién cua cip Fe’"/Fe*" trong dung dich c6
du florua dé tao phtrc. Phitc FeF§~ c6 hiang sb bén B =10'°; E"F 5 ez = 077 V.
V61 hé nay xdy ra hai phan Gng:
Fe* —¢ Fe'* (D)
Fe'" + 6F FeFg~ )

Cong lai: Fe’ + 6F —e FeFg~
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[Fng"J

Liacnay: E=E°+ 0,05910gW

E =E°= thé oxi hoa khir tiéu chuén diéu kién khi [FL"?_L =1 (3)
[re e
PR ] e
Theo phuong trinh tao phtrc (2): 5 =10 4)
L L
Fe) s

Chia (3) cho (4) ta duoc: =
) cho () o duoe: =

' |:F 3+:| 1
E® = E° +0,059log =——= = 0,77+0,0591og —— = ~0,17 V
[Fe2+J 10

Nhu vay, trong mdi trudng c6 du F~ kha ning oxi hoa cia Fe’™ giam di va kha niang khu
ctia Fe’" lai tang lén.

14.2.3 Anh huéng ciia phéan ng két tiia

Phan tng két tia cling 1am thay doi thé oxi hoa khir ctia cac cip oxi hoa khir lién hop va
do d6 lam thay doi chi€u cta phéan tng.
Vi du: Tinh thé oxi héa khir tiéu chuén diéu kién cua cap Cu**/Cu” khi ¢6 du I tao thanh
két taa Cul, cho biét Toy = 10*12 E® , . =+0,17V,E°  =0,54V.
Cu?*/Cu I,/21

Thé oxi hoa khir tiéu chudn cua cip /21" cao hon cip Cu>*/Cu’ nén I, s& oxi hoa Cu' dé
trd thanh I va Cu®’ nghia 1 phan tng can xéy ra theo chiéu:

2Cul+1, - 2Cu*t +2I

Nhung trong thuc té phan Ung lai khong xay ra nhu vay vi thé oxi hoa khir tiéu chuan
diéu kién cua cip Cu*/Cu” khi co du I da thay ddi rat nhidu. Ta tinh thé d6. Khi khong c6
ion I thi thé oxi hoa khir ctia ciip Cu®*/Cu’” tmg v&i phuong trinh:

Cu* +e Cu’

duogc xac dinh bang cong thuc:
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E =E° +0,0591og [Cu%} ;
o]
trong d6 E°= 0,17 V
Khi c6 iodua lam két tua Cul theo phan tng:
Cu*"+T +e Cul ¥
thi
E =E°+ 0,059log[Cu* ][]
E =E°": thé oxi hoa khtr tiéu chuén diéu kién khi [Cu® ][] =1
Chia vé v6i vé ctia biéu thirc ndy véi biéu thuc tinh tich s tan ctia Cul:
[Cu'l[[]=Tcu=10"
ta duoc:

el
[Cuq ) 10712

E'= E+0,059log% =0,17+0,05910g10'2
10

=0,17+0,050x12 = +0,86 V

Nhu vay 1a khi c6 T du, E® =0,88 V> E’

Cu* /Cu* T =0,54 V va phan ung thuc té xady ra

theo chiéu sau day:

2Cu* +4I 2Cul + 1,
14.5 Hang s6 can bing ciia phan wng oxi hoa khir
Gi4 str ¢6 phan ung:
a0Ox; + bKh, aKh; + bOx,
trong do:

a0Ox; + ne aKh;
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bOx, + ne bKh,
a
B, - B2 + 2059, [0%1]
n [Kh, |
b
By = B3+ 225900 [OXQ]b
n [Kh, |

Khi phan tmg dat can bang, E,= E, nén:

a b
L0059, [00]" o, 0,059, [Ox]

E(l) n a b
[Khy | n [Khy |

a b
RO RS = 0,059 log [Kh, ]&1 [OXZ]b
n [0x;]" [Khy ]

[Kh, * [0x,]"

[0 ' [Khy]"

Vi du: Tinh hing s6 can bang ctia phan tng;
Ce* + Fe*' = Co* + Foo*

Cho biét: E° =1,55 V;E

Ce** /Ce™ =077V

eS+ /FeZ+
Ap dung cong thtc trén:

1,55-0,77 _

13,4 = K =103
0,059

logK
Pé thiy mirc d6 hoan toan cua phan mg nay ta hay tinh cac ti s6 ndng do [Fe’)/[Fe’] va
[Ce*)/[Ce* ] khi ndng dd ban dau bang nhau.

Khi can bang thi [Ce*] = [Fe*"] va [Ce*] = [Fe*'], do do:

e g [Fe ] [rer ] [ ]

[re oo™ ] [ren oo
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FeB+ Ce3+
%Fe%% ) %Ce‘*% ) \/101—3’4 =10%

Nhu vay 1a khi phan tng dat can bing luong Fe" va luong Ce*" chi con dudi mot phan
tri¢u lugng ban dau.

14.5 Puong chuin dd oxi hoa khir

Vi dyu: Tinh thé cua dung dich khi chudn d6 50 ml FeSO4 0,100 M béng dung dich

KMnO, 0,020 M ¢ [H'] luon bang 1 M. Cho biét E® .., =0,77V; E° =151V,
Fe”" /Fe MnOy /Mn
Trudc diém tuong duong tinh thé theo cip Fe*'/Fe*” theo ban phan tmg:
Fe’ — e Fe’*
Fe3+
E=0,77+0’05910g[ } (14.1)
1 [Fe2+}

Sau khi qua diém twong tuong dwong, lic ndy cip MnO; /Mn*" du nén tinh thé theo cap
nay dua vao ban phan ung:

MnO, + 8H' + 5e Mn>*

8
E=151+29590s [MnOZ [H [ (ma ('] = 1) (14.2)

O diém tuong duong thé cta 2 cap bang nhau, nén thé 14 thé chung cho 2 cip va phan
ung dat can bang:

F68+
E=0,77+ 0’25910g %Fe%%
e 8
5E=5.1,51+O,05910g%
Mn? |
(e [y [

6E=0,77+5.1,51+0,05910g (14.3)

[Fezﬂ[anﬂ



273

Vi ¢ diém tuong duong, lugng ion MnO; duoc dua vao dung dich trong tng chinh xac

v6i phan Ung:

5Fe’" + MnOj + 8H'

5Fe’" + Mn®" + 4H,0

Vi vay, [Fe*"] = 5[ MnOj ] va [Fe’"] = 5[Mn*'] nén:

[Fe?* | 5/ Mn* |

[Feﬂ 5[Mnoﬂ

va do do:

[Feﬂ [Mnoﬂ

[ ] [an]

Thay cac gia tri trén vao (14.3) ta co:

6K =0,77+5.1,51

=E

. 0,77+5.1,51

=1,39

=1 va[H'] =1 theo gia thiét.

Cac két qua chuéan d¢ dugc danra & bang 14.1 va duogc dién ta béng dd thi trén hinh 14.2.

Bang 14.1

Luong du (ml)
Luong a4
KMnO, [Fe® | MnOj N
thém  vio [Fe2+J Mo Cong thtrc tinh E (V)
(ml) FesO, | KXMnO

4
25,0 25,0 |- 25:25=1 - E=0,77+0,0591ogl | 0,77
45,0 5 - 45:5=9 - E=0,77+0,05910g9 | 0,83
49,5 0,5 - 49,5:0,5=99 | — E=0,77+0,05910g99 | 0,89
499 0.1 B 49,9:0,1=49 | E=0,77+0,05910g49 0.93
9 9
0,1:50,1 0,77+5.1,51

_ _ _ b 2 E A i

50,0 =2.107 5+1 1,39
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(diém TD)
E=1,51 O’0591 2.10~
=1,51+ og 2.
50,1 _ 0,1 _ g 1,49
51,0 _ 1,0 _ E:1,51+°’2ﬂlog2.1o—2 1,50
E (V)
15
1.3 |7
11 F
09 [~
0T
0.5 I I 1 I I I I -
0 1 a0 ap 4o 50 B0
Thé tich dung dich KMnO, 0,0200 b, ml
Hinh 14.2

Puong chuin d 50,00 ml dung dich Fe** 0,100 M bang dung dich KMnO, 0,020 M

14

14.5 Cac yéu t6 anh hwéng 1én dwong chuan d oxi hoa khir

Trong cac chuong trude day ching ta di néi vé hiéu ung ndng do chit phan ung va do
hoan toan cua phan tng 1én dudng chuan dg. Trong chuong nay ching ta s€ ban luan vé hi¢u

ung cua cac thong so do 1én duong chuan do oxi hoa khur.
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14.2.1 Nong d6 chit phan &ng

Trén ddy ching ta da thiy rit 15 rang, E ctia hé chuin do oxi hoa khur thong thuong
khong phu thudc vao sy pha lodng. Vi vdy, duong chuin d cta nhimg phan tmg oxi hoa khir
thudong khong phu thudc vao ndng do chit can phan tich va chit phan tmg. Diéu d6 hoan toan
trai nguoc voi nhitng diéu da thiy vé cac dudong chuan do loai khac ma chung ta da gip.

14.2.2 D¢ hoan toan cia phan @ng

Phéan tng ctia mdt phép chuan do oxi hoa khir chi xay ra cang hoan toan khi su bién d6i
thé ciia hé ¢ ving diém twong duong cang 16n. Hiéu tmg vé thé dién cuc nhu da néu trén day
duoc minh hoa rét déy du trén hinh 14.3. Hinh 14.3 din ra nhitng duong chuan d6 mot chat
khur gid dinh c6 thé dién cuc 1a 0,20 V béng mot sO chét oxi hoa gia dinh co thé dién cuc
chuan tir 0,40 dén 1,20 V va hang s6 can béng tuong Gmg nam trong khoang 2.10° dén 8.10°.
R rang 1a sy bién doi thé 16n nhat cua hé gan lién v6i phan tmg xdy ra hoan toan nhat. Vé
phuong dién d6, duong chuan do oxi hoa khir twong tu duong chuan do cua nhitng phan tng
loai khéc.

Ehéﬂr:l EI:IxD_Em]_D r’-—‘ A
10 FEq
—16
4 1,20V 8§10 — B
B 100V 310t
08 [ . 1
o o080V 110! L— C
6
06 | D 0E0V 610
E 040V 2.10% }— D
04
— E
02 /_/
| | | | | | | >
0 10 20 30
Thé tich dung dich chit chudn 0,100 W, mi
Hinh 14.3

Hiéu tng thé dién cuc cua chat chuin 1én d6 hoan toan cla phéan uing
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E N
he(V) EOXO_EKhO A
1,0 Beb
A 120V 81071 — B
1,00V 3.10"
0,8 | 0
C 0,80V 1.10 L— C
6
06 D 060V 610
E 040V 2.10° — D
04 -
— E
02 |
| | | | | | | >
0 10 20 30

Thé tich dung dich chit chun 0,100 M, ml

14.2.3 Toc dd phan tng va thé dién cue

Thé dién cuc cla cac cap dong vai trd chat oxi hoa va chat khir cho biét phan tng xay ra
¢ du hoan toan hay khong dé c6 thé sir dung va dic biét 1a cho muc dich phan tich, nhung thé
dién cuc khong cho mdt thong tin nao vé toc do dat tGi trang thai can béng. Két qua 1a, mdt
phan (mg xét v& mat thé dién cuc c6 thé xay ra hoan toan thuin loi nhung két cudc lai khong
dugc chap nhéan theo quan diém dong hoc. Sur oxi héa asen (III) bang xeri (IV) trong dung
dich axit sunfuric lodng 13 mot vi du dién hinh. Phan Gmg d6 xay ra nhu sau:

H3As0; + 2Ce*" + H,0 H3;AsO, +2Ce®" + 2H"

Thé hinh thirc E® d6i v6i hai hé nay:

Ce* +e Cce** c E"=+13V
H3AsO, + H +2¢ H;As0; + H,0 ; E"=+40,56V

va c6 thé suy ra hang sb can bang khoang 10** tir cac s6 lidu trén. Tham chi co thé nght
rang, theo quan dlem can bang, phan ng s& xay ra rat thuan loi nhung khong thé chuan
As(III) bang Ce(IV) néu khong ding xuc tac, boi vi sau vai gi0 mai dat toi can bang R4t may
man 13, c6 mot sb chat xac tac cho phan tmg va do d6 phép chuan dugc thuc hién dé dang.
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14.7 Chuan @9 hdn hop

Céc dung dich c6 hai chét oxi hoéa hodc hai chét khir sinh ra céac duong chuén dd c6 hai
diém ubn néu thé chuan cta hai chit cin phan tich khac nhau du 16n. Néu su khac nhau d6 16n
hon 0,2 V thi hai diém udn thuong duoc phan biét du 16 rang dé xac dinh riéng timg hop
phan. Tinh huéng d6 hoan toan gidng phép chuan d6 hai axit c6 hang s6 phan li khac nhau du
16n hodc phép chuan hai ion tao két tiia c6 d6 tan khac nhau du 16n.

Thém vao d6, tinh chit ctia mot sb it hé oxi hoa khir tuong tur nhu tinh chit cua da axit.
Vi du nhu, xét hai nira phan ing:

VO +2H + ¢ V¥ +H0 ; E°=+0,369V
V(OH); +2H + ¢ VO* + 3H,0 : E°=+1,00V

Duong chuén do V** béng chit oxi héa manh, vi du nhu pemanganat, c6 hai diém udn,
diém udn tuong tmg véi su oxi hoa V> dén VO** va diém thtr hai twong tmg véi su oxi hda
VO™ dén V(OH)jlr Su oxi héa timg budc ctia molipden (III), budc dau dén trang thai oxi hoa
+5 va budc tlep theo dén trang thai oxi hoa +6, 1a mot vi du thong dung khac. O day, mot lan

nira, diém udn xuat hién du 16 rang trén duong chuan do boi vi sy khac vé thé chuan cta nira
phan tng tuong tmg 12 0,4 V.

Phan tich chi tiét ngudn gdc cua duong chuan do cho timg chat riéng biét trong hdn hop
cta nhitng chit phan tng loai nay khong ¢ gi khé khan néu su khac biét vé thé chuan du 16n.
Chung ta 1y phép chudn dung dich chtra ion st (II) va titan (III) bang kali pemanganat lam vi
du. Thé chuan cua hai cap dong vai tro chat kht trén 1a:

TiO*" +2H" + ¢ Ti*" + H,0 - E°=+0,099 V
Fe* +e Fe** . E°=+0,77V

Nhitng phan thém pemanganat dau tién dugc dung cho ion titan (1) vi dé dang bi oxi
hoa hon. Cho dén khi néng do cua chat nay con lén trong dung dich, thé ctia hé khong thé du
cao dé 1am bién doi néng do ion sit (II). Nhu vay 13, c6 thé thu duoc nhimg diém tao nén
phan thir nhat ctia duong chuin d6 bang cach thay thé nhiing ndng do hop thirc cua ion titan
(II) va titan (IV) vao phuong trinh:

|:T13+:|
E =+0,099 - 0,05910g—2
o ]

Poan dau ciia dudng chuin do titan (III) bang kali pemanganat 13 ddng nhit. Sau diém
tuong duong thtr nhat, nong d¢ ca hai ion sat (II) va sat (III) déu 16n nén co6 thé c6 cac diém
trén duong chuan do mot cach thuén 1gi nhat theo hé thic:
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E=E° —0,05910g@

e

Khip ca ving d6 va ving sau diém tuong duong thir hai, duong chuan do thuc chat 1a
ddng nhat voi duong chuan do ion sat(Il) riéng biét. Nhimg phép tinh nhu vay khong tinh
duoc thé ¢ diém tuong duong thu nhat. C6 mot cach thuan tién dé tinh gia tri d6 1a cong cac
phuong trinh Nerst biéu dién thé cua sit(II) va titan(III). Vi thé dién cuc cua hai hé bang nhau
& diém can bang nén ta c6 thé viét:

|:Ti3+ :| [Fe% :|

2K =+0,099 +0,77-0,0591og 3

| Ti0*" || Fe®* | H |
Céc ion sat (IIT) va titan (III) ton tai & luong nho va bang nhau do két qua ctia cin bang:
2H' + TiOs" + Fe*' Fe'' + Ti’" + H,0
nén [Fe’ ] =[Ti*']
Thay két qua nay vao phuong trinh thé trén day ta co:
[Fe” ]

0,870,059
[TiOﬂ[H*T

2 2

log

16

2

0,8

0.4

i 1 1 1 1 1 1 S
Eal

n
0 10 2 40 60 60 TO
Thé tich dung dich KMnO4 0,050 M, m]

Hinh 14.4



279

DPuong chué}n d6 50,0 ml dung dich hdn hqp Ti*" 0,050 M va Fe?" 0,200 M béng dung dich KMnO,
0,050 M. Nong d6 H' ctia dung dich luén bang 1,0 M

Cudi cung, néu [ TiOZ" | va [Fe*'] duoc gia dinh 14 c6 nong do phan tich ddng nhét ta c6
thé tinh thé twong duong.

Puong chudn d6 hdn hop sat (1) va titan (III) bang dung dich pemanganat dugc dan ra
trén hinh 14.4.

14.7 Chat chi thi oxi h6a khir

Co hai loai chi thi h(’)q hoc dugc sir dung dé phat hién diém cudi cua nhting phép chuin
do oxi hoa khu: nhitng chat chi thi oxi hda khir thong thuong va nhiing chi thi oxi héa khu
dac biét.

