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GIGI THIEU VE MON HOC

Vi tri, y nghia, vai tr6 mén hoc

M6n hoc Hoa hoc phan tich 1a mét trong nhirng kién
thirc co ban ban diu trong cac mén hoc lién quan dén
viéc phan tich cac san phdm dau khi.

M6n hoc nay sé cung cap cho cac hoc vién cac kién
thirc co ban ctia Nganh phan tich héa hoc, tir d6 hoc vién
sé tw hinh thanh cac ky nang st dung cac dung cu trong
phong thi nghiém phan tich dé cé thé phan tich dwoc cac
chi tiéu trong san phdm cda dau khi & phan co s, ciing
nhw van dung sang tao cac kién thirc dwoc hoc dé hiéu
va tim toi khac phuc trong céc thi nghiém twong tw cla
thuc té.

Ngoai ra, mén hoc cling rén luyén cho hoc vién
nhirng y thtrc va théi quen qua cac bai thyc hanh, luyén
tap trong twng giai doan
Muc tiéu cia mén hoc

Hoc xong mén hoc nay, hoc vién can phai:

1. Nam virng cac khai niém co ban vé héa phan
tich.

Phan tich dinh tinh.
Phéan tich dinh lwgng.
Hiéu biét cac dinh luat hoa hoc.

5. Thwc hién phan tich cac loai chét khac nhau.
Muc tiéu thwc hién ciia mon hoc

WD

Khi hoan thanh mén hoc nay, hoc vién cé kha nang:
1. M6 ta cac khai niém co ban vé phan tich dinh
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tinh va dinh lvong.
2. Phantich cac ion theo:
+  Phan tich dinh tinh.
+  Phan tich dinh lvgng.
3. Phan tich cac loai chat khac nhau.
Thyc hién cac thi nghiém lam trong PTN héa phan
tich cta trwong.
No6i dung chinh cia mdn hoc
Bai 1: Khai niém co ban.(hé théng phan tich dinh
tinh)
Bai 2: Phan tich dinh tinh Cation nhém 1
Bai 3: Phan tich dinh tinh Cation nhém 2
Bai 4: Phan tich dinh tinh Cation nhém 3
Bai 5: Phan tich khdi lwong. (phan tich dinh lvong
khéi lvong)
Bai 6: Phan tich thé tich
Bai 7: Phan tich dinh lwvong acid — baz
Bai 8: Phan tich dinh lwong oxy hoa khtr
Bai 9: Phan tich dinh lwvgng tao phirc
Bai 10: Phan tich dinh lwgng tao tia



CAC HINH THPC HOAT DONG HOC TAP CHINH TRONG
MON HOC

- Hoc trén lop vé:
+  Céc can bang trong dung dich
+ Phan tich dinh tinh cac cation cac nhém
1,2,3
+  Phan tich dinh lwgng theo phwong phap
khéi lwong
+ Phan tich dinh lwgng theo cac phwong
phap thé tich
+ Céc phuwong phap tinh sai sb cua phép
chuan do
- Tw nghién cru tai liéu lién quan dén Phan tich
CO sO.
- Theo déi viéc hwéng dan giai cac bai tap
—-  Lam céc bai tap vé cac can bang trong cac hé
dung dich, cac bai tap vé xac dinh ham lwong
cac mau chat
- Tinh toan cac bai toan sai sb6 trong cac bdo céo
vé ham lvong da dworc tinh toan
- Thao luan va xay dwng cac cong thirc tinh toan,
cac hé théng phan tich dinh tinh
- Tham gia cac bai kiém tra danh gia chat lwong
hoc tap.
- Tham gia cac bai thwc hanh tai phong thi
nghiém



YEU CAU VE DANH GIA HOAN THANH MON HOC

Vé kién thirc

Van dung duoc cac kién thirc da dwoc hoc dé
xac dinh dwgc cac phwong phap phan tich cho
phu hop véi mot sd mau thuc.

Xay dwng duwoc dwdng dinh phan va db thi cta
chung

Xac dinh dwoc cac chi thi twong (rng cho phép
chuan do

Van dung dwoc cac ly thuyét vé can bang trong
dung dich dé& xac dinh dwoc cac yéu tdé anh
hwéng dén dung dich

Van dung tét cac codng thirc phan tich dé tinh
toan dwgc ham lwgng cac chét phan tich

Vé ky nang

Thanh thao cac thao tac st dung cac thiét bi,
dung cu phan tich trong phong thi nghiém

Tinh toan dwoc sai sb trong qua trinh phan tich
Tinh toan thuan thuc cac bai toan vé xac dinh
ham lwgng cac dung dich phan tich.

Hé théng hoa dwoc cac cach dinh tinh cac ion
trong dung dich

Thwe hién tét cac bai thi nghiém cta mén hoc
Xac dinh dwoc ham lwong cac mau chat ban
dau

Vé thai do

Nghiém tuc trong thwc tap khi thwe hién cac bai



thi nghiém phan tich trong phong thi nghiém
Ludn cha déng trong viéc xac dinh ap dung cac
phuwong phap phéan tich

Poéng vién, nhac nhé cac ddng nghiép thwe hién
dung thao tac ky thuat da dwoc hoc.



BAI 1. CAC KHAI NIEM CO BAN
M4 bai: HPT 1

Gi¢i thiéu
Pé tién hanh phan tich dwoc cac mau dung dich
nwdc, cn phai ndm virng mét cach cé hé thdng cac kién
thrc v& dung dich, cac khai niém lién quan trong hoa
phan tich
Muc tiéu thwc hién
Hoc xong bai nay hoc vién sé c6 kha nang:
1. M@ ta sw dién ly trong dung dich.
2. M@ ta tich sé ion ctia nwéc - pH cla dung dich.
3. Mé ta pH trong cac hé acid - baz.
4. Nam virng cac khai niém vé dd hoa tan, tich sb
tan.
Nam virng cac khai niém co ban vé phirc chat.
. M6 ta phan &rng thay phan.
Noi dung chinh
1. Sw diénly trong dung dich.
2. Tich sé ion ctia nwéc - pH cla dung dich.
3. pH trong cac hé acid - baz.
Khai niém vé dd hoa tan, tich s tan.
5. Khai niém co ban vé phirc chét.
6. Phan wng thdy phan
1. 1. Sy dién ly trong dung dich
1.1.1. Khai niém dién ly
Dung dich 1a mét hé ddng thé gébm 2 hay nhiéu chat
ma thanh phan cla né cé thé thay dbi trong gi¢i han rong.
Gom 3 loai dung dich: dung dich khi, dung dich Idng, dung
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dich ran.

- Dung dich khi l1a hdn hop cta hai hay nhiéu chét
khi (nhw khéng khi). Trong diéu kién binh
thwong do twong tac gilra cac phan t&r khi qua
nhé nén dung dich khi gan nhw la hén hop co
hoc. Nhwng khi diéu kién thay dbéi vdi ap suat
cao, sw hoa tan cla cac chat khi gibng nhw sw
hoa tan cla cac chat 16ng, vi ltc nay chang ¢
lwe twong tac dang ké.

- Dung dich léng la dung dich dwoc tao thanh tw
nhirng chat cé kha ndng hoa tan trong dung mbi
léng.

- Dung dich ran la nhi¥rng tinh thé dwoc tao thanh
do suw hoa tan cta cac chét khi, 1dng, ran trong
dung méi chét ran.

Xét trong hé dung dich 1dng, khi cho chét tan vao
trong dung méi léng, lubn xay ra 2 qua trinh: qué trinh
chuyé&n pha pha v& cAu tric chat tan thanh cac ion, phan
tlr hay nguyén tt, rbéi khuyéch tan vao trong dung méi
(day la qua trinh vat ly, thu nhiét) + qua trinh sonvat hoa
twong tac hinh thanh gitra cac phan tlr da chuyén pha véi
cac phan tr dung moéi (day la qua trinh hoa hoc, phat
nhiét )

" Sw dién ly 1a qua trinh phan ly cac chét tan thanh
nhirng ion mang dién tich trai ddu, cac chat trong trang
thai néng chay hay trong dung dich, cé kha nang phan ly
thanh nhirng ion mang dién tich trai dau, lam cho hé co
kha nang dan dwoc dién, goi la chét dién ly "



Dwoi tac dung cua dong dién, cac ion dwong sé di
chuyén vé phia dién cwc am (catod) nén goi |a cation, con
cac ion am sé& di chuyén vé dién cuwc dwong (anod) nén
goi la anion. Céc ion dé cé tinh chéat khac hoan toan so
v&i cac nguyén tlr cung loai nguyén té (chang han, ion H*
c6 tinh chua, gay chua, lam quy tim héa ddé, nhwng
nguyén t& H thi khdng c6 tinh chét nay)

Phan loai: chat dién ly gém hai loai:

- Chét dién ly manh: 1a chat dién ly cé kha nang

phan ly hoan toan, dwoc biéu thi bang dau ( — )

- Chét dién ly yéu: 1a chat dién ly khdng cé kha

nang phan ly hoan toan, dwoc biéu thi bang dau
(=

Vi du: dung dich HCI, NaCl... Ia nhixng dung dich
chét dién ly manh dwoc biéu thi trong dung dich nuwéc la:
HCl - H"+ CI

NaCl - Na*+ CI

Con nhirng dung dich FeCl, , Cu(OH),... Ia nhirng
dung dich chét dién ly yéu dén rat yéu, dwoc biéu thj trong
dung dich nuwéc la:

FeCl, = Fe*" + CI'
Cu(OH), == Cu** + 20H v.v...

M6t diéu can lwu y 1a: nhitng ion dwoc minh hoa
bang cac phwong trinh dién ly trong cac qua trinh dién ly,
la nhirng ion sonvat chi¢ khéng phai Ia nhirng ion tw do
(cach viét trinh bay & trén la cach biéu thi sy sonvat hoa
da duworc viét gian lwoc roi)



1.1.2. Hang sé phan ly dung dich
1.1.2.1. Khai niém

Trong dung dich dién ly ludn c6 mét can bang dong
dwoc xac 1ap cho qua trinh  dién ly chat tan, chang han
cho chéat tan A,B, tan trong nwoéc, thi qua trinh hoa tan
lubn bao gébm hai qua trinh phan ly chat tan A,B, thanh
cac ion sonvat va qua trinh két hop cac ion nay thanh
phan t A.B,. Sau mét thdi gian, cac van téc cla 2 qua
trinh nay bang nhau thi dung dich sé dat t&i qua trinh can
bang

A.B, = mA™ + nB™
o s A oA s _ [AY].[B™]"

Khi d6 hang sO6 can bang Kcg [AB]
dwoc goi la hang sé dién ly hay hang sé phan ly A,B,.
Day la mét dai lwgng dac trweng cho chat dién ly hoa tan
trong mot dung méi nhat dinh.

Vi du: déi véi acid phan ly mét ndc nhw CH;COOH
la:

con

CH;COOH = CH;COO + H"

Thi hang sb phan ly (hay con goi la hang sb acid):
_ [H'].[CH,007] _
~ [CH,COOH]

Déi véi acid phan ly hai nAc nhw H,CO3 : mbi nac
phan ly cé mét hang sb twong trng

H,CO; == H"+ HCOj

_ [H'].MHCO; 1_ 4-635
[H,CO;]
HCO; = H'+ CO5”

1,82.10°°.

CB




_ [H'1[co” ] _
[HCO, ]
Khai niém vé& d® manh ctia moét acid hay mét baz

cling c6 thé dwoc xac dinh dwa trén hang s phan ly cla

Kes 101033

chét do: Kcg clia phwong trinh dién ly acid cang 1&n thi
tinh acid cang manh (hay ngwoc lai di véi baz). Luc do,
Kee cOn duoc goi la hang sb acid K, (hay dbi véi baz la
hang sb baz Ky,)

Hang sb dién ly cia mét chéat dién ly rat phu thudc
vao ban chat cla dung méi hoa tan noé. Viéc thém mét
dung méi khac cé dd thdm dién mdi nhé hon nuwéc (chang
han Dioxan c6 € = 2,2 so v&i nwdc la 80,4) vao dung
dich chét dién ly s& lam gidm hdng sb K nay (khi cho
Dioxan vao dung dich acid acetic thi pK, = 4,75 tang Ién
pK. = 10,52, tirc hang sbé dién ly da bi gidm di gan 1 triéu
lan), két qua chat tan sé& khé tan hon. (Pé tién viéc tinh
toan, thwong str dung pK, = - Ig K, va pKy, = - Ig Ky, vOi
PKa + pKp = 14)
1.1.2.2. Hang sé bén va khéng bén

Céac qua trinh dién ly trong dung dich chat dién ly
duwoc xac dinh dinh lwong theo hdng sé dién ly Kcg, con
goi 1a hang sb phan ly hay hang s khéng bén (Kp)

Chéang han

CH3COOH == CH3COO™ + H" ¢6 Kcg = Kpj = 1,82.10°.

Con cac qua trinh két hop ion trong dung dich chét
dién ly dwoc xac dinh dinh lwong theo hang sb két hop,
con goi 1a hang sé bén p.

Chang han:

10



CHs;COO + H* == CH3COOH Kcg=p=10"*",
Nhuw thé trong mét dung dich chét dién ly ludn co
Kpr. B = 1.

(Thweng hdng sb bén dwoc siv dung cho cac qua
trinh phan ly clia cac phirc)

Vi du: Tinh néng dd céc ion tai can bang trong phan
tng gitra thubc ther H,R v&i ion kim loai solvat M theo
phwong trinh sau:

M(OH), + g.HnR = M(OH); (HnnR)q + g.n.H (1)

(d& don gidn cac phwong trinh phire khéng ghi dién tich)

Khi d6 hé tén tai hai hinh thirc can bang |a can bang
cla ion kim loai v&i nwéc va thudc thr véi nwérc.
Khao sat phan (rng gitra ion kim loai vé&i nwéc

Cac phan rng tao phtrc cua M véi hydroxo:

M+ H,0O = MOH+ H B, = [MOH] = B, [M] h*
MOH + H,0 = M(OH),+ H B, = [M(OH),] = B
B2 [M] h®
M(OH)i.y + HLO = M(OH); + H B;
= [M(OH); ] = B1 B2...pi [M] h ‘ ‘
Theo dinh luat bao toan nong dé ban dau, ta co:
Cm = [M] +[MOH] + [M(OH); ] +....+[M(OH); ] + Cx
CM _CK
1+ Bh™*+ BBN 7 +..+ Bf,.. /0"

= [M] =

va
[M(OH)i] - - CM_Z_CK —. ﬁlﬁzi"'ﬂi
1+ B0+ B AN +.+ B,... AN h
la biéu thire tinh néng do ion solvat cua M tai thoi
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diém can xét.
Khao sat phan rng cta thuéc thir H,R
Phwong trinh phan ly cia thubc thiy
Hhnv1R =— H,R + H
Ko = [Hms1R] = [HmR].h.ko
HoR = HpiR + H
Ki = [HmaR] = [HnRl.h™" kg

Hm.(n-l)R # Hm.nR + H Kn = [Hm+nR]:[HmR].h-n.k1 kz...kn
Theo dinh luat bao tdan néng dé ban dau:
[HmR]=
Cy.r —0Ck K.K,..K
1+h K, +Kh?+KKh2+. +KK,.Kh™"  h
Nén ndng dd tai thoi diém dang xét:
CHmR —qCy
1+hK, " +Kh'+KKh?2+. +KK, .Kh™"
Hang sé bén B cia phirc M(OH); (Hi,.R),
. [H]*".[M(OH),.(H,,_,R),]
1):K,= s
[M(OH);]1.[H.R]
Va hang sb khéng bén:
_ 1_ [M(OH)].H,.RI*
KB — ——
g [M(OH),.(H,_,R),]
- [M (OH)i]'(CHmR _qCK)q
Co(+hK, ' +Kh?+ K K,h 2+, +KK,. .Kh")
K,K,..K,
hn
bat:

n

[HmnR] =

:>KKB

)q
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- [M (OH)i]'(CHmR _qCK)q
Cy(l+hK, " +Kh? +KK,h?+. +KK,.Kh™")

K )13 bidu thire tinh Keg hay B

Thi: Kke= B. (

n

cla phtrc.

Vi dy: Tinh ndng d6 cla cdu t&r (CH;COO ) trong
dung dich phén ly CH;COOH. (HS ap dung cong thuc trén
dé tinh dwoc: p = 10°*™).

1.1.3. b6 diénly a
1.1.3.1. Binh nghia

La ty sé gitra ndng d6 chat dién ly bi phan ly véi néng
do chat dién ly dem vao hoa tan.

Coéng thire dwoc tinh 1a; o = ni
0

Trong do:
n la s6 mol cha chat dién ly bi phan ly
No 1a s& mol ctia chéat dién ly dem vao hoa tan
Dai lvgng o la dai lwgng khéng co thir nguyén, nd
thwong dwoc biéu dién bang %, va gia tri nay nam trong
gi®i han [0, 1]

- o =0 < lwong chét tan bd vao khéng phan ly
hoan toan (d6 la nhirng chat dién ly yéu dén rat
yéu, nhw cac chéat khi, chat két tia khong
tanv.v...)

- o =1 < lwong chat dién ly bd vao tan hoan
toan (d6 1a nhirng chat dién ly manh)

- 0<a<1l<chatdiénly yéu

Chang han: o (CH;COOH 0,1M) = 0,0135, nghia la
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trong 100 phan t&¢ CH3COOH chi c6 1,35 phan t&
CH;COOH bi phan ly thanh ion, con 98,65 phan tw
CH3;COOH khdng bi phan ly. N6i cach khac, khi hoa tan
CH3COOH vao dung méi nuwéc thi trong dung dich tao
thanh cé 3 ciu tk bj solvat |a CH;COO", H*, CH;COOH.
1.1.3.2. Méi quan hé giira dé dién ly a. va hang sé phan
ly Kpj

Thiét 1ap méi quan hé gitra o va K trong dung dich
(AnB, ) C™:

Quatrinhphanly: A,B, = mA™ + nB™

Néng dé ban dau: C 0 0

Néng dd can bang: C - x m.x n.x
2 < x=C.aThi: Ky :M

C—-x

- Phuwong phap gidi dung: tr biéu thoc trén,

Voi o =

chuyén thanh phwong trinh dai sé, rdi giai tim o
hay K
- Phwong phap giadi gan duang: Néu khi chuyén
biéu thirc sang phwong trinh toan hoc bac hai
tr& 18n va gid st dwoc C >> x (thwdng chi chap
nhan véi gia tri x nhd hon 100 1an so véi C) thi
c6 thé chap nhan dwoc C - x ~ C (ttrc bd qua x
trong mau sb), biéu thirc quan hé sé la:
Ka=m" nm x0+m
(Thworng véi dai lwong [H'] = x trong qua trinh phan
ly ctia dung dich acid dwoc dat 1a h)
Vi du: Tinh hang sé phan ly cia CH;COOH 0,1M c6
a=1,35%
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Qua trinh phan ly: CH;COOH — CH3;COO  + H*

Néng d6 ban dau: 0,1 0
Néng dé can bang: 0,1 - x m. X n. X

Véi o = % &x=0,1.a = 000135

X2

01-x

2
_(000135)° _ 1,85.10.
0,1-0,00135

= K(A) =

= K(A) =

Vi du: Thiét 1ap mdi quan hé gitra thé dién cuc E va
K trong dung dich oxy hoa khtr (ox1 + kh2)

Qua trinhkhtr : ox1 + ne=—=khl (E))

Qua trinh oxy hoa: kh2 - me — ox2 (E2)

Qua trinh oxy hoa khir: m ox1 + nkh2 — mkhl +
n ox2

. 0059 , oxl

Nén: E;=E%+ =22 |g =

tm=t o

0059 ,  oxl

E,=E% + 2% |g 2=

2T = m 9k
AE=Ei-E=[E%+ 0 Ig 20 ]-[E%+ 2 Ig

kht m

oxl
DL
Khi phan trng dat trang thai can bang thi AE = 0, qua
bién ddi ta co:
m.n
0,059 AE’

lgKcg =

15



1.2. Tich sé ion ctia nwéc — pH caa dung dich
1.2.1. Khai niém vé acid — baz
1.2.1.1. Theo Arrhenius

Acid la chét khi phan ly tao thanh cac ion hydro, va
baz 1a chat khi phan ly tao thanh céac ion hydroxyt.

Chéng han: HCI khi phan ly cho ion H* nén HCI
dwoc coi la acid ; hay NaOH khi phan ly cho ion OH" thi
dwoc coi la baz

Tuy nhién, ly htuyét nay chi dung twong déi trong mot
sb it cac trwdng hop ¢ trong thuc té. Hién nay cac khai
niém acid - baz chi dwoc st dung dbi v&i cac dung dich
nwdc va tré thanh khdng thuan tién khi chuyén sang dung
dich trong cac dung méi khac: Khi nghién ctru nhirng
dung dich khéng nw&c cla cac acid va baz thi trong cac
dung dich dé acid khéng tao ra cac ion H* va baz thi
khdng tao ra cac ion OH'.

Vi du: Khi hoa tan HCI trong NH; 16ng, sé xay ra
phan rng nhwng HCI khéng tao thanh cac ion hydroxoni
H;O" :

HCl + NH; = NH,"” + CI, nhwng HCI van dwoc
xem la acid

Vi du: Trong dung dich benzen dé dang xay ra phan
tng trung hoa HCI b&di NH; dé tao thanh mudi: HCl +
NH; == NH,CIl, nhwng phan &ng nay khéng kem theo
sy tao thanh nuwdc. Do dé trong dung dich benzen khi
trung hoa acid bang baz khéng xay ra phdn &ng twong
tac gitra ion H* v&i ion OH

Cac vi du trén da néu ra mot vai diém mau thuan voi
ly thuyét Arrhenius
16



1.2.1.2. Theo thuyét proton (con goi la thuyét Bronsted)

Acid 1a chéat c6 khd nang nhwdng proton (proton la
cac ion hydro khdng bi hydrat hod), baz la chat cé kha
nang nhan proton.

Nhw vay khai niém acid van giébng nhu truéc 1a trong
chét acid c6 hydro va cé kha nang nhuwéng proton cla né,
con khai niém baz khdng gan lién véi ion hydroxyl. Do dé
khai niém vé baz da dwoc mé rdong: bat ky chat nao co
kha ndng nhan proton déu 1a baz. Ban chét theo thuyét
nay coi qua trinh phan &ng acid v&i baz la qua trinh
chuyén proton tir acid sang baz, twong tw nhw ban chat
qua trinh oxy hoa kht 14 chuyén electron tr chét khir
sang chat oxy hoa.

Thuc nghiém da chirng t, khéng thé coé proton tw do
trong dung dich. Do d6 phan (rng tach hodc két hop
proton khéng xay ra mét cach cb 1ap, ma bao gio cling co
kém theo sw chuyén proton t acid nay sang mét baz
khac. Nhw vay trong dung dich luén tén tai hai qua trinh
cho va nhan proton clia cac acid va baz:

acid(l) = H* + baz(1)
H* + baz (2) == acid(2)

Vi du:

HCl + H,O == CI + H0O"
acid(1) baz(2) baz(l1) acid(2)

Trong phan (ng trén, c6 hai cap acid - baz tham gia
twong tac (cap acid - baz lién hop), va dwoc goi la nhirng
chét proton phan.

Trong thuyét proton, coi dung méi nhw la hop phan
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cla cac proton phan. Vi thé acid dwoc chia lam cac loai:
- Acid trung hoa vé dién nhw
HClI = H* + CI
H,SO, = 2 H" + SO,”
- Acid anion nhw
HSO, = H' + SO,~
H,PO, = H' + HPO,
- Acid cation nhw
H:O" == H" + H,0
NH,” == H" + NH;

Cac cation hydrat hoa cta hydro va kim loai cling
nhw cac cation phirc aque déu dwgc xem la acid cation,
nhw:

[AI(H,0)g]** = H" + [Al(H,0)s OH]**

Twong tw baz dwgce chia lam hai nhom chinh la: baz
trung hoa vé dién (nhw H,O, NH3 , CsHsNH, ...), va baz
anion (nhw CI', Br’, NO3'...)

Nhiéu chat dong vai trd vira cla acid va vira cla
baz, chung la nhirng chét lwdng tinh, nhw nwéc, NH;, va
mot s& dung méi proton phan la nhirng chét lwéng tinh

Vi du:

Khi phan ly, nwéc hay amoniac dwa ra proton vao
dung dich va thé hién tinh acid:

H,O = H" +OH va NH; == H"+ NH,

Nhwng déng thei H,O va NH; lai c6 thé nhan H, thé
hién tinh baz:

H,O+ H" = H;0" va NH; + H" == NH,’

QUua trinh ion héa cta chinh dung méi ciing chi c6 thé
xay ra khi né cé tinh chat lwdng tinh, chang han sw ion
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hoa nudec:
H,O + H,O = H;O" +OH

Nwéce 1a mot dung méi twong ddi manh, né cé ai luc
dbi véi proton twong déi 1én (7,9eV), do dé khi hoa tan
cac acid manh (HCIO,4, H,SO4 HNOs;...) vao nuwdc, can
bang proton phan gitra acid va nuwéc thyc té hoan toan
chuyén sang phai, diéu d6 phu hop véi sy ion hoa hoan
toan cla cac acid doé trong dung dich. Khi thay thé nwéc
bang dung méi cé ai lwc rat nhé dbi voi proton, nhw
CH3COCH; hoac CgHsNO,, thi moi acid manh trong dung
dich nwéc (khdng k& HCIO,, va H,S0O, ) sé tré thanh cac
acid manh vura.

Nhirng tinh chéat twong tw nhw cling xdy ra trai
nguwoc dbi véi cac dung méi baz, vi du, trong NH; 18ng,
NH; ¢ ai lyc rat Ién dbi véi proton (9,3eV) sé lam nhiéu
acid yéu tré thanh acid kha manh, c6 d6 phan ly gan bang
doé phan ly caa HNO; trong dung dich nwéc.

Ghi nhan téng quat:

M6t phdn &ng acid - baz bao gdm hai nira phan rng
la nhwdng va nhan proton.

Acid (1) == H" + baz (1) (Ky)

H* + baz (2) = acid (2) (Ky)

Acid (1) + baz (2) == acid (2) + baz(l) (K=K;.Kjy)

Cac hang sb6 K; va K, dac trwung cho kha nang
nhwdng proton cla cac acid (1) va (2). Gia tri K giup giai
thich d@ manh cuta acid (1) khéng nhirng phu thuéc vao
kha nang dac thu nhwdong hay nhan proton ma con phu
thudéc vao kha nang nhan proton clia baz hay dung mbi
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baz (2)
1.2.1.3. Theo thuyét Lewis

Acid la nhirng chat cé kha nang nhan cap electron

Baz 1a nhirng chét c6 kha ndng cho cép electron

Chéng han: NH; duoc goi la baz vi trong phan t&r cla
ching cé nguyén t&¢r N con cap electron ty do, cod kha
nang cho cap electron véi H hay véi chéat F3B.

NH; + H® == NH,
NH; +F;B = F3B-NH;

Thuyét nay c6 pham vi (rng dung kha cao vi tinh khai
quat cua né réng lon. Trong chirng myc cua giao trinh
nay, ching ta khéng nghién clru sau vé ly thuyét cla
Lewis.

Tat cd cac acid clGa Ahrrénius, Bronsted déu la
nhirng acid nhw clda Lewis, va baz cling vay, ngoai ra
thuyét Lewis con gidi thich dwoc cac trwong hop khac ma
cac thuyét Arrhénius, Bronsted chwa giai thich dwoc hoan
chinh nhw phan *ng xay ra gitra NH; v&i F3B.
1.2.1.4. Dung dich mudi

Mudi 1a nhém cac hop chat hoa hoc & dang tinh thé
co cau tao ion, dwoc tao thanh khi acid tac dung v¢&i baz.
Tan trong nwdc thi phan ly thanh cation kim loai (hoac
amoni) va anion gbc acid (d6i khi c6 ion H" hodc OH’) Mét
s6 mudi bi nwéc phan huy sinh ra acid va baz twong ng.

Mubi dwoc chia thanh 5 loai:

- Muédi trung hoa: 1a muédi trong céng thirc ciu tao

khong chira cac nhom H* hoac OH". Nhuw: NacCl,
Na,SO4, MgCls...

- Muédi acid: 1a mudi trong cdng thirc cau tao con
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chira cac nhém H*, nhw la NaHSO.,
Na,HPO,...

- Muédi baz: 1a mubi trong céng thirc ciu tao chira
cac nhom OH’, nhv MgOHCI, Cu, (OH), COsg,
Cu(OH), ,...

- Mubi kép: 1a mudi trong céng thirc cau tao chira
cac nhom nguyén t&r 1am phdi t&r cho da kim
loai, nhu: KCr(SO.), 12 H,O, mubi Mohr
(NH,)»,S04.FeS0,.7 H,0, mubi Seignette KOOC
(CHOH), COONa.4 H,0...

- Mubi hén tap: 1a mudi trong coéng thirc ciu tao
chra da tap cac nhém nguyén tlr anion gbc
acid, nhw: CaCl(OCl)...

Dung dich mudi 1a dung dich c6 cac cation kim loai
(hay NH,* ) va anion gbc acid, da bi solvat hoa trong
dung méi twong rng (théng thwdng dung méi la H,O, thi
cac ion dé dwgc goi la cac ion hydrat hod)

Mot cach ghi nhan khac thi dung dich nwéc mudi 1a
dung dich thuy phan ca chat muéi tan dwoc trong nwéc.

Vi du: dung dich nwéc mubi CuCl, la:

CuCl, + H,O == (CuOH)"+2CI +H"

(khai niém dung dich nwéc la dé chi cac dung dich
dung dung méi la nwdc)

1.2.2. pH cua nwéc

Nwéce la mét dung maéi lwdng tinh:

2H,0 == H;0" + OH.

Khi mot chat co tinh chat acid vao nwéc thi nd sé
nhwdng proton cho nwdc va nguwoc lai khi cho mét baz
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vao nudc thi né sé nhan proton cua nwéc.
Vi du: Khi cho HCI vao nuwéec thi sé c6 qua trinh:
HCl+ H,0O == H;0" + CI’

Acid HCI Ia mét acid manh, vi né nhuwdng hoan toan
proton cho H,O va c6 bao nhiéu phan t&¢ HCI cho vao
nwoc thi sé c6 mot lwegng twong dwong ion H;O"  gidi
phéng ra.

DPé don gian co thé ghi phan (ng trén dang rat gon:

HCl = H" + CI

Vi du: Trong dung dich acid acetic:

CH3COOH + H,0O = CH3;COO + H3;0"

Pay la moét acid yéu, vi chi mét phan acid nhudng
proton, hay noi cach khac chi mét phan ion H;O"  duwoc
gidi phong ra. P& don gian cé thé viét phan (ng trén &
dang rut gon la: CH;COOH == CH3;COO™ + H’

Vi du: Khi cho NaOH vao nwéc:

2H,0 = H;0" + OH

Sau do: NaOH + H;O0" == Na’ + 2H,0

Qua trinh nay giai thich NaOH la mét baz manh, vi
toan bd lwvong NaOH co6 trong dung dich déu nhan proton
cta H,0, ddng thdi qua trinh trén lai gidi phong ra mot
lwong twong dwong ion OH'.

Pé don gian c6 thé ghi gon la :

NaOH == Na* + OH
Quaé trinh phan ly cla nwéc cé thé viét Ia:
H,O = H" + OH

Khi d6 ap dung dinh luat tac dung khoi lvong:

K (H,0) = [ L-OH ]
[H.0]
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Trong nwédc nguyén chét thi [H,0] ~ 1, nén
K~ (H+).(OH -) =W (1.1)
W duwoc goi l1a tich sb ion cla nwédc, nd phu thude
vao nhiét do: pw = -Igw
Bang 1.1. Bang cac gia tri pW & cac nhiét do
twong rng

t°C pw | °C| pw t°%c| pw | °C | pw

0 14,943 | 20| 14,167 | 35 | 13,680, 70 | 12,80
5 14,734 | 22| 14,00 40 | 13,535 80 | 12,60
10 | 14,535, 25| 13,996 | 50 | 13,262, 90 | 12,42
15 | 14,346 | 30| 13,833 | 60 | 13,017, 100 | 12,26

Bién dbi (1.1) bang logarit dwgc: pH + pOH = pW,

v&i pH = - Ig(H+) va pOH = -Ig(OH -)

Trong nwéc nguyén chéat ciing nhu trong cac dung
dich trung tinh, luén co:

(H]=([OH))

Nén pH = pOH = 1/2 pW (chdng han & 22 °C thi pH =
pOH =7)

Va trong dung dich acid thi ([H']) > ([OH7): pH < pOH
< pH < 1/2 pW (hay & 22 °C thi pH <7 va pOH > 7), VOi
dung dich baz thi ([H']) < ([OH]): pH > pOH < pH>1/2
pW (hay & 22 °C thi pH > 7 va pOH < 7).

1.3. pH trong cac hé acid — baz
1.3.1. Diéu kién proton
Néng dd proton trong dung dich & trang thai can
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bang l1a tdng ndng do ion proton ma cac chéat & trang thai
so sanh (dwoc quy wéc la mirc khdng) da giai phong ra
trir di tbng ndng d6 proton ma cac chat & trang thai so
sanh da thu vao dé dat t&i can bang. (Trang thai so sanh
c6 thé 1a trang thai gia dinh & mot diéu kién vé nhiét do
nao doé hay la dé |a trang thai ban du).

Day chinh la dinh luat bao toan proton dwgc ap dung
cho hé acid - baz.

Vi du: Viét diéu kién proton ctia dung dich hén hop
gdm NaOH C," va Na;PO, C,"

Giai:

Chon mtrc khéng 1a NaOH, NasPO, , H,O

Cac qua trinh dién ly xay ra

H,O = H" + OH

NasPO, — 3Na' + PO,>
NaOH + HY — Na' + H,0
PO,> + H" = HPO,*
PO,> + 2H" = H,PO,
PO,> + 3H" = H3PO,

Trong hé c6 moét qua trinh cho proton cia H,O va
bdn qua trinh nhan proton, nén diéu kién cta proton la:
[H] =[OH ]- ([Na"] + [HPO4* ]+ 2 [H.POs ] + 3 [H3PO4])

=[OH ]-C; - [HPO,* ] - 2 [H,PO; | - 3[HsPO,])

(1.2)

C6 thé tim dwoc diéu kién proton théng qua dinh luat
bao toan néng dd va bao toan dién tich, chdng han véi vi
du trén:

H,O0 =— H" + OH"
NasPO, = 3 Na' + PO,
24



NaOH — Na' + OH~
Thi: [H']+[Na*]=[OH ]+ [PO,*]
[Na"]=C,;+ 3C,
C, =[PO,> ]+ [HPO4* ] + [H,PO,s ] + [ H3PO,]
Két hop cac phuwong trinh lai cling cé két qla (1.2)
Vi du: Viét diéu kién proton clia dung dich
CH;COONa C;" va CH;COOH C,".

- Chon mtrc khoéng la H,O va CH3;COOH, thi cac
qué trinh phan ly cé trong dung dich:
CH;COONa — CH;COO" + Na’

CH3COOH — CH;COO™ + H*
H,O0 — H'" + OH"
Khi d6 diéu kién proton la:
[H]=[OH] + [CH3COO ]-C,=[OH]+C,-C;

- Chon muc khéng la H,O va CH;COO" thi cac
qua trinh trong dung dich
CH3;COO + Na" — CH;COONa

CH;COO + H" = CH3;COOH
H,O=— H" + OH"

Khi dé diéu kién proton |a:
[H']=[OH ] - ([CH;COOH ] - C,)
= [OH ]+ C, - [CH;COOH]
= [OH]+ C,-C,
1.3.2. pH trong cac hé acid - baz don churc
1.3.2.1. Khao sat trong hé don acid - baz manh
Vi du: Tinh thé tich cta acid HCIO, 0,001M can phai
|4y dé& diéu ché 1 L dung dich acid nay c6 pH = 6,2. Gia
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str acid nay dwgc xem la acid manh phan ly hoan toan.

Giai:

Cac qua trinh xay ra trong dung dich:

H,O — H" + OH"

HCIO, — H' + CIO4
Diéu kién proton 1a: [H*]= [OH ]+ [ClO, ] (1.3)
Goi C la néng dd dung dich HCIO, sau khi pha dé

cOpH=6,2

Ta c6: nébng dé HCIO, = ndng dd CIO, =C

nén(l.3)<:>h-v%-C:0

107

1072

< C=10%%- =6,15.10" M

6,15 .10 .1000
0,001
1.3.2.2. Khao sat trong hé don acid yéu - baz manh
hodc acid manh - baz yéu
Trong cac hé nay, dung dich luén c6 hai can bang la
cla nwdc va cla acid yéu phan ly ra proton hay baz yéu
nhan proton:

Vay thé tich can tim Ia: = 0,615 mL

H,O =— H" + OH~ (1)
Acid yéu: CH;COOH = CH;COO™ + H" (2)
Hay bazyéu:  NH;+ H® = NH," (3)

Céc acid, baz yéu phan ly phu thudc vao néng do
ban dau va hang sé phan ly K (trong dung dich nwéc mac
dinh & 22 °C dén 25 °C c6 W = 10 " ** ), nén muébn so
sanh khd nang phan ly cta cac acid yéu hay baz voi
nwéce thi dung tich sb ion ctia nwéc. P& don gidn trong
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viéc tinh toan, néu [H'] (cha acid) >>> [H'] (cGa nwdc) thi
c6 thé bd qua sw phan ly [H'] cla nwédc va chi tinh [H']
trén s phan ly ctia dung dich acid.
Va cling twong tw ly luan nhw trén cho baz.
Vi du: Tinh pH trong dung dich CH;COOH 0,001M
biét K,=1,8.10°
Trong dung dich c6 qua trinh:
CH;COOH = CH,COO™ + H'  (K)
H,O =— H' + OH" (W)
_ [H'][cH,CO0] _  h?
[CH,COOH] 0,001-h
< h?+1,8.10°h-0,001.1,8..10°= 0 < h = 1,26.10™
— pH = 3,89
(Theo phwong phap gan dung, tirc néu xem 0,001 - h ~
0,001 thi phwong trinh viét lai la:

h=CK = ,0,001.18.10° =1,34.10™

= [H"]=103%

= pH = 3,87
Nhan thdy cach tinh khéng cho sai sé I&n, c6 thé chap
nhan trong qua trinh giai don gian)
Vi du:
Tinh pH trong dung dich NH3102 M, biét

K(NH," = 5,7.10™"°
Trong dung dich cé qua trinh: H,O0 — H" + OH (W)
NH; + HY = NH," (K')

Taco K(A)

Nén: NHz; + H,O0 = NH,"” + OH (W.K™)
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Néng d6 ban dau: 0,01 0 0

Néng dé phan (rng :W/h W/h  W/h

Néng dd can bang: 0,01 - W/h W/h  Wrih

Ta cOW.K = % Viéc giai phwong trinh nay
kha phurc tap, cé thé coi W/h<<C, thi dung phwong phap
gidi gan dung, ta co:

W = h?K.0,01 < h= /OﬂmK = 2,38.10"'= pH= 10,62

1.3.2.3. Khao sat trong hé don acid - baz yéu
Vi du: Tinh s6 mol NaCN can cé dé cho vao 1 L dung
dich HCN 0,1M nham thu dwoc dung dich c6 pH = 7,3,
biét K,y =4,8.10™.
Giai:
Cac qua trinh phan ly:
H,O = H' + OH"~ (W)
NaCN — Na’ + CN
HCN = H' + CN (K=4,8.10")
Goi x la s6 mol ctia NaCN can tim dé& pha vao trong 1
L dung dich HCN, thi x ciing 1a ndng dd cia NaCN d3 |4y,
ta co:
HCN = H' + CN (K@)

Néng d6 ban dau: 0,1 0 X

Néng dé phan ’ng : h h h

Néng d6 can bang: 0,1-h h X+ h
h(x+ h)

Nén: Ky = <h? +(x+K)h-0,1K=0

01-h
Theo dé dung dich thu dwgc cé pH = 7,3 nén
[H*]=10"3, thay vao phwong trinh dwoc:
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(10732 + (x + 4,8.10"73%).107*-4,8.10" =0
< x=9,57.10" M

Vay lwong mol ma mudi NaCN can dung la 9,57.10™ (mol)
1.3.2.4. Khao sat trong hé hén hop acid - baz yéu

Vi du: Tinh pH khi pha trén dung dich HCI 0,001M
v&i dung dich CH;COOH 0,1M, biét

K. (CH;COOH) = 1,8.10™.
Giai:
Qua trinh phan ly:
CH3COOH — CH3COO" + H" (K=1,8.107)

Néng dé ban dau: 0,1 0 0,001
Néng dé phan (rng: h h h
Néng dd can bang: 0,1 - h h 0,001 +h
Nen: Koy = MO00L+h)
01-h

< h? + (0,001 +1,8.10°) h-1,8.10° =0 (1.4)

< h=9,2595.10"

< [H] = 9,2595.10* + 0,001 = 1,92595. 102

= pH=2,715
Nhan xét

Néu coi sw phan ly cia CH;COOH la khéng dang ké,
vi day la mét acid yéu, thi pH dung dich pha trén néu chi
tinh cho dung dich HCI, c6 [H'] = 0,001M <> pH = 3. Pay
la mot gia tri c6 thé xem |a gan dung véi tinh toan cu thé &
trén. Nhuw thé, sw pha tron hdn hop cac acid, c6 thé tinh
theo cach gan dung la chi 14y pH theo acid manh.

Tuy nhién nhan xét trén chi dung trong trwdng hop
néng d6 ctia acid manh khéng lodng I&m. Chang han & vi
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du trén, néu lay néng d6 dung dich HCI<10™M, nhw 1a 10"
M, thi phwong trinh (1.4) trén sé c6 h thay déi Ién. Do do
trong hén hop cac acid, nbng dd acid manh thap qua -
thwerng khodng gap 100 1an - thi trong qua trinh tinh toan
gia tri pH méi bj &nh hwéng ctia ndng dé acid yéu.

Vi du: Tinh pH khi pha trén dung dich CH;COOH
0,01M véi dung dich HCN 0,2M, biét K, ctia méi acid 1an
lwot 1a 1,8.10° va 4,8.10°™".

Giai:

Cach gan dang

Cac qua trinh xay ra:

CH;COOH = CH,COO" + H" (K;=1,8.10")
HCN — H" + CN" (K,=4,8.10")
Goi h; = [H']; twong (rng cla dung dich acid co Ki.
Tanhan thdy: h; = |[CK, =4,24.10"

va h, = JC,K, =9,79.10°

Nén hl > h2

<> acid CH3COOH Ia acid manh hon acid HCN

Nhw vay nhan dwoc két qua: h, >> h,. Do d6 viéc
tinh pH cta dung dich pha trén chi nén tién hanh trén
dung dich acid manh nh4t |a CH;COOH:

pH = -lg h; = 3,37.

Cach giai chinh xac

Khao sat qua trinh phan ly ctia acid HCN c6 sy pha
tron véi CH;COOH:

HCN = H" + CN (K=4,8.10"19

Noéng dd ban dau: 0,2 4,24.10™ 0
Néng dé phan &rng: h h h
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Néng d6 can bang: 0,2-h  4,24.10%h  h
Nén:
h® +(4,24.10" + 4,8.10™° h-0,92.10"° =0
< h=217.107
< [H]= 4,24.10%h
= 4,24.10"%+ 2,17.107
= 4,24217. 10"

< pH=3,37

(Piéu nay dung véi khao sat hé dung dich trén trong
thwe nghiém: pH do dwoc trong thuwe nghiém la 3,368)

Nhan xét: Khi tinh pH trong dung dich hdn hop cac
acid (hay baz) phai so sanh (h) cua trng dung dich da
cho, viéc tinh pH cua dung dich pha trén cung hé la tinh
theo pH cuia acid manh nhét.
1.3.3. Hé da acid - baz

C6 thé coi cac da acid nhw 1a hédn hop cia nhéu don
acid. Trong da sb trwdng hop, nhat 1a dbi véi cac acid vo
co, thi sw phan ly cla cac da acid xdy ra manh nhat &
nac th nhat, va sau d6 gidm dan & cac néc sau, nghia la
cac hang sb phan ly thwong sép xép giam dan theo thw
tw K; > K, >... Didu nay dé& hiéu vi mét phan t& khéng
mang dién mét proton dé& dang hon mét anion, va anion
cod mot dién tich lai mat proton dé& dang hon mét anion cé
2 dién tich v.v...

Theo Pauling:

- Céc hang sb phan ly cla tht tw cac nac, giam

dan theo ty |1& cach 1a 10
- C6 thé biéu dién cong thirc tbng quat cla cac

31



32

HA— H '+ HA'cd K;=

= [A®]=C.

oxyacid duwdi dang (HO)nXOm : khi m cang tang
thi kha nang acid d6 cang manh

Vé&i acid da chirc ma hai nac phan ly gan nhau
c6 gia tri cach nhau rat xa: gap 10 1an thi co thé
coi sy phan ly ndc ding trudc la déng vai trd
quyét dinh hon nic phan ly dirng sau va co thé
tinh néng doé ion hydro dwa vao can bang phan
ly & nic dirng trudc nay.

Vé&i acid da chirc ma cac nac gan nhau hodc
khéng cach nhau nhiéu 1dm thi phai tinh chinh
xac dwa trén cac qua trinh, cac phwong trinh
toan hoc, phai thiét |ap cac biéu thirc tinh ndng
dd cac cau tlr trong dung dich dwa trén sw tb
hop théng thwdng cac dinh luat tac dung khbi
lwong va dinh luat bao toan néng dé.

Vi du: Trong dung dich acid H,A C™ c6 hai qua trinh
phan ly:

_ [H'].[HAT]
[H,A]

< [HA] = KU [HY ). [HAT]

+ 2—-
HA == H' + A* c6 K,= T 1A

[HA']

S [HA 1= KM [H ). [A% ]

Theo dinh luat bao toan néng do:

(H2A)= C = [ HaA] + [HA ] + [ A%]

& C = K"K AZIH T+ Ko [AT ] [HT ] + [A* ]

1
K, WK, Ph?2+ K, h+1




K,.h
h? + K,.h+ K,K,
h2
h? + K,.h+ KK,
Trong trwdng hop tbng quat véi acid HLA:

n
[HaA] = C. h
h" + K, h" 4+ KK+ + KKK h+ KKK

Do dé: [HA ]=C.

va [H2A] =C.

n-1
[Hn—lA_] = C . ] = th
h" + K"+ KK+ 4+ KK, LK h+ KKK
.......... [A"] = C. K,K,..K,

h" + K, .h"" + K, K,h"? + L+ KK, LK h+ KKK
Vi du: Tinh pH cua dung dich H4A 0,1M
Céac qua trinh phan ly:
HA— H'+ HsA~ K;=107 (1.6)
H:A™ —H" + H,A* K,=102%% (1.7)
H,A” =— H'+ HA® K;3=10%%
HA* —H" + A" K, =101
Vi K; = K, >> K3 >> Ky, nén khi tinh phai ké dén hai
can bang (1.6) va (1.7) va khéng can tinh cac can bang
Ks, K4, Nnén theo dinh luat trung hoa vé dién
[H']= [OH ]+ [Hs A ]+ 2[H, A% ]
K,.h+2K.K,

< h-W/h -C. — =0
h*+ K, .h+ KK,

Vi dung dich cé mdi trwdng acid nén: h >> W/h, bién
déi dworc:
h® +K; h? +K;(K;-C)h-2K;K,C=0
< h® +10%h* -9,810%h-4,2810°=0
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Giai theo phwong phap gan dung Newton:
h=2,9410°=pH= 1,53
[Néu chi tinh theo can bang (1.6) thi:
h=2,710%vapH =1,57]
Twong tw véi hé da baz, cach tinh toan déu nhw
nhau.
Vi du: Tinh pH cua dung dich Na,CO; 0,1M
Giai:
Qua trinh phan ly:
Na,CO; = 2 Na* + COs”
H,O = H' + OH’

CO% +H' = HCOs; (K, =10%%)
HCO; +H" = H,CO; (K;'=10%%)
Vi K, ' >> K, nén tinh theo qua trinh:

H,O — H" + OH"~

CO;* +H" = HCO5

&CO05% + H,O=— HCO3; + OH~ (W.K;")

Néng d6 ban dau: 0,1 0 0
Néng d6 can bang:0,1 - x X X
(x =[OHT])
2
Taco W K" = —— e x = 1023
01-x
= h=10""%
— pH = 11,66

Nhan xét chung:
V&i cac hé da acid hay baz, néu cac nac phan ly sau
qua bé, thi c6 thé xem xét pH cla dung dich theo néc 1.
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1.4. Khai niém vé doé hoa tan, tich sé tan
1.4.1. b6 tan (S)

Vé mat ly thuyét, moi chat déu c6 kha ndng tan dwoc
trong cac dung méi twong thich. Tuy nhién trong thuc té,
mdi chéat chi c6 khd nang tan trong mét méi trwdng nhat
dinh, & mét nhiét dd nhat dinh, v&i ndng dd nhat dinh,
nhw: chat nay cé thé tan dwoc trong nwéc nhwng chét
khac lai chi tan trong xdng dau v.v...

Pé dac trwng cho kha nang tan cta cac chat trong
nhirng mai trwdng thich hop &ng véi diéu kién twong g,
dwa ra khai niém vé dd hoa tan hay dé tan, dwoc ky hiéu
la S.

Chéng han, khi hoa tan mudi an trong 100gam nuéc
& nhiét d6 25 °C thi chi lam tan t6i da 36g NaCl, néu tiép
tuc cho thém lwgng NaCl vao thi lwong mubi cho thém
nay sé khong tan dwoc niva. Néu tiép tuc dun néng Ién 80
°C thi c6 thé hoa tan thém 25 gam NaCl nira. (Bwoc ky
hiéu 1a Snaci(25°C) = 36 va Synaci(80°C) = 56)

Dung dich khéng thé hoa tan thém tai nhiét do dang
thi nghiém, goi la dung dich b&o hoa tai nhiét dé do.

Pé tan (S) la lvong chét tan tan trong 100 gam nuéc
dé tao thanh dung dich b&o hoa tai nhiét do dang xét

Méi quan hé giira ndong dd phan tram C% véi do
tan S:

Tinh C% cua dung dich (A) c6 do tan (S) tai nhiét dé t
xac dinh.

Tai nhiét dé (t) xac dinh, c6 S gam chét tan trong 100
gam nuwdc < khdi lwong dung dich bdo hoa la (100 + S),
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C® = _5 100 (%)
S+100
Méi quan hé giira nong dé mol/ L CV vé&i dd tan S:
M=__ DS 1000
M (100 +S)

1.4.2. Tich sé tan (T)

Khi nghién ctru phan tich dinh tinh thwong hay néi
dén phan (rng lam xuét hién két tia va hoa tan két tda va
dung dén thuat ng tich sé tan. Chang han, cho BaSO,
vao moét cde nwée, qua trinh hoa tan bat dau: cac ion Ba*
va SO,> cAu tao nén I&p bé mat ciia mang tinh thé
BaSO,; sé huat cac phan t&r lwdng cwec cua nwdc, twong
tac v&i chung va sé bat du chuyén vao dung dich duéi
dang cac ion hydrat hoa. Céac ion hydrat hoa, sé tuy vao
mirc ndng lwong da tich luy dwoc ma va cham vao bé
mat cac tinh thé cla két tda va chiu strc hut clia cac ion
trai dau vdi né, va & mot mirc dd nao do, ching sé bj khir
nwdc va tao thanh két tha. Nhw vay qua trinh hoa tan la
qua trinh thuan nghich kém theo qua trinh tao két tda:

BasO, Ba® + SO,
(dang két tiia -chat ran) (dang ion -chét tan)

Day 1a mét qua trinh can bang déng. Khi dat t&i trang
thai can bang, néng do cac ion hydrat hoa trong dung dich
ngrng tang con két tha con lai cla twéng ran thi ngirng
giam, thu dwoc dung dich bao hoa. D&c diém cua cac qua
trinh xay ra trong mét hé di thé, sy va cham gilra cac ion
chét tan va cac tinh thé két tda chi xay ra trén bé mét cla
twéng chir khéng phai trén toan bd chat phan ng.
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Theo dinh luat tac dung khdi lwong thi van tbc hoa
tan chat rén (V1) ty 18 thuan véi bé mat chét rén (p), tie la:
Vi =K. p

Khi can bang dwoc thiét 1ap va & nhiét do khéng dbi,
c6 thé coi dai lwong bé mat twéng ran la khong dbi va
bang 1. Khi d6 c6 thé thira nhan V, = k4, térc 1a van téc
hoa tan chi phu thudc vao ban chét cia chat dién ly dwoc
hoa tan.

Van tbc két tha cac ion trén bé mat tinh thé sé ty 1é
véi bé mat twdng ran, véi ndbng do va van tée di chuyén
clia cac ion trong dung dich. B&i vi bé mat twéng rén bang
1 nén van téc két tha V, duwoc xac dinh bdi ndng dd va
van téc chuyén déng clia céac ion, tirc 1a dwoc xac dinh
b&i hoat dd (a) clia cac ion.

Do d6: v, = K,. a(Ba® ). a( SO%).

Khi can bang dwoc thiét 1ap, van tdc két tia bang van
tdc hoa tan v; = vy, nén:

Kp.a(BaZ*). a( SO.2) = K; < % = a(Ba?). a( SO.2),

2

Ty & trén dwoc ky hiéu Ia T (BaSO,) = a(Ba*"). a(
S0,% ) va goi la tich sb tan, va & nhiét dd khong déi thi T
la mét dai lwong khong déi, dac trwng cho méi chéat dién
ly.

Déi v&i chat dién ly c6 lwong cau tlr I6n hon 2 thi T
la tich s hoat dd cla tat ca cac ion cé trong dung dich v&i
luy thtra la hé sb twong wng. Ma hoat dé6 dwoc xac dinh
céng thire: a(M) = [M]. f(M), trong dé [M] l1a néng dd mol/L
cda chat dién ly M va f(M) hé sé hoat do cta M.
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Trong céac trwdng hop cac chat M it tan hodc khéng
tan tai diéu kién nhiét dd xac dinh, néng d® mol cla cac
ion ma chuang phan ly ra trong dung dich bao hoa qua nho,
nén cé thé coi lwc ion u va hoat tinh hoa hoc ctia cac ion
khoéng co suw thay dbi dang ké nao, va cé thé chap nhan
duwoc f(M) = 1. V&i chét két tia (M) 1a A.B, thi cong thirc
tich sé tan:

Te (AnBn) = [A™]™. [B™]".

(Xem phu luc cudi giéo trinh vé tich sé tan mét sé
hop chét)

1.4.3. Diéu kién két taa, két tia hoan toan, hoa tan két
tua

Dwa vao ndng doé cac chét tac dung, va dung tich s
tan dé tinh kha nang tao thanh két tia va hoa tan két tda
khi thw'c hién phan &ng trao ddi, cling nhw tinh mirc do két
tlia hoan toan cac ion xac dinh. Tuy nhién sy xuat hién két
tlia s& phu thudc vao tich sb hoat dd clia cac ion c6 trong
dung dich, néu nhw tich nay I&n hon T thi két tia sé tao
thanh, nhwng néu ching bé hon T thi két tha lai khéng
dwoc tao ra.

Vi du: Trong dung dich bao hoa AgCl c6 [Ag™ ]. [CI]
=T (AgCl)

Nén néu trong dung dich nao do6 lai c6: [Ag]e. [Clba
> T (AgCl) s& xdy ra su tao két tia ctia AgCl. Nhung
[Ag*Tea. [ClToa < T (AgCl) sé khong tao két ta cla AgCl.

Vi du: Xac dinh diéu kién vé a va b dé& khi tron
(CH;C0OO0), Pb véi dung dich KCI  ¢c6 néng dé mol/L
twong rng 1an lwot 1a 2a va 2b, véi cung mot thé tich, thi
xuat hién két tda.
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Giai:

V& nguyén t&c khi pha trén cac chat nay c6 phan &ng

tao két tia PbCl,J theo phan trng:
(CH;COO), Pb + 2 KCl = 2 CH3;COOK + PbCl, ¥

Thuc té vé&i ndng d6 cac chat da cho thi tuy vao ndng
dd cac chat twong tac ma co hay khéng cé két tda.

Néng do cac ion sau khi pha tron 1a:

[Pb?* ] = a (iong/L) va [CI'] = b (iong/L )

< [Pb*"].[CI" ] = ab (iong/L)

Ma: T (PbCl,)=1,6.10".

Do dé:

Néu ab > 1,6.10° thi dung dich tao ra da qua bao
hoa, sw pha tron co két tda

Néu ab < 1,6.107° thi dung dich tao ra chwa t&i dé
b&o hoa, sw pha tron khéng co két tia.

Néu ab = 1,6.107 thi dung dich dat dén bao hoa
1.4.4. Cac quan hé khi str dung (T)
1.4.4.1. Quan hé giira tich sé tan (T) va dé tan (S)

Phwong trinh phan ly cGa chat (M):

A.B, — mA™ + nB™

Noéng dé ban dau: C, 0 0
Néng dé phan rng: X m.x n.x
Noéng dé can bang: Co - X mx nx

Néu (M) tan trong nuwéc & nhiét do (t) thi
[A™]= (M.S)™ va [B™]= (n.S)"
Khids: TM)=(m.S)".(n.S)" =m™.n".gm""
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1.4.4.2. Quan hé giira tich sé tan (T) va hang s6 can
bang (K)
Trong phan &ng tao tua:
mA™ + nB™ = A,B, (Kez=5)
Co cac can bang don: A™ + B™ = AB (Kcg=P1)
AB+ B™ = AB, (Kcg=8>)
AB, + B™ = AB; (Kcg=PB3)
AB,.;+ B™ = AB, (Kcz=Bn)
AB,+ A" = A,B, (Kcs=2B8>)
AB,+ AT = AsB, (Kcs=p3)
An.1Br+ A" = A;B, (Kcg=PBn)
Kee = Bi=B1. Boeeeee B B2 .. .BA

Va trong can bang chuyén pha:

AmB, (dung dich) = A,B, (rdn) (By)
A 1 neam reme n

Nén: T; (AmBn) = m =[A" ] [B™]

Vi du: Trinh bay cach tim tich sb tan cho BaSO, tai
nhiét d6 phong thi nghiém. Gia st cac dung dich pha trén
déuco D=1 g/mL

Giai :

Hoa tan 1 lwgng BaSO, dén khéng tan trong nuwéc
cat dé tao thanh dung dich bdo hoa & nhiét dé phong thi
nghiém (t °C)

Hut 100mL dung dich nay lam bay hoi hoan toan.
Tién hanh can dé xac dinh lwong rén sau khi c6 can (mg)
= khdi lwong nwéc co trong dung dich bdo hoa 1a 100 -m (g)
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m
0-m

.100

D6 tan cia BaSO, 1a S = o

— [BaSO,] = mvm

Phwong trinh phan ly cda BaSO, :
BaSO, — Ba’" + SO,”

Do do: [BaSO,] = [Ba®* | =[SO, | = me
& T(BaSO,) = (107”“)2
A gr £ . ,10m, >
Vay tich s6 tan BaSOy: ( )°.

M
1.4.5. Cac yéu té anh hwéng dén sw tao két tua

(diéu kién hoa tan chéat két tha)
1.4.5.1. b6 pH:

D6 tan clha nhiéu chét két ttia cé y nghia quan trong
trong dung dich phan tich dinh lweng, phu thudc trwée hét
vao ndng do ion hydro trong dung dich. Trong phan t& cla
nhirng két tiia do chlra hodc anion cdé tinh baz hodc cation
c6 tinh acid hoac lwdng tinh.

Chéng han, d6 tan cua florua canxi tdng 1&n khi acid
hoa, hay Bimut lodua giam d6 tan khi d6 pH giam.

Trong dung dich b&o hoa Bil; c6 can bang sau:

Bil; = Bi**+ 31"
Bi** + H,0 = BiOH* + Hs;0"

Ro6 rang khac véi dé tan cua canxiflorua, d6 tan cla
bismutiodua giam khi tang d6 acid.

Trong thwc té phan tich thwong can phai két tia &
néng do ion H* xac dinh cho san, thi can phai tinh dé tan
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trong nhirng diéu kién dé.

Vi du: Tinh @6 tan cua CaC,0,4 & trong dung dich cé
[H] = 10 mol/L, biét rang acid H,C,0, |a acid hai chirc,
c6 K; = 10 1%°:K,=10"*?" va tich sb tan cla

CaC,0,= 2,3.10°

Giai:

Trong dung dich c6: CaC,0, — Ca* + C,0,”

Vi acid H,C,0, 1a mét acid yéu, nhirng ion oxalat lién
két mot phan véi ion hydro trong méi trwong dé tao do
acid bat budc 1a pH = 4 (do [H*]= 10 * mol/L)

C,04° + H;0" = HC,0, + H,0
HC,0, + H3O0"'— H,C,0, + H,O

Mubi CaC,0, |a mdt hop chat ion, nébng d6 cia no
bang néng do cla ion Ca** va ciling bang néng do can
bang nhirng dang khac nhau cla ion C,0,*

Nén: S =[Ca* ] = [C;04” ] + [HC:04] + [H2C204]

Ma dé cho cac gia tri: Ky = 10 " ** :K, = 10 " **', do

do:
o _ [H'1EC,0,7]
[HC,0, ]
-4 2—
& [HC,0, ] = %: 1,862.[ C,04% ]

_ [H']1.[HC,0, ] _ 1071862[C,0,"]_ ;5125
[H2C204] [HZCZOA]

& [H,C,04]= 0,0033. [C,047 ]
Nén:
[Ca®'] = [C,0,7] + 1,862 [C,0,%] + 0,0033 [C,0,%] = 2,8653 [C,0,” ]
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= [C2042-

_ [ca*]
2,8653

Thay vao biéu thérc tinh T :
T=[Ca*"].[C,0,5] = 2,3.10° < [Ca*"]= 8,1.10° M
Vay ddtanla: S= 8,1.10.
1.4.5.2. Nong dd chat dién ly
Bang thwc nghiém da xac dinh dwoc rang, két tda
thwéng tan trong dung dich chéat dién ly nhiéu hon trong
nwdc (tAt nhién & diéu kién chat dién ly khdng chia ion
cung tén véi két tta). D6 la do:

1)

2)

Hiéu tng ndng dd chét dién ly phu thudc nhiéu
vao dién tich cua cac hat tham gia vao céan
bang. Néu cac hat trung hoa dién thi hang sbé
can bang bién dbi it, nhwng dién tich cta cac
hat tham gia phan (rng hodc san phdm cula
phan (rng cang I&n thi hiéu irng d6 cang tré nén
ré rét.
Vi du: Khi thém lwgng vira phai KNO; vao dung
dich bao hoa AgCI (r) va BaSO, (r), thi trong hai
can bang:
AgCl— Ag® + CI'

BaSO, — Ba®* + SO,”
C6 can bang sau chuyén dich sang phai manh
hon can bang trwdc
Anh hwéng cla chét dién ly trong mot khoang
réng néng dé thuc té khéng phu thudc vao ban
chét ciia né ma chi phu thudc vao théng sé néng
dd ion clia dung dich qua lwc ion

43



Cong thwre lwc ion w:
Mz +m,Z, +mZl
2
Néu lyc ion u < 0,1, chat dién ly khéng phu thudc vao
ban chat ion va dwoc xac dinh chi bang lyc ion, nhung

Y7

néu u > 0,1 thi diéu nay khdng con dung niva. Luc ion p
cang lon thi hé sb hoat d6 cGa né cang Ién, ma hang sb
phan ly khéng déi nén néng do chat dién ly thay déi, lam
anh hwéng dén do tan cla két tua.

1.4.5.3. Sw tao phirc

Do tan cla két tla co thé bién doi nhiéu khi c6 mat
mot sé chat tao phirc tan v&i anion va cation két tiia. Nhuw
sy két tla ciia nhdm bang baz khéng bao gi& hoan toan
khi c6 mat ion florua, mac du d6 tan cua Al(OH); cwc nhé.
Phrc florua nhém kha bén can tré sw xuit hién dinh
lwong ctia AI** trong dung dich:

Al(OH); — AI** + 30H"
AP +6F — AlFs ™.

Nhw vay ion F canh tranh manh hon OH’ dé phan
tng v&i AI** | va ndng dd F~ cang lon thi dd tan cua
Al(OH); cang Ion, tirc AI(OH); dé bj tan ra hon.

Néu biét hang sb bén clia phirc, cé thé tinh do tan
cla két tha khi cé mat thudc thir tao phirc. Khi d6 nhirng
bién phap dwoc st dung twong ty nhw nhirng phuwong
phap khac.

Vi du: Tinh d6 tan ctia AgBr trong dung dich NH; 0,1M

Céc qua trinh can bang:

AgBr — Ag" + Br
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Ag+ + NH; — Ag(NH; )+
Ag(NH3)" + NH; = [Ag(NH;3),]"
NH; + H,0 = NH,"+ OH"

Dinh luat bao toan néng do:
[Br ]=[Ag" I+ [AQ(NH3 )" ] + [Ag(NH3 ).]".
Ta c6: T(AgBr) = [Ag* ]. [Br] = 5,2.10"°

= [ANH, ] _ 500

[Ag™].INH,]

_ [AGINHL),'T _ g g 402
[AGNH,'].INH ]

— [Ag(NH3)2 ] — 1,38107

= Ki1.K> n
[Ag"].INH,]*

_ [NH,"].0H]
[NH,]
Vi Néng d6 ban dau la 0,1M, nén:
0,1 =[NH," ]+ [NH3] + [Ag(NH3 )" ] + 2[Ag(NH3 ),’]
Ngoai ra trong twong tac cia NH;  voi H,O, clr moi
ion NH," xuat hién 1a cd mdt ion OH dwoc tao thanh,
nén: [OH] = [NH, ]
Phwong trinh trung hoa vé dién:
[NHa" 1+ [Ag" ] + [Ag(NH3 )" ] + 2[Ag(NH3 );]" = [Br ] + [OH "]
Gia su:
- [NH," Jnhé hon réat nhiéu cac thanh phan khac
cla phwong trinh, vi gia tri hang s baz cla
NH; kha nhd
- [Ag(NHs),]+ >> [Ag NHs]" va [Ag'], vi gia tri
hang sb can bang clia cac phwong trinh K; va
K2

=1,76.10°
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Nén dwoc: [Br] ~ [Ag(NH3),]" va

[NHz]~ 0,1- 2 [Ag(NH3),]"

=[NH;]= 0,1- 2 [Br]]

Do dé: KK, = LAINH:), 1

[Ag*].INH,]?

1.4.5.4. Can bang canh tranh

Mot chat két tla dwoc tao thanh dwoc xem nhw 1a
mot chat dién ly it tan da & trang thai bdo hoa tai nhiét do
xac dinh. Khi d6 sy thay ddi mét lwong chat khac trong
hé, s& xuat hién nhirng can bang mai va nhirng can bang
nay sé lam thay dbi trang thai da &n dinh dé hinh thanh
nén mét trang thai 6n dinh khac.

Vi du: Trong dung dich béo hoa:

Mg(OH), = Mg?" + 2 OH thi:
T(Mg(OH),) = [Mg*"]. [OH " J?
Néu thém acid HCI chang han vao dung dich nay thi:
HCl + H,O = CI" + H3;0"

Céac ion H3O" s& phan (rng v&i ion OH™ trong dung

dich Mg(OH), lam cho [OH ] bj gidam xudng:
HO' + OH = 2H,0

Can bang bj chuyén dich sang phai, nghia Ia
Mg(OH), bj hoa tan. Hay néi cach khac, mudn hoa tan
Mg(OH), phai thém vao dung dich chira né mét chat co
kha ndng két hop véi mét trong cac ion cia Mg(OH), lam
cho [Mg?* ]. [OH J? luén nhé hon tich sé tan T cla né.
1.4.5.5. Mot s6 yéu té phu khac

~ Nhiét d&: Phan 1&n cac chét rén khi tan hp thu

nhiét. Vi thé, khi tdng nhiét dd thwdng lam tang
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kha ndng tan cla két tha va tich sb tan twong
ing clia phan I&n chét it tan tang 1én.

Dung méi: D6 tan cla phan Ién cac chat vé co
trong hén hop nudc véi cac dung mdi hiru co
nhd hon rd rét véi nwdce tinh khiét. Nhirng dw
kién vé do tan cia CaSO, dwoc dan ra & bang
sau la dién hinh dbi v&i anh huéng loai nay

Bang 1.2. Quan hé néng do va do tan

No6ng dé cla rwou . .
) .. Po tan cua CaS0O,
etylic % theo khoi .
trong 100g dung moi
lwong

0 0,208

6,2 0,100

13,6 0,044

23,8 0,014

33,0 0,0052

41,0 0,0029

Tbc d6 tao két tha: phan rng tao két tia thuwong
xdy ra cham, dé dat t&i trang thai can bang doi
khi 1&n dén vai gi&. Pay ciing 1a mét thuan loi
cho nha hoa hoc khi mudn phan chia cac phan
trng dé theo déi. Chang han cé thé tach Ca?' ra
khéi Mg?* bang cach két tia oxalat méc du ca
hai cation déu tao dwoc két tha voi anion nay
va chung cung cé dé tan nhw nhau, nhwng do
tbc do tao két tha Mg véi anion C,0, cham
hon rat nhiéu so véi Ca®* . Vi thé loc ngay
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CaC,0, thi thuc té két tha thu dwoc khéng co
l&n MgC,0,.
1.4.6. Ly thuyét vé sw két tinh, sw tao tua

Co ché cla qua trinh tao két tia dwoc xem xét bdi
kha nhiéu y kién khac nguwoc nhau. D& c6 mét cach nhin
hop ly, hdy chon cach giai thich dwa trén nhirng quan sat
thwe nghiém, sau d6 ma&i xem xét dén ly thuyét giai thich
chung.
1.4.6.1. Nghién ctpu thwe nghiém qua trinh két taa

C6 thé xem thoi ky tiép xuc kéo dai tr luc tron thube
ther dén khi xuat hién két tGa nhin thady dwoc la giai doan
dang chd y nhéat. Thoi gian nay thuwong rat khac nhau: thoi
gian cho két tiia BaSO, xuét hién twong dbi dai thi két tia
AgCl lai rat ngan.

Heé thirc Nielsen: Ong da so sanh nhirng thoi ky tiép
xUc cla nhirng két tia khac nhau va xac dinh ching theo
hé thirc sau: t,. C; =k

(t, 1a thoi ky tiép xtc - C! 14 néng d6 ban dau ngay
sau khi pha tron cac chét - k, n la nhitng hang sb thuc
nghiém)

Gia tri n cla cac chat két tta AgCl, Ag,CrO, , CaF,,
CaC,0,, va KCIO, lanlwotla:5-4-7-9- 3,3-26.
Con BaSO, thi cé gia tri n thay dbi nhiéu.

Con theo Johnson va O' Rourke, d6 dan dién trong
thdi ky tiép xtc hau nhw khdng thay dbi do d6, trong thoi
gian nay chi mét phan chéat tan & dang cap ion hoac
nhirng lién hop ion I&n hon ma thai.

Theo Lamer va Dinegar, chdng han trong trwérng hop
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diéu ché ion SO,> trong dung dich déng thé theo phan
wng:
S,08” + 25,05 — 2S0,” +S,06"

Khi c6 mét ion Ba®*, dung dich tao thanh & mic do
qua b&o hoa xac dinh khdng sinh ra két tda trong khoang
thdi gian twong ddi dai so véi chinh dung dich dé nhwng
duwoc diéu ché bang cach trdn truc tiép cac thude thiv. Vi
thé c6 thé két luan rang két tha chi cé thé xuét hién khi do
qua bao hoa dat muwrc xac dinh.

Mét céng trinh khac, Collins va Leineweber néu ra
gia tri mirc d6 qua bao hoa chudn phu thudc vao dd tinh
khiét cta thudc thtr. Khi két tinh lai nhiéu Ian va loc cac
dung dich thuéc thtr, da thu dwoc gia tri mirc & qua béo
hoa chuan 1a 32. Cac tac giad nay da két luan, trong truéng
hop nay khéng tao thanh cac trung tam két tinh déng thé
va sw két tinh b4t dau trén nhirng trung tam la, cé thé 1a
lwu huynh tén tai trong dung dich thiosunfat 1a trung tam
két tinh. Khi lam sach binh két tGa mét cach can than
bang cac x& ly hoi trong thoi gian dai, lwong tinh thé
BaSO, trén mot don vj thé tich gidm di 10 1an va cé thé
trén 10 1an, do d6 & nhirng diéu kién binh thwdng, phan
I&n trung tam két tinh dwoc tao SO,* trén bé mét thanh
binh thuy tinh.

Ngoai ra rat cé nhiéu bang chirng dang tin cay vé sw
tao thanh céac trung tdm két tinh, cling nhw sw gim lwong
déng thei tang kich thwde hat két tia dwoc tao thanh.

Von Weimarn hoan thanh céng trinh nghién ctu vé
s phu thudc kich thwéc va lwong hat két tia vao néng do
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chét két tha: do kich thuwéc tinh thé BaSO, bang cach tron
nhanh nhixng dung dich BaSCN vé&i dung dich MnSO4 ¢6
néng dd phan t& bang nhau. O dd lodng ~ 10 ~* M, noi
chung két tha khéng xuét hién. Khi tang néng dd trong
gi&i han tlr 10 " * dén 10 " ® M, thi két tda dwoc tao thanh.
Ban dau |a nhirng chat "vé dinh hinh", sau d6 chuyén tw
to thanh nhirng tinh thé hoan chinh trong 6 thang. Kich
thwdc cta nhivng tinh thé cubi cung giam di khi ndng do
ban dau tang.