14.7.1 Nhirng chi thij oxi héa khir thong thudng

Nhitng chi thi oxi héa khir thong thuong 1a nhing chat chuyén mau khi bi oxi hoa hoic
khir. Khac véi cac chit chi thi ddc biét co mau bién dbi phu thudc nhiéu vao ban chat hoa hoc
ctia chét can phan tich va cht chuan, su chuyén mau ctia cac chat chi thi that sy oxi hoa khu
phu thudc vao sy bién ddi thé dién cuc cta hé xuat hién do sy tién trién cua phép chuén do.

C6 thé viét nira phan mg twong (mg vé6i sy chuyén méau ctia mot chat chi thi oxi hoa khir
thong thuong nhu sau:

Inyx + ne Inkn

Néu phan tng chi thi thuan nghich, c6 thé viét:

_ 0,059, [Ingy |

E=E°
n [InOX]

(14.4)

Mat nguoi chi c6 kha nang nhan biét sy bién d61 mau khi

chuyén thanh

Co thé tim théy su bién ddi thé can thiét dé tao nén su chuyén mau hoan toan cta chit chi
thi thong thuong dién hinh bang céch thay thé hai gié tri trén day vao phuong trinh (14.4).

0,059

E=Ej{,
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Phuong trinh trén chi r§ réng, mot chit chi thi, th()ng thuong chi co thé bié}l 16 )
kha nang phat hién su chuyén thé cua minh khi chat chuan d¢ gay nén su chuyén dich thé cua
hé tr B2, + 0,059/n dén E$, — 0,059/n hoic khoang (0,118/n) V. Ddi vé6i nhiéu chi thi n =2
va su chuyén dich 0,059 V la du.
Béng 14.2 dudi day liét ké thé dich chuyén clia mot s chét chi thi oxi héa khir. Céu tric
va phan ung cia mdt so chi thi da duogc 1iét ké trong bang néu trén s€ dugc ban luan ¢ muc

dudi day.

Bang 14.2 Cic chit chi thi oxi héa khir Iywa chon

Mau ) i
Chéit chi thi The chuyen | 5, kign

Dang  ox , dich

, Dang khu

hoa
Phtrc  Fe(II)-5-nitro- r o
1.10-phenantrolin Xanh nhat Poé tim +1,25 H,SO4s 1 M
Axit  diphenylamin | v b i | Khong mau | +1,12 H,S047 - 10 M
dicacboxilic
Phac  Fel-LI0-1 v b nhat | Do 1,11 HS04 1 M
phenantrolin
Phuc Fe(III)-5-
metyl,1,10- Xanh nhat bo +1,02 H,SO, 1 M
phenantrolin
Erioglancin A Xanh do Vang luc +0,98 H,S0O40,5M
Dlphenylam}n Do tim Khong mau | +0,85 Axit loang
sunfomic axit
biphenylamin Tim vang Khoéng mau | +0,76 Axit loang
p-Etoxicrisidin Vang bo +0,76 Axit loadng
Metylen xanh Xanh Khéng mau | +0,53 Axit 1 M
Indigo tetrasunfonat | Xanh Khong mau | +0,36 Axit 1 M
Phenosafranin bo Khong mau | +0,28 Axit 1 M

Phire ciia sdt (I1) véi o-phenantrolin
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Mot 16p cac hop chit hitu co dd duoc biét nhur 1,10-phenantrolin (hodc o-phenantrolin)
tao phirc bén véi sit (II) va mot vai ion khac. Hop chét nay c6 hai nguyén tu nito dugc phan
b6 & vi tri ¢6 thé tao lién két cong hoa tri voi ion st (II). Ba phan tir o-phenantrolin lién két
v6i mot ion sat (IT) tao thanh phic c6 ciu tric:

2+
Fe

Phtrc nay doi khi duoc goi 1a "feroin" dugc cong thirc hoa & dang (phen);Fe
Phtic sit feroin tham gia phan tmg oxi hoa khtr thuan nghich:

(phen)sFe’ + e (phen);Fe”* ; B°=+1,06V

Xanh nhat bo

Trong thyc té mau cua dang oxi hoa rat nhat, kho phat hién nén sy chuyén mau lién hop
voi dang khur 1a tuo dang gan nhu khong mau dén mau do6. Vi su khac nhau vé cuong do mau
nhu vay nén diém cudi thuong 1a lac chi 10% chi thi & dang phic voi sat (II). Thé dich
chuyén khoang +1,11 V trong axit sunfuric 1 M.

Trong tat ca cac chi thi oxi héa khir, feroin 13 chat gén nhit v6i chi thi oxi hoa khir 1y
tuong. Chi thi nay phan tung nhanh va thuén nghich, chuyén mau 1 rang, dung dich chi thi
bén va dugc diéu ché sin. Khac voi nhiéu chi thi oxi hoa khir khac, dang oxi hoa cua feroin
dic biét tro ddi voi cac chit oxi hda manh. O nhiét do khoang 60°C feroin bi phan huy.

Nhitng tinh chit chi thi ciia mot s6 dan xuét ciia phenantrolin ciing d4 duoc nghién ctru va

mot sb trong chiing da ching to rang, ciing hiru dung nhu hop chat gbe. Trong sé do, dang
chu y la cac dan xuat 5-nitro va 5-metyl:

O,N

Thé dich chuyén twong Umg ciia ching 12 +1,25 V va +1,02 V.
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Diphenylamin va cdc din xudt cia no

Diphenylamin, C;,H; N, 1a mot trong nhitng chét chi thi oxi hoa khir d3 duoc phat hién

d?u} tién va da duoc Knop sir dung nam 1924 dé chuan sat (II) bang kali dicromat. Khi c6 mat
chat oxi héa manh, chac chan 1a diphenylamin s& trdi qua nhitng phan ng:

| I I
O = OO oo

Diphenylamin Diphenylbenzidin
(khong mau) (khong mau)
i i i !
oloolo-olooto
+ 2H" + 2e
Diphenylbenzidin Diphenylbenzidin tim
(khong mau) (mau tim)

Phan tng tht nhit khong thuin nghich, nhung phan Gng tht hai 1 thuin nghich va tao
nén phan ung chi thi that su.

Thé khir ctia phan tmg th hai vao khoang 0,76 V. Do ion hidro xuat hién trong phuong
trinh, sy dao dong vé do axit c6 anh hudng nhe dén gia tri the, c6 1€ do sdn pham mau 1a chat
proton hoa.

Piphenylamin khong phai 13 chit tan nhiéu trong nudc, nén phai diéu ché dung dich chi
thi trong axit sunfuric. Can chu y 1a, khong dugc dung chi thi cho cac dung dich c6 chira ion
wonfram vi sy tao thanh két tua mau tim. Ion Hg(Il) cling gy cén tré vi kim ham phan ung
chi thi.

Dan xuat sunfonic hoa diphenylamin c6 cau truc:

I
-0

'khong gap phai nhiing tr¢ ngai néu trén. Dung dich chi thi trong nude dugce diéu ché tir
mudi kali hodc natri ciia axit nay co nhimg tinh chat co ban giéng nhu diphenylamin. Tuy
vay, su chuyén mau hoi khac mot chut: chuyen tir khong mau qua lyc sang tim thim. Thé dich
chuyén khoang +0,8 V va phu thudc vao nong do axit. Ngay nay, dan xuat sunfonic duoc str
dung rong rai trong chuin do oxi hoa khtr.

Piphenylbenzidin, san pham trung gian cia phan tng oxi hoa diphenylamin, co tinh chét
gidng nhu diphenylamin trong cac phan tng oxi héa khir nhung tiéu thu it chat oxi hoa hon.
Pang tiéc 13, do d6 tan thap trong nudc va trong axit sunfuric nén diphenylbenzidin khong
duoc st dung rong rai. C6 thé hy vong ring, dan xuit sunfonic héa cua diphenylbenzidin sé 1a
chat chi thi thich hop.
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Dung dich iot-hé tinh bét

HO tinh bot tao thanh mot phttc mau xanh tro1 véi tritodua, nén dugc st dung rong rai
lam chét chi thi dic biét trong cac phan mg oxi hoa khir sinh ra iod do mét chat oxi hoa hodc
sinh ra iodua do mot chat khu. Vi vay, mot dung dich ho tinh bot chira mot lwong nho ion
tritodua hodc iodua cling c6 thé 1am chirc nang cua mot chét chi thi oxi hoa khtr thuc su. Khi
du chét oxi hoa, ti s6 n6ng dod iot trén iodua cao lam cho dung dich c6 mau xanh. Khi du chét
khir, néng d6 ion iodua chiém wu thé nén mau xanh bién mét. Nhu vay la, hé chi thi bién d6i
tir khong mau dén xanh trong phép chuan do nhiéu chat khir bang cac chat oxi hoa. Su chuyén
mau nay hoan toan doc lap véi thanh phan hoa hoc ctia cic chét phan tng, chi phu thude vio
thé cua hé tai diém twong duong.

Luwa chon chit chi thi oxi héa khir

Tir hinh 14.3, 15 rang 14 tt ca chi thi ¢ bang 14.2, trir chi thi du tién va cubi cung, déu cd
thé st dung voéi thudc thir A. Nguoc lai, véi thuc thit D chi co thé su dung indio
tetrasunfonat. Thé chuyén d6i (dich chuyén) vé6i thude thir E qua nho nén dé phat hién duoc
chi ¢c6 mot chi thi.

14.7.2 Chi thij diic biét

Mot chi thi ddc biét dd dugce biét dén nhiéu nhat 1a hd tinh bot. Chi thi nay tao phirc xanh
tham vdi triiodua. Phire nay cho tin hi¢u vé diém cudi cta phép chuan d§ nho phan ting lam
xuat hién hoac bién mat iot.

Mot chi thi ddic biét khac 1a kali tioxianat. C6 thé sir dung tioxianat, vi dy nhu, dé chuén
sat (III) bang titan (IIT) sunfat. Diém cudi dugc phat hién theo sy bi€n mat phirc mau do sat
(II)-tioxianat do nong d¢ sat (III) bi giam tai di€ém tuwong duong.
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Chuwong 15

Phan huy va hoa tan mau

Hau hét cac phép do phan tich déu duoc thyc hién trong cac dung dich (thuong 13 dung
dich nuéc) cta chat can phan tich. Trong khi mot s mau co thé tan t6t trong nudc hodc trong
cac dung dich nudc ciia axit hodc bazo thong thuong thi mot sé mau lai doi hoi cac thude thir
6 tac dung manh va cach xu Iy chinh xac, nghiém ngat. Vi du nhu, khi can xac dinh luu
huynh hodc halogen trong mot hop chit hiru co, can phai xur ly mau & nhiét do cao va bang
hoa chit c6 tic dung manh dé pha v nhitng lién két bén viing gitra cac nguyén td ndy voi
cacbon. Mot cach tuong tu, nhiing diéu kién dam bao co tac dung manh, c¢6 hi¢u qua cao cling
thudng duogc str dung dé phé v ciu tric silicat clia cac khoang liéu silic dé dua cac cation cia
mau vé trang thai tu do, tao diéu kién thuan lgi cho phép phan tich.

Sy lua chon thudc thir va k¥ thuét thich hop dé phan hity va hoa tan mau phan tich c6 y
nghia quyét dinh, dam bao thanh cong cho phép phan tich, dac biét la khi phai s dung vat
liu chiu nhiét va chiu sy tan cong bang cac hoa chit co tac dung manh hogc khi chat can
phén tich ton tai & lugng vét. Trong chuong nay, dau tién, chiing ta ban luan vé céc loai sai s6
xuat hién trong quéa trinh phan huy va hoa tan mau phan tich, sau do s€ trinh bay 4 phuong
phap phéan hiy cac mau ran va long dé thu dugc cac chat can phan tich trong dung dich nudec.
Céac phuong phap d6 khac nhau ¢ nhiét d6 phan hity mau va cudng d6 cua hoa chét dugc sir
dung. Chung bao gdm:

1. Pun dung dich céc axit manh (hodc doi khi 14 cac bazo) trong cdc md.
2. Pun bang vi séng dung dich céc axit trong binh nut kin.
3. b6t chay & nhiét do cao trong khong khi hodc trong oxi.

4. Nung chay trong méi truong mudi néng chay.
15.1 Ngudn sai s6 trong phan hity va hoa tan miu

Mot vai ngudn sai s6 thuong gip trong phan hiy mau. Ngudn sai s6 nay lam giéi han do
chinh xac ctia phép phan tich dugc thyc hi¢n. Nhitng ngudn sai s6 nhu thé dugc dan ra dudi
day:
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15.1.1 Sw hoa tan khong hoan toan cac chét cin phan tich

Phep xur ly mﬁu Iy tuong 14 phép xir 1y hoa tan hoan toan mau, bai vi moi ¢b ging dé tach
dinh luong chat can phan tich tir ba khong tan thuong khong thanh cong, do mot phan chat
can phan tich con lai bén trong phan khéng tan ctia mau.

15.1.2 Sy méat di mdt phin chit can phén tich do bay hoi

Mot didu quan trong can cha y khi hoa tan mau 1a mot phan chit can phan tich c6 kha
ning bi bay hoi. Vi du nhu CO,, SO, H,S, H,Se, H,Te thudng bi bay hoi khi hoa tan mau
trong axit manh, nhung nguoc lai amoniac lai thuong mat khi st dung thudc thir bazo. Mot
cach tuong tu, axit fluoric phan tmg vdi silicat va cac hop chat chira bo tao thanh hop chat
bay hoi florua. Cac dung mdi oxi héa thuong gay ra su bay hoi clo, brom, iot. Cac dung méi
khtr c6 thé dan t&i sy bay hoi cac hop chat nhu asin, photphin, stibin.

Mot s6 nguyén t6 tao thanh cac clorua bay hoi nén bi mat mot phan hay hoan toan tir cac
dung dich axit clohidric néng. Nhitng hop chét d6 1a: thiéc (IV), gecmani (IV), antimon (III),
asen (III), thity ngan (II) clorua. Nhimg oxiclorua cia selen va telua ciing bj bay hoi dén mot
muc do nao do tur dung dich axit clohidric néng. Sy c6 mat cua ion clorua trong dung dich
axit sunfuric hoac pecloric ddm dac va néong co thé 1am mat do bay hoi bismut, mangan, tali,
molypden, vanadi va crom.

Axit boric, axit nitric va cac axit halogen déu bi mét tir cac dung dich nudc dun sbi. Cac
oxit bay hoi nhu tetraoxit osmi, ruteni, heptaoxit ruteni cling cé thé bi mat tr cac dung dich
axit nong.

15.1.3 Pua chit ban dung méi vao chit can phan tich

Thong thudng khdi lwong cia dung méi can thiét dé hoa tan mot mau phai du hon khdi
lwvong mau hang chuc hodc hang trim 1an. Két qua 13, chit can phén tich ton tai trong dung
moi ngay ca khi chi c6 ndng d6 thp ciing co thé gy sai s dang ké, dic biét 1 khi chat can
phan tich chi ¢6 ham luong vét trong miu.

15.1.4 Pwa chit ban tir phén ng ciia dung méi véi thanh binh vao miu

Nguon sai so do thuong gap khi phan huy mau, vi du nhu nung chay & nhiét d¢ cao. Hon
nita, ngudn sai sé d6 lai tré thanh mdi quan tAm dic biét trong phan tich luong vét.

15.2 Phan hity mau béng axit v6 co trong binh mé

Hau hét cac thude thir dung dé phan huy cac mau phén tich v6 co trong binh md 1a cac
axit vo co (amoniac va cac dung dich nude cua hidroxit kim loai kiém it dugc sir dung hon).
Thong thuong, huyén phu ciia mau trong axit dugc dun néong bang ngon lira hoac bang mot
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ban kim loai néng cho dén khi sy hoa tan mau dugc thue hién hoan toan duoc biéu
thi bang su bién mat cta pha ran. Nhi¢t d¢ phan huy la diém so6i (hodc phan hiy) cia thuoc
thir axit.

15.2.1 Axit clohidric

Axit clohidric ddm dic 12 mot dung moi tot nhit cho cic mau vo co nhung chi dugc tmg
dung han ché dé phan huy céac vat liéu hitu co. Axit nay dugc st dung rong rai dé hoa tan
nhiéu oxit kim loai cing nhu cac kim loai d& bi oxi hoa hon hidro va thudng 12 dung méi cho
céc oxit tot hon cac axit oxi hoa. Néng dd cua axit clohidric dac khoang 12 M, nhung khi bi
dun noéng, hidro clorua bi mat di cho t6i khi con lai mét dung dich 6 M s6i hang dinh (diém
s6i khoang 110°C).

15.2.2 Axit nitric

Axit nitric dac va nong la mot chit oxi héa manh, hoa tan tit ca cac kim loai thong
thuong, trir nhom va crom tr¢ thanh thu dong véi thudc thir do su tao thanh oxit trén bé mat.
Khi nhitng hop kim chira thiéc wonfram hodc antimon duoc xir Iy bang thudc thir nong,
nhitng oxit hidrat hoéa it tan, vi du nhu SnO,.4H,0 dugc tao thanh. Sau khi lam dong ty, cé thé
tach cac hop chit keo nay khoi cac hop cht cua cac kim loai khac bang cach loc.

Axit nitric néng riéng mot minh, hodc véi hdn hop céc axit khac va cac chat oxi héa khac
nhu hidro peoxit va brom duogc st dung rong rai dé phan huy cac mau hitu co trudc khi xac
dinh ham lugng vét kim loai. Qu4 trinh phan huy dé duoc goi 1a su tro hoa udt, lam bién d6i
mau hitu co thanh cacbon dioxit va nuéc. Néu khong thuc hién trong binh déng kin, cac
nguyén t6 phi kim nhu halogen, luu huynh va nito sé bi mat di hoan toan hay mét phan do
bay hoi.

15.2.3 Axit sunfuric

Nhiéu vt liéu bj phan huy va hoa tan bang axit sunfuric dic néng nho tinh hidu qua cua
n6é nhu mot dung mdi & diém soi cao (khoang 340°C). Hau hét cac hop chat hitu co bi
dehidrat hoa va oxi hoa ¢ nhiét do d6 va sau do lai bi loai trir khoi mau & dang cacbon dioxit
va nuéc nho phép xir 1y tro hoa wét d6. Hau hét cac kim loai va nhiéu hop kim bi hoa tan
bang axit néng nay.

15.2.4 Axit pecloric

Axit pecloric dic nong, mot chat oxi hoa c6 hidu qua manh, hoa tan dugc mot sb hop kim
sat va thép khong gi 1a nhimg chat khong hoa tan dugc trong nhirng axit vo co khac. Can dic
biét chu y khi sir dung hoa chat nay vi tinh gay nd tiém tang ciia nd. Axit dic lanh khong gy
nd, axit lodng nong ciing khong gay nd. N6 manh xdy ra khi axit pecloric dic nong tiép xtc
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voi cac vat liéu hitu co dé bi oxi hoa. Vi tinh chit d6 nén axit pecloric chi dugc dun nong
trong nhitng cai chup dac biét.

Trén nhan chai axit pecloric thuong ghi ham luong tir 60% dén 72%. hon hop soi hing
dinh (72,4% HClOy4) thu dugc & 203°C.

15.2.5 Cac hén hop oxi hoa

D6i khi c¢6 thé tro héa udt nhanh hon bang cach sir dung hdn hop axit hodc c6 thé thém
cac chit oxi hoa vao mot axit vo co. Cuong thiy 1a mot hdn hop gom 3 thé tich axit clohidric
dic tron voi mot thé tich axit nitric dic. Thém brom hodc hidro peoxit vao axit vo co thuong
nang cao dugc hoat tinh cua dung moi va thic day su oxi hoa cac vat liéu hitu co trong mau.
Hon hop clia axit nitric va pecloric ciing ¢6 1oi cho muc dich d6 nhung it nguy hiém hon so
véi axit pecloric dugce dung riéng biét. Tuy vay, véi hon hop nay ciing can chil y tranh su bay
hoi cua toan bd axit nitric trude khi sy oxi hda céc vat li€u hitu co xay ra hoan toan. Sy giai
thich mot cach rd rang 1 can thiét va nhimg thiét hai s& 1a tat yéu do nhiing thiéu sot trong
tuan thu bién phap dé phong.

15.2.6 Axit fluoric

Ung dung chi yéu cua axit fluoric 1a & phan hiy quing silicat va cac khoang liéu ding
dé phan tich cac chat khic ngoai silic dioxit. Trong phép xur 1y dé, silic duoc tach ra & dang
tetrafluorua. Sau khi phép phan hity da hoan thanh, lugng axit fluoric du duoc tach ra bang
cach 1am bay hoi nho axit sunfuric hodc axit pecloric. Tach hoan toan axit fluoric 1a rit can
thiét, @& dam bao cho phép phan tich thanh cong béi vi ion florua phan tmg véi mot sd cation
tao thanh phirc bén giy can trd cho viée xac dinh cac ion nay. Vi dy, két tia nhom (dudi dang
Al,03.xH,0) béng amoniac rat khong hoan toan néu ion florua c6 mat du chi & luong nho.
Thong thuong, su loai bé nhitng lwong vét cudi cing cta ion florua khoi mau 1a rat kho khan
nén thoi gian tiéu phi cho dong tic néi trén chinh 1a 10i phii nhan dac tinh vo cing hap dan
cua axit fluoric trong chirc ndng lam dung méi cho silicat.

Axit fluoric duge dung cung véi cac axit khac dé hoa tan nhitng thép khé tan trong cac
dung moi khac.

Vi axit fluoric rat doc nén can hoa tan mau va lam bay hoi dé loai bo thude thir trong mot cai
chup duoc thong hoi t6t. Axit fluoric gdy ra nhimg t6n that nghiém trong, tao ra vét thuong dau
don khi tiép xtc véi da. Tac dung cta no6 c6 thé khong 1o rang toi hang gio sau khi ¢ tran. Néu
axit tiép xuc v6i da can rira ngay vung bi tac dung bang lwong nude 16n. Xu Iy bang dung dich
canxi lodng dé két tiia ion florua ciing c6 tic dung tot.

15.3 Phan hity bang vi séng

Str dung 16 vi song dé phan hiy ca mau vo co va hitu co da duge dé nghi 1an dau tién
gitta nhitng ndm 70 va dén nay n6 da tr¢ thanh mot phuong phép quan trong dé phan huy
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mAu. St dung vi song ¢ thé & dang binh dong va dang binh mo, nhung dang binh
dong dugc wa chudng hon vi ap suat cao hon va do d6 nhiét do cling cao hon. Nhirng ban luén
cua chung ta chu y€u tap trung vao van dé phan huy mau bang vi séng trong binh dong.

Mot trong nhimg tién bd chil yéu ctia phan hay vi song so voi cac phuong phap thong
thuong khac nhu st dung ngon Itra hodc ban kim loai dugc nung nong la tdc do. Vi du nhu,
phan hiy vi séng thdm chi nhitng mau kho phan hity c¢6 thé duoc hoan tat trong 5 dén 10 phit.
Nguoc lai, dé c6 dugc nhitng két qua nhu trén phai can nhiéu gid khi thue hién bang cach dét
trén ngon ltra hodc trén ban kim loai duge nung nong. Sy khac nhau vé téc do phén huy mau
ctia 2 phuong phap néu trén 1a do co ché va dang ning luong duoc chuyén t6i miu cta ching
khac nhau. Trong phuong phap thong thuong, nhiét dugc chuyén téi nho tinh din nhiét. Binh
dugc sir dung trong phuong phap nay thudng co6 d6 dan nhiét kém nén can thoi gian dé nung
noéng binh va sau d6 mai chuyén nhié¢t t&1 dung dich cling béng do dan nhiét. Hon nita, do su
dbi luu trong dung dich nén chi mot phﬁn nho cia dung dich c6 dugc nhiét d6 cua binh va
tinh hinh cling nhu vay ¢ tai diém soi cua dung dich. Nguoc lai, nang lugng vi song dugce
chuyén truc tiép toi toan bd cac phén tir ciia dung dich gan nhu cung mot luc, khong co giai
doan dbt noéng binh. Nhu vy 13, toan bd dung dich dat téi diém sbi rat nhanh.

Nhu da nhan xét trudc day, thuan lgi cua viéc st dung binh dong kin dé phan huy vi song
1a c6 dugc nhiét d cao hon do 4p suét tang 1én. Thém vao do, vi tranh dugc méat mat do bay
hoi nén lugng thude thir can thiét it hon va do d6 giam duoc tac dung can trd do tap chét caa
thudc thtr gdy nén. Mot thuan tién nita cua viéc phan huy loai nay 13, cac hop phan bay hoi
ciia mau hau nhu khong bi mat. Cudi cing, phan hily vi song trong binh déng kin thuong dé
dang ty dong hoa nén giam duoc thoi gian cho viéc chuan bi mau phan tich.

fng thing hoi

fc thing hoi

watl hao hifm

Hinh 15.1

Binh diéu chinh ap sut dé phan hity miu bang vi song
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15.4.3 Binh phén hity miu c6 diéu chinh ap suét

Binh dun miu bang vi séng dugc ché tao bang vat liéu bén, vi song dé truyén qua. Nhiing
vat liéu nay ciling can phai bén nhiét va chiu dugc tic dung cua cic axit thudng dung dé phan
hay miu. Teflon 14 vat liéu gan nhu 1y twéng d6i v6i nhiu axit thuong ding dé hoa tan miu.
Teflon ¢ diém nong chay khoang 300°C, khong bi mot axit thong thuong nao tac dung, cho
vi song chuyén qua rat dé dang. Nhung axit sunfuric va axit photphoric déu co diém so6i cao
hon diém chay cta teflon nén can phai kiém tra nhiét do rit can than trong qua trinh phan huy.
Déi véi cac axit nay, binh thach anh hodc binh thuy tinh bosilicat d6i khi dugc st dung dé
thay thé cho binh teflon. Nhung binh silicat c6 bat 1oi 12 bi axit fluoric tac dung - mot axit
thuong dung dé phan huy silicat va cac hop kim chiu nhiét.

) Trf%n qhinh 15.1 1a so d6 binh phéan huy mau dong kin, tién loi c6 ban ¢ thi truong, dugce
thiét ké dé dung trong 10 vi séng.

15.4.3 Binh vi séng ap suit cao

Trén hinh 15.2 din ra so 6 bom vi séng c6 ban ¢ thi truong, duoc thiét ké dé dung & 80
atm hodc 10 1an ap suit c6 thé chiu dung dugc cua binh co diéu chinh ap suét dd duoc mé ta
trén day. Nhi¢t do tdi da duoc khuyén cdo voi thiét bi nay l1a 250°C. Thanh cta than bom
duoc ché tao bang vat lidu cao phan tir nén vi séng truyén qua dé& dang. Su phan huy duoc
thyc hién trong mét cai chen teflon dat trong than bom. Bom vi song lién két mot vong teflon
trong ranh cua nap nam doi dién voi mot khe hep thong ra bén ngoai va nip c¢6 mang vo
chong téa nhiét duoc xody chat vao vi tri dat. Khi ap suat qua 1on, vong teflon bi bién dang va
ap suat du, sau d6 s€ nén 1én dia dém, cho phép khi thoat ra méi truong xung quanh. Khi diéu
d6 xay ra, mau co the bi nguy hiém. C6 thé xét doan phong chung ap suat bén trong bom bang
khoang cach cta ¢ ap suit nho 1én khoi nip. Bom vi song rat hay duogc sir dung dé hoa tan
cac vat liéu chiu nhiét cao bai vi cac vat lidu nay bi hoa tan mot phan trong binh ap suat co
diéu chinh di duoc trinh bay trén day.
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Hinh 15.2

Bom phan hity vi song ap suit cao

15.4.3 Lo vi song

binh dun ban quay

o]

— 9

Hinh 15.3
Lo vi song duoc thiét ké dé st dung cho 12 binh

~ Trén hinh 15.3 gi6i thiéu so d6 10 vi song dugc thiét ké dé dun cung mot lac 12 binh ap
sudt ¢ dieu chinh da dugc trinh bay ¢ muc 15.3.1. Cac binh dugc dat trong gia quay, quay
lién tuc 360° sao cho nang luong trung binh cap cho moi binh 13 dong nhat.

15.4.3 Lo thiéu vi séng

Gan day 16 thidu vi song da duoc phat trién dé thuc hién nung chay va tro héa khé mau
chtra mét luong 16n vat li¢u hiru co. Lo thi€u vi song bao gém mot buéng nho duoc xay dung
bang cacbua silic va dugc bao phti bang thach anh cach dién. Khi vi song dugc tap trung cho
buéng do, nhiét do dat tGi 1000°C trong 2 phuat. Sy thuén loi cua 10 loai nay so vdi 10 mufo
truyén thong 1a dat toi nhiét do cao nhanh chong. Nguoc lai, khi dung 16 mufo thong thuong
phai thao tac lién tuc nén can c6 thoi gian 10 md&i dat té1 nhigt d can c6. Hon nita, & 10 thiéu
vi séng khong co tit dan, khong c6 nung néng cudn diy hodc thanh nung nhu trong cac 10
mufo thong thuong. Cudi ciing 13, ngudi diéu chinh 10 khong can phai diéu chinh nhiét 6 khi
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dua miu vao va khi lay mau ra khoi 16. Diém bat loi ctia 16 thiéu vi song 1a thé tich duoc nung
nong nho, chi thich hop véi chén nung c6 kich thudce thong thuong.

15.4.3 Str dung phan huy vi séng trong binh dong kin

Trong 20 nam E:uéi cta thé ky XX xuét hién hang tram cong trinh da sir dung binh dong
kin dé phan hily mau trong 10 vi song vdi cac thuoc thir da duge dan ra & muc 15.2. Nhiing
ung dung nay dugc chia lam 2 loai:

1. Phan hity oxi héa cac mau hiru co va sinh vat (tro hoa uot).
2. Phan hily cac chat vo co chiu nhiét thuong gip trong cong nghé.

Trong ca 2 truong hop, ky thuat méi nay da thay thé cac phuong phap truyén thng cii
bi vi tiét kiém duoc thoi gian, cong strc va ¢ hiéu qua kinh té cao.

15.4 Phwong phap d6t chay dé phan hiy ciac mau hiru co

15.4.1 D6t chay trén ngon lira mé (tro héa khd)

Phuong phap don gian nhit dé phan hiy mot mau hitu co trude khi x4c dinh cac cation c6
trong mau 1a dét mau trong mdt cai dia hoac chén nung mé cho t6i1 khi toan bd vat li¢u chira
cacbon bi oxi hoa hoan toan dén cacbon dioxit. D6t dén nong do thuong 1a diéu kién dé oxi
hoa hoan toan. Phan tich cac hop chat khong bay hoi dugc thuc hién bang cach hoa tan cin
con lai. Nhung thuong van xdy ra mot sy that, khong chic chin thu duoc hoan toan nhimg
nguyén t6 khong bay hoi tir cic miu tro héa kho. Két qua ciing c6 thé bi mat di mot phan nho
do bi cudn di nhitng hat miu rit min trong vong dbi luu vong quanh chén nung. Thém vao do,
nhiing hop chat kim loai bay hoi c6 thé bi mat trong qué trinh dt chay. Vi du nhu, dong, sit,
vanadi co thé bi bay hoi khi mau chira cac hop chét porphyrin bi tro hoa.

Mic du tro héa kho 1a phuwong phap don gian nhat dé phan huy cic hop chét hitu co
nhung lai thuong 14 phuong phap it tin cdy nhat. Phuong phap nay sé khong duoc tmg dung
néu nhu khéng c6 nhimg thi nghiém chimg t6 kha ning ung dung ctia phuong phéap cho loai
mAu can dugc phan tich.

15.4.2 Phuong phap dot trong ong

Nhing hop phan co s& quan trong va thong thuong cia cac hop chét hitu co duoc chuyén
thanh cac san pham khi khi nhiét phan mau ¢ diéu kién c6 du oxi. V4i nhing thiét bi thich
hop c6 thé thu dinh luong cac hop chat bay hoi d6 va chuyén ching thanh dang thich hop dé
phan tich nhiimg nguyén t6 duoc quan tim. Phan hity nhiét thudng duogc thuc hién trong ong
nhiét phan bang thuy tinh hodc thach anh ¢6 dong khi mang di qua. Dong khi do chuyén cac
san pham bay hoi dén nhitng phan cua thiét bi ma & d6 cac san pham nay duoc tach ra va giir
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lai d& do. Co thé st dung khi mang nhu 1a thudc thir oxi héa. Cac nguyén t6 duoc
chap nhan cho loai x1r Iy nay la cacbon, hidro, nito, halogen, luu huynh va oxi.

Ngay nay, may phan tich dng thiéu nhiét tur dong rat tién dung dé xac dinh hoic 1a
cacbon, hidro va nito hogc 1a hidrocacbon va oxi trong mot mau don gian. Thiét bi khong doi
hoi su cht y cuia nguoi thao tdc va phép phan tich dugc hoan thanh trong thoi gian it hon 15
phiit. Trong may phén tich loai ndy, mau dugc thidu chay trong dong heli va oxi chuyén qua
trén xtc tic oxi hoa 1a hén ‘'hop bac vanadat va bac tungstat. Halogen va luu huynh dugc
chuyén t6i cung voi goi mudi bac. Mot goi ddng dugc nung noéng duge dit & cudi bo phén
thiéu nhiét chuyén dong dé khir oxi va chuyén nito oxit thanh nito. Khi ra 1 mot hdn hop gdm
nudc, cacbon dioxit, nito va heli dugce thu thap lai trong mét binh cau thuy tinh. Phan tich hon
hop nay duoc hoan thanh nhd 3 phép do do dan nhiét. Phép do thu nhét dugc thuc hién trén
hon hop con nguyén ven, phép do thir hai duoc thuc hién trén hon hop sau khi da tach nudc
bang cach cho hdn hop khi di qua thudc thir dehidrat hoa va phep do thir ba duoc thue hién
trén hon hop sau khi cacbon dioxit dugc loai trur bang mot chat hap thuy. M01 quan h¢ gitra d6
dan nhiét va nong do 1a tuyen tinh va do ddc cua duong biéu dién dbi véi mdi hop phan duoc
xac dinh bang cich chuén hoa nho mot hop chét tinh khiét, vi du nhu axetanlinid.