Sw tang kich thwéc hat cung véi sy tdng néng do
duwoc tim thdy voi cac chat két tia Ag,CrO., AgSCN va
nikendimetylGlioximat...

Khac véi BaSO., AgCl két tia nhanh ngay ca trong
cac dung dich qua bdo hoa khéng I&n. Sy két tha cla
AgCl hay AgBr la do sy tich cép cac hat keo, chir khéng
phai 1a nhi¥rng tinh thé riéng biét nhw BaSO..
1.4.6.2. Ly thuyét cé dién vé sw tao thanh trung tam
két tinh

Hop phan nhirng hat nhé cia két tia dwoc quyét
dinh b&i tbc d6 twong dbi clia 2 qua trinh:

1. Qua trinh tao thanh cac trung tam két tinh.

2. Quatrinh I&n 1én cta cac trung tram két tinh.

Theo Ostwald, dung dich qua b&o hoa co6 thé 1a gia
bén nén van & trang thai ddng thé 1au vé han. Cho dén khi
cho vao mubdi thich hop véi cac trung tam két tinh, thi
dung dich c6 kha nang tw két tinh (dung dich quéa bao hao
vuot qua gidi han gid bén mét gia tri xac dinh).

Dwa trén nhirng quan diém do, s tao thanh két tha
dworc giai thich nhw sau: néu tir nhiét dd t °C ban dau tang
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dan ndéng do chat bj két tia thi khi dén diém gisi han C
trén dwong cong thi két tia khéng hinh thanh dwoc. Néu
tng v&i diém C, khdng thém thudc thir, thi ndbng do cua
né bi ha thap dén diém twong dbi B trén dwong cong tan.
Thém thubc thir tiép tuc ciing khong dan dén sy tao thanh
céc trung tam két tinh m&i néu néng do & luc dé khéng dat
t&i diém gidi han C. Do d6 két tha tao thanh khi dé phai la
hat twong dbi I&n va ddng nhét vé kich thuwéc.

Néu do thém thudc thir két tiia nhanh hoac do khudy
khéng du nhanh, ndng do diém & mét lic nao dé vuot qua
diém C thi trong qua trinh két tia nhirng trung tdm két tinh
m&i c6 thé dwoc tao thanh va do d6 sb hat tdng ddng thoi
kich thwéc va dd déng nhét ctia chung giam. Néu nhirng
dwong cong tan va siéu tan kha gan nhau thi hoan toan
chac chan rang khé cé thé thu dwoc két tia déng nhét.
1.4.6.3. Ly thuyét Beckerr - Doring

Becker va Doring da xem xét qua trinh tao thanh cac
trung tdm ngwng tu khi chuyén tir mét chét trang thai hoi
vé trang thai Idng dwéi quan diém nhiét déng hoc va déng
hoc.

Qua trinh nay bao ham mét loat cac phan rng bac
lwéng phan tlr dan t&i sy tao thanh cac tap hop va cac
tap hop nay ciing trong thdi gian dé cé thé tw lam gidm
kich thwéc cta minh do méat di nhirng phan t& riéng biét.
T day tan sé tao thanh cac trung tdm nguwng tu chinh Ia
tbc do tao thanh cac trung tdm ngwng tu co kich thuwéc
chuan khi cac tdp hop phan t&r va cham manh véi cac
phan t& riéng biét. Khi d6 nhirng trung tdm ngwng tu cé
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kich thwdc chuan phat trién nhanh va tao thanh nhirng
giot trong luc dé néng do twong (rng véi trang thai dirng
thdp hon nhiéu so vé&i nébng dd clia nd can phai cé dé
twong &ng véi trang thai can bang néu xay ra. Téc dd tao
thanh cac trung tdm ngwng tu phu thudéc nhiéu vao néng
dd va do do6 phu thudc vao dd bao hoa chuan. Kich thwéc
chuén cua trung tdm ngwng tu chat 16ng thé hién gan nhuw
dong nhét dbéi voi cac chét khac nhau, khodng 50 - 100
phan t&. Tuy vay ly thuyét nay chua thé mé ta duoc sy
tac déng clia sirc cang bé mat dén sy bién déi dd cong
cta hat.

1.4.6.4. Ly thuyét Christiansen - Nielsen

Christiansen - Nielsen dwa ra ly thuyét tao thanh
trung tam két tinh trén co s& giai thich thdi gian cla thoi
ky cong hwdng. Vi thdi ky nay lién quan chdc ché dén bac
phan &ng tao thanh cac trung tdm két tinh. Twong tw nhw
Becker va Doring, cac tap hgp ion dwgc tao thanh nho
cac phan wng lwédng phan t&r cho t&i khi tao thanh trung
tam c6 kich thwéc chuan rdi sau d6 cac trung tam két tinh
sé tw phat trién. Nhwng vi thoi ky cdng hudng la ham sb
cé bac khéng cao (tir 3 dén 9) ciia ndng dd nén dan dén
cac trung tam két tinh chi bao gébm mét sé twong déi
khéng I&n cac ion.

Thuc ra, theo Johnson, chi & cudi thoi ky cong
hwédng ma&i can chd y dén sy 1&n 1én cla cac hat, con
trong subt thdi ky cong hwéng can cha y téi sw tao thanh
trung tdm két tinh, cling nhw sy phat trién cta chung.
Téng sb cac trung tam két tinh khi két tha t cac dung
dich loang khéng phai ty & thuan vé&i ndng dé clia chung,
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ma tdc dd tao thanh trung tam két tinh ty 1& thuan véi néng
dod theo bac 4 va tré thanh hang dinh trong sudt thoi ky
cong huwdng. Thoi gian clia thoi ky cong huwdng ty 1é
nghich v&i gia tri ndng doé theo bac 4. Nhw vay cé thé giai
thich sé hat hang dinh trong két tia quan sat trong thuc
nghiém: sb ion trong cac trung tdm két tinh chudn cla
BaSO,4, Ag,CrO4, CaF,1a 8, 6, 9.

Tuy nhién Turnbull khdng nhat tri trong cac quan
diém trén cla Christiansen - Nielsen, 6ng cho rang sw lon
lén cla trung tam két tinh c6 thé 1a do bat dau tlr nhirng
trung tdm la, va dwa ra dan ch&ng: thwdng nhirng giot
nhd clia chat 1dng hodc cla dung dich nwéc cé thé cham
déng dang ké so v&i lwong Ién chinh xac cla chét 1dng
ay. Hién twong nay xay ra |a do it c6 kha nang cé du chi l1a
mot trung tam la trong mét giot chat 16ng.

Chéc chan 13 trén co s& nghién ctru dwéorng cong do
dan dién trong thdi ky I&n 1&n cua tinh thé cling cé thé rat
ra nhirtng két luan rd rang vé co ché két tinh. Ca hai ly
thuyét gibng nhau & chd, trong subt qua trinh cta thoi ky
cong hwdng, sw I1&n 1&n cla cac mam ban diu cham chap
va chi & cubi giai doan nay céac ion tw do mdi tach khoi
dung dich.

1.5. Khai niém co’ ban vé phirc chat
1.5.1. Khai niém

Trong dung dich cac phirc chat dwoce hinh thanh do
suw két hop gilra hai hodc nhiéu dang don gian hon cé kha
nang ton tai doc lap. Sw tao phirc c6 thé xay ra khéng chi
gitra hai ion tich dién ngwoc dau ma cé thé xay ra gitra
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proton, cation kim loai, v&i cac chat cho electron tich dién
am, trung hoa dién hoadc ngay ca véi ion tich dién dwong.
Chéng han:

H* + NH; — NH,"

Ag"+ NH; == [AgNH;]"

[AgNH3 1"+ NH; == [Ag(NH3 )7]"

H* + NH, CH, CH, -NH;* = NH3*- CH, CH, - NH5"

Ciing twong tw nhw vay, cac phirc chat cé thé hinh
thanh do suw két hop gitra anion v&i chat nhan electron 1a
cation, phan t& trung hoa dién, hoac anion. Chang han sw
tao phtrc gitva Hg** va Cl :

CI + Hg* — HgcClI'
CI" + HgCI" — HgCl,
ClI" + HgCl, — HgCl3
ClI + HgCly — HgCl,?

Téng quat néu hai dang A va B cung tén tai trong
dung dich thi chung cé thé twong tac nhau dé tao thanh
mot hodc mot sé phirc chat cé cong thire chung AnB,

(m>1;n> 0)

Trong cac dung dich lodng thwdng chi gap cac phic
moét nhan: m =1 va n > 1; A dwoc goi la nhéom trung tadm
cla phirc ABn va B dwoc goi la phéi tir. A co thé 1a ion
kim loai don gian hoac la mét ion phirc tap nhw VO3
hodc |a mot phirc rat bén nhw [Co(NH3)e]* ... S& phébi tor
lién hop v&i nhém trung tdm thay déi rat khac nhau tuy
thudc ban chéat cua ion trung tdm,cta phédi t&r va quan hé
néng do gitra chung. Théng thuwdng khi néng dd cua phbi
tlr gap rat nhiéu 1an néng dd cda ion trung tdm sé tao
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thanh phirc véi s phébi tir cuwc dai.

Phtc chat mot nhan ( AB, )dwgc chia thanh 2 nhém:

Nhém 1: cac acid Bronsted, trong dé cac ion hydro
dong vai trd phdi tlr va lién hop véi nhém trung tdm khodng
mang dién hodc mang dién am. Can bang thudc loai nay
la can bang acid - baz.

Nhém 2: Cac phrc chat kim loai, k& cacac cép ion
dwoc hinh thanh do sy két hop nhém trung tadm la ion kim
loai v&i cac phdi tir trung hda dién hoc tich dién am.

Céc phdi t&r co thé 1a don phdi, néu phan t& cta chéat
nay chi chira mét nguyén tlr cé kha nang tham gia lién két
cho nhan. Ngwoc lai, néu phan t& cta phédi t& cé nhiéu
nguyén t&r c6 khd nang cho electron thi né cé thé chiém
ddng thdi nhiéu phdi tr chung quanh ion trung tam, dwoc
goi la phdi t&r da phdi. Chdng han cac ion halozenua,
amoniac |1a nhirng phdi t&r don phéi, vi mbi ion hodc phan
t&r ctia chang chi chiém mét phdi vi chung quanh nhan.

Dién tich ion phirc bang téng dai sé dién tich cla
nhém trung tam va cac phdi tor.

Nhiéu ion don gidn khéng cé tinh chat gi rd rét,
nhwng khi chuyé&n thanh phurc thich hop thi chang lai cé
nhirng tinh chat rat dac trwng va co thé st dung dé nhan
ra ion d6. Chang han ion Cu®** ¢6 mau xanh nhat va khoéng
thé nhan ra dwoc khi nébng dd thap. Nhwng khi chuyén
thanh phtc amin [Cu(NH3),]"? thi né cé6 mau xanh xam,
phat hién dwoc dé dang hon.

Nhiéu phlrc c6 dé tan nhé va cé mau dac treng duoc
st dung dé xac dinh dinh tinh va dinh lweng cac vi lvong
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ion kim loai. Chdng han dimetylglyoxim tao dwoc phirc
mau dé vé&i ion Ni** va cho phép tim ra ion nay véi do
nhay rat cao, va dé chon loc kha 1&n (cé thé tim ra ion nay
khi c6 mét ctia nhiéu ion kim loai khac)
1.5.2. Cac tinh toan vé can bang phtrc va trng dung
cua phtrc trong hoa phan tich
Viéc tinh téan can bang tao phirc trong dung dich
thwéng rat phivc tap. Vi cac qua trinh tao phirc thwdng
xay ra tlrng nac véi dd chénh léch cla cac hang sbé gitva
cac nac la khéng xa nhau Idm, va cung véi sy tao phirc
thi ludn cé cac qua trinh phu xay ra theo cung, lam léch di
tinh chinh xac trong phwong phap chuadn dé tao phurc.
Can xét nhirng khad nang tinh téan gan dang dé don gian
cac qua trinh nay, nhwng van khéng c6 do sai léch nhiéu
1.5.2.1. Tinh néng dd can bang cac ion trong phan
trng tao phurc
Vi du: Tinh nbng d& cac ion trong dung dich
Fe(ClO,); 0,1M va KSCN 0,01M va HCIO,4 0,1M
Giai:
Trong dung dich c6 sy phan ly:
Fe(ClO,); — Fe** + 3ClOy
KSCN —» K'+ SCN
HCIO, —» H' + CIO4
Vi dung dich trong méi trwong acid nén bé qua sw
tao phtrc hydroxo ctia Fe*":
Fe®* + H,0 — (FeOH)** + H" K =10%"

Néng dé ban dau: 0,1 0 0,1
Néng dé phan (rng: h h h
Néng do can bang: 0,1-h h 0,1+h
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h.(0.1+h)
(01— h)

Nén: K =

_ 107710

< h = [(FeOH)* ] Enm 6,76.107.

Diéu nay c6 nghia ndéng do ion phirc (FeOH)** chi
chiém ty 1& 6,76% so véi tbng ndong do Fe**, nén co thé bd
qua s tao phtrc clia ion Fe*nay.

Cac qua trinh tao phurc:

Fe** + SCN' — FeSCN*

K, =10°%%
FeSCN?" + SCN° — Fe(SCN),"

K, = 10 1,94
Fe(SCN)," + SCN° — Fe(SCN);
Ks= 10 **
Fe(SCN); + SCN° — Fe(SCN)4
Ks= 1098
Fe(SCN);, + SCN — Fe(SCN)s*?
Ks =10%%

Vinéng do Fe®* >>ndng dd SCN vaK; > K, >Ks >
K4 > Ks, nén coi nhw Ky la qua trinh chinh trong dung dich:
Fe** + SCN° — FeSCN?" K; =10%%

Néng dé ban dau: 0,1 0,01 0

Néng dé phan (rng: 0,01-x 0,01-x  0,01-x
Néng dé can bang: 0,09 +x X 0,01 - x
Nen: K, = —20t=X Xx=[SCN ]=1,04. 10"

(0,09 + x)x

= [ FeSCN ?* 1=9,9.10° ; [Fe* ]=9,01. 107
Thwc ra viéc tinh téan theo phwong phap dung cho
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thdy nébng dé ion phirc Fe(SCN)," chiém ty 1& bang 1/ 10
néng d6 phirc FeSCN* | va ndng dd ion FeSCN?* vira
tinh dwoc thuc té bang tbng ndéng dd tat cd cac dang
phirc Fe(SCN); c6 trong dung dich.
1.5.2.2. Anh hwéng cua pH dén sw tao phirc

pH cé anh huéng truc tiép dén qua trinh proton hoa
cla cac phdi t&r 1a baz yéu, va t&¢i qua trinh tao phirc
hydroxo cutia cac ion kim loai trung tdm. Do d6 néng do
céac ion kim loai va cac phdi tr thay déi theo pH, nén do
tao phirc cling thay ddi theo.

Céc qua trinh tao phurc gitra ion kim loai A va phéi tir
B nhu sau:

- Tao phtrc hydroxo cua ion kim loai:

A + H,O — AOH + H" n

A + 2H,0 — A(OH), + 2H" N2

A + mH,0 — A(OH),, + mH" MNn

+ Proton hoa cac phéi t&r B 1a cac baz yéu:

B + H =—BH K.Y
BH + H' = BH, Ko
BH,.; + H" — BH, K.Y
- Tao phue gitra A va B:

A+ B —AB (B)

Trong trwéng hop tao phirc tirng nac thi pH khéng
nhirng anh hwéng té&i d6 tao phirc néi chung ma con anh
hwdng dén quan hé dinh lwong giltra cac phirc riéng ré.
Thuwong thwérng néu trong hé c6 dw phdi tlr thi & pH théap,
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phirc bac thap dwoc hinh thanh nhiéu hon, con & pH cao,
phirc c6 sb phdi tir I&n lai dwoe hinh thanh tét hon

Vi du: Tinh pH dbi véi sw tao phirc gitra ion Pb*" va
CH;COO

Giai:
Céc qua trinh trong dung dich:
Pb** + CH,COO — PbOH" +H" n=10°%*
CH;COO + H* — CH3COOH K" = 10%"™
Pb** + CH;COO — Pb CH,COO" B =10 2°?
N&n pH = pK; P77~ 6’18;4’74: 5,46

Vi du: Tinh ndéng dd cua cac dang phirc khac nhau
trong dung dich chira AgNO3 0,01M va NH; 1M & pH = 4
vapH=9

Giai
Cac qua trinh xay ra trong hé:
AgNO; — Ag" + NOs

Ag"® + NH; — [AgNH; ] B.=2,09.10 ° (1)
Ag" + 2 NH; —[Ag(NH3),]" B,=1,86.10 ' (2)
Ag® + H,O0 = AgOH*+ H* n =10’ (3)
H,O —H" + OH" W (4)
NH; + H* = NH, K:7=1,8.10°=c (5)

(dé& gidi bai toan don gian hon thi dung phwong
phap giai gan dung)

O pH = 4: méi trwdng acid yéu, nén (5) xay ra manh
va phan lIén NH; dv sé tén tai dwdi dang ion NH,". Mat
khac vi ndbng dd ban dau NH; >> Ag* nén cé thé coi ndng
dé NH; ~ 1.
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NHs; + H* — NH.," K*=1,8.10° (5)
Néng d6 ban dau: 1 0 0
Néng dd can bang: x 10* 1-x
Do dé: x=[NH;]=5,510"°
Theo dinh luat bao toan néng dd ban dau cla ion Ag* :
C,=Ci= [Ag" ]+ [AgOH" ] + [AgNH3]" + [Ag(NH3 )2]" (4.1)

trong dé: C;=m.(L+nh*+ B a+p, a)
véia=[NHs] =5510°% C,=0,01; h=10"*;
Tinh dwoc m = [Ag* ] = 9,89. 10 ®iong/L
Theo dinh luat bao toan néng dd ban dau cla ion NHg:
Cui, = C2=[NHz ]+ [NH, ] + [AgNH3]" + 2 [Ag(NH3)2]"
trong do:
C,=za+o.a.h+pf.ma +p,m a’<a=56.10"°.
Theo (1) va (2):
[NHs] =5,5. 10 : [Ag*] = 9,89. 10 2 ; [AgNH3]* = 1,15. 10 %
[Ag(NH3 ),]" =6. 10 °
Vay: pH = 4, sy tao phirc gitra Ag” va NH; xay khong
I&n va chi yéu la phirc amoniacat [AgNH; .
O pH = 9: méi trwdng baz yéu, nén cé thé céd sy tao
phtrc hydroxo cua ion Ag™ (3) va qua trinh proton hoa (5):

NH; + HY = NH;* K;'=1,8.10° (5)
Néng dé ban dau: 1 0 0
Néng d6 can bang: 1-x 107° X
Do d6: x=0,643; [ NHz] =0,357.
Ag® + H,O == AgOH"+ H' n=10 "7 (3)
Néng dé ban dau: 0,01
Néng dd can bang: 0,01 - y y 10°°
Do dé:y= [AgOH']=10"*"<< C

Ag*
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Nhw vay tao pH = 9, suw tao phirc hydroxo cula ion
Ag* van khéng dang k&, con sy proton hoa ciia NH; phai
chd y, vi [NHz] = 0,357 >> C,  (0,01).

Coi nhw [NH;]=a=0,357.

Két qla la :

[NH;]1=0,35; [Ag"]=4,38.107;[AgNH;] =3,2.10°°;
[Ag(NH3 ),]" =9,89. 10 °
Vay tai pH = 9, toan bo ion Ag® da chuyén hoa
thanh phdrc diamin
1.5.2.3. Sw phan huay phirc chat

Trong thuwc t& khi tién hanh phan &ng véi mét ion
kim loai ton tai dwéi dang phirc thi phai phan huy no,
bang cach:

- Chuyén mét trong cac ion cta phirc thanh moét
hop chéat khac it phéan ly hon, vi du acid, baz
yéu hodc moét phirc khac bén hon. Chang han
dé phan huy cac ph&rc amin, thi cho tac dung
v&i acid dw, & day amoniac trong phirc sé tac
dung v&i ion hydro dé chuyén thanh ion amoni.
Hoadc khi nhd KCN vao dung dich phirc déng
amoniacat [Cu(NH3)4J*" mau xanh dam thi dung
dich sé mat ngay vi ion Cu?* do phirc amin phan
ly ra da tac dung ngay véi ion CN™ dé& chuyén
thanh Cu(CN),** khéng mau bén.

- Néu mét trong cac ion clia phirc cé tinh oxy hoa
khir thi cé thé phan huy ph&rc bang mét tac
nhan oxy héa khir thich hgp

- Chuyén mét trong cac ciu tlr cta phirc thanh
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hop chét it tan. Chdng han khi nhé dung dich

Na,S vao dung dich chira phtrc [Cd(NH3)4]* thi

sé co két tia CdS it tan, mau vang xuét hién
1.5.3. Khai niém vé sw tao phirc vé&i thudc thtr hivu cor

Céc thubc thtr hiru co 1a dan xuét ctia amoniac co
tinh chat tao phirc gan nhuw amoniac, duwoc dung dé diéu
chinh pH, dé& Iam chéat che. Cac chéat thwong dung 1a
Pyrydin, Pycolin... cac chat nay cé tinh baz yéu hon NH;
rat nhiéu. Cling nhw amoniac, chang tao dwoc cac phirc
bén v&i nhidu kim loai, chdng han Ag*; Cd** ; Ni*"; Co*"
v.v...phan (rng tao phirc & day khdng day cac ion hydro ra
nhwng phu thudc vao pH

Céc thudc thlr hiru co ngay nay da dwoc s dung
rong rai trong phan tich, b&i vi d6 nhay va tinh chon loc
cao cla chung dbi v&i nhiéu ion kim loai. Pa s6 cac thubc
ther hi*u co’ dung trong phan tich cling 1a nhirng chét dién
ly yéu, va do d6 phan (rng gitra ching véi cac ion kim loai
cling la cac phan rng thudc loai ion.

ACID ETYLEN DIAMIN TETRA ACETIC (EDTA) con
dwoc goi la Complexon Il hay Chelatonll. La mét acid 4
chire, dwoce ky hiéu la H,Y.

HOOCCHy CHorCOOH

HOOCCH, >N CHy CHp N <CHECDDH

La mét acid 4 chirc, dwoc phan ly theo 4 nac voi
hang sé phanly lanlwotla: p K, =2;pK,=2,67 ; pKs=
7,23 ;p K4 =12,30

Thubc thir nay cé kha nang tao phirc kha bén voéi
hau hét cac ion kim loai theo ty 18 1: 1
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EDTA dwoc st dung kha phd bién trong Héa phan
tich dé 1am chéat che, dé chuan dd cac ion kim loai. Con
dung né dwéi dang mudi NayH,Y (Complexon Il hay
trilonB)

HOOCCH, CHy COCH

NaOOCCH, >H CHpCHp N <CH2CDDN3

2 METYL PYRYDIN: CgH;N - trong nwéc céd phan rng
baz
CeH/N + H,O — CgH/,NH" + OH'.
Puoc dung dé phan tich nhém 4
o - PYCOLIN: CH3 CsH4 N - trong nwée clng cé tinh baz

RODAMIN: C3H3ONS,. dwgc dung dé phan tich
nhom 1

DIMETYL GLYOXIM: C4HgO,N,. Buwoc dung dé phan
tich nhédm 5. La mét acid yéu, dwoc ky hiéu Hdim co K =
8. 10 *?* Thuébc thir nay tao phirc véi cac ion Ni%*; Pd*, va
tao phlrc mau dd tan trong nwéc véi ion Fe 2

TIONALIT: Cy,H1;ONS. Puwgc dung dé phan tich
nhém 4 va 5.
1.5.3.1. Thuéc thir tao phitrc ndi v&i cac ion kim loai

Cac hop chét ndi phire 1a nhivng hop chét trong phan
t&r c6 mot hodc nhiéu vong chira ion kim loai. Trong phan
tlr thudc thtr phai co it nhat hai nhém dinh chirc & gan
nhau cé kha nang tham gia phan &ng v&i ion kim loai dé
tao thanh vong.

Trong da sb cac trwdng hop, mét trong hai nhém
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dinh chirc c6 cha hydro linh déng va khi twong tac voi
ion kim loai thi kim loai sé thay thé hydro. Lién két & day Ia
lién két dién hda tri. Nhém dinh chirc nay thuwong dwoc
goi la nhém tao mudi. Cac nhém c6 chira hydro thuéng
gap la nhom hydroxyl -OH ; cacboxyl -COOH ; sunfonic -
SO3zH ; oxim = N-OH ; amin bac mét - NH, ; amin bac hai
- NHR ; asonic -AsO3zH, Vv.v...

Nhoém dinh chirc th&r hai thwdng chlra cac nguyén tor
cé thtra it nhat mot cap electron tw do, vi du, O,S,N. Khi
lién két v&i ion kim loai thi nguyén t&r nay déng vai trod chat
cho va ion kim loai déng vai trd chat nhan va cap electron
dwoc dung chung cho ca hai. Lién két nay duwoc goi la lién
két phdi tri va thworng dwoc biédu dién bang mii tén (hodc
dworng chdm). Cac nhém dinh chire nay duwoc goi la cac
nhom tao lién két phéi tri, thwdng gap 1a: = O; - OH; -Ndb ;
=N-OH; = S; -S- v.v...

Vi du: 8-oxyquinolin c6 hai nhdm -OH va -N. Nhém -
OH Ia nhédm tao mudi va nhém - N = tao lién két phéi tri:

i

HO 'DHME

Vi du: DimetylGlyoxim khi tham gia phan &ng tao
phtrc thi nhém - OH trong mdét nhédm oxim déng vai trd
nhém tao mudi, con nguyén t& N trong nhém oxim th hai
thi tao lién két phdi tri:
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| 3 soEe——go
C= N -OH 2+ C=N N=C
2 PN = S
ERLISEL £= N " N=
H -
CH, CH,®—— OH  CH,

Trong phén &ng nay, ion Ni** c6 hai dién tich dwong
da tac dung v&i hai phan tr DimetylGlyoxim tao thanh hop
chét trung hda c6 vong ndm canh.

Chu y rang, mét sb thudc thir hiru co cling tao phirc
cang vai ion kim loai, nhwng ca hai nhém dinh chirc déu
cung tao lién két phdi tri, hodc cung co lién két dién hoa
tri.

Vi du: O -phenantriolin c6 2 nhdm amin bac ba cung
tao lién két phdi tri véi ion kim loai. Hay nhw Pyrocatesin
c6 2 nhém hydroxyt cé hydro linh déng va déu cé kha
nang thay thé bi ion kim loai

2 o
— Me

O - phenantrolin c6 lién két phéi Pyrocatesin da bj ion kim loai thay
tri v&i ion kim loai thé 2 nhém hydroxyl

1.5.3.2. 'ng dung phirc ndi trong phan tich

Da sb cac hop chat ndi phirc trung hoa vé dién, déu
rat it tan trong nwéc va dé tan trong dung méi hiru co.
Diéu nay cho phép str dung céac thudc thir hiru co' dé& lam
két tha cac lwong "vét" kim loai va sau d6 "gom gop"
ching lai bang dung méi hiru co dé tach chung ra khoi
dung dich.
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Mot sb cac phirc c6 mau dadc trung dwoe chon trong
tng dung phan tich. Mau séc nay phu thudc vao ban chét
ion kim loai va thubc thtr. Dbi véi cac thube thir khdng ¢
ndi ddi lién hop thi chi cé cac hop chat ndi phirc gita
thudc thir v&i cac ion sinh mau méi c6 mau, chang han,
cac aminoacetic, pyrocatesinat, dithiocacbanat Cu, Fe..)
Con dbi véi cac thubce thir co ndi déi lién hop co lién quan
dén vong cang, thi sé tao ra phirc mau véi cac cation kim
loai, ké ca cac ion khéng sinh mau, chéng han, dithizon va
cac hop chéat ndi phirc v&i ion kim loai cé ciu tao ndi ddi
lién hop

5
CeH N—=N— cf
NH - NE— CH_

Nén chinh ban than thubc thtr cé6 mau xanh ve va cac
phirc chat cta thudc thir nay véi ngay chinh cac kim loai
khéng sinh mau nhw Zn, Cd déu c6 mau da cam dam.

M6t dac tinh cé gia tri phan tich khac cia cac hop
chét ndi phirc 1a dd bén I&n. DO bén cta phirc phu thudc
nhiéu yéu t6 nhw ban chéat cta ion kim loai va trang thai
héa tri clia n6, ban chat cla nguyén t&r cho electron cla
thudc thtr tham gia truc tiép vao phan (rng tao phirc, do
baz cua thubc thir, cAu tao khéng gian cutia phirc. Dac biét
sb vong va sb lwong cac nguyén ti trong vong, sé lwong
céc lién két déi trong vong v.v... ¢é &nh hwéng lén dén do
bén cla phirc. Trong diéu kien nhw nhau khi tang sb
vong thi dé bén cua phirc tang 1&n. Cac phirc ¢6 vong 5
hodc 6 canh thi rat bén va rat hay gap. Mot sé thube tho
c6 dod chon loc kha cao, nghia la ching c6 kha nang dinh
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hwéng vao vi tri ndo dé cla ion kim loai nhat dinh. Chang
han, dimetylGlyoxim chi tao hop chat kho tan véi Ni¥*
Cd** ; Fe*. Tuy vay sb 1én cac thubc thir tao dwoc hop

chat noi

phirc v&i nhiéu ion kim loai, chdng han,

oxyquinonlin phan (rng véi nhiéu ion kim loai c¢6 kha nang

tao dwoc hydroxyt khé tan, dithizon tao dwoc hop chét noi

phrc v&i nhiéu ion kim loai cho sunfat kho tan.

Trong thwc t& dé tang d6 chon loc cla thubc thir,

phai co cac yéu t sau:

Cac
luat sau:

Lam viéc & pH thich hop nhat dbi véi phan rng
da cho

Che céc ion can tré nh& cac chét tao phirc phu.
S dung viéc chiét chon loc nhé cac dung méi
khéng trdn l1an véi nwaec.

Dung cac thubc thir oxy hoa khir d& chuyén ion
can tré tréd thanh cac ion khdong tac dung voi
thudc thir da cho

phirc tao dwoc phirc mau phai thoa man quy

Khoéng thé xuét hién phan rng mau gitra ion kim
loai khéng c6 tac dung mang mau véi thubc thiy
khéng mau.

Phan trng cla cac nguyén t6 cé mau riéng voi
cac chat mau hiru co nhay hon nhwng kém lya
chon hon so v&i phan (*\ng mau gilra cac ion
nay véi thudc thlr khéng mau.

Amax cUa phtrc phu thudc mdre dd ion cla lién két
kim loai v&i phéi tr.
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- Khi cation kim loai tao phirc mau véi thubc thir
hiru co dang acid thi cwc dai hap thu mau cla
phirc chuyén vé phia séng dai so v&i hap thu
dang phan t&

- Néu sy tao phirc xay ra & mét mirc dd twong
dbi, 1a do nhdm & mach nhanh cuda thubc thiru
va do dé trang thai lién hgp clia né it bi dung
cham. Do vay mau cla phtc va thubc ther it
khac nhau.

1. 6. Phan trng thuy phéan
1.6.1. Khai niém sw thuy phan

Cac chét dién ly acid hay baz khi hoa tan trong dung
moi nwdc déu tao dung dich cé phan ng acid hay kiém
twong rng. Tuy nhién ciing cé nhitng chat dién ly 1a mubi
khi tan trong nwdc cling cho cac phan (ng twong tuw.
Chéng han khi xét sy hoa tan (CH3;COO), Ba:

(CH3CO0); Ba + 2 H,0 = Ba®* + 2 CHsCOO + 2 OH
hay:
(CH3COO), Ba + (n + 2) H,0 = [Ba(H,0)n]** + 2 CH3COOH + 2 OH’

Sw tao thanh chét dién ly yéu CH;COOH da lam can
bang dién ly trong nwéc bi pha huy: trong dung dich xuét
hién [OH] solvat dw, lam cho dung dich cé phan tng
kiém.

Phdn &ng twong tac gitra nhirng ion ctia mudi va
nhirng ion ctia H* va OH" goi la sw thuy phan.

Trong cac phan (*ng nay, cac ion H* va OH chi
dwgc tich tu lai trong dung dich, chung lam cham lai qua
trinh dich chuyén tir trai sang phai, ching khéng xay ra
phan (ng t&i cung, ma cudi cung can bang ddéng dwoc
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thiét 1ap: phan ng thuy phan la phan ng trung hoa,
chéng han:
CH3;COO + H,O = CH3;COOH + OH’
(thuy phéan) (trung hoa)
AICl3 + 6 H,O = AI(OH); + 3 H,0O + 3 CI.
(dung dich acid manh)
AlLS; + 6 H,O —> 2 Al(OH)s + 3 H,S
(dung dich acid yéu)
NaAlO; + H,O == Na’ + HAIO, + OH"
(dung dich kiém manh)

Vay phan &ng thuy phan la phan &ng twong tac gitra
nhirng chat khac nhau (muédi, hydrua, cac hop chat oxy,
halozen va thioanhydric) v&i nhirng ion cua nwéc, kém
theo sy pha huy can bang dién ly cla nwéc va lam thay
ddi pH cda dung dich (k& ca sy thay dbi mau sic cla
dung dich)

Vi du: khdo sat sw thuy phan ctia mudi NH,CI

Trong dung dich co sw dién ly: NH,Cl — NH," + CI’

Trong dung moéi muwéec:

NH,” + H,O == NH3 + H;0"

Nén: NH,Cl + H,O == NH;+ CI + H;0"

Vi thé dung dich thu dwoc sau khi hoa tan mubi
NH,4CI trong nwdc 1a dung dich ¢é tinh acid (vi chira ion
H;O" ; khoang pH < 7), dung dich khéng c6 mau

Vi du: Khao sat sy thiy phan clia dung dich mudi CuSO,
Trong dung dich c6 sy dién ly:
CuSO, = Cu** + S0,
Nén: Cu? + H,0 == (CuOH) "+ H"
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CuSO, + H,0 = (CuOH)* + SO,* + H*

Vi thé dung dich thu dwoc khi hoa tan chéat rdn mau
trdng CuSO, vao nuwdc c6 mau xanh (vi ch®a ion
(CuOH)" ), dung dich cé tinh acid (vi cé chira ion H")

Két luan chung: Khi thiy phan mubi tan sé thu dugc
dung dich ¢6 pH tuy thudéc vao dé manh ctia gbc acid va
baz cla mudi dé.

Khai niém dung dich dwoc xac dinh:

- Dung dich acid la dung dich ¢é chitva ion H*

- Dung dich baz Ia dung dich c6 chra ion OH

- Dung dich muéi la dung dich c6 chira cac cation

kim loai (hay NH," ) va anion géc acid.

—  Hydroxyt Ia cac hop chat c6 chiva nhom lién két

- OH
Png dung ctia phan tng thuy phan
- Céac mudi amoni cla cacbonat, sunfat hay mubi
natri clia acetat, cacbonat, mudi cla cac baz
hi*u co yéu... déu bj thuy phan tao nhirng dung
dich cé pH xac dinh. Nén cé thé dung nuwéc dé
két tia cac hydroxyt ctia ching
- Trong phan tich, cac phan ng thuy phan cac
mudi amoni tao thanh cac amoniac tw do dwoc
s dung dé phat hién géc amoni, nhat 1a khi
ching dwoc dun néng véi kiém

- Viéc tach cac ion Crom va nhém dwa trén sw

phan huy thuy phan cromit khi dun sbi tao két
tia Cr(OH)3 v.v...
1.6.2. Phan (rng trao doi

La phan &ng héa hoc trong dé khéng cé sy thay ddi
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sb oxy hoa clia cac chat trudc va sau phan tng.

Diéu kién d& c6 phan wng trao dbi (dinh Iluat
Betthorlet): phan (rng xay ra khi cé sy tao thanh chét két
tlia hodc chat bay hoi, hodc chat dién ly yéu.

Vi du: AgNO3; + HCl —> ?

(phé&n (rng xay ra vi sa&n pham thu dwoc cé chat két tia AgCl)
KClI + H,S0O, —» ?
(phdn ng khéng xay ra vi san phadm khéng théa dinh luat
Bertholet)
NH,Cl + Ca(OH), —» ?
(phan &ng xay ra vi cé sy tao thanh chét bay hoi NH; )
HCI + KOH —» ?
(phan &ng xay ra vi cé sw tao thanh chat dién ly yéu H,0)
Cach viét phwong trinh phan rng trao déi thu gon
- Viét phuong trinh phan &ng & dang phan tt
- Chuyén phuwong trinh vé& dang ion (cac chat két
thia, chat ran, chat bay hoi, chat khi hoac H,O
van gilr nguyén dang phan tt)
- Rt gon hai vé nhirng ion giéng nhau, va chuyén
H* thanh H;O"

Vi du: Viét phwong trinh phan &ng trao déi khi pha
tron ZnCl, vao dung dich NaOH.

Phwong trinh phan to:

ZnCl, +2NaOH — Zn(OH), + 2 NaCl

Phwong trinh rat gon:

Zn** +20H — Zn(OH),
1.6.3. Hydroxyt lwéng tinh
Hydroxyt lwéng tinh Ia hydroxyt vira c6 tinh acid vira
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c6 tinh baz, chdng han AI(OH)s;, Cr(OH)s;, Zn(OH),,
Sn(OH),, Be(OH,, Pb(OH),...
Chang han v&i Al(OH)s:
Al(OH); + 3H" - AP* + 3H,0
Al(OH); + OH — (AIO,) + 2H,0
Hay v&i Zn(OH),:
Zn(OH), + 2H" - Zn* + 2H,0
Zn(OH), + 2O0H — Zn0O,” + 2 H,0
Hang sb dién ly cia cac hydroxyt lwéng tinh:
Xét can bang dong:
Be(OH), = Be(OH),

(dung dich) (dang tua)
Trong do:
2H" + BeO,” = Be(OH), = Be* + 20H
(dang acid) (dang tua) (dang baz)
K: 10°% 10°'®

Theo cac cbéng trinh nghién cltru cua L.P. Adamovich,
thi qua trinh dién ly cia Be(OH), la:

Khoang pH K

Be(OH), = BeOH® + H* 54 + 6,2 510"
Be(OH), + BeOH' = [Be, (OH),|** + OH 5,1+ 5,4 2.10°°
2 Be(OH), + BeOH" == [Be; (OH);]** + OH 5,1+54 4.10°°
[Be, (OH), ** = 2 Be*" +2 OH 38+51 4,9.10 %
[Be; (OH); ¥ == 3 Be®" + 30H 38+51 4,410 %

Nhw vay qua trinh phan ly nay cling dwoc dac trweng
bang mét hang sé phan ly

Tinh chat nay dwoc (rng dung dé dinh tinh mot sé
cac cation tao dwoc cac hydroxyt khéng tan trong nwéc
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bang cach cho mét lwong dw kiém natri hodc kali tac dung
vOi cac cation, khi d6 cac hydroxyt nay sé dwoc tach ra
khdi hén hop & dang tda. Sau d6 néu trong dé cé hydroxyt
lwdng tinh thi lai lam tan chang trong dung dich kiém (nhw
tach Fe®* ra khai AI**)

Hang sb dién ly dang acid cta hydroxyt lwéng tinh
tang theo sw tang dién tich clda cac ion tao thanh chung,
do d6 mubn lam tang do tan cha nhirng hydroxyt kho tan
trong nwédc ma nhirng hydroxyt dé chira ion c6 kha nang
bi oxy hod, thi hdy oxy hoa ion nay. Chéng han, néu cho
hén hop cia Fe(OH); va Cr(OH); thi dwdi tac dung cla
hydroperoxyt hodc cac chat oxy hoa khac trong méi
trwdng kiém, Cr** sé bj oxy hoa dén Cr®* tao thanh CrO,
> dé dang chuyén vao dung dich.

Viéc so sanh cac hang sd phan ly cia hydroxyt
lwdng tinh & modt gia tri pH, c6 thé chi ra dwoc tinh chat
acid hay baz nao cua né tréi hon

Vi du:

Hydroxyt K (dang baz) K (dang acid)
Pb(OH), 9,6.10* 2.10°%.
Al(OH); 8.10 %, 4.10° %,
In(OH)3 1,3.10° 3 1.10° %8,
Ga(OH), 1,6.10 . 5.10 '
As(OH)3 1.10° % 5,7.10° %

Nhw thé cé thé thdy dwoc Pb(OH), c¢6 tinh baz thé
hién rd hon tinh acid trong cac dung dich nwéc.
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Bai tap

1.
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Tinh hang s can bang cta dung dich sau:

1.1. Dung dich NH3 0,1M c6 a = 1,35%

1.2. Dung dich CCI;COOH 107> M ¢6 a = 54%

Tinh ndng d& [H'] ctia cac dung dich sau:

2.1. Dung dich HCI 5.10™* M

2.2. Dung dich CH;COONa 102 M (c6 pK.= 4,75)

Tinh ndng d& [H'] khi pha trén cac dung dich sau:

3.1. Dung dich CH3;COOH 0,1M va dung dich
CH3;COONa 0,2M

3.2. 100mL dung dich CH3;COOH 0,1M va 50mL
dung dich CH;COONa 0,2M

3.3. Dung dich NH3 0,1M + dung dich NH4CI 0,2M

3.4. 50mL dung dich NH3 0,1M + 100mLdung dich
NH,Cl 0,2M



BAI 2. PHAN TICH BINH TiNH CATION NHOM 1
M4 bai: HPT 2

Giéi thiéu

Viéc xac dinh cac ion trong dung dich nwéc [a mét
trong nhirng cong viéc can cé ctia nghé phan tich. C4c ion
trong dung dich s& dwoc phan chia theo cac nhém dé
thuan lgi cho viéc tach chung ra khéi dung dich nwéc
Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. Mé ta cac hé théng phan tich.

2. M6 ta cach lam thi nghiém phan tich.

3. Phan tich dinh tinh nhém.

4. Xac dinh cac chat sau phan tich.
Noi dung chinh

1. Cac hé théng phan tich.

2. Phan tich dinh tinh nhém 1.
2. 1. Hé thong phan tich
2.1.1. Hé théng phan tich dinh tinh

Phan tich dinh tinh cac cation theo cac nhém
phwong phap phan tich, tuy thudc vao thudc thir da st
dung, gém 3 hé thdng co ban la:
2.1.1.1. Hé théng phan tich sunfua cac cation

D6 tan cua cac sunfua, clorua va cacbonat la co s&
cta hé thédng nay. Theo hé théng nay, cac cation dwoc
chia lam 5 nhém phan tich (trong quyén Cac co s& hoa
hoc phan tich cta A. P. Kreskov da trinh bay day da hé
théng phan tich nay)
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Nhém 1 gébm cac cation kim loai kiém va NH,",
Mgz+

Nhoém 2 gdm cac cation kim loai kiém thé (Ba?,
Sr**, Ca®"). Nhém nay bi két tGa bsi thubc thir
nhém - amoni cacbonat trong dung dich dém
amoniac duw¢i dang cac cacbonat khéng tan
trong nwédc. Nhém 2 khong bi két tia bdi amoni
sunfua va H,S

Nhom 3 gdbm hai phan nhém la phan nhém cla
AI**, Cr** va phan nhém cta Mn?", Fe*, Fe*",
Ni%*, Co*", Zn**.  Nhém nay khong bj két tha
bang H,S dwdi dang sunfua tir dung dich acid.
Nhém 4 gébm Cu?*, Cd*, Hg*, Bi**, As®", As™,
Sb**, Sb*, sn*, sn*".

Nhém nay bj két tia béi H,S dwéi dang cac
sunfua trong méi trwdong acid & pH = 0,5. Cac
sunfua cutia ching thuc té khéng tan trong nwéc
va trong cac dung dich acid vé co loang. Thubc
thir chung la H,S trong HCI.

Nhém 5 gdbm Ag®*, Hg,**, Pb*. Céc clorua cla
nhom nay khong tan trong nwéc va trong cac
acid loang. Thudc thir ctia nhém la HCI 2N

2.1.1.2. Hé théng phan tich acid - baz
Hé théng nay chia cation thanh 6 nhém:
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+ Nhom 1 gébm cac cation kim loai kiém va NH,".
Céc clorua, sunfat va hydroxyt ctia ching déu
tan trong nwdc. Chung khéng cé thubc thir
nhom. Cac hop chat c6 mat nhém nay déu co
thé tan tao thanh dung dich.



Nhom 2 gdbm Ag®, Hg,”*, Pb*. Céc clorua cla
nhém nay khéng tan trong nwédc va trong cac
acid loang. Thubc thir cia nhém la HCI 2N
Nhém 3 gébm Ba®*, Sr**, Ca®, Pb**. Sunfat cua
chung khéng tan trong nwéc va trong cac dung
dich acid. Thudc thir clia nhém la H,SO, 2N
Nhém 4 gébm AI**, Cr¥, zn*, As*, As>*, Sb*,
Sn**, Sn**. Cac hydroxyt ctia chung déu lwéng
tinh tan trong dung dich kiém dw. Thubc thir
thwdng dung la NaOH 4N va KOH 4N duw.

Nhém 5 gdm Mg**, Mn**, Fe?*, Fe*", Bi**, Sb™,
Sb®". Cac hydroxyt cta chung déu khoéng tan
trong dung dich kiém dw. Thudc th&r thwdng
dung la dung dich NH3 25% duw.

Nhém 6 gdbm Cu?*, Cd**, Hg**, Co**, Ni**. Céc
hydroxyt ching tao ra cac amoniacat tan. Thubc
thr 1a dung dich NH3 25% duw.

Uu diém cla hé théng nay la da sl dung duoc

nhirng tinh chat co ban cla cac nguyén t6: quan hé cla

chung véi cac acid, baz, tinh lwdng tinh ctia cac hydroxyt

va kha nang tao phtrc ctia cac nguyén té. Va nhwoc diém

cla hé théng nay 1a con gidi han vé sb lwong cac cation,

cac tinh chéat ctia cac hydroxyt clia cac cation nhém 4 va 5

chwa dwoc nghién ctru k¥, cling nhw cac diéu kién tach,
tao két tiia cta chung.
2.1.1.3. Hé théng phan tich photphat - amoniac

Hé théng nay chia cac cation thanh 5 nhém phan
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- Nhom 1 gém céc cation kim loai kiém va NH,".
Khéng c6 thubc thir dac trwng cho nhém

- Nhém 2 gébm Ba®, Sr*, Ca®, Mg?*, Fe*, Fe*,
A", Cr**, Mn*, Bi®*. Nhém nay bi két tia bdi
thuébc thr nhém - amoni hydro phophat
(NH,4),HPO, trong dung dich amoniac dac.

- Nhém 3 gébm Cu?*, Cd**, Hg**, Co**, Ni**, Zn*".
Cac phophat cta chung tan trong dung dich
amoniac tao thanh cac amoniacat [Me(NH;
)el*".

- Nhém 4 gdm:As**, As®, Sb>*, Sb*, Sn®*, Sn*.
Cac ion thiéc va antimon khi dun néng véi HNO;
thi tao thanh két tha khéong tan la acid
metastanic va acid metaantimon (H,SnOg,
HSbO;). Cac hop chat asen (lll) khi dun néng
v&i HNOg3 thi bi oxy hoa thanh HzAsO,

- Nhém 5 gdbm Ag*, Hg,**, Pb?* bj két ttia béi acid
HCI dwéi dang cac clorua it tan.

2.1.2. Phan tich dinh tinh cac anion

Phéan tich dinh tinh [a mét mat trong cong tac phan
tich, co nhiém vu xac dinh thanh phan phan tlr cta chat
hodc thanh phan phan t& cta cac chat trong hén hop,
ho&c cac ion ¢6 trong dung dich. Thuweéng dwoc tién hanh
bang cac phwong phap nhw phwong phap hoa hoc (dung
phan (rng hod hoc chuyén chat chwa biét thanh cac chét
mé&i cd tinh chat dac trung, réi maéi xac dinh chét can tim),
phuwong phap vat ly, phwong phap hoa ly (dwa vao ly tinh
va hoa tinh cltia cac chat, phwong phap nay chi yéu dung
may nén dé chinh xac cao va cho két qua nhanh)
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Cac nhom anion dwgc phan lam 3 nhom:

- Nhoém |: gém cac anion CI', Br', I', SCN', S,052.

- Nhém Il: gdbm cac anion SO,*, PO,*, C,0,%,

CO;*, BOy

~ Nhém llI: gém céc anion NO3, NO,', CH;COO".
2.1.2.1. Phan tich dinh tinh nhém anion |
2.1.2.1.1. Pac tinh cia nhém

~  Anion nhém | gém céc ion CI', Br', I, SCN’, S,05

2
- Thubc thr dwoc dung la AgNO; Ba(NOs),,
dung dich S,052.

Cac anion nhém | khi tac dung v&i AgNO;  sé tao
duoc két tha mudi bac. Két tia nay twong dbi bén, khéng
tan trong cac dung dich acid, ngay ca v&i dung dich HNO;
2N. Cac anion nhém | khéng tao két tha véi Ba(NOg), triv
dung dich S,05* dam déc.

- CA&c phan trng xay ra:

Ag"® + CI' — AgCl{ (trdng chuyén den)

Ag"® + Br — AgBr<{ (vang nhat)

Ag" + I’ - Agl 1 (vang éng anh)

Ag® + SCN" — AgSCN{ (tréng)

Ag® + S,03% — Ag, S,0; Y (trdng chuyén den)
2.1.2.1.2. Tinh chat cta cac anion cia nhém |
Vé&iion CI

Dung thudc thtr KMnO, trong méi trwdng acid H,SO,
hoac MnQO, trong méi trwdng H,SO, d d hay K,Cr,0:

10 ClI" + 2 KMnO,4 + 8 H,SO,; — 5Cly, + K,SO, + 2
MnSO, + 5 SO,* + 8 H,0
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Khi Cl, thoat ra dwoc xac dinh bang sy hoa xanh
gidy tdm hén hop anilin va orthoToludin hodc lam xanh
gidy tdm hén hop Kl va hé tinh bét.
Giai thich:
Thé oxy hoa tiéu chudn cla cap oxy hoa khiy lién
hop la Cl,/2CI" = 1,36 (v), cho nén CI" & chat kht rat yéu.
N6 chi bi oxy hoa b&i cac chat oxy héa manh nhw MnOy,
S,0g”, PbO,, MNO,..
10CI" + 2MnO, + 16H" = 5Cl, + 2Mn%* + 8H,0
ACI + MnO; + 4H" = 2Cl, + Mn®* + 2H,0
ACI + PbO, + 4H* = 2Cl, + Pb*" + 2H,0
Ky thuat phan tich
Cho khoang 0,01(g) tinh th& KMnO, (hodc MnO,
hodc PbO,) vao trong mét 6ng nghiém, phia trén 6ng
nghiém, gan miéng 6ng, gai moét mau gidy loc da tdm
dung dich Kl / Hb tinh bot. Nhé dung dich HCI dac vao tinh
thé KMnO, (can can than tranh nhd nham vao giay loc).
Miéng gidy sé xuét hién mau xanh cla |, cé trong hé tinh
bot.
- Dung thubc thtr Hg,(NO3),: tao két tha trang
Hg.Cl, (trdng) khéng tan

- Dung thubc thr Pb(NO,),: tao két tGa trang
PbCl, (trdng) khéng tan

- Dung thuéc thtr AgNOs3: tao két tia mau trang
dem ra ngoai anh sang hoa thanh mau den: CI
+ Ag" = AgCI 4 (tréng)
Do tim thay tbi thiéu la 1gam CI°, d6 pha loang
gi¢i han la 1: 10°
Két ta AgCI tan trong NH,OH, KCN, Na,S,0s,
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HCI dac va ca trong (NH,),CO3 10%:
AgCl + NH,OH = [Ag(NH5),}* + CI + 2H,0
AgCl + 2CN + [Ag(CN),]" + CI
AgCl + 2HCI = H,[AgCl;]
- Dung thubc ther K,Cr,07 / H,SO, dic:
Tron mét lwong mudi clorua (KCI hoac NaCl)
ran véi K,Cr,0- theo ti 1& 2: 1, tAm wét hén hop
nay bang H,SO, dac, réi dun néng nhe thi sé c6
hoi mau nau CrO,Cl, bay ra. Hoi CrO,Cl, hoa
tan trong kiém sé tao thanh dung dich cromat
mau vang:
K,Cr,0O; + 4KCl + 3H,SO, = 2CrO,Cl, + 2K,SO,4 + 3H,0
CrO,Cl, + 2NaOH = Na,CrQO4 + 2HCI
Céac ion Br va I' khéng gay can tr& vi chang
khéng tao thanh cac hop chéat twong tw.
Br va I tac dung vé&i H,SO,4 dac tao thanh Br, va
l,, nhwng khi tdc dung véi kiém thi chang tao
thanh dung dich khéng mau:
Br, + 20H = Br + BrO™ + H,0O
[, +20H =1 +10 + H,0O
Vé&i ion Br-
- Dung thubc thr AgNO3: tao két tlia vang nhat
(nhw mau trang nga)
Br + Ag" = AgBr ¥ mau vang nhat
AgBr khoéng tan trong HNO3, (NH,4),CO3; nhwng
tan trong NH,OH, KCN va Na,S,0x:
AgBr + 2NH,OH = [Ag(NHs),]" + Br + H,O
AgBr + 2CN’ = [Ag(CN),] + Br
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AgBr + 2S,05” = [Ag(S,03),]" + Br

Dung thubc thtr KMnO, trong méi trwéng acid
H,SO, hoac MnO, trong mbéi trwdng H,SO,
dam dac hay K,Cr,07:

"+ MnO, + 2 H,SO, — Br, + MnSO, + S0,% + 2 H,0

Br, tao ra trong dung dich c6 sy dun ndng nhe
sé thoat ra ngoai va duwoc xac dinh bang sw lam
héng gidy tdm Florescein C,H1,05 do tao thanh
Dosin ¢c6 mau héng rat dac trwng (néu Br, dac
hay dw thi mau héng nay bién mét) hodc bang
dung dich clorofom, thi hoi Br, hoa tan trong
dung dich lam dung dich c6 mau vang nau.

Céac ion I va NOj3 cling cho cac phan rng twong
tw, nén do la nhirng ion gdy can tr& cho viéc
thwc hién phan ng.

Ky thuat phan tich

Cho 1 giot dung dich mau chta Br- vao éng nghiém
+ 3 giot CH;COOH 2N + 0,01(g) PbO,. Pay éng nghiém
bang gidy loc c6 tAm dung dich Fluoretxein, sau vai giay
gidy sé xuét hién mau héng dac trwng ctia Dosin.

Céc chét oxy hdéa khac nhu K,S,0g, HNO; d&c ciing
tac dung voi Br va giai phéng ra Br, twong tw nhw trén:

2Br + S,05% + 8H* = Br, + 2S0, + 4H,0

6Br + 2HNO; + 6H" = 3Br, + 2NO + 4H,0

82

Dung thubc ther chi acetat (CH;COO),Pb hay
hén hop PbO, trong dung dich acetat ; xuat hién
két tia PbBr, mau trang (chu y néu lwong Br,
sinh ra dw thi lam két tia nay tan do tao phtrc
[PbBr, 1.



2Br + PbO,+ 4H* ->Br, T +Pb*™ + 2 H,0
2 Br + Pb(CH;COO), — PbBr, mau trdng + 2CH;COO
PbBr, tan trong kiém, trong amoni axetat va KBr
dw:
PbBr, + 2KBr = K,[PbBr,]
Cha y lon Br tbn tai trong dung dich acid la
mot chat khir
- Dung thubc thi Cly:
2Br + Cl, = Br, + 2CI
Br, tao thanh tan nhiéu trong cac dung méi hiru
co nhw CgHs, CS,, CHCls...
Cac chat khr manh nhw SO?... sé bj Br, oxy
héa gay tr& ngai cho phan rng.
Ky thuat phan tich
Cho khoang 3 giot dung dich mau cé chira Br vao
éng nghiém + 3 giot H,SO, 2N + 0,5mL dung dich
Benzen. Nho tirng giot nwdc Clo (khéng lam xao déng
dung dich), thi trén bé mé&t dung dich xuat hién mau vang
rom. Néu tiép tuc nhé nwéc Clo, thi mau vang nay bién
méat do tao hop chat khéng mau BrCl.
- Dung thubc thtr K,Cr,0, / H™:
6BI" + Cr,0;% + 14H" = 3Br, + 2Cr®*" + 7H,0
Ky thuat phan tich
Cho 3 giot dung dich mau cé chra Br vao éng
nghiém + 5 giot dung dich H,SO4 2N + 0,5 mL Benzen.
Nhé tir ttr dung dich K,Cr,O; vao va lAc can than, dung
dich s& xuéat hién mau vang rom cta Br". Tach 1&p dung
dich benzen, r6i nhé vao éng nghiém dung dich KiI, thi
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dung dich sé& xuét hién mau tim do Br, day |, thoat ra.
- Dung thubc thir KBrO; / H*:
5Br + BrO5; + 6H" = 3Br, + 3H,0
Phan &ng nay co gia tri trong phan tich dinh
lwong.
Véiion I
- Dung thubc thir AgNO3: tao két tiia vang nhat I
+Ag"=Agl{
Agl khdng tan trong HNO; va NH,OH (khac voi
AgCl va AgBr), nhuwng tan trong KCN va tao
thanh phirc K[Ag(CN),]
- Dung thubc thir KMnO, hay K,Cr,0; trong mdi
trwdng acid H,SO,4 hoac MnO, trong moi
trwong H,SO, dd:
2" + MnO; + 2H,SO; —> I, + MnSO,4 + SO,* + 2 H,0
Cr,07% + 6l + 14H"= 2Cr** + 3l, + 7H,0
2MnOy 4 101" + 16H* = 2Mn?* + 51, + 8H,0
Hoi I, bay ra dwoc xac dinh khi lam xanh gidy hé tinh
bot
- Dung thubc thir Fe,(SO,); d&c trwng cho I va
Br' va CI" khéng phan trng
21 + FeyS04); — |, + 2FeSO, + SO~
Néu thém Hs;PO, vao thi phan (rng sé xay ra
theo chiéu hoan toan nguwoc lai.
- Dung thudc thr chi acetat (CH;COO),Pb tao két
tua Pbl, mau vang 6ng anh
21"+ (CH3COO),Pb — Pbl, ¥ (vang) + CH;COO
- Dung thubc thir HgCl,: tao két tta Hgl, mau dé
21" + HgCl, — Hgl?(vang) +2CI
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Cha y lon I tén tai trong dung dich acid 1a mét
chét khir va Hgl, tan dwoc trong thubc thir dw:
Hgl + 21" = [Hgl,]*
Dung dich mubi K,[Hgl,] trong méi trwéorng kiém
goi 1a thubc thir Netle, dung dé tim ion NH,".
- Dung thuéc thtr CuSO,: tao Cul ¥ mau tréng va
dung dich chtra I, mau nau sam:
3Cu* +4I'=2Cul ¥ + I,
l, +SOs” + H,0 = 21" + SO, + 2H"
- Dung thudc thir KNO, (hodc NaNO,) trong mdi
trwdng acid:
21"+ 2NO, + 4H" = I, + 2NO + 2H,0
Ky thuat phan tich
Cho vao 6ng nghiém 3 giot dung dich mau cé chira I
+ 3 giot dung dich H,SO, 2N + 3giot hd tinh bot + 2 giot
dung dich KNO, . Dung dich sé xuat hién mau xanh tim.
- Dung thubc thi nwéc Clo:
21+ Cly =1, + 2CI
Clo dw sé lam mat mau cua |, vi:
I, + 5CI, + 6H,0 = 2HIO + 10HCI
- Dung thubc thtr H,SO, dac va HNO; dac:
6KI + 8BHNO;3; = 3l, + 2NO + 6KNO; + 4H,0
10KI + 7 H,SO4 =51, + SO, + H,S + 5 K,SO,4 + 6H,0
Vé&iion SCN-
- Dung thubc thir Ag™:
SCN + Ag* = AgSCN { tréng
AgSCN khéng tan trong cac acid vé co loang,
nhwng tan trong NH,OH, KCN va SCN" du,
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Na,S,03
AgSCN + 2NH,OH = [Ag(NH5),]SCN + 2H,0
AgSCN + 2CN”" = [Ag(CN),} + SCN’
AgSCN + 2SCN’ = [Ag(SCN)s]*
- Dung thubc thir FeCl; tao dung dich phirc mau
do dac trwng
SCN™ + FeCl; = Fe(SCN); (dung dich mau dd)
Hay viét la:
Fe* + SCN’ = [Fe(SCN)]**
Khi dw SCN  thi tao thanh [Fe(SCN),]",
[Fe(SCN)4
- Dung thubc thir Co(NO3),: tao dung dich mau
xanh
SCN™ + Co(NO3z), = [CO(SCN),]?* + 2 NOg
Phtrc nay rat khéng bén, bi phan hdy ngay. Dé
gilr dwoc phirc nay, phai thém axetén vao dung
dich hay dung rwou isoamylic dé& chiéc phuec.
Luc do, I&p ruwou chiét sé cd mau xanh (xem
phan phan trng ion Co*")
- Dung thubc thir Hg(NO3),:
Hg(SCN), + 2SCN" = Hg(SCN), ¥ mau tréng
Két tha nay tan trong KSCN du:
Hg(SCN), + 2SCN" = [Hg(SCN)4]*
Néu cho ion Co?" tac dung Ién dung dich vira
thu dwoc thi s& co két tha tinh thé mau xanh
tham:
Co?" + [Hg(SCN)s]* = Co[Hg(SCN).] +
- Dung thubc thir CuSOy,:



2 SCN™ + Cu®" = Cu(SCN), ¥ den
Néu thém Cu?" vao dung dich SCN cé chira
H,SO3 va H,S0, lodng thi sé dwoc CuSCN két
tlia mau trdng:
2Cu** + 2 SCN" + SO3” + H,0 = 2CuSCN { + SO,* + 2H*
CuSCN khong tan trong H,SO, lodng. Bem ly
tam 14y CuSCN réi thém vao két tia d6 mét vai
giot dung dich FeCl; thi dung dich sé€ cé mau dé
mau, Vi:
2CuSCN + 2Fe®*" = 2[FeSCN]** + 2Cu**
- Dung thubc thir HNO3, H,SOy,:
3SCN + 13NO3 + 10H* = 3CO, + 3504% + 16NO + 5H,0
KSCN" + 2H,S04 + H,0O = KHSO4+ NH4HSO4 + CO
- Dung thubc thtr Zn (Al hodc Mg) / H™:
SCN + ZnO + 3H" = H,S +HCN + zZn*
H,S thoét ra cé thé nhan dwoc dé dang bang
gidy tdm mudi chi hay muédi antimon.
- Dung thubc thir CIO"/ OH';
3ClO" + 2SCN + 60H = 2C0O3* + N, + 3H,0
Vé&i ion $,0;% (anion thiosunfat)
- Dung thubc thiy I, lodng:
25,05 + I, > 2+ S,06°
(anion tetrathiosunfat)
lon S,05% bi oxi hdéa dén tetrathionat (S;0¢)*
ddng thoi né khty 1, dén I', do d6, né lam mét
mau dung dich I,. Phan rng nay xay ra rat dinh
hwéng nén dwoc dung trong phan tich thé tich.
- Dung thubc thr FeCls: tao dung dich mau tim
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Fe,(S,03); tan, @& mdt luc dung dich nay bj mét
mau do sw chuyén hoa Fe** thanh Fe**
2 5,037 + FeCly; — [Fe (S;03),]" + 3CI
2Fe® + 2 S,05” = 2Fe*" + S,04”

Dung thuéc thir KMnO, trong méi trwéng acid
H,SO, hoac MnO, trong méi trwong H,SO4
dam dac hay K,Cr,07, ion S,05” |am mét mau
tim cda dung dich KMnO,4 hay mau da cam cua
K.Cr,07

S,03% + 2H" 5 H,S,0;—> SO,+ S{+ H,O

5S0; + 2KMnO, + 2H,0 - K,SO,4 + 2MnSO, + 2H,S0,
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Dung thudc thr BaCl, : tao tda tréng
Ba®" + S,05* = BaS,0; v

BaS,0; dé tao thanh dung dich qua bao hoa,
cho nén dé thu dwoc két tda, can dung dia thay
tinh co vao thanh &ng nghiém, thi tinh thé
BaS,0; xuét hién
Két tia BaS,0; dé tan trong cac acid vé co
lo&ng.
lon Sr** khong két tia dwoc voi S,05% (khac voi
S05%)
Dung thudc thir AgNO3:tao két tha trang

2Ag" + S,05% = Ag,S,03 4
Két tha trang Ag,S,0; sinh ra bién thanh mau
vang roéi nau va cudi cung thanh den vi tao
thanh Ag,S:

Ag,S,0; + H,0 = Ag,S+ + H,S0O,
AQ,S,0; tan trong Na,S,03 du:



3Na,S,03+Ag,S,03 = 2Nas[Ag(S.03)]
- Dung thubc thir 1a acid vé6 co hodng: lam dung
dich bi van duc
S,05” + 2H" = H,S,05 = SO, + S { + H,0
- Dung thubc thir CuSO..
2Cu* + 2S,05” = S,06” + 2CU”
lon Cu” sinh ra sé tac dung vOi S,0,% dv tao
thanh ion phic [CuS,03]. Khi dun séi, ion phirc
nay bi phan huy, tao thanh két tia sunfua déng
(1) mau den:
2[CuS,04] + 2H,0 = Cu,S+ S ¥ + 2S0,% + 4H*

2.1.2.1.3. Phan tich hé théng anion nhém 1
Dong dich anion nhdm 1
i Dong dicheloin bin hyp anion nhdml S, Be, T

+ AgHO, | 15
+ [MH, )20 déntn

| '

dung dich loc Tia vang duc
l+HNC& R + MH; dic

tia tfng ‘L |

Mban kit ag® \

[Hibe A2 Tiz ving niet dung dich

+ Fluoemsen

+ CHOOOH "1‘
+Tn, 1%
+ b6 1mb b1 bod bdng

Hhban biét Br
dungz dich bod xanh (Hban T

[Hban bigt 1"
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Hinh 2.1. So d6 phan tich dung dich anion nhém |

2.1.2.2. Phan tich dinh tinh nhém Anion Il
2.1.2.2.1. Pac tinh cta nhém
- Anion nhém Il gém cac ion SO,*, PO,%, C,0,%,
CO;*, BOy
- Thubc thir chung ctia nhém: AgNO;, Ba(NOs),,
S,057.

Cac anion nhom Il khi tac dung véi AgNO; sé tao
dwoc cac mudi két tha. Cac két tia nay tan trong dung
dich HNO;3; 2N, trtr Ag,SO, khbng tan. Cac anion nhom I
tao mudi Ba** tan trong dung dich HNO3; 2N trir BaSO,
khong tan

- Cac phan tng xay ra:

Ba’* + SO, — BaSO, Y (trdng)

Ba’* + PO,> — Bas(PO,), (trdng)

Ba’* + C,0,% —» BaC,0, Y (trdng)

Ba’* + BO, — Ba(BO;), ¥(trdng)

Ag" + SO.5 — Ag,SO, (trdng)

Ag" + PO,> — AgsPO, (trdng)

Ag" + C,0,5 — Ag,C,04 Y(trdng)

Ag" + BO, — AgBO,{ (nau den clta Ag,O)
2.1.2.2.2. Cac anion trong nhom Il
Véiion SO;~

- Dung thubc thir BaCly:

Ba®" + SO;% = BaSO; ¥ mau trang
BaSO; tan trong acid loang (khac véi BaSO,):
BaSO; + 2HCI = BaCl, + SO, + H,0
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Sr** ciing cho két tia v&i SO;” (nhwng khéng
cho két tha v&i S,05%)
- Dung thubc thir AgNOs.
2Ag* + SO5* = Ag,SO; ¥ mau tréng
Ag,SO;3; tan trong HNO; lodng, NH4,OH va Na,SOs;
du:
Ag,S0O; + 2HNO3 = AgNO3 + SO, + H,0
Ag,SO; + 4NH,OH = [Ag(NH3),},S05 + 4H,0
Ag,S0O; + 3Na,S0O; = 2Na3[Ag(S0s),}
- Dung thubc thir acid vé co loang:
SOs” + 2H" = H,S0O; — SO, T+ H,0
SO, bay ra dan qua dung dich nwéc voi trong sé
lam duc va lam mét mau dung dich KMnO,
lo&ng.
Ky thuat phan tich
Cho 3 giot dung dich mau cé chira SO;* vao éng
nghiém + 3 giot HCI 2N + 3 giot KMnO,, roi day kin bang
nat cao su cé dng nhwa dwng sdn dung dich KMnO,. Tién
hanh dun nhe day dng nghiém trong ndi cach thuy thi mau
héng cia KMnO, trong ng nghiém sé bién mét.
- Dung thuéc thir: Bry, l,, KMNO,
SO5” + I, + H0 = SO,% + 21 + 2H"
5S03* + 2MnO,4 + 6H" = 5S0,” + 2Mn** + 3H,0
- Dung thubc thtr Zn / HCI:
SOs* +3Zn° + 6H" = H,S + 3Zn*" + 3H,0
H,S sinh ra c6 thé phat hién bang phan tng véi ion
Pb?" . Cac ion S* va S,03% can tré phan &ng nay.
Ky thuat phan tich
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Cho 3 giot dung dich mau c6 chtvra SO3* + 1 mau Zn
+ 12 mL dung dich HCI 2N, réi day kin éng nghiém bang
miéng gidy loc c6 tdm (CHsCOO),Pb. Pun nhe éng
nghiém trong ndi cach thly. Gidy loc sé chuyén sang mau
den cta PbS

Dung thuéc thir malachit: lon SO5* |1am méat mau
cta dung dich thuédc thir xanh malachit. D6 tdi
thiéu tim thdy 1a 1 gam SO;”; d6 pha loang t&i
han véi ty 1& 1a 1: 5.10*

Céac ion S%, ClO, ClO,, 104, 105, SCN va
C,0,% can tr& phan (rng

Ky thuat phan tich

Cho mét giot dung dich thubc thtr xanh Malachit
0,0025% l&n mat kinh ddng hé + 3 giot dung dich mau co6
chira SO5*". Mau thudc thir sé& bién maét.
Véiion SO,
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Phan wng Woblers: trong mdi trudng KMnOy,
ion SO,* tao két tha BaSO, mau trdng (nhwng
do tinh hép thu cla két tta nay déi véi mau tim
héng ctia KMnO,, nén tréng két tia cé mau tim
héng)
Dung thuébc ther H,0, trong méi trwdng acid HCI
dé kh&r mau tim hdng cia KMnO,, tao két tda
BaSO, van con mau tim hdng. Nhan biét dwoc
SO4”
Dung thubc thtr BaCly:

Ba®" + SO,* = BaSO, ¥ tring
BaSO, khéng tan trong HCI, HNO;



- Dung thubc thir AgNO3: Chi tao thanh két tda
Ag,SO, khi nbng dé cua ion sunfat trong dung
dich dam d&c. Khi pha lodng bang nuwéc, né lai
tan.

Két tha rodizonat bari mau dé khéng tan trong HCI,
nhwng khi tac dung véi dung dich c6 chia ion SO,*, két
tla sé mat mau da, vi tao thanh BaSO, it tan hon.

Ky thuat phan tich

Cho 3 giot dung dich BaCl, 2N + 1 giot thubc thiy
Rodizonat Natri 1%, gidyloc c6 mau dé. Nhé tiép vao do 1
giot dung dich mau cé chira SO,*", thi mau dd bién mét

- Dung thubc thir BaCl, khi c6 mat KMnO..

BaSO, va KMnO, déng hinh, nén KMnO, di vao
mang lwdi tinh thé ctiia BaSO.. Vi vay két tha c6
mau tim.

Néu nhé vao dung dich H,0, 3% thi dung dich
s& mat mau, nhung ion MnO, trong mang wéi
tinh thé khéng bi khir, do d6 két tia van c6 mau
tim.

Ky thuat phan tich

Cho 3 giot dung dich mau cé chra SO,> + 3 giot
KMnO, bdo hoa, lac déu. Dung dng nhé giot hat ra nhd
lén t& gidy loc, sau d6 nhé tiép vao dé 1 giot dung dich
BaCl, 0,05N. Dem siy kho t& gidy loc (chu y khéng dwoc
dé to gidy bi 6 vang hay chay den), nhé |&n d6 3 giot dung
dich H,SO, 1N, mau xanh tim cta KMnO, van khéng bi
thay doi
Véiion PO,*
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- Dung thubc thr BaCl,:tao két tia BaHPO, mau
trdng
Ba*" + HPO,* = BaHPO, V.
BaHPO, tan trong cac acid HCI, HNO3; HCOOH. Khi
dun néng chuyén thanh photphat bari:
3BaHPO, = Bay(PO,); ¥ + HsPO,
- Dung thubc thtr AgNOgj: tao tia mau vang
AgsPO,
3Ag" + HPO,* = 3AgsPO, ¥ + H*
Két tia AgsPO, tan trong cac acid v co va
trong NH,OH:
Ag3PO4 + 3HNO3; = 3AgNO; + H3PO,
AgsPO, + 9NH,OH = 3[Ag(NH3),]OH + (NH4)sPO, + 6H,0
- Dung thubc thir FeCl; / CH;COO': tao tia vang
FePQO,
HPO,* + Fe** + CH;COO" = FePO, { + CH;COOH
FePO, khong tan trong CH;COOH nhwng tan trong
HCI va HNO3; loang.
- Dung thubc thir Bi(NOs)s: tao tda trdng BiPO,
HPO,* + Bi* = BiPO, ¥ + H*
Két tha nay khong tan trong HNO; lodng
- Dung thubc thr Pb(CHsCOO),: tao tla trang
Pb(PO,).
2HPO, + 3Ph(CH5;COO0), = Pb(PO,), ¥ + 4CH;COO" + 2CH;COOH
Két tia Pb(PO,), khdng tan trong axetic, tan
trong cac acid vo co loang.
- Dung thubc ther (MgCl, + NH,OH + NH,CI): tao
tinh thé tréng
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HPO,* + Mg?" + NH,OH - MgNH,PO, { + 2H,0

PO, + Mg?* + NHz; + H,O — MgNHsPO4y + OH"
Két tiia nay khéng tan trong NH,OH, tan trong
cac axit.