15.4.3 Thiéu nhiét véi oxi trong binh chira dong kin

Phuong phéap phan hity nhiéu hop chit hitu co nhd sy thiéu nhiét v6i oxi trong binh dong
1a phuong phap kha tin cdy. Cac san pham phan tmg duoc hip thy trong mot dung maéi thich
hop trudc khi binh phan tng duoc mo ra. Sau dé, cac san phdm duoc phan tich bing cac
phuong phéap thong thuong.

Mot thiét bi don gian rat dang chu y dé thuc hién sy oxi héa nhu vy da duoc Schéniger
dé nghi (hinh 15.4). Thiét bi 12 mot binh thanh day c6 thé tich tir 300 — 1000 ml,
miéng khit véi mot niit thiy tinh tron. Gan vao niit 1a mot céi ro bang ludi platin rat min ding
dé gitr tir hai ¢én 200 mg mAu. Néu chét can phan tich 1a chit rin, s& dugc goi trong mot mau
giéy loc it tan cét theo hinh dugc dan ra trén hinh 15.4. Néu mau 1a chét long, s€ dugc can
trong chén gelatin va sau d6 goi lai theo cach twong tu. Pubi cua to gidy duoc dung lam diém
dot chay.
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\ miu gifiy loc
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mau trong gid dung
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trong miu gidy
lo

Hinh 15.4
Thiét bi thiéu nhiét Schoniger

Mot thé tich nho dung dich chat hap thu (thudng 14 natri cacbonat) dugc cho vao binh va
khong khi trong binh duoc thay bang oxi. Sau khi dbt chay dudi mau gidy loc, nhanh chéng
dong kin binh va 16n ngugc binh dé ngan can san pham oxi hoa bay hoi thoat ra ngoai. Thong
thuong phan tng xay ra nhanh va dugc xuc tac boi ludi platin bao quanh mau Trong budc
dbt chay, binh phai duoc che day cin than dé giam dén cuc tiéu nguy co bi nd.

Sau khi 1am lanh, 1ic binh can than roi thao may, rira mdt bén trong cua binh déq sach.
Phép phéan tich duogc thuc hién trén dung dich thu dugc. Quy trinh sé dugc ap dung dé phép
tich halogen, luu huynh, photpho, flo, asen, bo, cacbon va nhirng kim loai khac trong hop chat
hitu co.

15.5 Phan hiiy céc vat liéu vé co bang chit nung chay

Mot s chat thong thuong nhu silicat, oxit v6 co va mot s6 it hop kim sit, chi bj hoa tan
mét cach chm chap bang tit ca cac phuong phap dé ban luén trén day. Trong truong hop nhu
vay phal cau ciru toi moi tru:ong mudi nong chay. Trong phuong phap nay, mau dugc tron voi
mudi kim loai kiém (duoc goi 1a chit nung chay) va sau d6 cho hdn hop nung chay da dugc
lam nguoi tac dung voi nude dé tao thanh cac san pham tan trong nudc. Cac chat nung chay
phan hity hau hét cac chat ¢ nhiét do cao, tir 300 dén 1000°C, va tiép xic v6i mau ¢ nong do
cao.

Khi ¢6 kha nang nén tranh dung chat chay do c6 nguy co gay bat loi khi sir dung chung.
Vi du nhu, gdy nhiém ban mau do c6 tap chat trong chét chay. Su nhiém béan tré nén tram
trong hon do lwong tuong d6i 16n cua chat chay (it nhat 10 1an 16n hon trong lwong mau) can
phai c6 moi dam bao nung chay thanh cong. Hon nira, dung dich nudc thu dugc khi hoa tan
mau néng chay c6 ham luong mudi cao co thé giy nhitng kho khin trong nhimg bude tiép
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theo cua phép phan tich. Thém vao do, nhiét do cao can thiét cho nung chay s& lam
tang nguy co mét do bay hoi. Cubi cing, chén nung dé thuc hién nung chay gan nhu chic
chén bi tan cong dén mot mire do ndo do nung chay va mét 1an nita nhiém ban mau 1a két qua.

15.5.1 Thywe hanh nung chay

Tron mau ¢ dang bot rit min voi khoang 10 1an du chat chay. Tron miu va chit chay
thudng duoc thyc hién trong chén nung dé sau d6 nung chay. Thoi gian can thiét cho qua
trinh nung chay tir vai phut dén vai gio. Khi thu duoc khdi nong chay trong sudt 1a dau hiéu
chung to sy phan hity da hoan thanh mic du diéu kién d6 thuong khong phai ludn rd rang.

_ Khi sy nong chay da hoan thanh, lam lanh chdm san pham thu duoc. Ngay trude khi mo
nap can phai xoay tron chén dé phan bo chat ran nong chay trén thanh chén mét 16p mong dé
ly ra.

15.5.2 Cac loai chit nung chay

Loai trir mét it ngoai I¢, cac chét nung chay thuong dugc st dung trong phan tich la céac
hop chat cta kim loai kiém, cacbonat, hidroxit, peoxit va borat. Kim loai kiém 13 chat nung
chay bazo, chiing hoa tan cac vat liéu axit. Cac chat nung chay axit 1a pyrosunfat, florua va
oxit bo. Néu can chit nung chay oxi hoa, co thé dung natri peoxit. Cling c6 thé dung luong
nhé nitrat hodc clorat kim loai kiém tron véi natri cacbonat lam chat nung chdy. Tinh chét cua
cac chat nung chay phd bién duogc tom tit trong bang 15.1.

Natri cacbonat: Cé thé phan huy silicat va cac vat li€u chiu nhiét khac bﬁng cach nung
dén nhiét d6 tir 1000 dén 1200°C v6i natri cacbonat. Phép xtr Iy néi chung c6 thé 1am bién d6i
cac hop phan cation ctia mau thanh cacbonat axit tan hodc oxit; cac hop phan phi kim dugc
chuyén thanh mudi natri tan. Nung chay cacbonat dugc thuc hién binh thudng trong chén
platin.

Kali pyrosunfat: Kali pyrosunfat 1a chét nung chay axit manh, duoc s dung mot cach dac
biét dé hoa tan nhiing kim loai rat kho tan. Cac phép nung chay vai thude thir nay dugce thuc
hién & khoang 400°C; ¢ nhiét dd nay sy bién chuyén cham cua kali pyrosunfat xay ra nhu sau:

K;S,0; — K,SO4 + SO3(kh1')
C6 thé diéu ché kali pyrosunfat bang cach nung kalihidro sunfat:
2KHSO4 —> K28207 + Hzo

Liti metaborat: Liti metaborat LiBO, duogc dung riéng hodc hdn hop voi liti tetraborat
duoc su dung nhiéu dé hoa tan silicat chiu nhiét, cac khoang li¢u nhom, dac biét 1a cho phan
tich hap thu AAS va phat xa tia X. Thong thudng, phep nung chay dugc thuc hién trong chén
graphit hodc platin ¢ khoang 900°C. Khdi thay tinh sinh ra do 1am lanh hdn hop nong chay co
thé dugc st dung truc tiép dé do huynh quang tia X. Ciing c6 thé hoa tan hdn hop néng chay
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sau khi lam lanh bang céc axit vo co. Sau khi dung dich cua h(:)n”h(jp néng chay dugc lam bay
hoi dén kho véi metyl ancol va metyl borat B(OCH3) duoc cat dé loai bo.

Bang 15 Cac chét nung chiy phd bién

) Piém Loai chér} ) )
Chat nung chay chay, dung  dé | Loai chat phan hay cac chat
°C) nung chay

Silicat va cac mau chuta silic, cadc mau

Na;COs 851 Pt chira nhom, cac photphat va sunfat it tan

Na,CO; + mot thude
thr oxi hoda nhu
KNO3, KC103 hOéC

Pt (khong | Cac mau doi hoi méi truong oxi hoa.
- dung vd&i | Vi du nhu, cac mau chua S, Ag, Sb, Cr

Na202 NaQOQ) N1
LiBO 249 gf;n t}?{ll’ C‘hét nung chay bazo manh cho silicat,
2 o Y| hiu hét cac khoang licu, gi sit, gbm.
5 Chat nung chay bazo manh cho silicat,
NaOH hodc 318 Au. Ag. Ni caqbua silip va mot sd khoépg liéu (ha_}n
KOH 380 > A8 B ché cha yéu 1a d6 tinh khidt cua thude
thir).
Céc chat chay oxi hoa bazo manh cho
Bi1 cac sunfua, cac hop kim cua Fe, Ni, Cr,
Na,0, phan Fe, Ni Mo, W va Li khong tan trong axit, cac
huy hop kim platin, cac khodng liéu cua Cr,
Sn, Zn.
K-S,0 30 Pt str Chat chay cho axit cho oxit it tan va
2027 ’ cac chat mau chura oxit
B,O 577 Pt Chat chay axit cho silicat va oxit dé
203

xac dinh cac kim loai kiém.

Chat chay nung hdn ‘hop 1a CaO va
CaCO;+ NH4Cl — Ni CaCl, duogc stir dung dé phan huy si‘licat
cho muc dich phan tich kim loai kieém.
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Chuong 16

Loai bo cac tac dung can tro

MB&i tac dung can trd nao trong hoa phan tich ciing 1am nay sinh mot hop chit trong nén
mau, hodc 1a sinh ra tin hiéu khong thé phan bi¢t dugc vdi tin hi€u cta chét can phan tich
hozc 14 1am giam tin hiéu phan tich. Chi trong mot sb rat it truong hop, tin hiéu phan tich dic
trung dén mirc khong bi anh hudng ctia tac dung can tré. Con hau hét cac phuong phap phan
tich déu doi hoi mot hodic mot sd budc ban dau dé loai bo cac hiéu Gmg can tro.

C6 hai phuong phép tong quat rat c6 ich cho viée xur 1y cac tac dung can tré. Pau tién 1a
su dung thude thir can trd vo hiéu hoa chat can trd hodc lién két v6i chét can tao thanh hop
chat méi it dong gop vao hodc it 1am giam tin hiéu ctia chat can phén tich. RS rang 1a, thude
thir can phai khong anh huong dén tinh chit cta chit can phan tich nhiéu. Vi du nhu, ding
ion florua dé ngan can sat (IIT) can trd phép do iot xac dinh dong (IT). O day tic dung can trd
cta ion florua 1a do xu huéng tao phuc rat manh ctia né véi sat (1) nhung khong tao phirc
v6i Cu(Il) gay ra. Két qua 1a thé dién cuc cia cip Fe(III)/Fe(Il) giam xudng, tao ra diéu kién
chi ¢6 cac ion Cu(Il) trong mau oxi hoa iodua thanh iot.

Cach xtr ly tac dung can tr¢ thir hai la, chuyén hoa hodc chét can phén tich hodc chat gay
can tr¢ vao pha tach dé tach riéng ra. Trong chuong niy chung ta chi dé cap toi cac phuong
phap tach cb dién, duoc sir dung trude khi diung phwong phap sic ky.

Ban chit ciia qua trinh tich

T4t ca moi qua trinh tach déu c6 mot co sé chung 1 sy phan bd cac céu tur trong mot
hén hop gitra hai pha va sau d6 co thé tach biét mét cach may moc. Neu ti 56 vé luong cua
mot cau tur riéng biét trong cac pha (ti s6 phan bd) khac nhau 16n véi ti so dé cua mot cau tu
khac thi phuwong phép tach hai cu tir c6 thé thyuc hién duoc. Chac chin rang, do phirc tap cua
phuong phap tach phu thudc vao do 16n cua sy khac nhau giita cac ti s6 phan bd. Khi su
khéac nhau 16n, du dam bdo cho mdt qua trinh don giai doan xdy ra. Vi du nhu, két tua bﬁng
ion bac 1a hoan toan thich hop dé tach clorua khoi nhiéu anion khac boi vi khi du ion bac, ti
s6 luong ion clorua trong pha rin va trong pha nudc la rat 16n so v6i cac ti s6 khéc, vi du
nhu dbi véi ion nitrat, peclorat 13 rit gan véi s6 khong.

Mot tinh hudng phirc tap hon thuong xay ra khi ti sO phan b6 ddi Vo1 mot cau tir gan voi
s6 khong nhu trong vi du dan ra trén ddy nhung ti s6 d6 ddi voi mot ciu tir khac lai khong
16n. Trong truong hop ndy can mot qua trinh da giai doan. Vi du nhu uran (VI) c6 thé bi
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chiét vao ete tir mot dung dich axit nitric trong nude. Mic du rang, ti s6 phan bd hop thirc
duy nhat vdi phép chiét don, tuy nhién uran (VI) van c6 thé bi tach dinh lugng bang phép
chiét 1dp, hodc mot céach tri¢t d€ hon, chiét dung dich nudc bang mot phan ete mai.

Khi cac ti s6 phan bd cta hai chat can tach biét déu cung 16n hon sé khong va gan nhau
v& gid tri, can phai sir dung nhiing quy trinh phirc tap nhat, nghia 1a k¥ thuat phan doan nhiéu
giai doan nhu sdc ky. K¥ thuat phan doan dua trén sy khac nhau vé hé s6 phan bd cua chét
tan. C6 hai yéu t6 c6 gia tri ting cuong hiéu sudt tach phan doan. Thr nhat 13, s 1an phan
doan xuét hién giira hai pha duoc ting 1én nhiéu. Thér hai 13, su phan bd xuat hién gitra cac
phan moéi cta hai pha. Chiét triét dé khac phan doan ¢ chd 1a nhiing phan méi cua chi mot
pha xuét hién pha ¢ chd cil.

Tach bing két tiia

Mubn tach bang két tiia, su khac nhau vé do tan ctia chat can phan tich va chét giy can
tro phai lon. Co so ly thuyét cua phuong phap tach loai nay la nhiing tinh toan do tan, da
duoc dan ra & chuong 5. Bang tiéc 1a c6 mot sb yeu t can tro sir dung thanh cong phuong
phap két tua dé tach. Vi du nhu, hién tuong cong két da dugc dé cap to1 & muc 7.2.4 co thé
gy nhiém ban manh két tia do mot hop phan bét thuong nao d6 ngay ca khi do tan cia san
pham nhiém ban khong 16n. Hon nita, toc d6 tao thanh két tia ciia mot két tia khac ciing c6
kha nang nhung lai qua cham s€ co 1¢i cho su tach biét. Cudi cung, khi két taa tao thanh &
dang keo huyén phu, su keo tu c6 thé kho khan va cham, dic biét 1a khi c6 y dinh tach lugng
nhd cua pha ran. Nhiéu thudc thir tao két tia da duoc ung dung dé tach dinh luong céc chét
v6 co. Mot s6 thude thir phd bién va dugc sir dung thanh cong nhét s& dugc trinh bay ¢ cac
muc dudi day.

16.2.1 Tach dua trén sy kiém tra do axit

Co su cach biét rat 16n vé do tan cua hidroxit, hidrat oxit va cac nguyén td trong axit.
Hon nira, nong d¢ cua ion hidro hodc ion hidroxyl c6 thé dao dong véi hé s6 10 hodc 16n hon
va ¢ thé gitr duoc 6n dinh bang cach s dung cac dung dich dém. H¢ qua 1a, nhiéu cach tach
dua trén sy kiém tra pH td ra c6 hi€éu qua. Co thé phan chia chiing thanh 3 loai:

1. Céc cach tach dugc thuc hién trong dung dich axit manh c6 néng do tuong dbi cao.

2. Céc cach tach duoc thuc hién trong cac dung dich dém ¢ cac gia tri pH trung binh.

3. Céc cach tach dugc thuc hién trong cac dung dich natri hodc kali hidroxit dam déc.

Bang 16.1 Cac cach tach dua trén kiém tra dd axit
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Cac hop chit tao thanh

Thude thir 1ét tia Céc chat khong bi két tia
Oxit cua W(VI), Ta(V), Xy A . .
HNO; dic, nong Nb(V), Si(IV), Sn(Iv), | 1au hét cac ion kim logi

Sb(V) khéc

Kiém va kiém thé Mn(II),
Fe(III), Cr(Ill), AI(IIT) | Cu(Il),  Zn(I),  Ni(II),
Co(Il)

Dung dich dém
NH;3/NH4Cl

Dung dich dém
CH;COOH/NH4CH;CO Fe(I11), Cr(III), AI(IIT)
o

Céc ion mang di¢n tich 2+
pho bién

Fe(III), hau hét cac ion
NaOH/Na,;0, kim lpai mang dién tich
2+, dat hiém

Zn(Il), Al(I), Cr(VI),
V(V), U(VI)

16.2.2 Tach bing sunfua

Ngoai cac ion kim loai kiém va kiém thd, hau hét cic cation déu tao thanh cac sunfua it
tan; do tan cta cac sunfua lai khac nhau rat 16n. C6 thé kiém tra né)ng do ion sunfua trong
dung dich nudc kha dé dang thong qua viéc diéu chinh pH (xem muc 5.2.2) nén tach dwa
trén su tao thanh cac sunfua dugc sir dung rong rai trong thuc té. C6 the két ta sunfua mot
cach thuan tién tor dung dich dong thé khi duoc cung cdp anion S* nho sy thiy phan
tioaxetamit (bang 7.2). Xt 1y 1y thuyét can bang ion anh hudng dén do tan cua két tia sunfua
da dugc ban luan & muc 5.6. Nhung mét cach xt Iy nhu vay cling c6 thé thit bai trén duong
di to1 mot két luan hién thuc vé kha nang tach do cong két va do tao thanh mot s6 sunfua voi
téc 46 cham giy ra. Két qua 13, cach giai quyét phai dua vao kha ning quan sat thuc té. Bang
16.2 din ra mot sb cach tach thuong gip dugc thuc hién bang H,S thong qua kiém tra pH.