- Dung thubc thtr (NH,).Mo0O, / HNO;: tao tda
vang (NH;),Mo0O,

3NH," + PO,* + 12M00,* + 24H" — [(NH4)3]PM01,040 + 12H,0
ho&c ciing c6 thé viét:

H3PO,4 + 12(NH4),M00O,4 + 21HNO3; —
(NH4)sH4[P(M0,07)s + 21NH,NO3 + 10H,0
hoac:
PO,* + 12 (NH4),Mo O, + 24 HNO; —

21 NH," + (NH,)3[PM01,040 ¥ (vAng) + 24 NO3 + 2 H,0
Két tha amoniphotphomolypdat cé mau vang; né
tan trong kiém va amomiac, nhwng khéng tan
trong acid nitric.

Ky thuat phan tich

Cho 3 giot dung dich (NH,),M00, vao éng nghiém,
réi nhé tirng giot dung dich HNO; d&c dén khi két tda
trdng sinh ra bj tan hét, thi nhé tiép vao d6 3 giot dung
dich mau co chira PO,%, thi sé& xuét hién mau vang hoac
dung dich mau vang

Néu dung chéat khtr nhw benzidin, SnCl,, Fe*, acid
ascobic... dé& khtr acid photphomolypdic méi tao thanh thi
sé dwgc mau xanh dac trwng goi la “xanh molip den”.

Cach thuwc hién phan ng: nhé 3 giot dung dich
amoni molipdat I&8n miéng gidy loc loai khéng tan, say that
kho, sau dé nhé tiép 1&n day 1 giot dung dich khao sat + 1
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giot dung dich benzidin + 1 giot dung dich axteat réi ho 1&n
miéng lo dwng amoniac ddc. Néu cé ion PO,> trong dung
dich khdo sat thi sé& xuét hién vét mau xanh.

Cac ion AsO,> va SiOs” gay can tré cho viéc thuc
hién phan (rng vi ching ciling cho phan &ng twong ty. Co
thé loai trlr &nh hwdng cla cac ion nay bang cach thém
acid tactric vao dung dich.

Khi dé, acid tactric sé tao phtrc véi mélipden; nhwng
phirc nay kém bén hon phirc cta acid phophomolipdic,
song bén hon phirc cia asend va silicémélipdic. Do dé,
khi c6 mat acid tatric thi chi cé acid photpho molipdic
dwoc tao thanh va cac ion AsO,>, SiO;* khong hé gay
anh huwéng.

Ky thuat phan tich

Nhé mét giot dung dich amonimolipdat c6 lan acid
tactric va mét giot dung dich khao sat 1&én miéng gidy loc
loai khdng tan, say that khé.

Sau do, nho tiép mot giot dung dich axetac benzidin
|én miéng lo dwng amoniac dac. Néu co ion PO,* sé tao
thanh vét xanh.

Véi ion C,0,”
- Dung thuébc thtr CaCl,: tao két tia CaC,0, mau
trdng
CaCl, + C,0,% — CaC,0,{V + 2CI
- Dung thubdc th* KMnO, trong méi trwdng acid
H,SO, : ion C,0,% lam méat mau tim cta dung
dich KMnO,
5C,0,> + 2KMnO, + 8H,SO, —
10 CO, + K,SO,+ MnSO, + 5 S0, + 8 H,0
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V&iion CO5”

Dung dich CO5* lam hdng phenolphtalein
Dung thubc thtr BaCl,. tao ta trdng
Ba® + CO;” = BaCO3

Két tha nay tan trong cac acid vo co va ca trong
acid axetic
Dung thubc thir AgNO3. tao tda tréng

2Ag*+ CO5* = Ag,CO3 ¥
Két tia Ag,CO; sé& hoa den khi dé lau va dac
biét nhanh khi dun néng vi né bi phan huy thanh
Ag,0: Ag,CO3 + H,O = Ag,0 + H,CO3
Ag,CO; tan trong HNO; va trong NH,OH:

Ag>CO; + 4NH; = 2[Ag(NHs),]" + CO5”
Dung thudc thtr dung dich acid loang:
Céac acid vo co loang va acid axetic tac dung voi
CO5” cho khi CO; bay ra:

COs” + 2H" = H,CO; - H,0+CO, T
Khi CO, bay ra cé thé nhan dwoc bang dung
dich v&i nwéc voi trong, vi CO, lam duc nuwéc
véi trong do tao thanh CaCOj; két tla:

CO, + Ca(OH), -» CaCOj; ¥ + H,0O
Néu lwong CO, bay ra qua nhiéu thi két tda
CaCOg; lai bij tan vi tao thanh hidro cacbonat:

CO, + CaCO3+ H,0 —» Ca(HCO3),

Cac ion SO3* va S,03% khi tac dung véi acid
lodng ciling tao thanh khi SO, va nd6 ciing lam
duc nwéece voéi trong nhu khi CO,:
SO, + Ca(OH), » CaSO; + H,0
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B&i vay, khi tim CO3* bang phan &ng trén, néu
trong dung dich ¢6 1an ion
SO;* va S,05” thi trwéc hét can thém vao dung
dich vai giot K,Cr,0; hay H,0, va dun séi. O lau
trong khong khi dé oxy héa chung thanh SO,
SOs* + Cr,0,” + 8H" = 350, + 2Cr* + 4H,0
Ky thuat phan tich
Cho 3 giot dung dich mau c6 chra CO3* vao 6éng
nghiém + 3 giot dung dich HCI 2N. Day nhanh 6ng nghiém
bang nut cao su cé éng nhwa ludn bén trong chra sén
mot lwong nhé nwdc voi trong (can than kiém tra va nhe
nhang trong thao tac). Pem dun nhe 6ng nghiém trén noi
cach thuy. Phan nuwéc trong ng nhya sé hoa duc
- Dung thubc th&r HgCl, tao két tGa mau vang
nau, sau d6 chuyén sang mau dé nau:
COs* + HgCl, — HgCO; + 2 CI
Vé&i ion BO,
- Dung thubc thtr CH;OH trong méi trwdng acid
H,SO, dam dac: hoi borat metylic thoat ra chay
v&i ngon Itra mau xanh luc
BO, + H" + H,O — H3BO;
H:BO3; + 3 CH;COOH — (CH3);:BO; + 3 H,O
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2.1.2.2.3. Phan tich dinh tinh hé théng anion nhém li

Dung dich anion nhdém IT

I

{Dung dich chi chvfa ede ion : C,0,7, SO, PO/ SCN, CO.)

+NH; (pH =8~ 9)
+ CaCl, ,t°%C
Y |
tia trang
+ CHZCOOH dung dich loc
‘ + thil e véi
| l+ Fell;

(22, T nhdn bigt GO0
dung dich loc

l+ Thudc thit Mg Tia tring
+ dung dich HCl

Dung dich man dé
(Mhin bigt SCH)

Toa tring
(Nhan bt POy ) 1 ‘
Tiia trang Dung dich loc
(Mhin bi&t Ca* )
l +1, +1°C sai
+ EMnO,
mAt mau cia I it AT Sm

Mhanbi€tSO™ ) (uhan bict CO.%)

Hinh 2.2. So d6 phan tich dung dich anion nhém |I

2.1.2.3. Phan tich dinh tinh Anion nhém Il
2.1.2.3.1. Pac tinh cta nhém

- Anion nhém I gébm cac ion: NOs, NO;,
CH5COQO.'.

- Thubc th&r chung chda nhém la AgNO;,
Ba(NOs),, dung dich S,04%. Cac anion nhém Il|
khéng tao két tia v&i AgNO; , Ba(NO3),, nhwng
lai c6 thé tao két tda voi dung dich NO, dam
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dac hay dung dich CH;COO™ dam dac, cac két
tua nay tan trong dung dich HNO3; 2N.
- Cac phan rng xay ra:
NO, dd + Ag® — AgNO, { (trdng)
CH;COO dd + Ag® — CH3;COOAg ¥ (tréng)
2.1.2.3.2. Cac anion trong nhém 1li
Vé&iion NO3
- Dung thubc thtr FeSO, trong méi trwong H,SO,4
dam dac: ion NO3™ trong méi trwdng H,SO,4 sé bi
phan huy tao thanh NO va Fe®" sé két hop v&i
NO tao phtrc [FeENO]** mau den
NOs + FeSO, + H,SO; — [FeNO]* + 2S04 + H,0
lon NO," cling cho phan rng twong tw cac anion
CI, Br, Fe(CN)s*, SCN" CrO,*, SO3*, S,05%,
S0.* gay can tré cho phan rng.
Ky thuat phan tich
Cho 6 giot dung dich FeSO, vao 6ng nghiém + 1 mL
dung dich mau cé chra NO3, lac k§ dung dich. Nhé can
than trng giot dung dich H,SO, dam dac (khéng dé dung
dich bj x4o manh). S& xu4t hién mét vanh nau & ngay chd
tiép giap cla hai dung dich (néu lam khéng khéo léo sé
khoéng xuét hién dwoc vanh dai nay)
- Dung thudc thtr H,SO, dam dac dun nong voi
v bao dong (cé thé dung véi cac kim loai Al
Zn): ion NO3 bj oxy hoa b&i H* va SO, cula
acid H,SO,. Sau dé chinh no6 lai oxy hoa Cu tao
khi NO, mau nau:
NOs + H,SO,; — SO, + HNO;
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Cu + 2H* + NO; — Cu™ + NO,T + H,0
Dung thubc thtr dung dich kiém véi Al (kim loai):
cho dung dich kiém vao dung dich HNO; thém
miéng Al vao rdi dun néng. Khi NH; bay ra lam
xanh gidy quy.

NO; + 8|H|—>NH; T + OH™ + 2H,0

Vé&iion NO,

Dung thubc thir KMnO, trong méi trwdng acid

H,SO,; (hoac MnO, trong mdi trudong H,SO4

dam dac hay K,Cr,0; ) NO, lam méat mau tim
cua dung dich KMnOy:
5NO; + 2 KMnO4 + 3 H,S0O, —
5NO3; +2MnSO, + 2 K,SO4 + 3 H,O
Dung thudc thir H,SO,: tao khi mau nau
2NO, +2H"=NO T + NO, T + H,0
Khi tac dung véi H,SO, dac thi phan (rng xay ra
manh liét hon.
Dung thudc ther dung dich KI / H™:
2NO, + 21" +4H" =1+ 2NO + H,0
Phdn &ng nay c6 thé thwc hién theo phuwong
phap nhé giot. Cac chat oxi hda gay can tré cho
phan rng.

Ky thuat phan tich

Nhé 1 giot hé tinh bot 1én miéng gidy loc + 1 giot
dung dich CH;COOH 2N + 1 giot dung dich KI 0,1N + 1
giot dung dich mau c6 chira NO,". Gidy sé& xuat hién cac

vét xanh hay vong nwéc mau xanh

Dung thubc thlr FeSO, / H': tao khi NO va phirc
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khong bén FeNO* cé mau nau sam. lon NOg
cling cho phan rng twong ty (xem cach thyc
hién phan (rng trong muc nitrat).

- Dung thubc thr hén hop acid sunfanilic [CsH.
(NH,)(SO3H)] va naphtlamin (CyoH;N,) tao hop
chéat azo mau dé:

CsHa (NH5)(SO3H) + NaNO, + 2CH3;COOH —

CsHa (N=N-OOCH;)(SO;3H) + CH;COONa + 2H,0

CeHa (N=N-OOCH;)(SO3H) + CioH7H, —

CeHa (N,C1oHsNH,)(SO5H) + CH;COOH

Phan (rng nay rat nhay du lwong NO, rat nhd,

nén dwoc s dung nhiéu trong phan tich dinh

tinh.
Ky thuat phan tich

Cho 3 mL dung dich thubc thtr (gdm dung dich acid

sunfanilic trong CH3COOH theo sy hoa tan 0,5g acid nay
véi 100mL dung dich CH;COOH 10%) vao éng nghiém +
5mL dung dich mau c6 chira NO,. Pun é6ng nghiém dén
80 °C rdi cho vao d6 1 mL dung dich naphtylamin, dung
dich sé c6 mau do.

- Dung thubc thir kim loai kiém, nhém, Mg / OH:

NO, + 2Al + OH™ + H,O = NH;3 + 2AI0,".
Phan (rng xay ra v&i ion NO5™:
NO; + 4Zn + 7OH + 6H,0 = NH3 + 4NH; + Zn(OH),*
Vé&i ion CH;COO

- Dung thuébc thtr H,SO, bang phwong phap dudi
acid:cé mui dam bay ra:

CH;COO™ + H,SO, — CH3COOH + HSO,4
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- Dung thubc thiy felling: ion CH;COO™ tao phirc
mau dd cta Fe** khi pha lodng dun néng, bi
thuy phan thanh muébi tia mau nau

6CH3;COO" + 3 Fe®* + 2H,0— [Fe(OH); (CHsCOO )] * + 2H*
(phirc mau do)
[Fe(OH); (CH3sCOO )¢] © +3H,O —
3[Fe(OH),CH;COO0] ¥ + 3 CH3;COOH
(két tha mau nau)

- Dung thubc th&r AgNOgz trong dung dich
CH;COO dam dac, tao két tha trang
CH3;COOAg.

Ag" + CH;COO — CH3COOAg
Két tha nay tan trong dung dich HNO; va NHa.
- Dung thubc thlr C,HsOH hay rwou amylic trong
H,SO,: tao ester co mui dac trwng

Ky thuat phan tich

Lay 3 giot dung dich m3u + 5 giot rwou + 1mL dung
dich H,SO, dam dac, dun nong thich hgp, théy thoat ra
mui dau chudi
2.2. Phan tich dinh tinh cation nhém 1
2.2.1. Pac tinh chung

Nhom 1 cation gdbm: Ag ; Hg,*" ; Pb*, cac nguyén tb
nay nam trong cac nhém khac nhau cta hé théng tuan
hoan. Chung c6 hoac 18 electron & I&p ngoai cung hoac
(18 + 2) electron & 2 I&p ngoai cung, dé la nguyén nhan
tai sao chung lai tac dung gibng nhau déi vé&i cac ion
halozenua.
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2. 2. 2. Thubéc thir chung ctia cation nhém 1
2.2.2.1.Dung thuéc thir la HCI
Tao cac hop chat két tha khé tan trong nwéc va trong
cac acid loéng
AgNO; + HCl — AgCl{ + HNO,
Pb(NO;3 ), + 2 HCl — PbCl, ¥+ + 2 HNO;
Hgo(NO3 ), + 2 HCl — Hg,Cl, 4 + 2 HNO;
Céac két ta cha AgCl, Hg,Cl, va PbCl, c6 do tan
trong nwéc khdng gibng nhau.
2. 2. 2. 2. Dung thuéc thir KI hay KBr
Dung dich nay phan (rng véi cac cation Ag*, Pb** va
Hg” tao thanh nhirng két tGa tinh thé c6 mau dac trung:
Ag* + 1= Agl ¥ mau vang
Ag® + Br = AgBr 4 mau vang nhat
Hg,?" + 21 = Hg,l, mau xanh luc
Pb®" + 2| = Pbl, mau vang
2. 2. 2. 3. Dung thuéc thir H,SO, lodng
H,S0, loang va cac mubi sunfat tan sé phan ng voi
cac cation nhom 1 voi mirc dd khac nhau. Céac cation Ag*
va Hg,** mudn tao két tta véi ion SO, thi ndng dod cla
chung trong dung dich phai twong di I&6n so véi Pb? tao
két tia PbSO, - d6 tan PbSO, 14 0,00015 mol/ L.
Pb?" + SO,% = PbSO, ¥ (trng tinh thé)
2. 2. 2. 4. Dung thuéc thir NaOH hay KOH
Cac cation nhdm | sé phan (rng véi thubc thir tao
thanh cac hidroxit két tiGa mau trdng AgOH, Hg,(OH),,
Pb(OH), nhwng tinh chat cta cac hidréxit nay co khac
nhau. AgOH va Hg,(OH), rat khéng bén, bi phan hay ngay
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sau khi tao thanh va cho ra cac oxit twong wng Ag,0,
Hg,O, con Pb(OH); thi lai tan trong kiém du.
Ag" + OH = Ag(OH) { mau trdng

AgOH bi phan huy rat nhanh. 2 AgOH = Ag,0 { mau
den +H,0O

Ag,O khéng tan trong kiém dw, nhwng dé tan trong
HNO3, NH4OH va bi anh sang phan hay thanh Ag kim loai.
2. 2. 2. 5. Dung thuéc thir 1a dung dich NH;

Dung dich NH;3 phan &rng véi cac cation nhém | hoan
toan khac nhau

2Ag* + 2 NH,OH = Ag,O ¥ + NH, + H,0,

Két tha Ag,O tan trong thudc thir du:

Ag,0 + 2 NH,OH = 2[Ag(NH4),]JOH + 3H,0

Céac mubi thiy ngan tac dung véi dung dich NH; tao
thanh két tiia mecuamoni trang va Hg kim loai & dang bt
mau den

2Hg,(NO3), + 4NH3 + H,0 = (NH,Hg,0)NH; ¥

=2Hg° J + 3NH,NO;

Amonidc tac dung v&i Pb?* tao thanh két tGa mudi
baz khéng tan trong thubc thtr dw:

Pb(NO3), + NH,OH = PbOHNO; { + NH4NO;
2. 2. 2. 6. Dung thuéc thir Na,CO; hay K,CO;

Céc cation nhém | s& phan &ng vé&i thudc thir tao két
tua bac cacbonat, chi cacbonat baz; thiy ngan cacbonat
khéng bén bj phan hiy thanh HgO va Hg:

2Ag*" + CO3% = Ag,CO;5 ¥
2Pb?* + CO3% + 20H" = Pb,(OH),CO4
Hg, + COs™ = Hg>COs
105



Nhwng Hg,CO3; khdéng bén bi phan hdy ngay:

2.2.2. 7.
Cac

HgO 4 + Hg 4 + cO, T
Dung thuéc thir K,CrO,
cation nhém | tao thanh nhirng két tia c6 mau

sac va tinh chat khac nhau:

2Ag + CrO,* = Ag,CrO4 ¥ mau dé nau

Phan (rng nay tién hanh trong méi trwéng trung tinh
(pH = 7). Vi:

2.2.2.8.
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Trong méi trwdng kiém sé& tach két tia den
AQg0.
Trong méi trwdng amédniac két tia khéng tao
thanh do Ag* sé di vao phirc [Ag(NH3)],".
Trong mbi trwdng acid, chang han, acid axetic
sé tao thanh két tla bac dicromat (Ag2Cr,07),
trong méi trwdng acid manh két tia khéng tao
thanh do can bang:
CrO,” + H* = HCrO,

Hg,”* + CrO,* = HgCrO,4 ¥+ mau dd

(Két tia nay khé tan trong acid nitric)

Pb* + CrO,* = PbCrO, ¥ mau vang
2Pb** + Cr,0;” + H,0 = 2PbCrO4 ¥ + 2H"
Dung thuéc thir 1a dung dich H,S:
Trong méi trwong acid lodng, H,S phan rng
v@icac cation nhéom 1 tao thanh cac két taa
sunfua, dac biét ng2+ trwdc hét tw oxi hoa- khir
thanh Hg** va Hg® rdi sau d6 Hg* md&i phan
thng v&i S% tao thanh HgsS.

Hg?" + H,S = HgS | + Hg® ¥ den + 2H*



2Ag + S¥ = Ag,S {
Ag,S khong tan trong NH,OH, KCN, Na,S,0;
nhwng tan trong HNO;lo&ng nong:

3Ag,S + 2NO3 + 8H" = 6Ag” +2NO + 3S + 4H,0

con: Pb® + H,S = PbS { + 2H*
Phan (rng nay twong dbi nhay nén thwdng dung
dé tim chi. Lwong téi thiéu dé tim thay chi la
2gama chi, d6 loang t&i han la 1: 3.10°
PbS khbéng tan trong HCl, H,SO, nhwng tan
trong HNOlo&ng khi néng.

- Trong HNOzd&c, PbS ciing tan nhwng déng thoi

S* bi 6xi hoa thanh SO,*, do d6 co két tda
PbSO,
3PbS + 8 HNO; = 3PbSO, ¥ + 8NO + 4 H,0
2. 2. 2. 9. Dung thuéc thir Na,SO;

Céc cation nhém | phan &ng véi thube thir trong moi
trwdng trung tinh déu cho két tha: két tha d6 dan dan
chuyén thanh két tGa sunfat mau den:

2Ag* +S,05% = Ag,S,05 mau trang

AQ,S,0;3 tan trong thudc thir du: AQ,S,03 + 3S,0,5% =
2[Ag(S205)2]*

Bun néng hoac acid hdéa dung dich thi phc nay bi
phan huay tao thanh Ag,S:

2[Ag(S203)]* + H0 = Ag,S | + SO4% + 2H' + 3S,05%
2[Ag(S203)]* + 4H" = Ag,S 4 + SO4% +3S0; + 35 + 2H,0

V&i ng2+ tac dung v&i Na,S,03; trong mbi trwdng
acid cling cho HgS, Hg° va S két taa:

Hg,?" + 25,0, = HgS ¥ + Hg° ¥ + S | + 2S05%
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Pb®" + S,05* = PbS,0; ¥ trdng
Két tiia nay ciing tan trong thuéc the dw tao thanh
anion phtrc [Pb(S,03)]* va phirc chat nay ciing bi acid
phan huy khi dun néng:
PbS,0; + 2S,05° = [Pb(S,03)]*
[Pb(S,03)]* + 2H" = PbS { + 2S { + 2S0, + SO,* + H,0
2. 2.2.10. Dung thuéc thir Na,HPO,
Cac cation nhédm 1 phan (rng véi thudc thir trong méi
trwdng trung tinh tao cac két tia photphat:
3Ag" + HPO,* = AgzPO, ¥ (vang twoi)+ H*
AgsPO,4 tan trong HNO3 va NH,OH:
AgsPO, + 6 NH,OH = 3 [Ag(NH3),]* + PO,> + 6 H,0
3Pb*" + 2HPO,* = Pb3(POy); ¥ + 2H" mau trang
Pb3(PO,); + 90H = 3HPbO* + 2PO,* + 3H,0
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2.2.3. Phan tich hé théng cation nhém 1
Dung dich nhém 1
(Dung dich chi cluwia Cation nhom 1: Ag*, Pb™ Hg,™ )
J'+ HCl lerng, Iy tdm, bd mrde loc
Tha tring
‘ + HyD 581, loc néng

Tiia tring
+ dung dich MH;

dung dich loc

+ KTy + KI
Tia denxam Jungdichloc
an big : Tha vang Tha vang
Whan biét 2

Tha trang
{Nhin biét Ag* )

Hinh 2.3. So d6 phan tich dung dich cation nhém |
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THUWC HANH PHAN TiCH DINH TiNH CATION NHOM 1

BAI THU'C HANH
DINH TiNH CATION NHOM 1: Ag®, Pb**, Hg,™"

. CHUAN BI
1. Dungcu
- 6 Ong nghiém
trung
- 1 Kep dng
nghiém
2. Héachat
—  HNO;3; 6N
- HCI6N
- NH4OH 2N
—  NaOH 2N
—  CH3COOH 2N
- KyCrO4 5%
-  KCNO,IN
-  KIO,IN
—  HCI2N
- LacCu

1 Pipet 10mL
1 Céan phéan tich
3 Ong nhd giot

KBr 0,1N
Na,S,0; 0,1N
NaHPO, 0,1N
Ki[Fe(CN)g] 0,1N
KSCN 0,1N
NaOH 5N

HCI 0,1N
Na,SO, 0,1N
(NH,),M00, 0,1N

|.  DINH TiNH Ag* (dung dich mau pha ttr dung dich

AgNO; 0,1N)
Thi nghiém 1

- L&y 5 giot dung dich mau+ 3 giot HCI 6N. Quan

sat hién twong
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- Ly tam dé |4y tGa. Thém tng giot NaOH 2N vao
tua. Quan sat hién twong.

- Thém vai giot HNO; 6N vao. Quan sat hién
twong

CAU HOI

1. Hay viét cac phuong trinh phan &ng xay ra?

2. Co6 thé dung dich HCI bang dung dich NaCl cé
dwoc khong? Giai thich?

Thi nghiém 2

- L&y 5 giot dung dich mau+ trng giot NaOH 2N
hoac CH3;COOH 2N (tuy theo méi trwdng cua
dung dich dau) dé chinh vé pH = 7. Thém 5 giot
dung dich K,CrO4 5% Quan sat hién twgng

- Gan lay két ta thém tirng giot NaOH 2N vao
tla da gan |4y nwéc. Quan sat hién tuwong

CAU HOI
1. Tai sao phai chinh pH cta dung dich mau & pH = 7?
2. Viét cac phwong trinh phan &ng xay ra?

Thi nhiém 3

- LAy 5 giot dung dich m3u cho vao 6ng nghiém
trung + 2giot KI 0,1N. Quan sat hién twong.

- LAy 5 giot dung dich mau cho vao 6ng nghiém
khac + 2giot KBr 0,1N. Quan sat hién twong.

- Gan lay két tia & hai 6ng nghiém trén, nhd vao
cd 2 6ng chira két tia 5 giot NH,OH 2N. So
sanh hién twong & hai 6ng nghiém.

- Lam lai thi nghiém va thay NH,OH bang dung
dich KCN 0,1N — quan sat hién twong.
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- Lam lai thi nghiém va thay NH,OH bang dung
dich Na,S,0;3 0,1N — quan sat hién twong.
CAU HOI

1. Viét cac phwong trinh phan (rng xay ra trong
cac thi nghiém?.
2. So sanh kha nang tan cltia ca 2 két tda trong
NH,OH va trong Na,S,05?
Thi nghiém 4

- LAy 5 giot dung dich mau cho vao éng nghién
trung. Thém trng giot NaOH 2N. Quan sat hién
twong

- Gan lay két tia + thém twng giot NH,OH 2N.
Quan sat hién tuong.

- Lam lai thi nghiém, nhwng thay NH,OH bang
HNO3; 6N. Quan sat hién tuong.

CAU HOI

1.  Viét cac phwong trinh phan rng xay ra?

2. San pham cla dung dich Ag* véi NaOH vira tan
dwoc trong dung dich NH3;, vira tan trong dung
dich HNO3 nén chung c6 phai la hop chét lwd'ng
tinh khéng?

Thi nghiém 5

- LAy 5 giot dung dich mau cho vao 6ng nghiém
trung + cho trng giot Na,HPO, 0,1N. Quan sét
hién twong.

- Gan lay két tia + tirng giot NH,OH 2N. Quan sét
hién twong.

CAU HOI
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1. Viét cac phwong trinh phan (rng va giai thich?
2. Néu thay dung dich NH,OH bang dung dich
NaOH 2N thi c6é thay dbi hién twong khong?
Giai thich
Thi nghiém 6
- LAy 5 giot dung dich mau cho vao 6ng nghién
trung + cho trng giot KyFe(CN)¢] 0,1N. Quan
sat hién twong
- Gan két tha + 5 giot NH,OH 2N dun séi. Quan
sat hién twong
CAU HOI
1.  Viét cac phwong trinh phén (rng va giai thich?
2. Néu thay dung dich NH,OH bang dung dich
NaOH 2N thi cé thay déi hién twong khéng?
Giai thich
Thinghiém 7
- L&y 5 giot dung dich mau + 2giot KSCN 0,1N.
Quan sat hién twong
- Tiép tuc cho tirng giot KSCN dén dw. Quan sat
hién twong
CAU HOI
1.  Viét cac phwong trinh phan (rng va giai thich?
2. Dy doan kha nang tao tda cta Ag® voi dung
dich CN"va SCN" ?
lIl. BPINH TINH Pb?** (dung dich mau pha tir dung dich
Pb(CHCOO), 0,1N)
Thi nghiém 1
- L&y 2 giot dung dich mau+ 2-3 giot NaOH 2N —
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xuét hién tia mau trang
- Gan két tda + tirng giot NaOH 2N dén dw. Quan
sat hién twong.
CAU HOI
1. Viét cac phwong trinh phén (rng va giai thich?
2. Néu thay NaOH bang dung dich NH,OH thi c6
thay dbi hién twong khdng?
Thi nghiém 2
- L&y 5 giot dung dich mau+ 5 giot dung dich
CH3COOH 2N + 5 giot dung dich K,CrO4 5%.
Quan sat hién twong
- Tiép tuc thém 5 giot NaOH 2N + dun néng, quan
sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng xay ra?
2.  Néu tac dung cua CH3COOH trong phan &ng?
Thi nghiém 3
- LAy 5 giot dung dich mau + 5 giot dung dich HCI
6N. Quan sat hién twgng
- Tiép tuc cho thém 5 giot H,O + dun néng. Quan
sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng xay ra?
2. C6 thé dung dich HCI bang dung dich gi ma
khéng lam thay dbi hién twong da xay ra?
3. Dung HCI dam dac thi co thay déi hién twong
khéng? Giai thich?
Thi nghiém 4
- L&y 5 giot dung dich mau + 2 giot dung dich KI
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0,1N. Quan sat hién twong
- Tiép tuc cho thém lwong dw thudc thir. Quan sat
hién twong
- Lam lai thi nghiém nhwng khéng cho duw thudc
thr ma dun s6i dung dich. Quan sat hién tuong.
CAU HOI
1. Viét phwong trinh phan &ng xay ra? Giai thich
2. Co ché cta 2 hién twong & 2 éng nay nhuw thé
nao?
Thi nghiém 5
- L&y 5 giot dung dich mau + 3giot Na,SO, 0,1N.
Quan sat hién twong
- Gan lay két tta + 5 giot H,SO, ddm dac. Quan
sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng?
2. Néu thay H,SO, dam d&c bang dung dich NaOH
thi cé thay ddi hién twong khéng? Giai thich?
Thi nghiém 6
- L&y 5 giot dung dich mau cho vao 6ng nghiém
trung + 2 giot (NH,;),MoO, 0,1N. Quan sat hién

twong
CAU HOI
1. Viét phwong trinh phan (rng va giai thich hién
twong?

IV. BINH TiNH Hg,*" ( dung dich mau pha tir dung
dich Hg>(NO;), 0,1N)
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Thi nghiém 1
- LAy 3 giot dung dich dau + 3 giot dung dich HCI
2N. Quan sat hién twong
- Thém vao két tia 5 giot NH; 2N. Quan sat hién
twong
- Thém tiép 5 giot HNO; dd. Quan sat hién
twong.
- Lap lai thi nghiém nhwng thay NH; bang dung
dich HNO3; 2N. Quan sat hién twong.
CAU HOI
1.  Viét phwong trinh phan &ng?
2. Hién twong gi xay ra khi cho NH3 2N vao két
taa? Giai thich?
3. Hién twong gi xay ra khi cho HNO; 2N vao két
tia? Giai thich?
Thi nghiém 2
- Léy 3 giot dung dich dau + tirng giot dung dich
KI 0,1N. Quan sat hién twong
- Tiép tuc thém dung dich Kl 0,1N, vira thém vwra
l&c. Quan sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng? Mau sac?
2. Khi tiép tuc thém dung dich Kl t&i dw thi hién
twong thay déi nhw thé nao? Giai thich?
Thi nghiém 3
- L&y 5 giot dung dich mau cho vao éng nghiém
- Thém 5 giot NaOH 2N. Quan sat hién twong
- Gan |y két tia +5 HNOzdd. Quan séat hién
twong.
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CAU HOI
1. Viét phwong trinh phan &ng? Mau sac?
2.  Khi thém dung dich HNOzdd thi hién twong thay
ddi nhw thé nao? Giai thich?
Thi nghiém 4
- L&y 5 giot dung dich mAu cho vao éng nghiém
- Thém 3 giot NH,OH 2N
- Quan sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng? Giai thich hién
twong?
Thi nghiém 5
- L&y 5 giot dung dich mau cho vao éng nghiém
- Thém 3 giot K,CrO,5%. Quan sat két tda.
CAU HOI
1. Viét phwong trinh phan &ng? Giai thich hién
twong?
Thi nghiém 6
- LAy 5 giot dung dich m4u cho vao 6ng nghiém
- Cho thém mét miéng Cu nhé. Quan sat hién
twong.
CAU HOI
1. Viét phwong trinh phan &ng? Giai thich hién
twong?
V. PINH TiNH HE THONG HON HOP
Thi nghiém
Dung dich mau 1a hdn hop gdm: Ag* va Pb* dwoc
pha v&i nébng do 0,1+ 1N. L4y 10 giot dung dich mau+
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tirng giot dung dich HCI 6N dén khi ngirng két tua, ly tam
that k¥, thu dwoc dung dich loc (L1) va két tia (T1). Rira
T1 bang nwéc cat va nhap nwoc riva vao (L1) dé tim cac
Cation nhém khac. Chia (T1) thanh 2 phan:

—  Phan 1: (T1) + 2mL nwéc cét, dun cach thuy
khoang 5 phut, dé& hoi ngudi, ly tdm ngay va
nhanh chéng gan phan dich loc qua 6ng nghiém
khac, cho vao 6ng nghiém nay 5giot dung dich
Kl 2N hodc dung dich K,CrO, 5%, thy cé két
tla vang, chirng té cé lon Pb*",

—  Phan 2: (T1) + 5 giot NH3 2N — t0a tan thanh
dung dich (D1.2). Thém twng giot HNO3; 2N vao
(D1.2), thdy c6 két tha trdng xuét hién, chirng té
c6 Cation Ag™.

CAU HOI
1. Lap so d6 phan tich hé théng Cation nhém 1?
2. Viét phwong trinh cac phan rng?

BAI TAP

1. Tinh thé tich nwéc cat can pha vao:

1.1. 100mL dung dich HCI 20% (d= 1,1g/mL) dé thu
dwoc dung dich c6 néng dé 5%

1.2. 100g dung dich H,SO, 20% (d= 1,12g/mL) dé
thu dwoc dung dich c6 néng d6 5%

1.3. 100g dung dich NH3 2M (c6 d = 1,14g/mL) dé thu
dwoc dung dich cé ndng dd 1,5M

2. Dé pha dwoc dung dich dém loai:

2.1. Pém acid thi phai pha theo ty 1& nhw thé nao vé
thé tich gitra V,(mL) dung dich CH;COOH C,"
véi V, (mL) ddich CH;COONa C," ?
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2.2. Dém baz thi phai pha theo ty I& nhw thé ndo vé
thé tich gitta V;(mL) dung dich NH3 c,M véi V,
(mL) dung dich NH,CI C,"?
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BAI 3. PHAN TICH DINH TiNH CATION NHOM 2
M4 bai: HPT 3

Gi&i thiéu

Ngoai dung dich chira cac ion kim loai nhom 1, dung
dich chtra céac ion kim loai kiém thé ciing dwoc phat hién
dé dang.
Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. M6 ta céac tinh chét cua cation nhém 2.

2. Phan tich dinh tinh cac ion trong nhém 2.

3. Thyc hién cac thi nghiém lam trong PTN phan

tich cua trvong.

Noi dung chinh

1. Tinh chét chung cua cation nhém 2.

2. Thubc thir ctia cac ion trong nhém 2.

3. Hoa chét dé phan tich ion nhém 2.

4. Phan tich cac ion trong nhom 2.

5.  Xac dinh cac chat sau phan tich.
3.1. Pac tinh chung cua cation nhém 2

Nhém 2 cation gdbm: Ca?', Sr**, Ba?* 1a nhirng
nguyén td thudc nhém hai trong hé théng tuan hoan,
chiing c6 day du sbé electron 1&p ngoai 1a 8, dé la co s& dé
ching cé nhirng tinh chét dinh tinh gan giéng nhau. Hoat
tinh hoa hoc cla chung tang tr Ca dén Ba. Cac ion cla
chung trong dung dich nwéc déu khéng gibng nhau.
3.2. Thuéc thir chung cta cation nhém 2
3.2.1. Dung thuéc thir H,SO, lodng va cac mudi sunfat

Tao tinh thé mau trang
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Ba®* + H,SO, = BaSO, { + 2H"
Sr** + H,S0, = SrS0O, 4 + 2H"
Ca®* + H,S0, = CaS0, ¥ + 2H*
Tat ca cac két tha BaSO,, SrSO, va CaSO, khéng
tan trong acid va trong kiém. Do tan clia chang trong

nwéc la:
BaSO, SrsO, CaSO0,
S (g/L) 0,0025 0,097 2,0
T, 1,1.10 *° 3.107 2.10*

Cac mubi sunfat tao thanh, trong thwc té khoéng tan,
nhwng vi tich sb tan cta CaSO, 1a 9,1 10 " ® nén viéc két
tGa ion Ca®* bang H,S0, lodng xay ra khéng hoan toan. Vi
thé dé khoi lam "méat" Ca®* trong phan tich can phai thuc
hién phan ng kiém tra cac ion Ca®* sau khi lam két tda
cac cation nhém nay bang thubc thlr cia nhém hoéc 1am
két tiia cac cation nhém nay bang hén hop acid H,SO, véi
etanol.

Sau khi tach cac cation nhém |, cac cation kim loai
kiém thé (Ba®*,Sr**,Ca’") va ion Pb* (két tGa & nhém |
chwa hét) cho cho phan tng véi thube thir H,SO, lodng
dé tach cac cation nhdom Il ra khdi cac cation khac dwéi
dang két tda sunfat.

Nhwng két tia sunfat cla cac cation nhém nay lai
khéng tan trong cac acid ciing nhw kiém. Vi vay dé tach
va nhan biét tirng ion cGa nhém nay, phai chuyén ching
thanh dang két tia cacbonat dé& hoa tan trong cac axit,
chuyén ching vao dung dich. Dya vao nhirng tinh chét
héa hoc khac nhau cuda tirng ion dé tach va nhan biét
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chiing bang cac phan (rng dac trung.
3.2.2. Dung thudc thir Na,CO; (hodc K,COs, (NH,),CO3)

Tao két tha tinh thé mau trang.

Na,COj; + MeCl, = MeCOs 4 + 2 NaCl
(Me** |4 céc cation kim loai nhém 1)

Két tia nay it tan trong nwdc, nhwng tan trong céac
acid HCI, HNO3 va CH;COOH.

BaCO; + 2HCI = BaCl, + H,O + CO, T
SrCO; +2HNO3 = Sr(NOs), + H,0 +CO, T

CaCOs; + 2CH3;COOH = Ca(CH;C00), + H,0 + CO,T

Do tan cla cac két tia BaCO;, SrCO; va CaCOs;
trong nwéc xap xi nhw nhau (6,9. 10° mol/L; T, CaCO; =
4,8.10°)

3.2.3. Dung thuéc thtr K,CrO, tao tia vé&i ion Ba®™ va
Sr#

Tao két tha tinh thé mau vang BaCrO,, SrCrO, it tan
trong nwéc (d6 tan cha chang 1a S (BaCrO, ) = 1,55.10°
gmol/L; S (SrCrO, )= 4,0.10* gmol/L).

Ba** + CrO,” = BaCrO,

Sr** + CrO,* = SrCrO4 4

Néu dun néng dung dich truwéc khi thém thube thr thi
s& thu dwoc két tha cé tinh thé 1n dé loc.

ca® khéng tao dwgc két tia voi K,CrO, vi cromat
canxi tan nhiéu trong nwéc (S CaCrO, = 1,15 gmol/L)
3.2.4. Dung thudc thir (NH,),C,0O. tao két tia oxalat
tinh thé mau trang

Me?* + (NH,),C,04 = MeC,0,4 + + 2NH,"

MeC,0, tan trong cac acid HCI, HNO3, riéng BaC,0,
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va SrC,0, tan dwoc ca trong acid axetic, nhwng CaC,0,
thi khéng tan.
3.2. 5. Dung thuéc thir Na,HPO, tao thanh két tia mau
trang

Me?* + Na,HPO, = MeHPO, | +2Na*

Két tta MeHPO, tan trong cac acid HCI, HNO; va ca
trong CH;COOH. Mudi phétphat ciing tao thanh két tha
vGi hau hét cac cation kim loai nhom |1,

3.2.6. Dung thuéc thir NaOH (KOH) dac tao Me(OH),
két tia

Do tan cla hydroxit cac kim loai kiém thd twong dbi
lon ( S Ba(OH), = 0,190g mol/L; S Ca(OH), = 0,0179 ¢
mol/L) dac biét 1a khi c6 mat ion NH,*, cho nén phan (rng
nay khéng dwoc sir dung trong phan tich.

3.2. 7. Th&r mau lra:

Pay la phan (rng kha dic trwng cla dé nhan ra cac
cation nhom 11,

Ky thuat phan tich

Dung dda thuy tinh gan sén soi day bach kim sach,
cham vao tinh thé mudi kim loai kiém thd, rdi dem dét trén
ngon Itra khdng mau, mau ngon Itra sé bj thay dbi tuy theo
ion c6 trong mau mudi: mudi can xi c6 mau gach d; mudi
stronti sé c6 mau dd cacmin; mudi bari sé c6 mau vang
luc.

3.3. Hoa chéat phan tich nhém 2
3.3.1. Vi ion Ba**

- Dung thubc thtr dung dich K,CrO,: tao két tia

mau vang BaCrO,. Két tia nay khéng tan trong
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dung dich NaOH

- Dung thubc thir Wohlers: Trong méi truwéng
KMnO,, ion Ba®* tac dung v&i dung dich H,SO,
2M tao két tia BaSO, mau trang, tuy nhién thuc
té chi thdy két tia mau tim héng trong dung
dich. D6 1a do két tha nay co tinh hdp thu mau
ctia dung dich thudc tim KMnO,. Khi dung H,0,
dé kh&r mau tim cta dung dich KMnO, thi mau
héng ciia BaSO, da hap thu van git» nguyén

3.3.2. Vi ion Ca**

Dung thuéc thtr (NH4),C,0, tao két tGa mau trang
cla CaC,0, K&t tia nay khéng tan trong dung dich
CH3;COOH.

Chu y réng cac ion Ba?* va Pb*" ciing tao duwoc két
tla mau trdng véi ion oxalat C,0,%, nén khi dung thubc
thtr nay dé tim ion Ca®* thi phai loai cac ion Ba®* va Pb?*
ra trwéc

Phan tich hé thdng nhém 2 Cation
Bang 3.1 Xay dwng quy trinh hé théng phan tich

cation nhom 2

1. Thém CH;COOH va CrO,~ vao dung dich tht,

tach ly tam. Kiém tra sw két tGia hoan toan cia Ba**

2. Két 3. Nuwoc ly tam (1) chiva cac cation Sr*,
tda (1) 1a Ca?", CrO,*

BaCrO, | 4. Lam két tha cac cation Sr**, Ca®* bang
Na,CO3; (pH > 10)
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5. Rwra két tta 6. Nuocly

(INSrCO3, CaCOs3 tam (1)
bang nwdc va hoa tan khong
trong CH3;COOH. nghién ctru
7. Nuwoc ly tam (l11): 9. Nudc ly tdm
(CH5COO0),Sr va (IV): Ca*",
(CH;COO),Ca. Tim (NH,),SO,
cAc cation Sr** bang dw. Tim
dung dich bdo hoa cation Ca*"
CaS0, khi dun néng bang
va tdch Sr* bang (NH,),C,0
(NH4)2S0,4 4

8. Kéttaa (Ill) 1a SrSO,.
Kiém tra Sr** trén
ngon ltra, trwdc do
can chuyén né thanh
cac hop chét dé bay
hoi.

Xay dwng quy trinh hé théng phan tich cation nhém
2:(dang nhanh cay)
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Dung dich nhom 2

(Dung dich chi cluia cdc ion: Ca™, Ba™, Sr™*)
|+ K,CxO, oY o

{ |

Tha ving dung dich loc
(Nhan biét Ba®)

1ing giof(NH),50, W50
J > Tga trding
dung dich loc
l +(NH).CLO,
Tda trdng

(Nhéan bi€t Sr**)

Hinh 3.1. So’ d6 phan tich dung dich cation nhém I
THWC HANH PHAN TiCH PINH TiNH CATION NHOM ||

BAI THU'C HANH
DINH TiNH CATION NHOM II: Ca®*, Ba**, Sr**
. CHUAN BI

1. Dungcu
— 6 Ong nghiém trung — 1 Pipet 5mL
— 1 Kep éng nghiém — 1 Pipet 10mL
— 3 Ong nho giot — 1 Can phan tich
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2. Hoa chat

—  CH3COOH,H,SO4,HCI —  (NH4)2C,04
déu 2N 0,1N

- K,CrO, 5% — Ruou etylic

- Na,HPO,0,1N —  (NH,4),CO4

— K4 Fe(CN)g] bdo hoa 0,1N

- CaSO0, bao hoa — DémpH=9

ll.  DINH TiNH Ca*
Thi nghiém 1
— LAy 5 giot dung dich m3u+ 5 giot dung dich
CH;COOH 2N (dung gidy pH dé diéu chinh pH
cua dung dich < 7) + 5 giot dung dich
(NH,4)>C,04 0,1N + dun ndéng.
—  Quan sat hién tvong.
CAU HOI
1. Viét phwong trinh phan &ng gidi thich hién
twong? Néu vai trd cia CH3;COOH va viéc phai
dun noéng trong phan ng?
2. Néu thay CH;COOH bang dung dich NH; 0,05N
thi cé thay ddi gi khéng?
Thi nghiém 2
— L&y 5 giot dung dich mau+ 5 giot H,SO, 6N + 2
giot rwvqu Etylic
—  Quan sat hién twong.
CAU HOI
1. Viét phwong trinh phan (rng va giai thich vai trd
cua C,HsOH trong phan rng?
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Thi nhiém 3
— L&y 5 giot dung dich mau + 5 giot (NH,),CO;
0,1N. Quan sat hién twong
—  Gan |4y két tta + twng giot HCI 2N. Quan sat
hién tuong.
CAU HOI
1.  Viét phwong trinh phan &ng?
2. Khi thay HCI bang H,SO, thi hién twong cé thay
ddi khéng?
Thi nhiém 4
— L4y 5 giot dung dich mau + 5 giot dung dich
dém pH = 9 (pha tr NH,CI + NHs).
— Dun néng + 3 giot K4yFe(CN)¢] bdo hdoa maoi
pha. Quan sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng.
2. Tai sao lai str dung dung dich dém pH = 9?
3. Thubc thr K,Fe(CN)s cé dwoc dung dé nhan
biét Ca®* trong hdn hop dung dich Cation nhém
2 khéng?
Thi nhiém 5
— LAy 5 giot dung dich mau + 2 giot NaOH 0,1N
(cho vao that nhe nhang tranh gay két tta) +
Thém 1 giot thubc thr Murexit 1%. Quan sat
hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng va giai thich?
2. Néu vai trdé cua NaOH trong phan (rng?

128



lIl.  BINH TiNH Ba** (mau dwoc pha tr dung dich BaCl,
0,1N)
Thi nghiém 1

— L4y 5 giot dung dich mau+ 5 giot dung dich
H,SO,4 2N. Quan sat hién twong

— Thém 1 giot HCI dd + 3 giot HNO3; dam dac.
Quan sat két tla.

CAU HOI

1.  Viét phwong trinh phan &ng?

2. C6 thé thay dung dich H,SO, bang chat cé gbc
SO,* thi hién twong cé thay ddi khong? Giai
thich

Thi nghiém 2

— L4y 5 giot dung dich mau+ 5 giot dung dich
CH3COOH 2N + Thém 5 giot dung dich K,CrOy4
5% + dun nhe. Quan sat hién twong

CAU HOI

1. Viét phwong trinh phan ng? Va néu vai trd cla
CH5;COOH trong phan &ng?

2. lon Sr**, Ca®" c6 gay can tré cho phan (rng nay
khéng? Giai thich

Thi nghiém 3

— L&y 5 giot dung dich mau cho vao 6ng nghiém
trung + cho thém 3 giot dung dich (NH4),COs3
0,1N. Quan sat hién twong - Gan lay két tta +
tieng giot HCI 2N. Quan sat hién twong.

CAU HOI
1. Viét cac phwong trinh phan (rng va giai thich?
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2.

Néu thay dung dich HCI bang cach suc khi CO,
vao dung dich thi cé lam thay dbi hién twong
khong?

Thi nghiém 4

CAU HOI
1.

L4y 5 giot dung dich m3u cho vao éng nghiém +
thém 3 giot dung dich (NH,4),C,04 0,1N. Quan
sat hién twong.

Gan |4y két tia + 3 giot HCI 2N. Quan sat hién
twong.

Viét phwong trinh phan &ng dé giai thich?

Thi nghiém 5

CAU HOI
1.
2.

L4y 5 giot dung dich m4u cho vao éng nghiém +
thém 3 giot dung dich Na,HPO, 0,1N. Quan sat
hién twong

Gan |4y két tia + 3 giot HCI 2N. Quan sat hién
twong.

Lap lai thi nghiém trén nhwng thay HCI bang
dung dich CH3;COOH 2N. Quan sat hién twong.

Viét phwong trinh phan (rng da xay ra?
Cac lon Sr**, Ca** ¢ gay anh hwéng cho phan

ng nay hay khéng?

IV. BPINH TiNH Sr** (dung dich mau pha tir dung dich
SrCl, 0,1N)
Thi nghiém 1
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L4y 5 giot dung dich m3ucho vao éng nghiém +
thém 5 giot dung dich H,SO, 2N Quan sat hién



twong
CAU HOI
1. Viét phwong trinh phan rng xay ra?
Thi nghiém 2
— L4y 5 giot dung dich mau+ 5 giot dung dich
CH3COOH + thém 5 giot dung dich K,CrO4 5%,
dun nhe. Quan sat hién twong
—  Gan lay két tia + 5 giot CH;COONa 2N. Quan
sat hién twong.
CAU HOI
1.  Viét phwong trinh phan &ng xay ra?
2. Hay két luan gi vé suw khac biét gitra Sr**, Ba*"
trong phan ng véi K,CrO,.
Thi nghiém 3
— LAy 5 giot dung dich mau cho vao é6ng nghiém +
5 giot (NH4),CO3z 0,1N + dun ndéng. Quan sat
hién twong
—  Gan lay két tia + HCI 2N. Quan sat hién twong
— L3p lai thi nghiém nhwng thay HCI bang
CH3COOH 2N. Quan sat hién twong.
CAU HOI
1. Viét phwong trinh phan &ng xay ra?
Thi nghiém 4
— LAy vao 6ng nghiém 5 giot dung dich nuwéc
thach cao (dung dich CaSO,4 b&o hoa) + thém
tirng giot dung dich mau. D& yén moét thoi gian.
Quan sat hién twong.
CAU HOI
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1. Viét phuong trinh phan &ng xay ra?
V. DINH TiNH HE THONG HON HOP
Dinh tinh hdn hegp nhém 2 cation
Dung dich mau 1a hén hop Ca?*, Ba**, Sr** dwoc pha
véi nbng do 0,1-1N

L4y 5 giot dung dich mauvao éng nghiém + 5 giot
dung dich CH3COOH, dun nhe, thém tirng giot K,CrO,4
10% — két tha vang (BaCrO,V, vi tich sé tan cua
SrCrO,, CaCrO,, BaCrO, lan lwot la: 4,44 - 3,15 - 9,93 )
— chirng té c6 Ba**

=

Ly tam lay dung dich chia lam 2 phan:
Phan 1 + 5 giot dung dich (NH,4), SO, b&o hoa.
Pun céach thiy 7 — 8 phit — xuét hién tda trang
cla SrSO,. Li tam bd két tia thém vao dung
dich 5 giot (NH,), C,0,4 0,5M thi c6 két tda tréng
CaC,04 khong tan trong CH3;COOH - Ching
t6 c6 Ca**
—  Phan 2 + 5 giot CaSO, bdo hoa — két tda trang
xuét hién. Chirng té c6 Sr?*
2. Pinh tinh hén hop 2 nhém Cation 1 va 2
Dung dung dich maula hén hop cac ion Ag*, Pb*,
Ca?', Ba**, Sr** dwoc pha véi ndng do tr 0,1N + 1N
L4y 10 giot dung dich mau+ tirng giot dung dich HCI
6N dén khi ngirng két tda, ly tam that ky, thu dwoc dung
dich loc (L1) va két tha (T1).
Phan tda (T1) dwoc xir ly d& phat hién cac Cation
nhom 1.
Phan dung dich loc (L1) dwoc x& ly d& phat hién
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cation nhom 2.
Phan taa (T1)
Puoc chia thanh 2 phan:

Phan 1: (T1) + 2mL nwéc cét, dun cach thuy
khoang 5 phut, d& hoi ngudi, ly tam ngay va
nhanh chéng gan phan dich loc qua 6ng nghiém
khac, cho vao 6ng nghiém nay 5 giot dung dich
Kl 2N hodc dung dich K,CrO, 5%, thay cé két
tla vang, chirng té cé ion Pb**.

Phan 2: (T1) + 5 giot NH; 2N — tda tan thanh
dung dich (D1.2). Thém tirng giot HNO3 2N vao
(D1.2), thdy c6 két ta trang xuét hién, chirng té
c6 Cation Ag™.

Phan dung dich loc (L1)

Thém 3 giot rwgu Etylic + tieng giot H,SO4 6N cho
dén khi tia dwoc tao ra hoan toan (thi thém 1 giot H,SO,4
ni¥a). Li tdm, thu dwoc tha, gan can than (dirng d& mét

tda).

Cho 7 -8 giot Na,CO; b&o hoa vao tha (T2) dé
chuyén thanh tda Cacbonat (khi cho Na,COs;
bdo hda vao nhé lay dia thuy tinh khudy cho
tia tan ra, dem li tdm. Lap lai thao tac trén it
nhat 3 14n (nh& gan tha can than). Cudi cung
hoa tan tua trong CH;COOH 2N (thém tirng giot
dung dich acid dé t0a phai tan hét). Bun soi
dung dich roi thém 2 -3 giot K,Cr,07; 10% (1N)
cho dén khi dung dich cé két tha vang — ching
té c6 Ba** (Ghi chu: Néu co 1an Pb?* thi ciing cé
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tia PbCrO, vang. Nhwng tia nay sé tan trong
NaOH 2N)

—  Li tam bd hét tta BaCrO,, gitr lay dung dich loc
(cé mau hdng da cam) + 5 giot dung dich (NH.),
SO, b3o hoa. Bun céach thiy 7 -8 phat, tia xuéat
hién chirng té c6 Sr**

— Li tam boé két ta thém vao dung dich 5 giot
(NH,4), CrO, 0,5M thi c6 két tia trdng khoéng tan
trong CH;COOH — chirng té c6 Ca?*

CAU HOI

1. Lap so d6 phan tich hé théng hédn hop Cation
nhém 1 va 2?
2. Viét phwong trinh cac phan (rng?

BAI TAP

1.
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Khi tron 100mL dung dich Pb(NO3), 10™*M vé&i 400mL

dung dich Na,S0,10™*M thi cé két tia tao thanh

khong ? Biét tich sb tan (T) ctia PbS0,=10""%,

Bién luan cac gia tria va b dé khi pha V,mL dung

dich BaCl, nébng dd 2a (M) v&i V, mL dung dich

H,SO4 néng dé 2b(M) thi:

2.1. Dung dich thu duwgc khéng c6 tia BaSO,4 hinh
thanh

2.2. Dung dich thu dwoc c6 tia BaSO, tao ra



BAI 4. PHAN TICH BINH TiNH CATION NHOM 3
M4 bai: HPT 4

Giéi thiéu

Tiép tuc viéc khao sat dinh tinh cac ion kim loai nhém
1, 2 1a céc ion kim loai lwéng tinh cling dwoc dinh tinh dé
dang theo dung ky thuat phan tich.

Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. M6 ta céac tinh chét chung cla cation nhém 3.

2. Mb ta tinh chat cac ion trong nhom.

3. Phén tich céc ion trong nhom 3.

Noi dung chinh

1. Tinh chét cta cation nhém 3.

2. Thubc thtr chung cla céc ion trong nhém.

3. Hoa chét dé phan tich ion nhom.

4. Cach phan tich dinh tinh
4. 1. Pac tinh chung cua cation nhém:

Cation nhém 3 gém AI**, Zn**, Cr** twong &ng v&i
nhirng nguyén t6 la nhirng kim loai lw&ng tinh, khi tac
dung v6&i dung dich kiém tao thanh cac hydroxyt luwéng
tinh két tha. Cac két tia nay tan trong dung dich kiém dac
dw.

Nhém ding & phia dau chu ky 1l ctia hé théng tuan
hoan, cé I&p sat |&p ngoai cung va l&p ngoai cung khi bao
hoa gém 8 electron. Cac nguyén t6 khac dwoc sép xép &
phan gitra cta chu ky I&n thi tw, & ching c6 sw dién tiép
céac electron vao I&p thi 3 tir 8 dén 18 electron.
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Crém 1a nguyén td chuyén tiép. N6 dirng & nlra chu
ky 4, cudi hang chdn va cé mét sb tinh chat khac véi tat
ca cac cation con lai cia nhém nay. N6 biéu hién kha
nang tao phtrc. Hydroxyt hydrat hoa ctia crom cé nhirng
tinh chat rat gan véi hydroxyt hydrat hoa ctia nhém

Kém dwoc sap xép & nira thir hai cla chu ky 1&n thir
4 va co lop sat I&¢p ngoai la 18 electron. Nhém va kém co
s6 oxy hoa khéng ddi, con cac nguyén td con lai trong
nhom cé sd oxy hoda thay dbi tuy theo méi truéng, vao
nhiét do...

4.2. Thuéc thir chung cta cation nhém
4.2. 1. Dung dung dich KOH hay NaOH dw

Phan (ng tao ra cac hydroxyt két tia. Cac hydroxyt
clia nhém c¢o tinh chét lwéng tinh, téc 1a ching vira co
kha nang phan ly trong nwéc theo kiéu acid lai vira c6 kha
nang phan ly theo kiéu baz. Hién twong phan ly phirc tap
nay cling dwoc quan sat ddng thoi véi khuynh huwéng tach
phan t&¢ nwéc.

Me* + 3 OH — Me(OH); = H,0 + H' + MeO,

Trong phan th& nhat twong (ng véi sw phan ly
Zn(OH), trong dung dich, con phan cudi phu hop véi sw
phan ly cia Al(OH)3, Cr(OH)a.

Acid da budc sy phan ly ctia hydroxyt theo kiéu acid
va két hop vé&i ion OH™ thanh cac phan t&r nwéc, thuc té it
phan ly. Do d4 can bang sé chuyén vé phia phai.

AI(OH); + 3 HCI — AICl; + 3 H,0
Al(OH); + 3H" > APF* + 3H,0

Kiém manh da budc sw phan ly ctia hydroxyt theo

136



kiéu baz va déng thoi két hop véi ion H' tao thanh nwéc:
H,CrO; + NaOH — NaCrO, + 2 H,0O

Céc Cromit va aluminat bén virng khi ndo c6 mat cta
mot lwong du hydroxyt. Pa sd mudi clia cac cation nhém
4 (& mirc d& nay hay mirc dd khac) déu bi thuy phan,
chang han:

Sn®" + 2H,0 = Sn(OH), + 2 H*
Al,(CO3); + 3H,0 — 2 Al(OH); + 3CO, T

2ZnC0O; + 2 H,O — (ZnOH),COs ¥ + CO, T+ H,0

Cac hydroxyt NaOH, KOH cung véi cac cation nhéom
3 tao ra cac hydroxyt khéng tan trong thuéc thir dw:

Cr’*+ 3NaOH — Cr(OH); + 3Na *

Cr(OH); + NaOH — NaCrO, + 2 H,0

Tinh chéat chung cla cac cation nhém 111 1a ching déu
tao thanh cac muébi tan trong méi trudng kiém dw, thi du:

AP + 40H = AlO; + 2H,0
Zn*" + 40H = Zn0,” + 2H,0

Dwa trén tinh chat nay co thé tach cac cation nhom
1l ra khéi nhém khac bang kiém duw.

Tuy nhién, ciing can nhan xét ngay rang ion cromit
(CrO,) thwong két hop véi cac cation nhw Mg?*, Mn?*,
Fe®*, Zn?'... tao thanh nhwng két tha kho tan Mg(CrO,),,
Zn(Cr0O,),, Mn(CrO,), ... vi vay dé& tach Cr** cung véi
nhom I, thwérng dung kiém dw va cé mat H,0, dé oxi hda
cr¥* vé CrO,*

3Cr¥ + 3H,0, + 100H = 2Cr0,* + 8H,0

Chinh vi vay cho nén thubc thir dé tach nhém Il 14
NaOH (hoac KOH) dw va H,0,.
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4.2. 2. Dung thuéc thir dung dich NH;

Amoni hidroxit (NH4,OH) tac dung v&i cac cation
nhém Il tao thanh cac hidréxit khéng tan, nhung riéng
Zn?* khi dung dich NH; dw sé& lam két tia nay va ca ion
nay chuyén thanh phrc amoniacat tan Zn(NH3),**

APP* + 3NH,OH = Al(OH); 4 + 3NH,"

Al(OH); + NH,OH = AlO, + NH," + 2H,0
Al(OH); két tiia hoan toan khi dung dich cO pH ~ 7 + 8
Sn?* + 2NH,OH = Sn(OH), ¥ + 2NH,"

Sn** + 4NH,OH = Sn(OH), ¥ + 4NH,"
Cr** + 3NH,4OH = Cr(OH)3 4 + 3NH,*

Cr(OH); tan mdt it trong NH;OH dw, khi cé mat
NH,Cl tao thanh mubi kép

CrCl3.NH; mau tim

Zn(OH), tan trong NH; dw, nhéat l1a khi trong dung
dich c6 1an mudi amoni, tao thanh ion phirc kém
amoniacat Zn(NH3).*":

Zn(OH), + 2NH,OH + 2NH," = [Zn(NH3),]?* + 4H,0
4.2. 3. Dung Natri hoac kali cacbonat (Na,CO; hay
K,CO3)

Tao thanh két tha hidroxit, riéng v&i ion Zn*" tao
thanh mudi cacbonat baz c6 thanh phan phu thuéc néng
dd dung dich va nhiét dé:

2AICl3 + 3Na,CO3 + 3H,0 = 2AI(OH); 4 + 6 NaCl + 3CO,

Cry(S0.,)3+ 3Na,COz+3H,0= 2Cr(OH)3l+3Na,S0, + 3CO,
SnCl, + 2Na,CO;3 + H,0 = Sn(OH),  + 2NaCl + CO,

3SNnCl,+3Na,COs + H,0 = Zn3(OH)»(CO3), + 6 NaCl + CO,

Tat ca két tha trén déu tan trong kiém dw, riéng mudi
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cacbonat baz cia kém tan dwoc ca trong amoniac va
trong mudi amoni.
4.2. 4. Dung thuéc thir Dinatrihidré phétphat

Tao thanh mudi phétphat kho tan:

AICI; + 2Na,HPO, = AIPO, | + 3NaCl + NaH,PO,

keo mau trang
CrCl; + 2Na,HPO,4 = CrPO, 4 + 3naCl + NaH,PO,
mau luc
3ZnCl, + 4Na,HPO, = Zns(PO4), + + 6NaCl + NaH,PO,
Riéng Sn** tao thanh hidroxit:
3SnCl, + 4ANaHPO,4 = Sn3(POy), + 6NaCl + 2NaHPO,
Sau dé Snz(PO,), tac dung hoan toan véi H,0:

Sns(POy); + 6H,0 = 3Sn(OH), ¥ +2H;PO,
4.2. 5. Dung thuéc thir H.S (hodc dung dich nwéc
H,S)

lon A** va Cr* trong méi trwdng trung tinh hodc
amoniac thi chi tao thanh AI(OH); va Cr(OH); cht khdng
tao thanh sunfua nhém va crém dwoc béi vi:

2NH4OH + H,S = (NH,),S + 2H,0
Alx(SOy)3 + 3(NH4)2S = Al;S3 + 3(NH,),S0,

Va ngay trc khac Al,S; + 6H,0 = 2AI(OH); ¥ + 3H,S

Déi véiion Cr** phan &ng ciing xay ra twong tw
4.2. 6. Dung thuéc thir dung dich S*

lon Zn*? trong méi trwdng trung tinh, kiém yéu hodc
co mat mudi axetac natri thi tac dung v&i H,O hay (NH,),S
tao thanh két tia sunfua kém mau trang:

ZnCl, + Hy,S = ZnS | + 2HCI
HCI + CH;COONa = NaCl + CH;COOH
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Hay
ZnCl; + H,S + 2CH3COONa = ZnS + 2NaCl + 2CH3;COOH

ZnS lakét tia vo dinh hinh mau tréng, tan trong cac

acid vé co nhwng khdng tan trong acid axetic NaOH:
ZnS + 2H" = Zn** + H,S

Khodng phan &ng thich hop nhat dé két tia ZnS
1a1,5 — 3. Dé thda man diéu kién dé, mudn két tia hoan
toan ZnS thuwdng tién hanh trong méi trwdng fomiat c6 pH
= 2.

lon Sn** va Sn** trong méi trwerng HCI tac dung véi
H,S tao thanh cac sunfua kho tan:

SnCl, + 2CI" = [SnCl,]*
SnCl,* + H,S = SnS 4 (mau sécola) + 4CI + 2H"
con:

SnCl, + 2CI" = [SnClg]*

SnClg® + 2H,S = SnS, ¥ mau vang twoi + 6Cl + 4H*
4.3. Phan tich cac ion trong nhém
4.3.1. Vé&i ion AI**

Dung thuéc th®r aluminon (con goi la acid
Aurintricacboxylic, c¢6 c¢cong thakc phaén t&¢ Ia
C2H1106(NH,)3, d6 1a chét bdt mau dé nau, dé tan trong
nwdc tao dung dich mau dé cé phan ng trung tinh, it tan
trong rwou etylic ngay ca khi dwgc dun néng, va khoéng
tan trong aceton

Trong trong moéi trwdng CH;COOH hoac dung dich
dém acetat: tao két tia 1a mét phirc ndi mau héng dam.
Tuy theo ham Iwong cla ion AI** trong dung dich sé& c6
mau dé hoac dung dich mau d. Phan tng nay rat nhay,
dung trong dinh tinh dé phat hién ion A
140
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tich do mau dé dinh lwong nhém.

Tuy nhién Aluninon cling cho phan &*ng twong ty voi
cac mubi cua Ba, Ca, Sr, La, Ra, Be. Cs, Nd, Zr, Th, Hf,
Cr, In, Ga, Fe, Er nhwng v&i céac tri s6 pH khac nhau.
Aluninon tao két t0a trdng véi cac cation ctia Sb, Bi, Pb,
Hg, Ti, H,SiOs.

Dung thudc thir dung dich (NH; + NH,CI): tao két tha
Al(OH); mau trang keo tan trong dung dich acid cling nhw
tan trong dung dich baz, nhwng khéng tan trong dung dich
NH; va dung dich mudi amonium

Dung thubéc th dung dich Alizarin dé S
(C14H;0-SNa. H,0) va cac dan xuét ciia né déu cho phan
trng mau dac trwng véi ion AlI** nén dwoc dung dé dinh
tinh va dinh lwgng nhém.

N6 & dang hinh kim mau da cam vang hoac bot mau
vang da cam. Tan trong nw¢&c va ruou etylic khi dun néng,
khéng tan trong cac dung méi hiru co nhw benzen,
etxang, clorofom, va tuy vao médi trwdng ma cho mau
twong &ng: trong acid c6 mau vang, khi cé baz thi chuyén
sang mau xanh, nhwng trong dung dich NH,OH, thi n6 lai
c6 mau tim

Khi cho alizarin dé S tac dung véi ion AlI** trong moi
trwdng NH,OH, nhd tir tr CH;COOH lodng cho dén mét
mau tim, roi tiép tuc nhd thém lwong CH;COOH, thi tao
mudi ndi phtrc mau dé dang két tia hay dung dich.

4.3.2. Vé&i ion Zn**

Dung thubéc the (NH.), [Hg(SCN ), ] (amoni

tetrathioxy-anat thdy ngan (Il)) trong dung dich dém
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CH3COO " tao két tiia mau trdng Zn[Hg(SCN )] .

lon Cu?* cling tac dung duwoc véi (NH4)[Hg(SCN),]
tao thanh két tia mudi phirc Cu[Hg(SCN), ] mau luc.

Néu trong dung dich c6 méat ddng thoi ca hai ion Zn?*
va Cu®" thi chung sé cung tac dung v&i (NH,)-[hg(SCN).]
tao thanh két tda mau tim cé thanh phan I3
ZN[HG(SCN),4). CU[Hg(SCN)4]

Néu thay ion Cu®* bang ion Co** thi s& dwoc két tha
tinh thé mau luc

Zn*" + Co™ + 2(Hg(SCN).)* = Zn[Hg(SCN)4].Co[Hg(SCN),]

Dung thudc thlr Ks[Fe(CN)e]: tao két tia mau vang
hung Znz[Fe(CN)g]>

Dung thubc thtr K Fe(CN)g]: tao két tia mau trang
KoZns[Fe(CN)gl,

Dung thubc thtr dung dich Montequi A va dung dich
CoCl, 0,1% trong dung dich CH;COO " : tao két tia mau
cua: ZnCo[Hg(SCN )4 1, .

4.3.3. Véi ion Cr’*

Dung thubc thtr H,0, trong méi trwdng kiém dé oxy
hoa Cr®* (mau xanh luc) thanh Cr®* (CrO,* hay Cr,0;% c6
mau vang hay da cam). Sau d6 tim ion Cr®* & dang CrO,*
bang cac thudc thkr (AgNO; hay (CH;COO),Pb hay
BaCl,). Phan (rng oxi héa Cr®* dén CrO,* dworc tién hanh
trong méi trwdng kiém bang cac chét oxi héa khac H,0,
nhw Cl,, Br,, PbO, hoac trong méi trwdng acid S,0,7,
BiO

Néu cho H,0, tac dung véi cac ion CrO,? hay Cr,0;%
trong méi trwdng acid thi sé tao thanh acid pecromic
H,CrOg (hay peoxit crom CrO c6é mau xanh tim)
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Cr,0;” + 4H,0, + 2H" = 2H,CrOg + 3H,0
H,0, + 2e + 2H" = 2H,0
Cr,0;° + 8e + 5H,0 = 2H,CrOg + 6H"

Axit pecromic rat khdng bén trong nwéc né phan hay

rat nhanh tao thanh ion Cr** c6 mau luc va oxi:
H,CrOg = CrOsH,0
4CrOs + 12H* = 4Cr** + 70, T + 6H,0

Nhwng chiét né I&n 1&p rwou thi nd sé& tw phan hiy
cham di, mau xanh tim gitr dwoc lau hon va cé thé nhan
biét dwoc. Day la phan ng dac biét dung d& nhan biét
crém. Tuy nhién, khi dung phan &ng nay can lwu y dac
biét dén thi tw thém cac thudc ther néu khdng sé khong
thu dwoc két qua.

CrO,* va Cr,0-% la cac chéat oxi héa manh, co thé
dung cac chéat khir dé khr vé Cr** chang han khi cho
chung tac dung véi Kl trong mai tredo'ng acid:

Cr,0;% + 61" + 14H* — 2Cr*" (mau d3 nau) + 7H,0 + I,

Néu nhé dan dung dich natri thiosunfat vao thi mau
dd nau cutia dung dich sé bién mét vi cé phan &ng:

25,05 + 1, = S,06° + 2I°
Va khi dé dung dich c6 mau luc cua ion cr¥
Hoac phan tng véi Fe?* trong moi trwdng acid:
Cr,0,% + 6Fe” + 14H" = 2Cr*" + 6Fe®*" + 7H,0
Dung thudc ther H,S hay S, trong méi truwéng acid:
Cr,0;° + 3S% + 14H" = 2Cr®" + 3S + 7H,0
4.3.4. Phan tich hé théng Cation nhém 3
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Bang 4.1 Xay dwng quy trinh hé théng phan tich
Cation nhém 3

1.Thém dung dich NHz va H,O vao dung dich th&, dun

néng, ly tam
2.Kéttia | 3.Nwoc ly tam (1) gdm CrO,*, [Zn(NH3 ).,
() 1a dwoc trung hoa bang CH;COOH, thém dung
Al(OH); dich Na,COg3, va quay ly tdm (hoac loc)
dwgc xtr ly |4.Kéttha (Il)hoatanla [5. Nuwdc ly tam
bang HCI (ZnOH),CO5 trong (I 1a Cro%,
va xac dinh | CH;COOH va xac dinh duwoc tim duwéi
AI** bang Zn?* bang dithizon hay vi | dang CrOs
alizarin tinh thé nghiém
hoac
aluminon

Xay dwng hé thdng phan tich cation nhém 3 theo
dang nhanh cay

Dung dich nhémd

(Dung dich chi chwia ion nhiom 3 : AT™, Cr™, Zn™)
+ dung dich NH; dv’

dung dich

l + Alizarin S

Toa trang

J +HCI —

l |

Tha trang

-+ H)S'::)..