Bang 16.2 Két tia sunfua

Diéu kién dé khong két

Nguyén t6 Diéu kién dé két taa i

Hg(II), Cu(II), Ag(I) 1,2,3,4

As(V), As(ll),  Sb(V),

Sh(II) 12,3 4

()1 = HCI3M; 2= HCL0,3 M; 3 = dém & pH = 6 béng CH,COOH/CH,COONa; 4 = dém & pH = 9 bing
NH/(NH,),S
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Bi(III), Cd(II), Pb(Il), Sn(ll) |2, 3,4 1
Sn(IV) 2,3 1,4
Zn(IT), Co(II), Ni(II) 3,4 1,2
Fe(1T), Mn(1I) 4 1,2,3

16.2.3 Tach bing cac chit két tiia vo co khac

N6i chung khong c6 ion v co khac dugce ding dé tach nhu hidroxit va ion sunfua. Cac
ion photphat, cacbonat va oxalat thuong dugc dung dé két tia cac cation nhung tinh chat cua
chiung khong lua chon nén can xem xét trude kha nang img dung phuong phép tach loai nay.

Clorua va sunfat déu c6 tinh chét lua chon cao nén thuong dugc st dung trong thyuc té.
Clorua thuong dugc dung dé tach bac ra khdi hau hét cac kim loai khac va sunfat thuong
dugc dung dé tach riéng nhéom céac kim loai chi, bari, stronti.

16.2.4 Tach bang cac chat két tia hiru co

Céc thude thtr hiru co lua chon dé tach cac ion vo co dd duoc ban luan & muc 7.4.3. Mot
sb cac chét két tua hiru co nay, vi du nhu, dimetylglyoxim c¢6 dd Iya chon rat cao khi tao
thanh cac két tha vi mot s it kim loai nén thuong dugc sir dung. Mot thube thir khac 1a 8-
hidroxiquinolin tao thanh hop chét it tan v&i sb 16n cac cation. Do lwa chon cua loai hop chét
nay ctia thude thir 1a do d¢ tan ctia san pham phan tng cta n6é dao dong trong mot gidi han
rong va dong thoi cling 1a do thude thir két tia - mot anion - 13 bazo lién hop ctia mét axit
yéu. Vi thé cho nén nhiing cach tach dya trén su kiém tra pH co thé dugc thuc hién hoan
toan gidng nhu truong hop HaS.

16.2.5 Tach cac chit ton tai & dang lwgng vét bing két tia

Mot van dé chung cua phéan tich luong vét 1a tach biét lugng microgam cua chét duoc
quan tdm ra khoi cac hop phan luong 16n ctia mau. Mic du rang bién phap tach nhu thé doi
khi dugc thyc hién dya trén mot phan tmg két tia nhung k¥ thudt doi hoi phai khac véi ki
thuét dugc dung khi phan tich lugng 16n.

C6 mdt sd van dé can dugc quan tAm khi tach dinh luong vét nguyén t6 bing cach két
tha ngay ca khi sy mat mat do do tan khong quan trong. Hién tugng qué bio hoa thuong lam
chdm qua trinh tao thanh két tua va su dong tu nhimg lugng keo cua chét khuyech tan
thuong gdy kho khan. Thém vao do, mot phan chat rin bi mat trong qua trinh Chuyen va loc.
Pé giam dén t6i da nhitng kho khan d6, mot luong ciia mot s ion khéc ciing tao két tua véi
thudc thir thuong thém vao dung dich. Két tiia duoc tao thanh véi ion dugc thém vao dugc
goi 1a chat gop, nd kéo theo chit c6 ham lwong nho thua ra khoi dung dich. Vi du nhu, khi
mudn tach mangan ¢ dang dioxit mangan it tan, mot lwong nho ion sat (III) thudng dugc
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thém vao dung dich phan tich truéc khi thém thude thir két tia amoniac. Oxit bazo

sat (1) kéo vao két tua ca lugng nho nhit cia oxit mangan. Cac vi du khéc: oxit bazo nhom
1a chat gop luong vét titan va dong sunfua duoc dung lam chat gop luong vét kém va chi.
Nhiéu chit gop khac da dugc Sandell " va Onishi gioi thiéu.

Chat gop c6 thé 16i cudn theo hop phan vét nhd su twong tw vé do tan cua chung. Cac
chat gop khac tao ra su cong két, trong d6 hop phan luong nho bi hap phu trén bé mat hoic
bi hop nhit vao két tiia gop nho sy tao thanh tinh thé hdn hop. RS rang la, chat g6p khong
dugc gy can trd cho phuong phép da duoc lya chon dé xac dinh hop phén vét.

Tach bang chiét
Trong muc ndy chiing ta s& dé cap téi van dé tmg dung hién tuong phan bd dé tach.

Ly thuyét

Hai thuat nglr duoc su dung dé dién dat su phan bd mot chat tan gitta hai dung moéi
khong tron lan vao nhau la: hé so phdn bo va ti so phdan bo. Bi€u quan trong la hi€u ro su
khéc nhau gitra hai dai lugng ay :

Hé s6 phdn bo: Hé sb phan b 1a hang s6 cin bang dién ta sy phan bd ctia mot chat tan
giita hai dung méi khong tron 1an. Vi dy nhu, khi lic mot dung dich nude chira mot chét hiru
co tan A v61 mot dung méi hitu co, vi du nhu hexan, mdt can béng s& duoc thiét 1ap nhanh
chong va duoc dién ta bang can bang sau :

A Ahe) (16.1)

¢ day (n) va (he) la ky hi€u chi tuéng nudce va tudng hiru co. Mot cach ly tuong, ti 50
hoat do cta chat A trong ca hai tuong 1a hang s6 va doc 1ap voi tong luong cta A, & bit ky
nhiét d6 nao hang s do6 ciing 12 :

[Al.
L (16.2)

Kq=

& day hang sé cin bang Ky 1a hé s6 phan bd; A nam trong ddu ngodc vudng, mot cach
chdt ché, phai 1a hoat d6 cta chat A trong hai dung mo6i nhung nong dé phan tr van thuong
co thé thay thé ma khong pham sai 1am nghiém trong. Thuong K4 xap xi bang ti s6 do tan
cua A trong hai dung moi.

Khi chét tan ton tai & cac dang lién hop khac nhau trong hai dung méi thi can bang tro
thanh:

M E. B. Sandell v H. Onishi, Colorimetric Determination of Traces Metals, 4 th ed., pp 709-721. New York:

Interscience, 1978.
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XAy ) YAX(he)

va h¢ s6 phan bd c6 dang

A},
S

Ti s6 phén bé: Ti s6 phan bd D cua chét can phan tich dugc dinh nghia la ti s6 nong do
phén tich cia né trong hai dung mdi khong tron 1an. Béi voi truong hop don gian nhu da
dugc dién ta bang phuong trinh 16.1 thi ti s6 phan bd dong nhat v6i hé s6 phan bd. Vi vy,
d6i v6i truong hop phtrc tap hon thi hai dai luong nay c6 thé khac nhau hoan toan. Vi du, su
phan bd ctia mot axit béo HA giita nudc va dietylete chung ta cé thé viét:

Chc
C

D:

(16.3)

n

0 day Cyc va G, la noéng do phén tir phén tich cua HA trong hai pha. Trong moi truong
nuéce, nong do phan tich cua axit bang tong ndng do can bang cia axit yéu va bazo lién hop
cua no:

Co=[HAL +[A ]

Nguoc lai, khong co6 su phéan li dang ké cua axit xuat hién trong 16p hiru co khong phan
curc nén nong d6 phan tich va ndng d can bang cua HA 1a dong nhit va ching ta c6 thé viét:

Chc = [HA]hc

Thay thé hai gia tri Cy. va C, trong phuong trinh (16.3) bang cac gia tri tuong tng trén
day, ta co:

[HA]hc

) [HA] +[A‘L

(16.4)

bé thiét 1ap mdi lién hé giita D va K, cho hop chat HA chiing ta dién ta sy phén li axit
cua HA bang phuong trinh:

w0 [+
a [HA]n

hodc la

1 _[HA] K,
|:A ]n - [H30+:|
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Thay gia tri méi thu dugc cia [A™], vao phuong trinh (16.4) ta dugc:

D= [HA]hc _ [HA]hc % 1 _ Kd 1
[HA] +[HA] ><K73Jr [HA]n 1+K7a+ 1+K7a+
| H30 L | H;0 L | H;0 L
Su sép xép lai chi rd mbi quan hé giira D va K4 d6i v6i HA
H;0"
p-She g a0, (16.5)
Cy [H;07 | +K,

C6 thé sir dung phuong trinh (16.5) dé tinh toan muc do ch1et HA tir cac dung dich dém
trong nudc. Can thay 1 su khac nhau gitta hé s6 phan bd Kq va ti s6 phan bd D.

Vi du: Hé s6 phan bd cua axit yéu gitra dietylete va nude 1a 800 va hang s6 phan li axit
clia n6 trong nuéc 1a 1,5.107°. Hiy tinh ndng d6 phan tich ciia HA (Cpa) con lai trong dung
dich nuéc sau khi chiét 50,0 ml dung dich HA 0,050 M bang 25,0 ml ete, gia thiét dung dich
nude duge dém & pH bé‘mg: a) 2,00; b) 8,00.

a) Thay [H;0'] = 1,00.10 va hai hing s can bang vao phuong trinh (16.5) ta co:

Che _ 800.1,00.107

D =
C, 1,00.102+1,50.107°

=799 (16.6)
Téng s6 milimol axit ¢ trong hai dung moi bang s6 molimol ban dau trong dung dich
nudc.
Téng s sé milimol HA = 50,00.0,050 = 2,50
Sau khi chiét, 2,50 milimol HA dugc phéan b giita hai dung moi nén:
50,0C, + 25,0Cy = 2,50

Trong phuong trinh trén C, va Gy, la nf}ng do phan tich trong hai dung moi. Phuong
trinh (16.6) chi r0 rang: Cy.= 799C, nén co6 thé viét:

50,0C, + (25,0)(799C,) = 2,50;
Cn=1,25.10" M.
b) Khi [H;0']=1,00.10"*

Che  800.1,00.107°

D= 8 5
Ch 1,00.107° +1,50.10~

=0,533
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Twong ty nhu trong phan a, c6 thé viét:
50,0C, + (25,0)(0,533C,) = 2,50;
Cn=3,95.10° M.

D6 hodn toan ciia cdch chiét nhiéu lan: Hé s6 phan bd va ti s6 phan bd thuong duoc st
dung boi vi ching dan t6i con dudng hiéu qua nhat dé hoan thién cach tach bang chiét. Bé
1am vi du, ching ta sir dung phuong trinh (16.3) dé ban luén mot 1an nita qua trinh chiét hop
chat HA tir dung dich nuéce ¢ pH = 2,00. Gia thiét rang, trong Vy, mililit nude c6 a, milimol
HA bi chiét bang Vi, mililit dietylete, & tai thoi diém can bang, a; milimol HA con lai trong
16p nudc va a, — a; milimol dugc chuyén vao 16p hiru co. Nong do phan tich ciia HA trong
mdi 16p s& 1a:
_a1,

Y

n

cl
" th

:Cl.

Thay thé nhiing dai luong nay vao phuong trinh (16.3) va sap xép lai ta dugc:

Vi
=|—n 16.7
ap [thD"'anao ( )

S6 milimol a; con lai trong 16p nudc sau 1an chiét thir hai bang mot thé tich dung moéi
dong nhat theo cung mot cach 1ap luén:

ag = Vo a
2 VDV, )t

Khi thay thé a; ctia phuong trinh trén ddy bang phuong trinh (16.7) chiing ta thu dugc:

2
ag = Vo a
2\ VD4V, ) °

Béng cung mot cach 14p ludn, sau n 14n chiét, s milimol HA con lai trong 16p nude la:

o n
= —0 16.8
“n (thD+Vn] %o ( )

- Co thé viét lai phuong trinh (16.8) dudi dang thuét ngir ndng d6 phan tich ban dau va
cudi cung cua HA trong nudc bang cach thay thé:

an = (Cy)n Vi va a, =(C,),Vy vao phuong trinh do:

=yt | (€l (169)
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(Chn)o va (Cp)n 12 ndng d6 ban dau va cudi cing (sau n 1an chiét) cua HA trong
pha nudc.

Nhu d3 duogc chi 1 trén ddy, phép chiét nhiéu lan véi nhimg thé tich nhd dung moi dat
hi€u suat cao hon so vdi phép chiét don véi the tich 1on dung moi.

Vi dy: Hg s6 phan bd cua iot gitta CCly va H,O 1a 85. Hay tinh ndng d¢ I, con lai trong
16p nudce sau khi chiét 50,0 ml dung dich I, ‘1,00.1~0_3‘ M bang céac lugng CCly nhu sau: a)
50,0 ml, 1 1an; b) 2 lan, moi lan 25,0 ml; ¢) 5 1an, moi 1an 10,0 ml.

Thay s6 liéu vao phuong trinh (16.9) ta co:

a) (€)= 220 1100108 =1,16.107 M
1 1{50,0.85+50,0
50,0 2
b) (Cp)y =| ———o2——1 .1,00.107® =5,28.107" M
2 1 25,0.85+50,0
50,0 >
c) (Cp) =| -1 .1,00.10% =5,29.1071° M
5 110,0.85+50,0

Cic loai quy trinh chiét

C6 ba loai quy trinh chiét dya trén can bang phan bd gitta hai dung méi khong tron 1an
vao nhau:

— Chiét don.

— Chiét lay hét chat ra khoi mau.

— Chiét nguoc dong.

Chiét don: Khi ti s6 phan b giéi v6i mot chit trong hdn hop 14 thuan loi (tor 5 Qén 10
hodc 16n hon) con doi voi cac chat khac thi khong thuan loi (< 0,001) ta ¢ thé chiét tach
don, nhanh va dinh lugng. C6 thé chiét thanh cdng chat can phan tich tr dung dich nudc

bang mot vai dén 6 phan dung moi moi. Dung mot phéu ’chié't thong thuong hoac 1a véi dung
dich dau hoac 1a v6i dich con lai @€ hoan thanh phép chiét don.
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o ta

+— e vao

kep st

T~

dung mii nmmg ty <

durig mii chift ———|

dich chift

man dwge dit trén bin — .
thiy tindh xdp ™| birh cét chita

Q dung mii chidt

Hinh 16.1

B6 chiét Soxlet

Chiét ldy hét chat ra khoi mau: Cach chiét dén can kiét, cho phép tach cac hop phan co
cac ti s6 phan bd tuong dbi khong thuan loi (< 1) ctia mot hdn hop khoi cac hop phan co cac
ti s6 gan khong. Trong thiét bi thuong ding, dung méi hiru co duoc chuyén lién tuc qua 16p
nuée (xem hinh 16.2). Nhu vy 13, v6i vai tram 1an chiét bang dung moéi méi duoc thuc hién
trong mot gio hodc it hon trong mot thiét bi khong can phai theo ddi thuong xuyén, co thé
chiét 14y hét chat can quan tim ra khoi mau.

Phén doan ngwoc dong: Nhing thiét bi tu dong cho phép thuc hién thanh cong hang
tram 14n chiét ty dong. Vi nhitng thiét bi nay sy phan doan dién ra nho so dd nguoc dong
trong d6 sy phan b giira nhitng phin mdi cua hai pha dugc thuc hién trong hang loat cac
budc giai doan. Phép chiét dén can kiét khac véi ki thuat nguoce ¢ chd 13, nhimg phan méi
cua chi mot pha dugc sinh ra trong pha cil.

Phuong phap nguoc dong cho phép tach nhing hop phan c6 hé s6 phan chia kha dong
nhét. Vi du nhu Craig da chi o rang, co6 thé tach 10 aminoaxit bang chiét nguoc dong ngay
ca khi hé s6 phan bd ctia chung chi khac nhau it hon 0,1.
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16.4 Ung dung cac quy trinh chiét

Pé tach cac chat vo co, chiét thudng hip dan hon so vai két taa c6 dién bai vi can bang
va tach pha trong phéu chiét it té nhat, it tén thoi gian hon so voi két tia, loc va rira. Thém
vao do, chiét tranh duoc cong két va két tua sau. Cubi cung, chiét thich hop mot cach 1y
tudng dé tach luong vét mot chat.

16.4.1 Chiét tach cac ion kim loai & dang chelat

Nhiéu thudc thir tao ndi phtic (chelat) 1a nhitng axit yéu phan tng véi cac ion kim loai
tao thanh cac phtrc khong tich dién, tan tdt trong cic dung méi hitu co nhu ete, hidrocacbon,
xeton va cac hop chit clo hoa (bao gom clorofom, tetraclorua cacbon). Mit khéc, cac hop
chat ndi phic kim loai thudng gan nhu khong tan trong nude, con cac thude thir tao phirc
thuong tan kha tét trong dung méi hitu co nhung chi tan han ché trong nudc.