(Nhdn bigt Al**) mavdm

(Nhan biét Cr'™* )

dung dich loc

//\\~

+ H;Og / Amilic } Najs

Tida rang

dung dich loc (Nhan biét Zn*)

Hinh 4.1. So’ d6 phan tich dung dich cation nhém il
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THWC HANH PHAN TiCH DINH TiNH CATION NHOM IIi

BAI THU'C HANH
DINH TiNH CATION NHOM llI: AI**, Cr®*, zn**

. CHUAN BI
1. Dungcu
- 6 Ong nghiém — 1 Pipet 5mL
trung — 1 Pipet 10mL
— 1 Kep 6ng nghiém — 1 Can phan tich
—  1Péncon
2. Hoéa chat
—  CH3;COOH 2N —  NH36N
- Na,HPO,0,1N —  NH4CI b&do hoa
— K4 Fe(CN)g] 0.1N —  Aluminon 0,1%
- HCI6N - Hy,0, 5%
- Hy;SO,6N - H,SO4 1IN
- Rwou amylic - AgNO; 0,1
— DD pH = 5 (pha tw
CH3;COOH +
CH3;COONa)
|. DINH TINH AI**
Thi nghiém 1

— L&y 5 giot dung dich maucho vao éng nghiém
trung + 3 giot dung dich NH3 6N rdi dun néng.
Quan sat hién twong

—  Tiép tuc cho 3 giot dung dich NaOH 5N, l4c déu
dung dich. Quan sat hién twong
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—  Thém twng giot NH,Cl bdo hoa+ dun sbéi. Quan
sat hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng da xay ra trong

thi nghiém?
2. Tai sao phai dun sb6i dung dich luc cho NH,CI?
Giai thich?
Thi nghiém 2

— L&y 5 giot dung dich maucho vao éng nghiém +
3 giot dung dich NH3; 6N + 3 giot Alizarin + dun
s6i ky. Quan sat hién twong
—  Pé& ngudi. Cho vao 3 giot CH;COOH 2N. Quan
sat hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém ?
Thi nghiém 3
— L&y 5 giot dung dich m4au cho vao é6ng nghiém +
4 giot dung dich dém acétat pH= 5.5 + 3 giot
dung dich Aluminon 0.1%. Quan sat hién twong.
CAU HOI
1.  Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém?
2. Nhirng yéu td nao co6 thé anh hwdng dén phan
rng nay?
Il. BINH TiNH Cr** (dung dich mau pha tir dung dich
CrCl; 0,1N)
Thi nghiém 1
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— L&y 5 giot dung dich m3u+ 3 giot dung dich
NaOH 5N + 5 giot H,O, 5% + dun nhe. Quan
sat hién tuwong

—  Tiép tuc thém 3 giot H,0, 5% + 0.5mL rwou
amilic, 1&c déu + thém twng giot H,SO, 6N vira
thém vira Iac. Quan sat hién twong.

CAU HOI

1. Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém?

2. Giai thich s c6 mau & I1&p rwou?

Thi nghiém 2

— L&y 5 giot dung dich maucho vao éng nghiém +

3 giot dung dich Na,HPO, 0,1N. Quan sat hién

twong.
—  Thém 5 giot CH;COOH 2N + Iac nhe. Quan sat
hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém?

2. Phan trng nay cé diéu kién gi khong?
3. Néu thay CH;COOH bang dung dich NaOH thi
c6 thay dbi hién twong khong?
Thi nghiém 3
— LAy 5 giot dung dich mau vao éng nghiém + 5
giot H,O, 5% + 3 giot NaOH 5N + dun nhe + 5
giot H,SO, 1N vao dung dich trén + 3 giot
AgNO; 0.1N vao. Quan sat hién twong.
CAU HOI
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1. Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém?
2. Nhitng yéu t6 nao sé& anh hwédng dén phan
wng?
IV. PINH TiNH Zn** (dd m&u pha tir dung dich ZnCl,
0,1N)
Thi nghiém 1
— L&y 3 giot dung dich maucho vao 6ng nghém +
3 giot dung dich HCI 6N + 1 giot K [Fe(CN)g]
0,1N. Quan sat hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng da xay ra trong

thi nghiém?
2. Cho biét cac yéu t6 anh huwdng tac ddong dén
phan rng.
Thi nghiém 2

— L&y 5 giot dung dich maucho vao 6ng nghiém +
5 giot dung dich (NH4),Hg(SCN),] 0,1N (con goi
la thubc thir Montequi A). Quan sét hién twong.
CAU HOI
1. Viét cac phwong trinh phan (rng da xay ra trong
thi nghiém?
V. TACH CAC CATION NHOM 3
1. Phan tich hé théng cation nhém 3
Dung dung dich maula hén hop cac ion: AlI**, Zn?,
Cr*dwoc pha véi ndng do tr 0,1N + 1N
L4y 10 giot dung dich mau+ tirng giot dung dich NH3
dac dén dw, dem ly tdm, thu dwoc dung dich loc va taa
mau trang.
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Phan dung dich loc dem chia lam hai phan:

—  Phan 1 + 5giot H,0, 5% + 3mL rwou Amilic + 5
giot H,SO, d&c, that nhe va khéo — phan dung
dich rvou sé cé mau xanh tim — Ching t6 cé
ion Cr**

—  Phan 2 + tng giot dung dich Na,S cho dén khi
xuat hién tda trdng — Chirng t c6 ion Zn**

Phan t0a trdng + tirng giot HCI dén tan hoan toan
(kiém tra pH dung dich c6 méi truwérng kiém yéu). Thém
vao dung dich 3 giot Alizarin, dun nhe, xuét hién tGa mau
dd da cam ho&c nwéc sam ddé — Chirng té cé ion Al**

2. Phan tich hén hop hé théng Cation cac nhém 1, 2,

3:

Dung dung dich mauld hédn hop cac lon Ag*, Pb*,
Ca?', Ba*, Sr**, AI**, zn**, Cr®" dwoc pha v&i ndng do tir
0,IN = 1IN

L4y 10 giot dung dich mau+ tirng giot dung dich HCI
6N dén khi ngirng két tda, ly tam that ky, thu dwoc dung
dich loc (L1) va két tda (T1).

Phan tha (T1) dwoc xt ly dé& phat hién cac Cation
nhom 1.

Phan dung dich loc (L1) dwoc x&r ly d& phat hién
Cation nhom 2 va 3.

Phan taa (T1)
Puwoc chia thanh 2 phan:

—  Phan 1: (T1) + 2mL nwdc cét, dun cach thuy
khoang 5 phuat, d& hoi ngudi, ly tdm ngay va
nhanh chong gan phan dich loc qua 6ng nghiém
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khac, cho vao 6ng nghiém nay 5 giot dung dich
Kl 2N hodc dung dich K,CrO, 5%, thay c6 két
tdia vang, chirng té co6 lon Pb*".

Phan 2: (T1) + 5 giot NH; 2N — tda tan thanh
dung dich (D1.2). Thém twng giot HNO3; 2N vao
(D1.2), thay c6 két tha trdng xuét hién, chirng té
c6 Cation Ag™.

Phan dung dich loc (L1)

Thém 3 giot rwou Etylic + tieng giot H,SO4, 6N cho
dén khi nglrng tao tda (thi thém 1 giot H,SO, ni¥a). Li tam,
thu dworc tda (T2) va dung dich loc (L2)

Phan tha (T2) dwoc xtr ly d& phat hién cac cation

nhém 2.

Phan dung dich loc (L2) dwoc xtr ly d& phat hién
cation nhom 3.
Phan taa (T2)
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Cho 7 —8 giot Na,CO; b&o hoa vao tua (T2) dé
chuyén thanh tda Cacbonat (khi cho Na,CO;
bdo hoa vao nhé |y dia thuy tinh khudy cho
tia tan ra, dem li tam. Lap lai thao tac trén it
nhat 3 1an (Chu y: gan tha can than). Cubi cung
hoa tan tda trong CH;COOH 2N (thém tirng giot
dung dich acid dé& tda phai tan hét). Bun sbi
dung dich roi them 2 — 3 giot K,Cr,07 10% (1N)
cho dén khi dung dich c6 két ttia vang — chirng
t6 c6 Ba® (Néu cd 1an Pb* thi cling cd tla
PbCrO, vang. Nhwng tda nay sé tan trong
NaOH 2N)



—  Li tam bd hét tia BaCrO,, gitr 14y dung dich loc
(cé mau hoéng da cam) + 5 giot dung dich (NH.,),
SO, bao hoa. Pun cach thdy 7 —8 pht, tia xuét
hién chirng té c6 Sr**

— Li tam bd két tha thém vao dung dich 5 giot
(NH,4), CrO,4 0,5M thi c6 két tha trang khoéng tan
trong CH;COOH — chirng té c6 Ca**

Phan dung dich loc (L2)

Pem c6 gan can dé& dudi rwou Etylic dw, d& ngudi +
2mL dung dich NaOH 10% + 10 giot H,O, 6%, lac trén
déu, dun séi ky, d& ngudi, ly tam that ky, gan can than
phan dung dich qua mét 6ng nghiém khac, rira két tda 2
lan bang nwéc cat, nhap nwdc rira vao dng nghiém dung
dung dich (L3).

Dung dich 3 + 10 giot NH,CI bdo hoa, dun séi ky, dé
ngudi, ly tdm, gan can than phan dung dich trong qua éng
nghiém khac, rtra két tia 2 1an bang nwéc cat, nhap nudc
rira vao dng nghiém thu dwoc dung dich loc (L3.1) va tda
(T3.1)

Phan tda (T3.1) dwoc x ly dé& phat hién AI**

Phan dung dich loc (L3.1) dwoc x(r ly dé phat hién
Zn** va Cr®*

Phan taa (T3.1)

Nhé tirng giot HCI 2N vao tla cho dén khi tia tan hét
+ trng giot NH; 6N (dung gidy pH kiém tra dén moi
trwdng kiém yéu) + 3 giot Alizarin, dun séi, xuat hién két
tda dd da cam — chung té co cation AI**.
Phan dung dich loc (L3.1)
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CAU HOI
1.

1.
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Pem (L3.1) chia lam 2 phan:
(Cation Crom Il t6n tai & dang Cromat, Cation Kém |l
¢ dang phirc Moniacat)

2.
BAI TAP

Phan 1: thém vao 5 giot H,0, 5% + 0.5mL ruou
Amilic, 1ac déu, thém tirng giot H,SO, 6N, vira
thém vira l3c, |&p rwou sé cd mau xanh thAm —
chirng t6 c6 Cr¥*

Phdn 2: thém vao 5 giot dung dich
(NH4),[Hg(SCN).], phan rng tao mudi ndi phirc
két tha mau trdng — chirng t6 cé Zn*"*

Lap so d6 phan tich hé théng hén hop cac
Cation nhom 1, 2, va 37?
Viét phwong trinh cac phan ng?

Khi cho dung dich Cu®* 10 * M vao dung dich EDTA
10 2 M, thi ndng dd Cu®" tai can bang la bao nhiéu?
Biét réng ion Cu?* c6 kha nang két hop véi EDTA tao

phirc bén (hang sé bén p = 10 *® ), va phirc nay
khéng bi anh hwdng bdi cac ion H* hodc OH". Ngoai
ra Cu? con cé kha ndng tao phirc véi OH™ theo 4
phwong trinh két hop, con EDTA la mét dung dich
acid da chtrc phan ly 4 n4c. Dung dich tao thanh sau

khi pha trén c6 pH = 6, va cac gia tri hang sé cho

trudce la:

Hang sb bén 4 nac tao phirc Cu* véi OH lan
lwotl1a 107 ;10%%8;103%%%: 10%°
Hang sb bén 4 nic tao EDTA tr Y* lan lwot 14



3.

9,1.10%; 1,85.10°% 4,76.10°%; 10°
Pha trén cung mét thé tich dung dich Hg** 10 ~* M
véi dung dich EDTA 10~ “M, thi cé thé tao dwoc phirc
Hg-EDTA khéng ? Tinh ndng d6 Hg* tai thoi diém
can bang sau pha tron.
Biét rang dung dich tao thanh sau khi pha trén cé pH
= 10, va ion Hg* c6 kha nang két hop véi EDTA tao
phirc bén (hdng sb bén B = 10°*®), va phirc nay
khong bi anh hwédng bdi cac ion H hodc OH™. Ngoai
ra Hg®* con cé khd nang tao phirc véi OH theo 3
phwong trinh két hop, con EDTA la mét dung dich
acid da chirc phan ly 4 nic. Céac gia tri hang sb cho
trwdece la:
—  Hang sb bén tdng cong 6 nac tao phirc Hg** véi
OH lan lwotla 10'*°; 10*7;0;0;0; 102,
—  Hang sb6 bén 4 néc tao EDTA tir Y* 1an lwot 1a
9,1.10%;1,85.10° 4,76.10% ; 10°
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BAI 5. PHAN TiCH KHOI LUONG
M4 bai: HPT 5

Gi&i thiéu

Ham lwong cac cau tir cé trong mau chat phan tich
c6 thé dwoc xac dinh bang phép phan tich khéi lwong, do
la moét phwong phap dwa trén phép do vé khdi lwong cla
cac chat tr dang mau ban diu dén cac dang da duoc
nung, sy ma chang cé lién quan dén thanh phan cau to
can phan tich. Pay la mét phwong phap dwoc ap dung
réng rai va co két qua twong dbi “that”
Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. Mé ta co s& cla phwong phap khéi lvong.

2. M6 ta cac budc tién hanh phan tich khéi lwong.

3. Céch phan tich theo khéi lwong.
Noi dung chinh

1. Co s& va nguyén tac tién hanh cta phuwong

phap khéi lwong.

2. Cac budc tién hanh phan tich.

3. Ky thuat thyc hién trong phan tich khoi lwvong.

4. DPinh lwong mot sé mau thor
5.1. Co s& va nguyén tac cua phwong phap khéi
lwong

Phan tich khéi lwong dwa trén phép do khéi lwong
cta hop chét cé thanh phan da biét, lién quan vé méat hoa
hoc v&i cau tir can xac dinh. Cé hai nhém cac phuwong
phap phan tich khdi lwong la nhém cac phwong phap két
tia va nhéom cac phwong phap chwng cét. Trong nhém
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cac phuwong phap két tla, ciu t&r can xac dinh tham gia
vao phan (rng hoa hoc véi thubc thir, tao thanh san phdm
it tan, sau dé loc va thyc hién nhivtng ddng tac can thiét
khac va cudi cung can két tha ran cé thanh phan hoa hoc
da biét. Trong nhém cac phwong phap chwng céat, cau tir
can xac dinh dwoc tach ra khéi mau & dang khi. Trong
trwdng hgp nay, phép phan tich hoac la dwa trén phép
xac dinh khdi lwong chat da dwoc cat ra, hoac |a dwa trén
phép xac dinh chét con lai.

Trong hai nhdm nay, thwéong dwoc dung nhém
phwong phap két tda.

Phuwong phap phan tich khdi lwong bdng nhéom
phwong phap két tia, bao gébm hai phép do thwc nghiém:
can mau (A) cé chra cau t& (x) va can san phdm (B) co
chtra clu tlr (x) da biét thanh phan hoa hoc, thu dworc tir
mau d6 qua phép phan tich khdi lwong. Trén co s& nhirng
dir kién d6, bang nhirng phép tinh, tinh dwoc ham lwong
theo phan tram cudia cau t& (x) can xac dinh. Cach tét nhét
la khéng do truc tiép khdi lwong A ma can tach va can
chéat B, rdi dung hé sé chuyén dbi dé tinh khéi lwong A
twong trng trong khdi lvong két tda.

Vi du: Cé bao nhiéu gam Cl chira trong 0,2040(g) két
tua AgCl ?

Giai:

Ta c6: 2. s6 mol ctia AgCl = s mol cla CI°

Vvay: khéi lvong Cl = 0,2040. %: 0,0505(g)

Vi du: Khéi lwong AICI; twong (ng véi 0,2040(g) AgCl 1a
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bao nhiéu ?
Giai:
Ta c6 1 phan t AICI; tao dwoc 3 phan tir AgCl
< 3s6 mol ctia AICI; = sd mol ctia AgCl

Do do:
khéi lvong AICI; = 0,2040. 4% = 0,2040, o3
3 M0 3.143 3
= 0,0633 (g)

Vi du: Can m; (g) chéat (A) chira ciu t& (x) réi hoa
tan thanh dung dich bang V; (mL) nwéc cat. Hut Vo(mL) tor
dung dich nay, phan tich theo phwong phap khéi lvong thi
duwoc my(g) chat (B) cé thanh phan xac dinh chira (x) theo
phwong trinh chuyén hoa: a A = b B. Tinh ham luvong
% (X) c6 trong mau (A) ban dau.

Giai:
Tw phwong trinh chuyén dbi c6 hé s chuyén dbi:
K = aM,
bM,
Thi ham lwvgng (x) dwoc xac dinh la:
%) =K. M. Y1 100
m =V,

Tbng quat:

Ham lwong ciu tir (x) khi chuyén dbi tir dang mau A
thanh dang can B (theo phwong trinh chuyén hoa: a A
— b B) sau khi da dwoc pha loang (dinh mc) n lan Vy,
V, ...V, rditrichramlanV'y, V',,...\V', thi:

% (x) = K. F. ™. 100

1
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Trong dé:
aM,
bM

Hé sb chuyén dbi K =

n

g\

Hé s6 pha ldang F = -2
[1vi
jl

m; vam, |akhdi lwong clia dang mau A va dang
can B

Vi du: Can 0,35(g) mét lwoeng mudi chira Na,SO, rbi
dinh mirc thanh 250mL dung dich. Hut 50(mL) ti¢ dung
dich nay, phan tich theo phwong phap khéi lwong thi
dwoc 0,0405(g) BaSO,. Tinh ham lwong % SO,>  ¢6
trong mau mudi chira Na,SO, ban dau.

Giai:

Phan tng chuyén dbi: Na,SO, — BaSO, (tylé 1:1)

. 2 2 .M
— Hé sb chuydn dbi: K = —ese. = 1424 54

Mo, 233
Vay ham lwong % S0,2 = 2U8%-20 4 64 1000
0,35.50
= 94,88%.
5.2. Cac bwéc tién hanh va ky thuat phan tich khéi

lwong
5.2.1. Cac bwérc tién hanh

C6 thé thuwc hién phwong phap khdi lwong theo 3
bwdc sau:

- Pha ché cac dung dich chuén.

~  Tién hanh thi nghiém
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Can do chét rén thu dwoc, va xi ly két qua.

Thuong nhirtng két qha phan tich khdi lwong bao
gdm nhirng di¥ liéu cta hai phép do hodc déi khi cia hai
day phép do: lwong ban dau ctia mau va lwong hop phan
can xac dinh trong mau. Vi du, c6 thé do khéi lvong, thé
tich, cwdng dd sang, dé hap thu anh sang, cwdng dé phat

huynh quang, dién Ivgng. Nhwng nhirng phép do do chi la

mot phan cla phuwong phap dinh lwong théng thwong.

Hoan toan khéng kém phan quan trong la nhirng giai doan

chuan bi trwdc, nhirtng giai doan nay nang nhoc lau dai

hon va anh hwéng truc tiép dén phép do. Vi thé can tién

hanh can than theo cac buéc dé nghij sau day.

Cac bwdc co thé la:
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Chon mau: D& danh gia dung thanh phan, phan
anh dung tinh chéat cda toan bd chat can phan
tich, thi viéc chon mau la giai doan khéng thé
thiéu. Chang han, vé&i mét lwong chat can danh
gia la mot contener chira 25 tAn quang bac dé di
dén thod thuan gia ca hop ly gitra ngudi ban va
nguwoi mua, trwdc hét phai xac dinh dwoc ham
lwong bac. Vi quang khéng déng nhéat, ham
lwong bac trong cac phan khéng gidng nhau,
ma thwc t& chi co thé phan tich trén co s& mot
lwong bac la 1gam. Thanh phén clia no dai dién
cho thanh phan cla 25 tAn quang, tirc la khdang
2.270.000 gam quang hang hoa. R rang viéc
lwa chon ldc nay khéng con la van dé don gian
nitra. N6i mdt cach khac, dé chon mau co khdi
lwong 1gam va du tin cay la thanh phan cta né



dai dién cho 2.300.000gam nguyén liéu tr dé né
dwoc lay ra, doi héi phai xir ly so bo toan bd
nguyén liéu. Can phai ap dung cac phuwong
phap 14y mau phu hop cho tirng dbi twong mau
mot cach can than va chinh xac.
~  Chuéan bi mau dé phan tich: Can phai nghién va
trén déu dé& dam bao tinh ddng nhét ctia mau.
Do6i khi can phai loai trtv & Am hép thu ra khai
chét rdn bang cach phan tich mau sy khé.
- Pomau
- Hoa tan mau: Mau thwong dwoc dem hoa tan
thanh dung dich trwéc khi tién hanh thi nghiém,
vi thé, néu dung dwoc mét dung méi thich hop
ma lam tan hoa toan cac loai mau la mét diéu ly
twdng
—  Téach hén hop can tré: can tién hanh nghién ctru
nhirtng so d& phan tich dé tach hop phan can
quan tam khéi cac chét la cé trong nguyén liéu
thr va cé thé anh hwdng dén phép do truc tiép
can xac dinh goi 1a chéat can tré. Tach dwoc cac
chéat can tr& trwdc khi tién hanh thi nghiém la
nhiém vu quan trong trong hoa phan tich.
- Giai doan két thuc phép phan tich: Viét bao cao,
twong trinh phép phan tich
5.2.2. Ky thuat
5.2.2.1. D6 nhay cua phwong phap
Phwong phap nay khéng thé dung thiét bj do dé xac
dinh dwgc dé nhay, néu can voi lwong can nhd (vai
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microgam) thi sai s& cé thé cé dén vai chuc %, con can
v&i lwong can I&n thi co thé ha thip sai s6t dén vai chuc
ngan %. Phan I&n 1a do kha nang tach dwoc cac két tha
va kha nang loc dwgc chung. B6 nhay clia phwong phap
phu thuéc phan Ién & giai doan nay. Vi thé phwong phap
thwérng dwoc dung dé phan tich cac chat cé néng dé can
xac dinh cao hon 0,1%

5.2.2.2. b6 chinh xac cua phwong phap

Tinh phtre tap cla phwong phap & sai s6 gan véi do
tan, sw cong két va sy khac nhau trong thanh phan hoa
hoc clia san phadm cudi cing: mdi mét yéu td trong nhirng
yéu t6 d6 déu phu thudc vao thanh phan ctia mau. Vi du:
sat trong mau khéng chira cac ion kim loai ndng cé thé
xac dinh dé dang bang phwong phap khéi lvong véi sai
sb khéng hon mét vai chuc %, nhwng khi c6 mat cac
cation hoa tri 2 nhuw kém, niken, déng... thi sai s6 sé& I&n
hon nhiéu hoac phai tén nhiéu cong strc d& ngan ngira sw
cong két & cac ion nay

Sw hao hut (méat di) mét lwong ion can xac dinh trong
phwong phap nay do dd tan cling phu thudéc vao thanh
phan mau. Trong hé nhiéu cAu t&, xac suét tao phirc cla
chéat can xac dinh va cla cau t& ciia mau ciing tang Ién,
ngoai ra dé lam sach két tGa phai cAn mét thé tich 1on
chéat 1dng rira nén cé thé dan t&i sy mat mat Ién do do
tan.

Khi phan tich nhitng mau don gian véi ham lwong
chéat can xac dinh 1én hon 1%, dd chinh xac cta phan tich
khdi lwong it khi vwot d& chinh xac cla cac phwong phap
khac. Do sai sb trong trwérng hop nay cé thé gidm xubng
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dén 0,1 =+ 0,2%. Khi tang tinh phirc tap cta thanh phan
mau, tat nhién sai sb tang I&n hodc |4 phai tén thoi gian
dé khéc phuc. Trong truéng hop nay dé chinh xac cla
phwong phap khéi lwong co thé td ra khéng tét hon, tham
chi con xau hon dd chinh xac clta nhirng phwong phap
phéan tich khac.

5.2.2.3. ’ng dung ctia phwong phap

Phwong phap nay dwoc nghién ctu cho phan 1&n
cac anion va cation vd co va ca cho cac hop chét trung
hoa nhw nwéc, dioxyt lvu huynh, khi CO,, 1,. Ca mét loat
cac hop chét hivru co ciing dé dang xac dinh bang phwong
phap khéi lwong, vi du nhu xac dinh lactoza trong san
phdm sira, salisilat trong dwoc phadm, phenolphtalein
trong thudc sb, nicotin trong hod chat ddc, Cholesterin
trong huyét thanh va benzaldehid trong dich chiét qua
hanh nhan.

Phuwong phap khéi lwong 18 mét trong nhivng
phwong phap phan tich dwoc st dung rdng rai nhét.
5.2.2.4. Ky thuat phan tich
Khéi lwong dinh phan

Phuwong phap khdi lwong nay kha quan trong trong
phép phan tich kim loai, hop kim, d4t d& nham thach

Ban chét phan tich dinh lwong 1a mét phwong phap
phan tich dwa trén sy do chinh xac khéi lwong cla chat
can phan tich hoac cta thanh phan né dwoc tach ra &
trang thai tinh khiét hoéa hoc, hodc dwdi dang hop chét
thich hop

Cé6 3 phuwong phap:
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1. Phwong phap tach: CAu t&r can xac dinh tach ra
tir chat phan tich dwéi dang tw do, can bang can
phan tich, vi du dinh lvong vang va déng trong
hop kim, theo nguyén tac:

HAn hop + dung dich cwdng thiy — tan + H,O,

kher ion vang thanh nguyén té kim loai — loc

vang — rira — sdy — can.

2. Phwong phap két tha: két tla ciu t& can xac
dinh bang phuwong phap héa hoc dwéi dang hop
chét it tan c6 thanh phan xac dinh, vi du két tia
BaSO.,.

3. Phuwong phap cat: cdt mét cach dinh lwong cau
t&r can xac dinh dwéi dang hop chét bay hoi.

+  Chét truc tiép: cAu tir bay hoi dwoc hap thu
bang chét hap thu dac biét, xac dinh khbi
lwong chat bay hoi.

+  Cét gian tiép: xac dinh chat con lai sau khi
lam bay ho.

Phwong phap nay c6 dd chinh xac cao, dung dé

xac dinh cac ham lwgng kim loai, quang. Nhwng

phwong phap doi héi thdi gian thwc hién kha
lau.
Nguyén tac
Can lwgng mau chat can dinh lwong, hoa tan thanh
dung dich. Két tla chat can phan tich dwdi dang hop chat
bén. Dwa vao khdi lwong chéat két tda, tinh ham lwong
chéat can phan tich.
1. LAy mau trung binh:
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Mau trung binh phai dat dwoc muc dich 1a lwong
mau khéng 1&n, nhwng trong dé ham lwong cla
tdt cd ciu t& can dinh lwong phai bang ham
lwong cla ching cé trong tat ca khdi lwong chat
can phan tich

2. Yéu tb anh huwéng dén sw két tha hoan toan,
phdn (rng hoan toan khi dang két tha con lai (&
dang tan) bang dd chinh xac clia can phan tich

3. Dang can: Dang két tia sau khi sdy khé hoac
can goi la dang can. Dang can phai cé cong
thirc xac dinh cé thanh phan khéng dbi t khi
sdy hoac nung dén sau khi can (khéng hut &m
va khéng bi phan hay). Néu dang can c6 trong
hop chat cé khdang phan t&r lwong cang 16n thi
kha nang chinh xac cang cao, chdng han, dé
xac dinh ham lwong Cr**  thi dung Cr®*  trong
dang BaCrO, (M = 253,3) sé& chinh xac hon Cr®*
trong dang Cr,0O3 (M = 152)

4. Yéu td két tia: ndng dd dung dich sau khi hoa
tan mau phai & khéang 0,1M. Lwong chét thudc
thtr phai I&n hon 1,5 1an chat két tda. Nwéc rira
tuy thudéc vao tinh chat cta két tia thuwong 1a
dung dich I16ang mudi amoni. Két tia phai dwoc
sdy khd trwdc khi nung, sau khi nung phai dé
vao binh hat dm trwéde khi can dé tranh sai s6 vé
khéi lwong can

5.3. Sai s6 va xtr ly sai s6
Trong qua trinh phan tich luén xuét hién cac sai sb
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do yéu td chi quan hay khach quan ciing nhw chi quan,
nén doi hdi nhiéu nd lwc sang tao va ca truc giac. Nhirng
két qua phan tich dwoc hoan thanh véi dé tin cay chua
biét s& khong co gia tri khoa hoc va ngwoc lai, nhirng két
qGa khéng chinh xac ciing cé thé rat quan trong néu co
thé xac dinh dwoc gidi han sai sb v&i do tin cay cao.

Vi khéng cé mét phwong phap nao téng quat, chinh
xac dé& danh gia cho két qua thwc nghiém, nén xt ly két
qla thuwdng 1a mét viéc rat phirc tap so véi viéc thu duwoc
két qua do

Trong phan nay sé dé cap dén nhirng loai sai s6 nay
sinh khi thwc hanh phan tich d& dinh hwéng x ly ching.
5.3.1. M6t s6 cong thirc toan hoc

- Trung binh (x): la thwong s phép chia tbng két

gua cla nhirng phép do riéng biét (x; ) cho (n)
sb 1an do mau.
, Xy

N .= s X; + X
Cong thirc:x = > x, = L—2 =t
il n

- Trung vi (X ): la trung binh céng cta cap sb
trung tam day cac phép do:
Céng thure:
Xn/2 + Xn+2/2

X. = 5 (v&i n la sé chan)

= XT (v&i n la s6 18)

- P06 léch trung binh (c): 1a hiéu sb gitra gia tri 1an
do i(x) vOi x

Céng thirc: 6 = | x - X |
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hoac am

Sai sb tuyét déi (E): l1a hiéu sé gitra gia tri lan do
I (X;) vOi trung vi
Céng thre: E = x; - X.. Gia tri E c6 thé dwong

Sai sb twong dbi (E; ): 1a ty sb gitra sai sb tuyét
ddi E véi trung vi x.

Cdéng thuwe: 5.100

X

5.3.2. Phan loai sai s6
5.3.2.1. Sai s6 hé thong

Sai sb ca biét: xuat hién do sy cau tha hoadc do
khuyét tat ciia nguwoi phan tich, chdng han do
van chuyén mau khéng dang cach, ngwdi phan
tich bi mu mau khéng nhan dinh chinh xac mau
sac v.v...Do vay can khéc phuc bang cach lam
viéc nghiém tdc, can than. Thwéng nha phan
tich can tw rén cho minh théi quen kiém tra cac
loai chi sb thiét bi, ludn ghi chép nhat ky va can
than cac phép tinh. V& khuyét tat thi nha phan
tich tranh duwoc béng cach chon cho minh
phwong phap dung, trong nhirng diéu kién biét
trwéece.

Sai sb thiét bi: xuat hién do thiét bj khong hoan
thién, hoac la do anh huwdng cltia méi tredng 1é€n
thiét bi, chéng han, khi nhiét d6 cua cac dung cu
nay str dung khac nhiéu v&i nhiét dd chuan héa.
C6 thé loai trr sai sb nay bang cach chuan hoa
dung cu dinh mirc & nhiét d6 twng rng, hay phai
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thworng xuyén kiém tra thiét bi dinh ky véi thoi
gian chi s
- Sai s6 phuwong phap: xuat hién do sy sai léch
cla tinh chét thubc thlr hodc phan wng dung
lam co s& cho phép xac dinh khdi tiéu chuan ly
twdng. Nguyén nhan cua nhirng sai Iéch nay co
thé 1a tbc dd phan &ng nhd, phan &ng xay ra
khéng hoan toan, sw khéng bén cla cac chat
nao do, sy khéng dac trwng cla thubc thir va
cac phan rng phu can tré qua trinh xac dinh.
5.3.2.2. Sai s6 ngau nhién
D6 1a nhirng sai sb xuét hién do nhirng sai s6 khdng
thé biét truéc dworc, va cling khdng thé kiém tra dwoc cla
phép do nhirng sai s6, dé la nguyén nhan cla sw tdn man
két qua khi do 13p lai
Chang han xét anh hwéng cla sai sd ngau nhién
trong déng tac chudn hoa pipet. Pay la mét thao tac
twong dbi don gidn, bao gém viéc xac dinh khéi lwong
nwéc (voi do chinh xac dén miligam) chay ra t pipet theo
bang sau:
Bang 5.1. Sb liéu trong thwc nghiém chuan héa pipet

STT | Thétich | STT | Thétich | STT | Thé
(mL) (mL) tich
(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
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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 : 9,982 mL

D6 1éch trung binh : 0,0054 mL

Bién d6 dao dong : 9,993 -9,970 = 0,023mL

Do I&ch tiéu chuan : 0,0065mL

Cé6 thé giai thich sw khéng trung lap két qua cla
nhitng phép do c6 kém theo nhiéu sai sé khong biét
duwoc, gay ra do sw khéng trung 1&p cta nhirng diéu kién
khong duoc kiém tra cla thwc nghiém. Hiéu (ng tdng
cong cla nhirng sai sb do ciing la mét dai lwong ngau
nhién. Thuéng cac sai s bu trlr nhau, nén tac dung cua
chung la cuce tiéu. Nhwng ddi khi cling cong hop véi nhau
cho sai s6 dwong hodc am kha I&n

R6 rang la ngay ca mét dong tac don gian nhw chuén
héa pipet ciing kém theo nhiéu bién dbi khéng I&n khoéng
kiém tra dwoc, chang han co6 thé 1a sai s6 do méat nha
phan tich khi kiém tra mirc chat 16ng trong pipet, hay sai
sb do sy dao déng trong thdi gian déc hét nwéc tir pipet,
hay sai s& do sw bién ddi cla géc nghiéng khi nuwéc chay,
sw dao déng cua nhiét phu thuéc vao cach cam pipet
V.V.... Mac du khéng vach ré nhirng dnh hwédng ctia moi
sai s6, nhwng trong sé nhirng sai sé dé ciling co thé dién
ta hiéu rng tébng cong cla ching dwéi dang sai sé ngau
nhién phan anh qua sy phan tan sb liéu quanh gia tri
trung binh.
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Khac voi sai sb hé thdng, sai sé ngau nhién khdng
thé loai trr khéi phép do. Nén nha phan tich khéng dwoc
béd anh hwdng cua chung, cliing nhw khong dwoc coi
chung la nho.

Chac chan la c6 thé cdng nhan rang gia tri trung binh
cla 24 lan do thé tich & bang 1 trén gan véi thé tich that
hon b4t ky mét gia tri do nao. Néu gia thiét rang chi do c6
2 1an va gia tri thu dwoc tring voi két qua & STN 1 va 7,
thi gia tri trung binh 1a 9,992 thi da léch véi két qa trung
binh cho 24 lan do 14 0,010mL. Va dd léch trung binh 2
lan nay so v&i 24 1an 1a 0,001mL. Két qua nay sé gay sai
ldm cho nha phan tich khi lac quan cho minh dung.

That ra trong thwc t&, néu tién hanh STN lén dén
1000 |an thi cé 2 - 3 trwéng hop, gia tri trung binh la
9,984, trc léch 0,002mL so v&i 24 1an va 0,008mL so voi
2 1an, va hon 100 trwong hop Iéch di 0,010mL, va hon
200 trweérng hop 1éch di 0,100mL bat chdp moi bién phap
phong ngtra ciia nha phan tich.