Hiéu irng pH va nong dé thuoc thir lén ti sé phdn bo

Céc thudc thir vong cang da duoc thir nghiém rat thanh cong dé tach dya trén quy trinh
chiét Iya chon cac ion kim loai tir mot dung dich dém trong nudc vao mot dung moi hitu co
¢6 san céac thude thir d6. Nhu di chi rd trén hinh 16.3, mdi qué trinh nhu thé, bao gém mot
vai can bang va mot vai chat. Cac chat d6 1a phdi tir HQ khong phén li, bazo lién hop ciia né
Q’, phtc kim loai - phéi tir MQ,, ion kim loai va H'. Nhiing cin bang quan trong xay ra la:

[HQ],
HQ, HQne Ky =—=%¢ 16.10
Q Qh d; [HQ]n ( )
HQ, + H,0 H:0"+ Qg ; K —[H‘O’Oq[Q_L 16.11
Qn 2 3 Q(n) s a _W ( . )
M™ + mQr, MQ : K, = (MQu ], 16.12
n (n) m(n) 3 fSr = (16.12)
|:M ]n[Q :|n
[(MQy, |,
M m(n M m(hc , K :—C 1613
Qu(m Qum(ne) % = Q] (16.13)

Céc thudc thir vong cang hitu co ciing nhu cac hop chat noi phirc kim loai trung hoa
dién thuong tan tot trong cac chat long hiru co nén hé s6 phan b6 Kyq va Kg  noi chung la

nhimng sé 16n. Hon nita, ndng d6 M™" trong 16p hiru co khong phan cuc thuong tién toi
khong trong hau hét cac trudng hop. Do lwa chon cia thude thir dugc xac dinh bang hing s6
tao phirc kha 16n K ddi v6i cac cation kim loai. Nhu di chi rd trong phuong trinh (16.11),
n6ng do dang hoat dong cua thubc thu Q phu thudc vao pH. Nhu vay, béng cach kiém tra
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pH c6 thé kiém tra ndng d6 Q va do d6 co thé biét nhimg cation nao bi chiét va nhimg
cation nao khong bi chiét.

Pé tim duoc mot biéu thirc dién ta m01 quan hé giita lwong cation bi chiét véi pH va
ndéng do thudc thir ching ta sir dung hé s6 phan bd ctia hé dd dugc dan ra trén hinh (16.3)
dudi dang:

D= Chc — [MQm]hc - [MQm ]hc

C, [MerJ n [MQm ]n - [MerJ

(16.14)

Che va G, la néng dd mol phan tich cia M™ trong pha hitu co va pha nudc. Thong
thuong, gia thiét cho rang, [MQu], << [M™], 1a hop 1y béi vi:

Thubc thir vong cang ndi chung rat it tan trong nudc.

N\
ZHQ MQ,
| |
|
2HQ
ZH* + 200 + M2 = MOy
Hinh 16.2

Nhirng can bang trong qua trinh chiét cation M** trong nuéc vao mot dung moi
hitu co khong tron lan véi nude, co6 hoa tan san 8-oxiquinolin

Phén trong nudc bi phan 1i rat manh.

Didu d6 bat ngudn tir ngudn gdc sau: D khong phu thude vao tong lugng ion kim loai
trong 2 tuéng nhung phu thudc vao ca ndng do HQ trong 16p hiru co va néng do H trong
dung dich nudc. Néu Cola ndng do phan tir ban dau ctia HQ trong tudng hitu co, can bing
khéi lwong doi hoi nhu sau:

Cq = [HQJnc t [HQ]x + [Q ]n + m[MQu]n + m[MQu]nc
Thong thudng nhitg quy trinh chiét duoc thuc hién véi lugng du chit tao phic, vi du

nhu noéng d6 HQ trong 16p hitu co phai du nhidu so véi ndng do cua tat ca cac chit khac c6
chtra Q. Nhu vay 1a, biéu thirc can bang khoi lugng trén day duoc don gian dén:

~ [HQ]he (16.15)
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Dé dimg lai 6 mot biéu thirc dién ta moi quan hé gitta D clia h¢ ndy v6i nong
d6 dau cua phoi tu tao phuc trong dung dich hiru co va pH cua dung dich nudc, chung ta
nhan phuong trinh (16.12) véi phuong trinh (16.13) va sap xép lai sé duoc :

[MQm]nc = Kde2 [Mn+]n[Q7]nm
Thay thé két qua thu dugc trén day vao phuong trinh (16.14) ta ¢6 :

_ Che

n

D

=KKq, [Q] (16.6)

Chia phuong trinh (16.11) cho phuong trinh (16.10) ta c6 thé dién ta [Q ], qua [H30'],
va [HQ]hc:

7 _K,  [HQ],
[Q :|n - Kd1 [H30+}jn (16.17)

~ Thay thé phuong trinh nay va phuong trinh (16.15) vao phuong trinh (16.16) sé& di t6i
két qua:

Cpe _ KiKa,Ks' — C§
Cn Kdm1 |:H30+:|m

(16.18)

Lién hop 4 hing sé can bang thanh mot hing sb chung K, ta thu duoc:

C CQ
C_};C =Kex % |:H3(?+ :|m

Vi dy: Chi tao mot phirc trung hoa dién PbQ, vé6i phdi tir Q. Hing s6 Ky 14 su phan bd
phuc nay gitta nude va CCly da duge xéac dinh bﬁng thuc nghiém la 2,0.104. Chiét 15,0 ml
dung dich nudc c6 ndng do Pb>" 5,00.10™* M va noéng d6 HC1O4 0,025 M bang hai phan 10,0
ml CCly ¢6 ndng d6 HQ 0,0250 M. Tinh phan trim Pb>" con lai trong dung dich.

Thay céc gia tri tuong irng vao phuong trinh (16.18) :

_(2,0.107).(0,0250)*

D 2
(0,500)

=50,0

Thay céc gié tri twong ting vao phuong trinh (16.9) cho 2 1an chiét :

25,0
C,), = ’
(Ca)y (10,0.50,0+25,0

f .(5,00.10‘4) ~1,13.107
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-6
% Pb*" khong bi chiét = L1310 4 60%=0,23

5,00.10™*
M@t s6 quy trinh tich duwa trén phwong phdp chiét cdc hop chit ndi phirc
Chiét bang diphenyltiocachazon

Diphenyltiocacbazon hodc dithizon 1a thude thir thuong dung dé tach lugng nho cia ca
chuc hodc hon nira ion kim loai. Pithizon phan rng véi cation héa tri 2, vi du nhu Pb*" theo
phan ng:

H\ N /CGH5 /CGH5

H5C6 —N H5CG N=N
SN=N—C7 SH O +Ppr == SN—N=C" Pb + 2H"
Ng H g

Ca dithizon va phtrc kim loai ctia né déu khong tan trong nude, nhung tan tt trong dung
mdi hitu co nhu CCly va CHCls. Dung dich thudc thir ¢ mau luc thAm nhung dung dich
phue kim loai lai c6 mau do, tim, da cam hodc vang dam nén xuat hién nhiéu phuong phap
do mau nhay dé xac dinh céc ion bi tach. Ti s6 phan bd ciia cac dithizonat kim loai dwoc dién
ta bang cac phuong trinh (16.18) va (16.14). Nhu vay, dbi voi chi:

Cpe [PbDZz] c2

D:—:—: eXX

n [P

Z

[m,07]”

100
CuID =1l FhII) CdlIn
&l

a0

o bi chift

40

20

I I I I I l I I I I
-1 0 1 2 i 4 5 6 7 g 0 m 11 12 pH

Hinh 16.3
Hiéu ung pH 1én phin trim chiét cac cation bang dung dich dithizon trong CCl,

Hinh 16.4 chi 10 phﬁn tram chi va mot s6 ion kim loai khac bi chiét vao dung dich
dithizon trong CCly bién d6i nhu thé nao theo pH ctiia moi truong nude. Nhitng so li€u thu
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duoc cho nhitng dudng cong nay thu dugc bang con dudng twong tu nhu nhing
tinh toan dugc dan ra trong vi du 16.3. RS rang 1a tir nhitng dudng cong nay tach dugc rat
dep dong, chi va cadimi bang cach kiém tra pH. Tty thudc vao phd hip thu cua nd, thiée (II)
c6 thé gay can tré nhe cho phép xac dinh dong va chi.

Bang 16.3 Chiét phirc clorua kim loai bz‘“mg dietylete tir dung dich HC1 6 M

Phin trim

bi chiét Céc nguyén t0 va trang thai oxi hoa

90 — 100 Fe(III) 99%; Sb(V) 99% *; Ga(IIl) 97%; Ti(III) 95% ; Au(IIl) 95%

50— 90 Mo(IV) 80 — 90%; As(IIT) 80% " ; Ge(IV) 40-60%

1-50 Te(IV) 34%; Sn(Il) 15 — 30%; Sn(IV) 17%; Ir(IV) 5%; Sb(IlI) 2,5% "

<1,>0 As(V) "; Cu(Il); In(IIT); He(II), Pt(IV); Se(IV); V(V); V(IV); Zn(II)
Al(III); Bi(IMD); Cd(II); Cr(III); Co(Il); Be(Il); Fe(Il); Pb(Il); Mn(II)

0 Ni(Il); Os(VII); Pd(Il); Rh(III); Ag(), ThdV); Ti(IV), W(VI);
Zr(1V)

Isopropyl ete duoc sir dung nhiéu hon dietylete;

" 8 M HCI dugc dung nhiéu hon 6 M.

Chiét bang 8-hidroxiquinolin

Nhiéu phirc kim loai ctia 8-hidroxiquinolin (muc 7.4.3) duoc chiét rat thuan lgi vao
dung moi hitu co. Co thé dién ta qua trinh chiét bang phuong trinh:

2HQ(ne) + My MQ: (he) + 2H )

R& rang 13 can bang chiét phu thudc vao pH, do d6 co thé tach cac ion kim loai thong
qua sy diéu chinh pH cta pha nuéc. Nhitng thir nghi€ém trong thyc t€ chung té rang, phuong
phép nay rat tién dung dé tach lugng vét cac kim loai.

16.4.2 Chiét cac phirc clorua kim loai

Céc s6 liéu trong bang 16.3 chi rd rang, mot sé rat dang ké cac phirc clorua kim loai bi
chiét vao dietylete tir dung dich axit clohidric 6 M. Mot thong tin khac khong kém phan quan
trong 13, mot sb rat 16n cac ion kim loai khac hodc khong bi chiét hodc chi bi chiét mot phan
rat nho ¢ nhimg diéu kién néu trén. Nhu vay 13, c6 thé thyc hién nhiéu quy trinh chlét rat co
ich. Mot trong nhimg quy trinh quan trong d6 la tach sat (IIT) (dugc 99%) khoi s6 16n céac
kim loai khac. Vi du nhu, phan rat 16n sat trong cac mau thép hodc quang st co thé duoc
tach ra bang cach chiét trudc khi phan tich vét cac nguyén t6 nhu crom, nhom, titan va
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niken. Hop chat b chiét & dang lién hop ion H;0"FeCl; . Phén trim sit dugc chuyén vao
tudng hitu co phu thudc vao ham lugng axit clohidric trong tuéng nude (mdt phan nhé duge
chuyén lai tuéng nuéc khi ndng do HCI thap hon 3 M va cao hon 9 M) va & mot mirc d nao
d6 phu thude vao ham lugng sat.

Metylizobutyl xeton ciing chiét dugc sit tir cac dung dich sit clorua. Trong truong hop
nay, h¢ so phan bo tot hon mot chit so véi dietylete va con cd mot thudn 1gi khéc 1a khong bi
bit lira.

16.4.3 Chiét cac mudi nitrat

Cac mudi nitrat bi chiét lua chon bang dietylete ciing nhu bang cic dung méi hitu co
khéc. Vi du nhu, c6 thé chiét uran (VD rat thuan loi khoi cac nguyén t6 khac nhu chi va thori
bang ete tir dung dich nuéc bio hoa amoni nitrat, va c¢6 ndng do axit nitric khoang 1,5 M.
Bismut (III) va sat (IIT) nitrat ciing bi chiét dén mot mirc 6 nhét dinh ¢ nhitng diéu kién nhu
the.

16.5 Tach bang trao d6i ion

Nhura trao dbi ion c6 nhiéu tig dung trong hoa phén tich. Ung dung quan trong nhat 1a
sic ki long hiéu qua cao, s& duoc dé cap dén trong ~giao trinh cac phuong phap phan tich
cong cu. Trong muc nay chi trinh by mot cach tom tat nhitng ing dung khac trong hoa phan
tich cua nhua trao doi ion.

16.5.1 Tach nhitng ion can tré cé dién tich trai diu véi ion cin phén tich

Nhya trao ddi ion dugc sit dung dé loai bo cac ion can trd, dic biét la nhiing ion nay co
dién tich trai du ddi véi ion can phan tich. Vi du nhu, sat (IT), nhém (IIT) va mot sb nhiing
cation khac can trd phép xac dinh ion sunfat bang phuong phap khéi lwong do khuynh
hudng cong két voi bari sunfat cua ching. Cho dung dich can phan tich chay cham qua c6t
nhya trao d6i cation, tat ca cac cation bi giir lai va mot lwong proton twong tmg duogc giai
phong. lon sunfat di qua ¢t nhu vy mot cach tu do va phép phan tich dugc thuc hién trén
dung dich chay ra khoi cot. Bang cach tuong ty, ion sunfat can tré phép xac dinh cac ion bari
va canxi ¢6 thé bj loai bo béng cach cho mau chdy cham qua cgt nhyua anionit.

16.5.2 Lam giau vét ciia chit dién li

Céc chit trao d6i ion thuong duoc dung dé 1am giau luong vét ion tir moét dung dich rat
lodng. Vi du, nhya trao doi cation dugc sir dung dé tich gbp cac nguyén t6 kim loai tir thé
tich 16n nudc ty nhién. Sau do, xir 1y nhya bang axit cac ion dugc giai phong, ta s€ thu duogc
dung dich ddm déc hon nhiéu dé phan tich.
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16.5.3 Chuyén h6a muéi thanh axit hoic bazo

Ham lugng mudi téng s6 ctiia mOt mau co thé duoc xac dinh béng cach chuén ion hidro
thu dugc khi mot phﬁn ciia mau duoc dung dé rtra nhua trao ddi cation & dang axit. Mgt cach
tuong ty, c6 thé diéu ché dung dich axit clohidric chuin bang cach cho chay cham dung dich
chira mot lugng da biét natri clorua qua nhya trao ddi cation & dang axit. Dung dich chay ra
va dung dich rira dugc thu vao mot binh dinh muc va thém nude dén vach dinh mirc. Theo
con duong nhu trén c6 thé didu ché dung dich natri hidroxit chuan bang cach xir Iy nhua trao
ddi anion v&i mot lugng da biét dung dich natri clorua.

16.6 Tach cac hop chat vo co bing chung cat

Chung cét cho phép tach cac hop phan khi ti s6 phan bd dung dich/tuéng hoi cta ching
khac nhau du 16n. Néu mot hop phan c6 ti s6 phan bd 16n so véi chi s6 d6 cia cac clu tir
khac ctia mot hdn hop thi c6 thé tach mot cach don gian. Bang 16.4 thdng ké mot sb cac hop
chat vo co o thé bi taich mot cach thuan loi bang cach chung cat don gian.

Bang 16.4 Tach mjt s6 hop chit vo co bang chung cit

Chat can s % Chat  bay .
phan tich Xur Iy mau hoi Phuong phap thu
0037 Axit hoa Co, Ba(OH)z m T CO, (khi) —> BaCO; @) t
H,0O
SO%‘ Axit hoa S02 SOZ (khi) + H202 (n) = stO4 (n)
s> Axit hoa H,S Cd* () + HsS (i) = CdS (g + 2H"
F T?em 510 va axit H,SiF, Dung dich bazo
hoa
Si Thém HF SiF, Dung dich bazo
Thém HzSO4 va .
H;BO; metanol B(OCH;)3 Dung dich bazo
Cr,0- Thém HCI dac CrO,Cl, Dung dich bazo
NHj Thém NaOH NH; Dung dich axit
Thém HCIl dac va | AsCls, .
As, Sb H,S0, SbCl, Nudce
Sn Thém HBr SnBry Nudc
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CAC TAP CHi PHAN TiCH LON PUQC LUU HANH RONG RAI TREN THE GIOI

American Laboratory

The Analyst

Analitical Biochemistry
Analytical Chemistry
Analytica Chimica Acta
Analytical Instrumentation
Analytical Tetters

Applied Spectroscopy
Clinical Chemistry

Fresenins’ Journal of Analytical Chemistry

Journal of the Association of Official Analytical Chemists

Journal of Chromatography Science

Journal of Chromatography

Journal of Electroanalytical Chemistry and Interfacial Electrochemistry

Microchemical Journal
Microchimica Acta

Saparation Science
Spectrochimica Acta

Talanta

Zeitschrift fyr Analytische Chemie

Phu luc Il

NGUYEN TU KHOI QUOC TE
Nguyén t6 Ki hiéu Nguyén tir sb Nguyén ttr khbi
Actinnium Ac 89 227
Aluminum Al 13 26,981539
Americium Am 95 243
Antimony Sb 51 121,757
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Nguyén t6 Ki hiéu Nguyén tir s6 Nguyén tir kh6i
Argon Ar 18 39,984
Arsenic As 33 74,92159
Astatine At 85 210
Barium Ba 86 137,327
Berkelium Bk 97 247
Beryllium Be 4 9,012182
Bismuth Bi 83 208,98037
Boron B 5 10,811
Bromine Br 35 79,904
Cadmium Cd 48 112,411
Calcium Ca 20 40,078
Califormium Cf 98 251
Carbon C 6 12,011
Cerium Ce 58 140,115
Cesium Cs 55 132,90543
Chlorine Cl 17 35,4527
Chromiun Cr 24 51,9961
Cobalt Co 27 58,93320
Copper Cu 29 63,546
Curium Cm 96 247
Dysprosium Dy 66 162,50
Einsteinium Es 99 252
Erbium Er 68 167,26
Europium Eu 63 151,965
Ferium Fm 100 257
Fluorine F 9 18,9984032
Francium Fr 87 223
Gadolinium Gd 64 157,25
Gallium Ga 31 69,723
Germanium Ge 32 72,61
Gold Au 79 196,96654
Hafnium Hf 72 178,49
Helium He 2 4,002602
Holmium Ho 67 164, 93032
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Nguyén tb Ki hiéu Nguyén tir sb Nguyén tir khbi
Hydrogen H 1 1,00794
Indium In 49 114,82
lodine I 53 126,90447
Iridium Ir 77 192,22
Iron Fe 26 55,847
Krypton Kr 36 83,80
Lanthanum La 57 138,9055
Lawrencium Lr 103 262

Lead Pb 82 207,2
Lithium Li 3 6,941
Lutentium Lu 71 174,967
Magnesium Mg 12 24,305
Manganese Mn 25 54,93805
Mendelevium Md 101 258
Mercury Hg 80 200,59
Molybdenum Mo 42 95,94
Neodymium Nd 60 144,24
Neon Ne 10 20,1797
Neptunium Np 93 237
Nickel Ni 28 58,6934
Niobium Nb 41 92,90638
Nitrogen N 7 14,00674
Nobelium No 102 259
Osmium Os 76 190,2
Oxygen O 8 15,9994
Palladium Pd 46 106,42
Phosphorus P 15 30,973762
Platium Pt 78 195,08
Plutonium Pu 94 244
Polonium Po 84 210
Potassium K 19 39,0983
Praseodymium Pr 59 140,90765
Promethium Pm 61 145
Protatinium Pa 91 231,03588
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Nguyén t6 Ki hiéu Nguyén tir s6 Nguyén tir kh6i
Radium Ra 88 226
Radon Rn 86 221
Rhenium Re 75 186,207
Rhodium Rh 45 102,90550
Rubidium Rb 37 85,4678
Ruthenium Ru 44 101,07
Samarium Sm 62 150,36
Scandium Sc 21 44,955910
Selenium Se 34 78,96
Silicon Si 14 28,0855
Silver Ag 47 107,8682
Sodium Na 11 22,989768
Strontium Sr 38 87,62
Sulfur S 16 32,066
Tantalum Ta 73 180,9479
Technetium Tc 43 98
Tellurium Te 52 127,60
Terbium Tb 65 158,92534
Thallium Tl 81 204,3833
Thorium Th 90 232,0381
Thulium Tm 69 168,93421
Tin Sn 50 118,710
Titanium Ti 22 47,88
Tungsten W 74 183,85
Uranium U 92 238,0289
Vanadium \Y 23 50,9415
Xenon Xe 54 131,29
Ytterbium Yb 70 173,04
Yttrium Y 39 88,90585
Zinc /n 30 65,39
Zirconium Zr 40 91,224
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Hop chit Phan tur lugng Hop chit Phan tur lugng
AgBr 187,772 Hg,Cl, 472,09
AgCl 143,321 HgCl, 271,50
Ag,CrO4 331,730 KBr 119,002
Agl 234,773 KBrO; 167,001
AgNOs 169,873 KCl1 74,551
AgSCN 165,952 KCl105 122,519
Al;0; 101,961 KCN 65,116
Aly(SO4)3 342,154 K,CrO4 194,190
As,0; 197,841 K,Cr,04 294,185
B,0s 69,620 K3Fe(CN)g 329,248
BaCO; 197,336 K4Fe(CN)g 368,347
BaCl,.2H,0 244,263 KHCgH4O4 204,224
BaCrO4 253,321 KH(IO3), 389,912
Ba(103), 487,132 K,HPO, 174,176
Ba(OH), 171,342 KH,PO4 136,086
BaSO4 233,391 KHSO4 136,170
Bi,03 465,959 KI 166,003
CO, 44,010 KIO; 214,001
CaCOs 100,087 KIO,4 230,000
CaC,04 128,098 KMnO4 158,034
CaF, 78,075 KNO;3 101,103
CaO 56,077 KOH 56,106
CaSO4 136,142 KSCN 97,182
Ce(HSO4)4 528,401 K,SO4 174,260
CeO, 172,114 La(I103); 663,614
Ce(S0s), 332,242 Mg(CoHegNO), 312,611
(NH4),Ce(NOs)s 548,222 MgCO; 84,314
(NH4)4Ce(S04)4.2H,0 | 632,554 MgNH4PO,4 137,315
Cr03 151,990 MgO 40,304
CuO 79,545 Mg,P,05 222,553
Cu,0O 143,091 MgSO4 120,369
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Hop chit Phén tir lugng Hop chit Phan tr lugng
CuSO, 159,610 MnO, 86,939
Fe(NH,)>(S04),.6H,0 | 392,143 Mn,0;5 157,874
FeO 71,846 Mn;04 228,812
Fe,0; 159,692 Na,B,0-.10H,0 381,372
Fe;04 231,539 NaBr 102,894
HBr 80,912 NaC,H;0, 82,034
HC,H;0, 60,053 Na,C,04 133,999
HC,H;0, 122,123 NaCl 58,442
(HOCH,);CNH(Tris) | 121,136 NaCN 49,008
HCL 36,461 Na,CO; 105,989
HCLO, 100,458 NaHCO; 84,007
H,C,04.2H,0 126,066 Na,H,EDTA.2H,0 | 372,240
H;I0g 227,941 Na,0, 77,978
HNO; 63,013 NaOH 39,997
H,0 18,015 NaSCN 31,074
H,0, 34,015 Na, SOy 142,043
H;PO, 97,995 Na,$,05.5H,0 248,186
H,S 34,082 NH,CI 58,491
H,S0; 82,080 (NH,),C,0,.H,0 | 142,112
H,S0, 98,079 NH,NO; 80,043
HgO 216,59 (NH,),SO,4 132,141
(NH,)S,05 228,204 P,0s 141,945
NH,VO; 116,978 Sb,S; 339,712
Ni(C4H,0,N,), 228,917 Si0, 60,084
PbCrO, 3232 SnCl, 189,615
PbO 2232 Sn0, 130,709
PbO, 239,2 SO, 64,065
PbSO, 303,3 SO; 80,064
Zn,P,0; 304,72
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Phu luc IV
TICH SO TAN O 25°C
Hop chit Cong thirc T Ghi
chu
Nhom hidroxit AI(OH);3 3.10
34
Bari cacbonat BaCO3 5,0.
-9
10
Bari cromat BaCrOy4 2,1.
-9
10
Bari hidroxit Ba(OH),.8H,O 3.10
4
Bari iodat Ba(104 ), 1,57
-9
.10
Bari oxalat BaC;y04 1.10
-6
Bari sunfat BaSOy4 1,1.
-10
10
Cadimi cacbonat CdCO3 1,8.
~14
10
Cadimi hidroxit Cd(OH), 4,5.
—15
10
Cadimi oxalat CdCy04 9.10
-8
Cadimi sunfua CdS 1.10
27
Canxi cacbonat CaCOs3 4)5. Kh
107 oang canxit
CaCOj3 6,0. Kh
-9 i
10 oang
aragonit
Canxi florua CaF, 3,9.
—11
10
Canxi hidroxit Ca(OH), 6,5.
—6
10
Canxi oxalat CaCy04.H,O 1,7.
-9
10
Canxi sunfat CaS04 2.4.
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Hop chét Cong thirc T Ghi
chu
107
Coban(II) cacbonat CoCO3 1,0.
~10
10
Coban(II) hidroxit Co(OH), 1,3.
15
10
Coban(II) sunfua CoS 5.10 a
-22
CoS 3.10 §
-26
Dong(I) bromua CuBr 1,0.
~10
10
DPdng(I) clorua CuCl 1,9.
~7
10
DPong(I) oxit Cu,0 2.10
-15
Cu0 + H,O 2 Cu' +
20H
Pong(I) iodua Cul 1.10
-12
Pong(I) tioxianat CuSCN 4.,0.
—14
10
DPodng(IT) hidroxit Cu(OH), 4.8.
—20
10
Pong(IT) sunfua CuS 8.10
-37
Sét(I) cacbonat FeCO3 2,1.
~11
10
Sét(IT) hidroxit Fe(OH), 4,1.
15
10
Sét(IT) sunfua FeS 8.10
-19
Sat(I1T) hidroxit Fe(OH)3 2.10
-39
Lantan iodat La(IO3) 3 1,0.
~11
10
Chi cacbonat PbCO3 7,4.

10




321

Hop chit Cong thirc T Ghi
chu
Chi clorua PbCl, 1,7.
10°
Chi cromat PbCrOy4 3.10
—-13
Chi oxit PbO’ 74. Va
14
PbO H,0  Pb° +| 10 ng
20H
PbO" 5.10 Po
-16
PbO H,0  Pbo +
20H
Chi iodua Pbl, 7.9. Va
-9
10 ng
Chi oxalat PbC,04 8,5. n=
107 0,05
Chi sunfat PbSO4 1,6.
—8
10
Chi sunfit PbS 3.10
-28
Magie amoni photphat MgNH4PO4 3.10
-28
Magie cacbonat MgCO; 3,5.
-8
10
Magie hidroxit Mg(OH), 7,1.
—12
10
Mangan cacbonat MnCO3 5,0.
—10
10
Mangan hidroxit Mn(OH), 7,1.
—12
10
Mangan sunfua MnS 3.10 Ho
11 ng
MnS 3.10 Lu
~14
c
Thuy ngan(I) bromua Hg,Br) 5,6.
-23
10
Thuy ngan(I) cacbonat Hgy,CO3 8,9.

10717
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Hop chét Cong thirc T Ghi
chu
Thuy ngan(I) clorua Hg,Cl, 1,2.
—18
10
Thuy ngan(I) iodat Hgylp 4,7.
—29
10
Thuy ngan(I) tioxianat Hgr(SCN), 3,0.
102
. * 3k
Thuy ngan(Il) oxit HgO 3,6.
2+ 10_26
HgO(r)+ H,O Hg™ +
20H
Thuy ngan(Il) sunfua HgS 2.10 De
=53 0
HgS 5.10 bo
~54
Niken cacbonat NiCO;3 1,3.
7
10
Niken hidroxit Ni(OH), 6.10
-16
Niken sunfua NiS 4.10 a
=20
NiS 1,3. B
10725
Bac asenat AgrAsOy 6.10
-23
Bac bromua AgBr 5,0.
—13
10
Bac cacbonat AgrCO3 8,1.
—12
10
Bac clorua AgCl 1,82
—-10
.10
Bac cromat AgrCrOy4 1,2.
—12
10
Bac xianua AgCN 2,2.
—16
10
Bac iodat AglO3 3,1.
10°
Bac iodua Agl 8,3.
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Hop chit Cong thirc T Ghi
chu
| 0717
Bac oxalat AgrCy0y4 3,5.
—11
10
Bac sunfua AgrS 8.10
—51
Bac tioxianat AgSCN 1,1.
—12
10
Stronti cacbonat SrCO3 9,3.
-10
10
Stronti oxalat SrCy0y4 5.10
-8
Stronti sunfat SrSO4 3,2.
—7
10
Tali(I) clorua TICI 1,8.
4
10
Tali(I) sunfua TS 6.10
-22
Kém cacbonat ZnCO;3 1,0.
—-10
10
Kém hidroxit Zn(OH), 3,0. Vo
10°'° dinh hinh
Ké&m oxalat ZnCy0y4 8.10
-9
K&m sunfua ZnS 2.10 a
-25
ZnS 3.10 B




Phu luc V

CAC HANG SO PHAN LI AXIT O 25°C
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Axit Cong thuc K, K, K3
Axit axetic CH;COOH 1,75.107

Ton amoni NH," 5,70.10°"°

Ton anilin C¢HsNH;" 2,51.107

Axit asenic H;As0, 5,80.10° | 1,1.107 |3,2.10"
Axit aseno H;As0; 5,10.10"°

Axit benzoic C¢HsCOOH 6,28.107

Axit boric H;BO; 5,81.10"°

Axit butanoic CH;(CH,),COOH 5,10.10°"°

Axit cacbonic H,CO; 445107 |4,69.107"
Axit cloaxetic CICH,COOH 1,36.1075

Axit xitric HOOC(OH)C(CH, COOH), | 7,45.10* | 1,73.107° |4,02.10”
Ion dimetyl amoni | (CH3),NH," 1,68.10"

Ton etanol amoni HOC,H,NH;" 3,18.107"°

Ton etyl amoni C,HsNH;" 2,31.10"

Ton etylen diamoni | "H3;NC,H,NH;" 1,42.1077

Axit foocmic HCOOH 1,80.10°*

Axit fumaric trans-HOOCCH=CHCOOH | 8,85.10* |3,21.10°
Axit glicolic HOCH,COOH 1,47.107*

Ton hidrazini H,NNH;" 1,05.10%

Axit hidrazoic HN; 2,2.107°

Axit xianic HCN 6,20.10°"°

Axit hidrofloric HF 6,.1 0

Hidro peroxit H,0, 2,2.1 02

Hidro sunfua H.S 9,6.10° [1,3.10™
Ion hidroxyl amoni HONH;" 1,10.1 0°

Axit hipocloro HOCI 3,0.10°

Axit iodic HIO; 1,7.107"

Axit lactic CH;CHOHCOOH 1,38.10°*

Axit maleic cis-HOOCCH=CHCOOH | 1,3.10% |5,9.10”
Axit malic HOOCCHOHCH,COOH 3,48.10°% |8,00.10°
Axit malonic HOOCCH,COOH 1,42.10° |2,01.10°
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Axit mandelic
Ion metyl amoni
Axit nitro

Axit oxalic
Axit peiodic
Phenol

Axit photphoric
Axit photphoro
Axit phtalic
Axit picric

Ion piperidini
Axit propanoic
Ion piridini
Axit piruvic
Axit salixinic
Axit sunfamic
Axit sucxinic
Axit sunfuric
Axit sunfuro
Axit tactric
Axit tioxianic
Axit tiosunfuric

Axit tricloaxetic

Ion trimetyl amoni

CsHsCHOHCOOH

CH3NH;"
HNO,
HOOCCOOH
H;5IOg

C¢H;0H
H;PO,

H;PO;
C¢H4(COOH),
(NO,);C¢H,OH
CsH;NH"
CH;CH,COOH
CsHsNH"
CH;COCOOH

CsH4(OH)COOH

H,NSOsH

HOOCCH,CH,COOH

H,SO4
H,SO3

HOOC(CHOH),COOH

HSCN
H,S,0;
Cl;SCCOOH
(CH3);NH"

4,0.10°*
2,3.107"
7,1.107
5,60.10°
2.107
1,00.107"°
7,11.10°
31077
1,12.10°
43.10"
7,50.10"
1,34.10°
5,90.10°°
32.10°
1,06.10°
1,03.107"
6,21.10°
Q0
1,23.107
9,20.10°*
0,13

0,3

3
1,58.10°"°

5,42.10°

6,32.10°°
1,62.10”
3,91.10°

2,31.10°°
1,02.107
6,6.10°

4,31.10°

2,5.107

4510"

Hau hét cac sb liéu & luc ion bing khong. (Ngudn: A.E. Martell and R. M. Smith.
Crittical Stability Constants. Vol. 1-6. New York: Plenum Press, 1989)
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Phu luc VI
CAC HANG SO TAO PHUC O 25°C

Phéi tir Cation | log K; log K, log K3 log K4 Luc ion
Axetat | Ag' 0,73 -0,9 0,0
CH,COO | Ca*" | 1,18 0,0
B cd* | 1,93 1,22 0,0
cu®t 2,21 1,42 0,0
Fe** 338" |31 1,8 0,1
Hg™" | log K|K, =845 0,0
Mg*" | 1,27 0,0
Pb>" | 2,68 1,40 0,0
ClAgt [331 3,91 0,0
Amoniac 9y
Cd 2,55 2,01 1,34 0,84 0,0
NH; , ;
Co 1,99 1,51 0,93 0,64 0,0
log K5 = 0,06 log K¢ =-0,74 0,0
Cu®™  |4,04 3,43 2,80 1,48 0,0
Hg*" |88 8,6 1,0 0,7 0,5
Ni*" | 2,72 2,17 1,66 1,12 0,0
log Ks = 0,67 log K¢ =—-0,03 0,0
Zn*" | 2,21 2,29 2,36 2,03 0,0
Bromua | Ag’ Ag++2}3 " logKK,=7,5 0,0
B AgBr; ’ ’
B g 900 s 23 1.6 0.0
Pb*" | 1,77 0,0
Ag+2CI
Clorua N AgCly logK;K,=5,25 0,0
- Ag _ _
(CI) AgCL+ Cl log K5 = 0,37 0,0
AgCly
Cu®" | Cu”™+2Cl < CuCl, |logK =55 0,0
Fe'™ | 1,48 0,65 0,0
Heg*™ | 7,30 6,70 1,0 0,6 0,0
2+ -
Pb2* l;bPJ (3:1(;_1 logK KoK =1,8 0,0
Sn*" | 1,51 0,74 0,3 -0,5 0,0
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, Ag+2CN
Xianua | Ag’ _ logK K,=20,48 0,0
oN) e (DA 227 0.0
6,01 5,11 4,53 ’ ’
Hg** |[17,00 |15,75 3,56 2,66 0,0
logK;
O+ Ot o _ K>K;3
+
Ni Ni**+4CN <Ni(CN), Kom30 0,0
22
" | logK K, = 11,07 498 |3,57 0,0
EDTA | Xem hinh 13.3
Florua |AP" |7,0 5,6 4,1 24 100
(F) Fe*" |5,18 3,89 3,03 0,0
0,0
Hidroxit | A" | AI'+40H <AI(OH), logK,  K,K3K4=33,4 0.0
(OH) | Cd* :
3,9 3,8
Cu** 0,0
Fe*™  |4,6 0,0
Fe3" |[11,81 |[11,5 0,0
Hg* (10,60 |11,2 0,0
NiZ" | 4.1 4,9 3 0,0
Pb?* | Pb*™+30H < Pb(OH); logK K,K3=13,9 0,0
Zn*" | Zn*'+40H < Zn(OH)4* logK KoK3K4=15,5 | 0,0
Iot (1) |Cd" |[228 1,64 1,0 1,0 10,0
Cu’ Cu’ —2I =Cul, logK K, = 8,9 0,0
Hg®" | 12,87 [10,95 3.8 22 10,5
Pb** Pb*" + 31 =Pbl;~ 13"§K1K2K3 B 0,0
Pb*" + 41 = PbL,> logK KoK sKs 0,0
=45
%‘235) AP 597|496 5,04 0,1
2U4
ca®™ 3,19 0,0
cd® | 2,73 1,4 1,0 1,0
Fe* | 7,58 6,23 4,8 1,0
Mg* 3,42 (18°C) 1,0
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Pb*" | 4,20 2,11 0,0
(S;‘(l;f’;‘t) AP | 3,89 0.0
Ca®* |2,13 0,0
Cu* 2,34 0,0
Fe** | 4,04 1,34 0,0
Mg®" | 2,23 0,0
Tio-
xianat cd* 1,89 0,89 0,1 0,0
(SCN")
N Cu’ 3SCN™ = logK|KoK; =
Cu Cu(SCN);> 11,60 0.0
Fe**  |3,02 0,62 0,0
Hg** logK K, = 17,26 2,7 1,8 10,0
Ni** 1,76 0,0
Tio-
sunfat Ag’ 8,82 4.7 0,7 0,0
(S:05%)
Cu* logK K, =6,3 0,0
Hg*" logK K, = 29,23 1,4 0,0

Phu luc VII

MOT SO THE PIEN CUC CHUAN VA HINH THUC

Nira phan tmg E®, V' | Thé hinh thie, V'
Nhoém

AP 43¢ = Al(D) 1,662

Antimon

SbyOs(r) + 6H' —4e =2SbO" + 3H,0 +0,581

Asen

H3As04+2H ' +2¢ = H3As03 + HyO +0,559 | 0,577 trong HCLHCIO,4
Bari

Ba®' +2¢ = Ba(r) 2,906

Bismut

BiO +2H' -3¢ =Bi(s) + HO +0,320
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Nira phén @ng E®, V' | Thé hinh thic, V'
BiCl; + 3¢ =Bi(s)+4 Cl_ +0,16
Brom
Bry(1) +2e¢ =2Br +1,065 1,05 trong HC1 4 M
Bry(n) +2¢ =2Br +1,087
BrO3; +6H +5¢e =Bry(1)+3H,0 +1,52
BrO; +6H +6e =Br +3H,0 +1,44
Cadimi
Cd*" +2¢ = Cd(s) 0,403
Canxi

24, -
Ca” +2e =Ca(s) -2,866
Cacbon

. + - +0,696 trong HCl, HC1O4, H>SO4 1

CeH405 (quinon) + 2H —2e = CgHy(OH), | +0,699 M
2C0x(g) + 2H +2¢ = HyC,04 0,49
Xeri

a4 - 3+ +1,70 trong HCIO4 1 M, +1,61 trong
Ce +e =Ce

HNOj3 1 M, +1,44 trong H,SO4

Clo
Cly(k) +2¢ =2CI +1,359
HCl+H —e =1/2Cly(k) + H,O +1,63
ClO; +6H —5¢ = 1/2Cly(k) + 3H,0 +1.47
Crom

- - 2
Cr +e =Cr -0,408
Cr +3e = Cr(r) —0,744
CryO7° + 14H +6e =2Cr ' + TH,0 +133
Coban

T
Co™ +2e =Co(r) -0,277
Co’+e¢ =Co’" +1,808
Déng

2 -
Cu™ +2e =Cu(r) +0,337
e =cu’ +0,153
Cu +e =Cu(r) +0,521
Cu® 1 +e =Cul(r) +0,86
Cul(r)+e =Cu(r)+1 -1,85
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Nira phan éng E®, V' | Thé hinh thae, v

Flo

Fo(k) + 2H +2¢ = 2HF(n) +3,06

Hidro

2H +2¢" = Hy(k) 0,000 0,005 trong HCL, HCIO4

Tod

Iy(s) + 2¢ =21 +0,5355

Ln)+2¢ =21 +0,615

Iy +2e =3 +0,536

ICl, +e = 1/2Iy(s) +2C1 +1,056

105 +6H +5¢ = 1/2Iy(r) + H,0 +1,196

105 +6H +5¢ = 1/2Iy(n) + 3H,0 +1,178

105 +2CI +6H +4e =ICl, +H0 +1,24

HslOg + H' +2¢ =105 +3H0 +1,601

Sét

Fe’" +2¢ = Fe(r) 0,440

Fe3+ b e = Fe2+ 10771 0,700 trong HCI 1 M; 0,732 trong
HCIO4 1 M, 0,68 trong HySO4 1 M

Fe(CN)>™ + ¢~ = Fe(CN)g> 1036 %gozri“;i Ezcslo: M; 0,72 trong

Chi

b2 406 = Pb(r) 0,126 —0,14 trong HCIO4 1 M; 0,29 trong
H,SO4 1 M

PbO,(r) + 4H' +2¢ = Pb> + 2H,0 +1,455

PbSO4(r) + 2¢ = Pb(r) + SO3° 0,350

Liti

Li' +e =Li() 3,045

Magie

Mg”" + 2¢” = Mg(r) 22,363

Mangan

Mn®" + 2¢” = Mn(r) 1,180

Mn®" + e =Mn*" 1,51 trong HySO4 7,5 M

MnOs(s) + 4H' + 2¢ = Mn® " + 2H,0 +1,23

MnO,; +8H' +5¢ =Mn>" + 4H,0 +1,51

MnOy4 +4H' + 3¢ = MnOs(r) + HyO +1,695

MnO; +¢ =MnO;>~ +0,564
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Nira phén @ng E®, V' | Thé hinh thic, V'

Thuy ngan

Hey” ' +2e = 2Hg(l) +0,788 gﬁ;igg;“i; (;;40’776 trong HCIO4;

2Hg™ +2¢ =Hg, " +0,920 | 0,907 trong HCIO,

He® +2e = Hg(l) +0,854

HegCly(r) +2¢~ =2Hg(l) + 2C1” 10,268 I%g;‘(;’r;;fti?glizlhba; 0.282 trong

He,S04(r) +2¢ =2Hg(1) + SO4> +0,165

Nicken

Ni®' +2¢” = Ni(s) 0,250

Nito

No(k) + 5H' +4e =NoHs 0,23

HNO, +H' +e =NO(k) + HyO +1,00

NO; +3H' +2¢ =HNO, + H,0 +0,94 | 0,92 trong HNO;

Oxi

H,0,+2H +2¢ =2H,0 +1,776

HO, +H,0 +2¢ =30H +0,88

0,(k) + 4H ' +4e =2H,0 +1,229

0,(k)+2H +2¢ =H,0, +0,682

05(k) + 2H' +2¢ = Oy(k) + H,0 +2,07

Paladi

Pd*" +2¢ = Pd(r) +0,987

Ptatin

PtCl3>" +2¢ = Pt(r) + 4 CI_ +0,73

PtClg> +2¢ =PtCly> +2CI +0,68

Kali

K +e =K@) 2,925

Selen

H,SeO3 + 4H ' +4e = Se(k) +3H,0 +0,740

Se03” +4H" +2¢ = HySeO;3 + H,0O +1,15

Bac

Ag+ fe = Agh) 0,799 0,228 trong HCI; 0,792 trong HC1Oy4;
0,77 trong HySO4

AgBr(r) +e = Ag(r) + Br +0,073

AgCl(r) + ¢ = Ag(r) + CI +0,222 | 0,228 trong KCl
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Nira phan tng E°,V | Thé hinh thic, V'
AgCl(r) + e = Ag(r) + 2CN 0,31

AgrCrO4(r) + 26 = 2Ag(r) + CrOg> +0,446

Agl(r) +e =Agr)+1 -0,151

Agl(r) + e = Ag(r) + 25,05 +0,017

Natri

Na' +e =Na(r) 2,714

Sulfua

S(r) + 2H' —2¢ =H,S(k) +0,141

H,SO; +4H +4e = S(r) + 3H,0 +0,450

SO4% +4H +2e = HSO3 + H30 +0,172

S406° +2¢ =28,05° +0,08

S,05° +2¢ =250° +2,01

Tali

T +e =TIM 0,336 ;)\/512)14 }E(;r;i HCL 033 trong
T +2¢ =TI +1,.25 0,77 trong HCI
Thiéc

Sn®” +2¢ = Sn(r) 0,136 | 0,16 trong HCIOy4
sn*"+2¢ =sn*" +0,154 | 0,14 trong HCI
Titan

Tio +e =Tit 0,369

Tio* +2H + ¢ =Ti*" + H,0 +0,099 | 0,04 trong H,SOy4
Uran

V05> +4H +2¢ =U* + 20,0 +0,334

Vanadium

VvV ae =V -0,256 0,21 trong HCIO4
VO +2H+e =V’ + Hy,0 +0,359

VOH), +2H + ¢ = V0> +3H,0 +1,00 1,02 trong HCI, HCIO,
Kém

Zn*" +2¢” = Zn(r) 0,763

“ Nhitng thé nay 1a gia dinh boi vi chung twong Gmg véi dung dich Br, hodc I, bang
1,00 M. D¢ tan twong ng cua hai hop chat nay & 25°C 1a 0,18 M va 0,0020 M. Trong cac
dung dich bio hoa chira lugng du Br, 16ng hodc I, ran thé chuan clia nira phan tmg;
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Bl'z(léng) +2e =2Br

Iz(rg'm) +2e =2I"
van duoc sir dung. Nguoc lai & néng do Brova I, thép hon néng dd bao hoa, nhiing thé dién
cuc gia dinh d6 cling dugc su dung.

* Thé hinh thtrc 1a thé dién cuc ciia mot cap co néng dd phan tich cua tat ca cac chat
tham gia béng don vi va néng dd céc chat khac trong dung dich dugc dinh 1d.

G. Milazzo, S. Caroli, K. Sharma, Tables of Standard Electrode Potentials, London:
Willey, 1978.

E. H. Swift and E. A. Butler, Quantitive Measurement and Chemical Equilibria, New
York: Freeman, 1972.

Phu luc VIII

CAC CHAT PUQC KHUYEN DUNG PE PIEU CHE CAC DUNG DICH
CHUAN CHO NHUNG NGUYEN TO THONG DUNG

Nguyén to Chat Khdi luong Dung méi Ghi chu

Nhom Al kim loai 26,98 HCL " néng, |
loang

Antimon KSbOC,H406.1/2H5) | 333,93 H,O c

Asen As,O; 197,84 HCl loang 1,b,d

Bari BaCO; 197,35 HCl loang

Bismut Bi,03 465,96 HNO;

Bo H,BO; 61,83 H,O d, e

Brom KBr 119,01 H,O a

Cadimi CdoO 128,40 NHO;3

Canxi CaCOs 100,09 HClI loang 1

Xeri (NH4),Ce(NOs)6 548,23 H,SO4

Crom K,Cr,04 294,19 H,O i,d

Coban Co kim loai 58,93 HNO; a

Dong Cu kim loai 63,55 HNO:; lodng a

Flo NaF 41,99 H,O b

lod KIO3 214,00 H,O 1
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Nguyén to Chat Khdi lwong Dung méi Ghi chu
St Fe kim loai 55,85 HCI néng a
Lantan La,O3 325,82 HCl nong f
Chi Pb(NO3), 331,20 H,O a
Liti Li,COs 73,89 HCl a
Magie MgO 40,31 HCI
Mangan MnSO,4.H,O 169,01 H,O g
Thuy ngan HgCl, 271,50 H,O b
Molipden MoO; 143,94 NaOH 1 M
Niken Ni kim loai 58,70 HNOj; nong a
Photpho KH,PO4 136,09 H,O
Kali KCl 74,56 H,O a
KHCsH404 204,23 H,O i,d
K,Cr,04 294,19 H,O i,d
Silic Si kim loai 28,09 NaOH dic
Si0, 60,08 HF ]
Bac AgNO; 169,87 H,O a
Natri NaCl 58,44 H,O 1
Na,C,04 134,00 H,O i,d
Stronti SrCO; 147,63 HCI a
Luu huynh K,SOq4 174,27 H,O
Thiéc Sn kim loai 118,69 HCL
Titan Ti kim loai 47,90 H,SO41: 1 a
Wolfram Na,W0,4.2H,0 329,86 H,0O
Uran U;0Og 842,09 HNO; d
Vanadi V5,05 181,88 HCl nong
Kém Zn0O 81,37 HCI a

Néu khong c6 ghi chu gi dic biét khac, cac chat s& duoc lam khé dén khéi luong khong doi &
110°C.

* Néu khong co ghi chu gi didc biét khac, cac axit déu 13 axit dic tinh khiét phan tich.

a. Phi hop voi céc tiéu chudn da dugc liét ké & muc 7.2 va dat chat luong chuan

b. Bc tinh cao

c. Mat 1/2H,0 & 110°C. Sau khi 1am kho kl}éi luong phén tir = 324,92 g. Hop chat
khé duoc can lai nhanh sau khi lay khoi binh phong am.



nghé.

dén khdi luong khong doi.

335

d. C6 hi€u lyc nhu mot ti€u chuan co ban cia vién Quodc gia ve tiéu chuan va cong

e. H3BO; duoc can truc tiép trong mot cde can, mat 1 mol H,O & 100°C, kho 1am kho

f. Hip thu CO, va H,O. Nung ngay trude khi st dung

g. C6 thé 1am kho ¢ 110°C ma khong mét nude

h. Mt cé hai phan tir nu6e. Khdi lwong phan tir = 293,82. Giit trong binh

1. Tiéu chuan co ban

j. HF ¢06 ddc tinh cao va hoa tan thuy tinh

Phu luc IX
HE PEM pH

HON HQOP PEM TRONG VUNG pH =2,2 - 8,0

Dun dich . . Dun dich . .

| Nairo, 02 .| P8 S N | e, 02 | P S
ml ml

2,2 | 0,40 19,60 5,2 110,72 9,28

24 | 1,24 18,76 54 | 11,15 8,85

2,6 | 2,18 17,82 5,6 | 11,60 8,40

2,8 | 3,17 16,83 5,8 112,09 7,91

3,0 | 4,11 15,89 6,0 | 12,63 7,37

3,2 14,94 15,06 6,2 | 13,22 6,78

3,4 15,70 14,30 6,4 | 13,85 6,15

3,6 | 6,44 13,56 6,6 | 14,55 5,45

3,8 | 7,10 12,90 6,8 | 15,45 4,55

4,0 | 7,71 12,29 7,0 | 16,47 3,53

4,2 | 8,28 11,72 7,2 | 17,39 2,61

44 | 8,82 11,18 7,4 | 18,17 1,83

4,6 | 9,35 10,65 7,6 | 18,73 1,27

4,8 | 9,86 10,14 7,8 | 19,15 0,85

5,0 | 10,30 9,70 8,0 | 19,45 0,55
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Thém vao 100 ml dung dich hon hop H;PO, 0,04 M; CH;COOH 0,04 M va
H3;BO; 0,04 M nhiing thé tich V ml dung dich NaOH 0,2 M.

V (ml) pH V (ml) pH V (ml) pH V (ml) pH

0 1,81 27,5 4,35 52,5 7,00 77,5 9,91
2,5 1,89 30,0 4,56 55,0 7,24 80,0 10,38
5,0 1,98 32,5 4,78 57,5 7,54 82,5 10,88
7,5 2,09 35,0 5,02 60,0 7,96 85,0 11,20
10,0 2,21 37,5 5,33 62,5 8,36 87,5 11,40
12,5 2,36 40,0 5,72 65,0 8,69 90,0 11,58
15,0 2,56 42,5 6,09 67,5 8,95 92,5 11,70
17,5 2,87 45,0 6,37 70,0 9,15 95,0 11,82
20,0 3,29 47,5 6,59 72,5 9,37 97,5 11,92
22,5 3,78 50,0 6,80 75,0 9,62 100,0 11,98
25,0 4,10
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