DPé phan tich nhirng sai s6 nhd anh hwéng nhu thé
nao dén két qua cla nhirng phép do song song, gia st cé
4 sai sb trong sai sd ngau nhién va quy wéc ching duoc
dac trwng bang xac sudt xuat hién nhw nhau va cé thé
anh hudng dén két qua cudi cung cta phép do gay nén
sai s6 dwong hodc am, dwoc xac dinh bang dai lwong U,
la ddng nhéat dbi v&i tt ca 4 sai sb do.
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Bang 5.2. T6 hop co thé co tir 4 loai sai sb6 nay da dan
dén sai s6 ngau nhién

X Pai | Tansé | _, Dai Té’n
TO hop ' TO hop ' sO
sai sb wong tu’o;r?g sai s luong twon
SSNN doi SSNN ‘.
g doi
+ U, + + 4U 1 + U; - Up-
Uo+ Us+ Us+ Uy 0 6
U,
-UL+ + U, -
U,+ Uzt + 2U 4 U,+ Us-
Uy U,
+ Uy - + U, +
U+ Us+ Usz- Us-
Uy U,
+ U, + -U; - Up-
Uz- Ust Ust+ Uy -2U 4
U,
+ U, + “U; - Ut
U,+ Us- Us- Uy
U,
- U - Uyt - Uy + Up-
Us+ Uy 0 6 Us- Uy
- Uy + Uy, + U; - Up-
Us+ Uy Us- Uy
U+ “U,-Uy | -4U | 1
Up+ Us- Us- U,
U,
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Nhuw vay ty & tAn sb sai sb la 6: 4: 1, n6 phan anh
xac suat sai sb ciia méi vung

Ciling vay khi xét v&i nhirng phép do véi sé lwong sai
sb 1on hon (10 sai sé hay tham chi sb rat I&n sai sb) thi
cling cho két qlia sw xuat hién sai sb khéng cé xac suat
I&n nhét, con sai s6 cuwe dai lai o tAn sb nhd nhat.

i H i HHM

-4 -A) 0

S o= b W R

10U =

Hinh 5.1 Sai s6 ngau nhién v&i 4 sai sb va sai sb ngau nhién
vGi 10 sai sb

Dung phwong phap tinh cta Gause dé xay dwng
duwong cong khdéng nhét thiét phai c6 sy déng nhét cla
nhirng sai sb riéng biét, thi dwéng cong Gause c6 nhirng
dac trwng sau:

- Tan sb xuét hién sai s6 ngau nhién khéng la cuc

dai

- Gia tri sai s6 dbi xtrng qua cwc dai, nghia |a xac

suéat xuat hién sai s am va dwong bang nhau

~  Xac suét xuat hién gidm dan gia tri sai s6 ngau

nhién cGa phép phan tich héa hoc sé tién toi rat
gan véi duworng cong phan bd Gause.
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Hinh 5.2. Hinh dang cutia dwéng cong phan bé Gause
Truc tung 14 tan sb xuét hién cla sai sd ngau nhién
Truc hoanh Ia gia tri cGa dai lwong sai s6 ngau nhién
Hinh dang dé thi Gause la gan giéng véi dwdng cong
Parabol cé dinh cwc dai la sai s khong.
5.3.3. Phwong phap théng ké
5.3.3.1. Khai niém co’ ban
Thdng ké cho phép mé ta téan hoc nhirng qua trinh
ngau nhién, chang han nhv anh hwéng cta sai s ngau
nhién dén két qua phan tich héa hoc. Nhwng diéu quan
trong l1a: chi c6 thé mé t& chinh xac bang cac phwong
phap théng ké& cb dién khi sb quan sat déi twong voi sb
lwong Io'n vo han.
Phwong phap théng ké cb dién lay dwdng cong db
thi Gause lam dwong chuan, gém:

-(%-x)? _z?

20'2 e 2

N A . e
- Phwong trinh db thila: y = =
J ) y —oN2r oN2rm
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- Do léch tieu chuan o 1a hang sb dac trwdng cho
mot day ctia mét sé 1én phép do.

Z(Xi _,U)z
E , trong do (x; - u) 1a do léch trung binh

u la gia tri that khéng chiva sai sb hé théng, 1a trung
binh sé hoc clia mét sé vo han phép do 13p lai.
- Chiéu réng cta duwong cong phan bd chuén sai
sb lién quan dén o

- Do phan tan (c%): la mét dac trwng khac clia do
lap lai thwong dwoc s dung rdng rai trong
thdng ké. Phan I&n cac nha phan tich wa thich
dung dai lwong o hon, vi o dwoc dién ta bang
don vi cliia dai lwvgng duoc do.

Chu y: cac gia tri 6, 6® hodc x nén duwoc tinh theo
may tinh ca nhan
5.3.3.2. Phwong phap thong ké:

Viéc str dung phwong phap théng ké cé dién véi sb
lan thwc nghiém tr 2 dén 20 thwong cho két quia sai, nén
can tién hanh théng ké hién dai v&i sb 1an do tv 3 dén 5
nhwng van cho két qua dang tin cay vé sai sé ngau nhién.

DPéi voi mét vai phép do 13p lai khdng thé dung truc
tiép cac phwong trinh trén vi p 1a sé khéng biét dwoc, dé
thay thé ching phai dung gia tri trung binh cta sé nhd
phép do. Trong phan I&n truérng hop x = mét chat, han
nhién la do sai s ngau nhién gay nén. Can chu y bét ky
mot sai st cla x; déu dan dén sy sai sb trong dai lwong
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c. Do d6 véi it 1an do, thi sy danh gia do I&ch tiéu chuan

ciing c6 thé khéng dang tin cay. Nhw vay cé dén 2 sai sb

xuét hién trong gia tri trung binh va trong gia tri do léch
tiéu chuan.

- Khi o c6 gia tri am nghia la do gia tri trung binh

va dd léch tiéu chuan nhan dwoc tr mot va chi

mot day nhé dir kién, nén o duwoc thay bang gia

tri d6 léch chudn (S): S =

Vi du: Tinh do l1&éch chuan déi v&i 5 1an do sau:
STN 1 2 3 4 5
Giatrido | 9,99 | 9,986 | 9,973 | 9,983 | 9,98

Tinh dwoc do l1éch chuan S Ia:

6
S = 1/%& 6.4.103= +0,006

- Trung binh that p ludn khéng biét dwoc, nhung
c6 thé xac dinh ving chung quanh gi¢i han cua

gia tri trung binh x bang thwc nghiém ma trong
vung d6 hy vong v&i méot xac suét da cho tim
dwoc p. Gidi han d6 goi la gidi han tin cay va
khdéang gi¢i han d6 goi la khoang tin cay. R&
rang 1a dé dy ddéan dung gia tri tuyét dbi can
phai chon mét khdang du I&n va bao gébm trong
dod cac gia tri cé thé chap nhan la x; co6 thé co
dwoc. Nguoc lai, xac suat roi vao vung la 99 két
qua dung so vo&i 100 két qua thi khoang dé
khéng can phai Ién dén nhw thé va co thé 1am
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cho n6 con cé thé nhd hon néu chip nhan xac
suat 1a 95%. No6i mot cach khac, néu xac suat
dy déan dd dung cang nhé thi khoang gi¢i han
tin cay cang nho.

Khoang tin cay la dai lwong xuét phat tr d léch

chuan S ctia phwong phap do, phu thudc vao dé tin cay

cua cac gia tri do dwoc vi tir cac gia tri nay, S dwoc xac

dinh.

Théng thwéng cac mau do déu chap nhan nhung

nguyén nhan gay sai s6 ngau nhién la nhw nhau. Sy that

trong thuwc té S va o 1a déng nhat néu sé 1an do < 20
Vi du: Khdo sat ham lwong Hg da bi nhiém trong 7
mau ca cau & hdé ERI bang phwong phap hap thu nguyén

t& thi cho nhirng két qiia ham lweng Hg nhw sau. Hay tinh

d6 léch chuan S theo phwong phap théng ké.

Bang 5.2. sb liéu cho phwong phap hap thu nguyén to

o Tdng sb cac
£ £ Gia tri .
o SO phép Két qua trung binh phuwong
Mau sO | do song (ham Iwcy4ng Hg) binh N. do léch khai
song 107" % 1074 % gia t|i! trung
binh
1. 3 1,8-1,58- 1,64 1,673 0,0259
2. 4 0,96-0,98-1,02-1,1 1,015 0,0115
3. 2 3,13-3,35 3,24 0,0242
4, 6 2,06-1,93-2,12-2,16
-1,98-1,95 2,018 0,0611
5. 4 0,57 - 0,58 - 0,64 - 0,49
6. 5 235-2,44-2,7-2,48 - 0,57 0,0114
2,44 2,482 0,0685
7 4 1,11-1,15-1,22-1.04 1,13 0,017
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S6 phep do 1a 28
Téng binh phwong 1a 0,2196
Puwoc bang tinh:

Xi | Xi - X | (X - x )
1,8 0,127 0,0161
1,58 0,093 0,0087
1,64 0,033 0,0011
3[5,02] Téng binh phwong = 0,0125
x =1,673
Nén:
S
_ \/0,0295 +0,0115 +0,0242 + 0,0611 + 0,0114 + 0,0685 + 0,0170
28-1

=0,10.10°* % Hg

Khdang tin cay khi S rat gan v&i o, chiéu rong cla
dwong cong phan bd chuadn dwoc xac dinh béi dai lwong
G, va Z cing dong vai tro twng tw o trong cac phwong
trinh trén. T& day cé thé tinh dién tich dwéi dwdng cong
phan bd chuan sai s6 theo dién tich chung dbi véi méi gia
tri Z.
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Bang 5.3. Bang xac suét tin cay dbi v&i nhung gia tri

Z khac nhau
Xac suét tin Z Xac suét tin cay Z
cay % %
50| +0,67 96 + 2,00
68| +1,00 99 + 2,58
80| +1,29 99,7 + 3,00
N0V +164 99,9 + 3,29
9| 1196

Ty sb dé (dwoc biéu dién bang %) goi 1a xac suét tin
cay va la sb do xac suat ctia Z, ¢ nhé hon dd l&ch tuyét
doi (xi - ).

Chéng han dién tich dwéi dwong cong @ Z = + 1 la
95% dién tich, nhw thé dbi v&i sb 1én phép do gia tri ( x; -
1) tinh toan sé dwoc bang hoadc nhé hon + 1,966 trong 95
trwdng hop trong sé 100.

Do do gi¢i han tin cay: p=x+ Zo.

Vi du: Hay tinh gi¢i han tin cay & xac suét tin cay la
50% va 90% dbi voi két qua do ham lwgng Hg trong hd
ERI: 1,80.10 * %Hg

Gidi: Tac6S=0,10. 10 * % Hg (r 5) va Z =+ 0,67
va + 1,96 twong ing véi 50% va 90% xac suét tin cay.

Nén:

Giéi han xac suat tin cay 50%:

L=x+Zc=1,80.10" £0,67.0,10. 10"*

= (1,8+0,067). 10" * %
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Gidi han xac sut tin cay 90%:
L=x+Zc=1,80.10" +1,96.0,10. 10 *
=(1,8+0,196). 10" * %

C6 nghia l1a 50 trwdng hop sd 100 trwdng hop, trung
binh that (hodc gia tri that khéng co sai sd hé thdéng) u
nam trong khoang (1,733 - 1,867). 10" * %Hg, va 95
trwong hgp trong 100 trwdng hop, gia tri that roi vao
khoang (1,604 - 1,996). 10" * %Hg.

Céng thirc 1 dwoc ting dung dé danh gia két qua mot
phép do duy nhat. Cé thé néi rdng khodng tin cay giam
Jn 1an déi v&i gia tri trung binh tr n phép do song song.
Lo
T

Vi duy: Hay tinh gi¢i han tin cay gia tri trung binh
(1,673. 10 * %Hg ) ctia mau sb 1 trong di¥ liéu ca trong hd
ERI, v&i xac suét tin cay 50% va 95%.

Giai: chap nhan o ~ S = 0,10. 10" * %Hg trong ca 3
phép do & mau 1

Gidi han tin cay 50%:
0,67.0,10

Vay gidi han xac suattincay lau= x +

= (1,673 + ). 10" * %Hg

= (1,673 + 0,04). 10" * %Hg

Gidi han tin cay 95%:
1,96.0,10

3
= (1,673 +0,11). 10" * %Hg

Nhw vay: 50 trwérng hop trong sé thwe nghiém 100
lan, gia tri trung binh that s& nam trong khéang (1,633 -
177
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1,173) 10" * %Hg va 95 trwdng hop trong sd 100, sé& nam
trong khdang (1,563 - 1,783) 10 * %Hg.

Vi du: Hay tinh sb phép do song song can thiét dé
lam gidm khéang tin cay v&i xac suét tin cay 95% dén
0,005 mL khi hiéu chuén pipet thé tich 10mL. (xem céac s
liéu & bang 1)

Giai:

Do léch chuan cla phép do bang 0,0065mL. Vi gia tri

S thu dwoc tr 24 14n do nén cé thé gid sir 6 ~ S = 0,0065.

- ) n lo

Khoang tin cay: =+ —=

g 2} u in
0005 =+ 2000006 o _sg

Jn

Nhw vay s dung gia tri trung binh thir 7 1an do, thu
dwoc thé tich trung binh chay ra ti pipet véi dd chinh xac
dén + 0,0065mL, v&i xac suét tin cay 95%

Tiéu chuan (t): t = X_Tﬂ dwoc dung dé tinh giéi han
do tin cay trong trwdng hop chua biét o, theo céng thirc
- tc . »
= x £ —= vattheo bang sau:
H NG g
Bang 5.4. Gia tri t & nhirng xac suét tin cay khac
nhau.

S6 X&c suét tin cay (%)

80 90 95 99 | 99,9

1. 3,08 |6,31 [12,7 |63,7 |6,37
2. 1,89 (2,92 |43 9,92 |31,6
3. 164 2,35 |3,18 [584 |129
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153 2,13 |2,78 |4,60 |8,6

1,48 (2,02 |257 |4,03 |6,86
144 (194 (2,45 |3,71 |5,94
1,42 1,90 |2,36 [3,50 |54

1,40 1,86 |2,31 |3,36 |5,04
1,38 11,83 |2,26 |3,25 |4,78
10. (1,37 |1,81 (2,23 |3,17 |4,59
11. |1,36 |1,80 |2,20 |3,11 (4,44
12. (136 |1,78 |2,18 |3,06 |4,32
13. |1,35 |1,77 |2,16 |3,01 (4,22
14. (134 |1,64 |196 |2,58 |3,29

© ©® N o g A

Vi du: Trong mau ngudi ubng rwou cd ham lwong
etanol (tinh %) la 0,084 - 0,089 - 0,079. Hay tinh khdang
tin cay dbi v&i gia tri trung binh & xac suét tin cay 95%.
Gia s rang ¢ ~ S = 0,005% etanol, va d6 |ap lai chua
biét.

Gidi: Tac6 x = 20520 0,0840
2 2
s \/0+o,oo: 10,005 0,005

Cach 1: Theo bang 3: véi bactw dola 2 thit=+ 4,30
VGi xac suét 95%
Nén khdang tin cay la:

= x X + — =0,084 + M:0,084i0,012

G N

Céach 2:vico o, nén dung bang 2 ;
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1,96.0,0050
J3
Vay nhan dinh dwoc: néu xac dinh dwoc gia tri o thi
thu hep khoang tin cay mét nira
5.3.3.3. Phwong phap théng ké gia thiét

W= X+ ZTG = 0,084 + = 0,084 + 0,006
n

Pé hiéu rd ban chat nhirtng quan sat ma tv d6 md
hinh Iy thuyét dwoc hinh thanh can thwe hién nhirng thuc
nghiém dé kiém tra d6 dung dén ctia nd. Néu két qua cla
nhirng thwe nghiém khdng khdng dinh md hinh dé thi mé
hinh d6 budc phai bé di d& tim mét mé hinh khac. Nguoc
lai, néu quan sat thay sw phu hop gilra thwc nghiém va
nhirng két qla mong doi thi md hinh gia thiét c6 thé dwoc
dung lam co s& cho nhirng thwc nghiém tiép theo. Néu
gia thiét dwoc khang dinh bang mét lwong dd Ién nhirng
dir kién thwc nghiém thi gid thiét dwoc chip nhan 1a ly
thuyét cho t&i khi nhirng di¥ kién thwc nghiém khac khéng
bac bd né. Khéng thé cé nhirng thwe nghiém phu hop
chinh xac v&i nhitng mé hinh ly thuyét. Do d6 nha phan
tich thworng xuyén phai dung phwong phap kiém tra théng
ké bang phuwong phap gid thuyét KHONG, dwa trén
nhirng gia tri bang sé cla hai dai lwong thwc t& bang nhau
(nhw gilra x1 va x2 ; gitba S1va S2;...)

Giai théng ké bai téan nay bao ham sy so sanh ham
sb (x - n) v&i hiéu sb can phai cé trong nhirng diéu kién
binh thwdng co ké t&i sai s ngdu nhién. Néu hiéu sb
quan sat nhd hon hiéu sé tinh toan & xac suét tin cay da
lwa chon thi xem nhw "Gia thiét Khéng" (x va p khac nhau)
duwoc khdng dinh. Va khi d6 c6 thé rat ra két luan, khéng
c6 sai sb trong hé théng thuwe nghiém. Ngwoc lai, néu (x -
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1) twong déi I&n hon so i gia tri mong doi hay gia tri chuan
thi c6 thé cho rang: hiéu sé cé nghia va sai sb hé théng
dwoc chip nhan.

Gia tri chuan dé pha dinh gia thuyét KHONG c6 thé
viét lai: X - w =+ *> . Néu danh gia duoc d6 tin cay o, thi

Jn
thay thé t va S bang Z va ¢ twong &ng.

Vi du: D& xac dinh nhanh lwong lwu huynh cé trong
dau hda, can phan tich 4 mau dau c6 ham lwong S biét
trudc 14 0.123%, thi thu dwoc ty 1& lwu huynh theo phan
tram la 0,112 - 0,118 - 0,115 - 0,119. C6 phai nhirng dir
kién nay chi ra sai s6 hé théng am cta phwong phap ?

Giai:

0112+0,118+0119+0,115 _

Ta co6 gié tri tinh: x = 2 =0,116

= (x - =0,116-0,123 = - 0,007

s \/(0,00040)2 +(0,0020)2 + (0,0010)2 + (0,0030)>
4-1

= 0,0032

Tra bang & xac suét tin cay 95% va tra bac tw do t |a
3,18 thi

. tS _ 318.0,0032

~Jn J3

Ma: x - u=- 0,007

C6 thé hy vong rang nam lan trong s6 100 lan thuc
nghiém, trung binh tim dwoc bang thwc nghiém sé sai

=+ 0,0059

l&ch 1a = 0,0059 hoac I&n hon. Nhw vay néu chung ta két
luan rang 0,007 la hiéu sd co nghia thi trung binh dung
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trong 95 trwdng hop va sai trong 5 trwdng hop trong sb
100 |an lam thwc nghiém.
5 4. Dinh lwong mét s6 mau thir
5.4.1. Dinh lwgng nhdm trong quang Boxit
5.4.1.1. Nguyén tic
Can m(g) mau quang, pha mau thanh dung dich rbi
chuyén toan bd AI®* thanh AI(OH); bang dung dich (NH; +
NH.CI) & pH ~ 6 =+ 8. Nung Al(OH); & 1200 °C dwoc dang
can Al,O3
Cac phan tng:
AP + 3 NH; + 3 H,0 — Al(OH)sd + 3 NH,"
APF* +3 OH — AI(OH);
2 AI(OH); — Al,O; + 3 H,0
lon can tr& 1& cac chét oxy hoa va cac ion c6 kha
nang tao két tla hydroxyt. Két tia AI(OH); la moét
hydroxyt lw&ng tinh, vé dinh hinh mau trdng, nén chi két
tlia trong méi trworng c6 pH thich hop, tuy thudc vao néng
dd AI** ban dau c6 trong dung dich
5.4.1.2. Ky thuat phan tich
Can m(g) mau quang réi chuyén thanh dung dich
V'(mL). HGt VmL dung dich mau dun gan séi, thém 2 giot
MR dung dich c6 mau héng, thém tirng giot NH; dam dac
dén khi dung dich chuyén sang mau vang, cé két ta
trdng. Thém V" (mL) dung dich NH; néng, loc két tda.
Nung két tla trong chén sanh & nhiét do 800 °C trong
thoi gian tr 20 dén 30 phat. Can chén dé tinh khéi lwong
chéat rn sau khi nung (m'). Tinh két qua.
Céng thurc:

182



' 2M ..
% Al = m’. K.@.%; trong d6 K = Al
m

Al,O;

5.4.2. Pinh lwong Fe** trong dung dich Fe (SO, );
5.4.2.1. Nguyén tac

Cation Fe®" trong méi trwedng axit & pH ~ 4 sé két tda
b&i dung dich NH; tao két tia Fe(OH); loc, sdy, nung &
nhiét d6 900°C, thu dwoc dang can Fe,Os;, tlr do tinh
dwoc ham lwong cla Fe3* ¢o trong mau.

Phan (rng két tla:
2Fe® + 6NH; + (x+6)H,O = 2Fe(OH)3.xH,O + 6NH,

dang két tua
Phan trng chuyén dang tla sang dang can:
tO
2Fe(OH) 5.xH, 0O = Fe,O0; + (x+3)H,0
X 900°C T
dang két tia dang can

5.4.2.2. Ky thuat

- Nung chén Ni & 900°C trong 30 phut. D& ngudi
trong binh hat Am, réi can chén khéng (mg )

- Can chinh xac khodng 0.4 gam FeCl; mau, tdm
wédt mau bang 5mL HCI ddc, hoa tan va dinh
murc dén 250mL bang nwéc cét.

- LAy 25mL méu cho vao chén (lam thém mau dbi
chirng) +2mL HNO; 2N.

- Pun néng khoadng 75 - 80 °C (khdng lam soi
dung dich ) + 30mL dung dich NHz; 1N + 50mL
H,O néng, dé yén trong 5 phit.
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Thr dung dich da két tda hoan toan chwa bang
cach nhd 5 giot NH; 1N vao dung dich, néu
dung dich con tua thi cho thém vao 10mL dung
dich NH; 1IN

Loc nhanh ngay tic khdc bang gidy loc bang
vang khéng tro. Rra tia bang NH,NO; 0,5N da
dwoc dun néng. Tiép tuc rira tia bang nuwédc
néng dé loai trir CI™ (thr lai bang AgNO3 )

Cho tia vao chén nung va tro hoéa (lam gidy hoa
den va khéng con khaéi). Dem nung & 900 °C
trong 30 phut (khéng dwoc nung qua lau). Bé
ngudi trong binh hat &m dén nhiét dd phong, can
lai (my )

Ap dung céng thire tinh khéi lwong dé xac dinh
ham lwong Fe®".

Giai thich
Phuwong trinh phan (rng:

FeCl; + 3NHs + 3H,0 — Fe(OH)sd + 3NH,CI
ZFG(OH)g — Fe,0; + 3H,0

Néu nung tia manh va lau qua thi:

3Fe,0O; > 2Fe;0, + %2 0,

Vai tro hoa chat
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Cho HCI vao FeCl; tAm mau dé khi hoa tan
bang nwéc cat thi khong lam thay ddi tinh chat
ctia mubi

HNO; tao mdi trwong axit vi Fe*" trong moi
trwng axit & pH = 4 sé bj két tha bédi NH;

Cho vao NH; dé tao tda



Thém nwéc cit néng dé lam gidm hép phu

Rira bang NH,NO; vi: d6 la mot chat dién ly
manh sé& lam déng tu tia Fe(OH); 1a mot két tha
vo dinh hinh dién hinh

Cho HCI vao FeCl; dé tAm mau lam cho mau
khong thay ddi tinh chét khi hoa tan bang nwéc
cat + HNOj; tao méi trwdng axit dé mau dé dang
tao tha va trang dwoc hinh thanh tda dac sét,
tranh dinh vao cbc va tranh dwoc thuy phan.
Sau d6 dun nhe vi: Fe(OH); 1a mot két tia vo
dinh hinh dién hinh, dé tao thanh dung dich keo
nén khi lam tla né can phai dun néng + NH; dé
tao tla + nwdc cat néng dé lam gidm hap
phu.Sau d6 loc ngay vi dé lau kiém hoa tan
dwoc thuy tinh gay sai sbé.Loc bang gidy loc
bang vang vi két tda la vé dinh hinh nén dé 1am
bit gidy loc khé loc tha.Rlra tiia bang NH,NO; la
mot chat dién ly manh lam doéng tu tua, kho bi
thuy phan.Rera ta cho hét CI" vi CI" trong dung
dich sé& khtr 1&n dén +7 va né sé oxi hoa Fe gay
sai s6 cho mau
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THUC HANH PHAN TiCH KHOI LUONG

BAI THU'C HANH
BAI 1: DINH LWONG KHOI LUONG - BINH
LUONG ION Fe**

|. CHUAN B

—  Hoa chét: Dung dich AgNO; 0.05N; NH4NO;

0,5N; NH3 1N; NH3 6N; HNO3; FeCls

Il. NGUYEN TAC

Cation Fe*" trong méi trwdng axit & pH ~ 4 sé két tda
b&i dung dich NH; tao két tia Fe(OH); loc, sdy, nung &
nhiét dd 900°C, thu dwoc dang can Fe,Os;, tr dé tinh
dwoc ham lwong cua Fe®" ¢o trong mau.

Phan trng két tha:
2Fe® + 6NH; + (x+6)H,0 = 2Fe(OH)3.xH,O + 6NH,"

( dang két taa)
Phan trng chuyén dang tla sang dang can:
to

QFe(OH),.xH,0 =  Fe,0, + (x+3)H,0
X 900°C T
dang két tia dang can
Il. THU'C HIEN

Ran mau |4 tinh thé FeCl; c6 ham lwong xac dinh do
gido vién giao, nhwng sinh vién khéng dwoc biét truéc
ham lwgng nay.

~  Nung chén Ni & 900°C trong 30 phut. Dé nguoi

trong binh hat Am, réi can chén khéng (mg)

~  Can chinh xac khoang 0.4 gam FeCl; mau bang
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hoi

can ky thuat, tAm wét mau bang 5mL HCI dac,
hoa tan va dinh mirc dén 250mL bang nwéc cét.
L&y 25mL mau cho vao chén (lam thém mau dbi
chirng) + 2mL HNO3 2N.

Pun néng khoang 75 - 80°C (khéng lam sbi
dung dich) + 30mL dung dich NH; 1N + 50mL
H,O ndng, dé yén trong 5 phut.

Thir dung dich da két tia hoan toan chwa bang
cach nhd 5 giot NH; 1IN vao dung dich, néu
dung dich con tda thi cho thém vao 10mL dung
dich NH; 1N

Loc nhanh ngay tic khdc bang gidy loc bang
vang khéng tro. Rira tia bang NH,NO; 0,5N da
dwoc dun néng. Tiép tuc rira tia bang nuwéc
néng dé loai trir CI™ (thr lai bang AgNO5)

Cho tdia vao chén nung va tro hoa (lam gidy hoa
den va khong con khéi). Pem nung & 900°C
trong 30 phut (khéng dwoc nung qua lau). Bé
ngudi trong binh hut &m dén nhiét dd6 phong, can
lai (my)

Ap dung céng thire tinh khéi lwong dé xac dinh
ham lwong Fe®".

Viét day da cac phwong trinh phdn &ng trong bai
thwc tap?

Giai thich vai trd cta trng héa chat da s dung trong
bai thyc tap?

Puwa ra va chirng minh cac cong thirc tinh? Giai thich
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y nghia cua cac cong doan trong qui trinh xac dinh?
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BAI 2: DINH LUQNG KHOI LUONG - BINH
LUQNG ION Mg**

|. CHUAN B

—  Hoa chét: Dung dich HCI 1:1; NH; 1:10; AgNO;
0.05N; NH3 1: 10; NH4NO3 0,05N; (NH4),HPO,4
0,1N.

—  Chi thi: MR 0.1% pha trong cbn; Gidy loc bang
xanh.

Il. NGUYEN TAC

Cation Mg?* trong méi trweng kiém nhe amoénisc sé
két tia béi dung dich (NH,),HPO, tao két tda
MgNH,PO,.6H,0, loc, sdy, nung & nhiét dd 850°C, thu
dwoc dang can Mg,P,0-, tir d6 tinh dwgc ham lwong cua
Mg** cé trong mau.
lll. THY'C HIEN

Ran mau 4 tinh thé MgS0.,.7 H,0 c6 ham lwgng xac
dinh do gido vién giao, nhwng sinh vién khéng dwoc biét
trwéc ham lweng nay.

- Nung chén Ni & 850°C trong khodng 40 phui.
Sau d6 dé& ngudi 5 phut thi dem can (m,)

- Can khoang 0.3 — 0.5 gam MgS0O,.7H,0 chua
biét ham lwong, cho vao chén nung (Iam thém
mot c6c dé& 1am mau song song), thém 3mL HCI
1:1 + 40mL nwéc cat + 2 giot MR 0.1% + 15mL
(NH4),HPO,4 5%

~  Pun nhe dung dich & 40 - 45°C + thém tirng
giot dung dich NH; dac, cho dén khi dung dich
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hoa vang

- Pé& ngudi han thém tiép 5mL NH; dac

- Bun céach thay 30 phut. Tién hanh loc ndng qua
gidy loc bang xanh vé&i ky thuat loc gan (bang
cach dung dung dich NH3 1:10 rira két tha cho
dén hét ion Cl-, thr bang AgNO3). Tiép tuc riva
két tda 2 1an, méi lan 5mL NH,NO; 5%.

- Chuyén gidy loc chira két tiia vao chén nung, tro
héa chén mau trén bép dién dén khi gidy loc
chay den va hét khéi, chuyén vao 16 nung da
chinh t&i nhiét dé6 850°C, nung khoang 40 phut
(t&i khi két tda trédng), lay ra dé& binh hat dm 5
phat, can m,

- T d6 tinh dwoc ham lwong cla Mg?* cé trong
mau.

hoi

Viét day da cac phwong trinh phdn &ng trong bai

thwe tap?

2. Giai thich vai trd cla tirng héa chat da sir dung trong
bai thwc tap?

3. Dwara va chirng minh cac cbéng thirc tinh? Giai thich
y nghia cua cac céng doan trong qui trinh xac dinh?

BAI TAP

1. Tinh ham lwong % P va P,0s trong mét 5(g) mau
phan, khi dem két tia P dwéi dang MgNH,PO,, roi
nung & nhiét do 650 °C, thu dwoc 1,235(g) Mg,P,0.

2. Hoa tan 1(g) mét loai quang thanh dung dich (A)
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NH; 1,19% (d = 0,99 g/mL) dé két tha hoan toan
lwong Fe**. Biét trong quang cé chira dén 10% Fe
Lwong K trong mét loai phan dwoc chuyén tir dang
K,O thanh KCIO,. Ha&i khdi lwong phan la bao nhiéu
dé % K,0 thu dwoc gap 100 1an khéi lwgng dang can
KCIO,4
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BAI 6. PHWONG PHAP CHUAN PO THE TiCH
M4 bai: HPT 6

GiGi thigu

Pé xac dinh ham lwong mét mau chat phan tich,
ngoai kha nang dung khdi lwgng ctia m3u ban dau va khdi
lwong dang rén thu dwoc sau khi nung, c6 thé dung thé
tich cia cac chat chuan dé chuan cac dung dich ctia mau.
Tw thé tich tinh dwoc néng dd chat trong dung dich dé suy
ra ham lwong chét trong mau ban dau
Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. Mé6 tad co s& cla phwong phap phan tich thé

tich.

2. Thuwc hién phan tich néng do.

3.  Chuyén dbi ndng do.

4. Pha ché cac dung dich v&i nbng dd khac nhau.
Noi dung chinh

1. Co s& cua phwong phap phan tich thé tich.

2. Cach thwc hién phan tich.

3. Nong do, cach biéu dién chuyén dbi.

4. Pha ché va thiét l1ap nong do.
6.1. Co s& va nguyén tac phwong phap phan tich thé
tich

Trong nhiéu trwdng hop dé gidi quyét nhirng nhiém
vu phan tich, phwong phap phan tich khdi lwong Ia
phwong phap tét nhat. Tuy nhién, thoi gian thwe hién
bang phwong phap nay thwéng qua dai nén khéng dap
tng nhu cau clia san xuat cdng nghiép.
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Phwong phap phan tich dinh lwgng dwa trén phép do
thé tich 1& phwong phap phan tich thé tich hay phwong
phap chuin d6. Phwong phap chuan d6 dwoc st dung
réng rdi hon phuwong phap khéi lwong vi phuwong phap
nay nhanh hon, thuan tién hon ma dé nhay lai khdng thua
kém phwong phap khéi lvong
6.1.1. Khai niém co ban

Chuén d6 la qua trinh dinh lwong chéat phan tich dua
theo lwong thudc thir tiéu chuén tiéu tdn. Phép chuan dé
dwoc thwe hién bang cach thém mét cach can than lvong
dung dich thuéc thir da biét nbng dd vao dung dich chat
can xac dinh cho t&i khi phan (rng gitka chung két thuc,
sau d6, do thé tich dung dich thubc thir chuan. Déi khi,
néu diéu dé khéng thuan tién hodc khéng can thiét, thi
thém dw thubc ther va sau d6 chudn doé ngwoc bang mot
thudc thir khac da biét nébng doé dé xac dinh lvong dw
thudc thir thir nhat khong tham gia phan ng.

Dung dich thubc thtr c6 ndng dd chinh xac da biét
dung dé chuan dd dwoc goi 1a dung dich chuan. Bé chinh
xac cla nébng d® dung dich chudn giup nang cao tinh
chinh xac cta phwong phap, do dé can dac biét cha y
viéc diéu ché cac dung dich chuén tir ban d4u la rat quan
trong. Néng d6 dung dich chudn dwoc xac dinh hodc truc
tiép hoac gian tiép.:

1. Bang cach hoa tan hdan toan mét lwong can
chinh xac thudc thr chudn gbc va pha I6ang
dén thé tich chinh xac da biét

2. Chuéan db dung dich chira mét lwgng can xac
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dinh cGia mét hop chét tinh khiét bang dung dich
thubc thr.

Hop chat héa hoc dwoc dung lam chat chuan phai cé
dd tinh khiét cao dwoc goi 1a chat chuan gbc. Qua trinh
xac dinh néng d6 dung dich chuan theo cac chuan do
bang dung dich chat chuan gbc duwoc goi 1a phép chuan
héa.

Muc dich ctia mét phép chuan béat ky nao ciing la tim
lwong dung dich chuan twong dwong vé mét héa hoc voi
lwong chét phan (rng v&i N6 (chét can xac dinh). Diéu d6
dat dwoc & diém twong dwong. Vi du trong phép chuén
dd dung dich NaCl bang dung dich AgNO3, diém twong
dwong dat dwgre khi mét mol AgNO; dwgc thém vao mét
mol NaCl trong mau hodc khi chuan dung dich H,SO,
bang NaOH, diém twong dwong la luc sé duwong lwong
clia chiing bang nhau.

DPiém twong dwong la mot khai niém ly thuyét. bé
xac dinh vi tri thwc cda nd, phai quan sat sy bién dbi tinh
chéat vat ly lién quan téi diém twong dwong. Nhivng bién
ddi chi tr& thanh rd rang & diém cubi cha phép chuan.
Thwéng ngudi ta cho rang hiéu sé thé tich & diém twong
dwong va & diém cudi nhd nhuwng ludn luén ton tai do sw
khéng twong ng gitra qua trinh bién dbi tinh chat vat ly
va phuwong phap chung ta quan sat chung

Vi thé thuweng xac dinh diém cudi phai dung hoa chét
phu c6 kha ndng bién déi mau sac theo néng d6 & gan
diém twong dwong. Nhirng chat nhw thé dwoc goi 1a
nhirng chat chi thi.
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6.1.2. Phan trng thudc thir

Tuy thude vao loai phan tng dung lam co s& cho méi
phwong phap ma phwong phap thé tich dwoc dat tén theo
do. Cac phwong phéap thé tich chia 1am 4 loai dwa vao

phan (r‘ng ma ching dung dé xac dinh diém twong dwong:

Phwong phap két tia: cé phan &ng tao tda
Phwong phap trung hoa: cé phan rng acid - baz
Phwong phap oxy héa khir: c6 phan &ng gilra
cac chat khir va chét oxy hoa

Phwong phap Complecxon: cé phan &ng tao
phtrc gitra ion kim loai v&i Complecxon

6.1.2.1. Chat chuan géc

D6 dung cta két qud phan tich chuadn d6 phu thudc
rat nhiéu vao chat chuan gbc dwoc dung dé thiét 1ap (truc
tiép hodc gian tiép) ndbng dé dung dich chuin. Cac chat
dwoc chap nhan |a chat chuén gbc tét phai thda man mot
loat cac yéu cau sau

1.

Chung phai c6 do tinh khiét cao nhéat, hon nira
phai c6 nhivng phwong phap don gian tin cay dé
khang dinh d6 tinh khiét ctia ching

Phai bén, nghia 1a khéng tac dung véi cac ciu
t&r ctia khi quyén.

Khéng chra nwéc hydrat. Khéng phai 1a chat
hat Am hodc cé xu hwéng phong hda vi sé khé
lam khé va kho céan.

Phai d& kiém trong thj trwéngva cé gia thanh
vira phai.

Chét dé phai co khéi lwong mol phan to da 16n.
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Dung dich cé néng d® da cho sé& cang Ién néu
khdi lwong mol phan tlr cla né cang lén. Khi
khéi lwong tang, sai sé cla phép can sé giam,
tirc khdi lwong mol phan t&r clia chat cang cao
thi chat d6 cang c6 kha nang lam giam sai sb
cang lon

Chi c6 mét it chat c6 du cac yéu cau trén va do do sb
chéat du quy cach dung lam chéat chuan géc bi han ché.

Trong mét sb trwdng hop, thay thé cho chat chuén
ther nhat phai dung chat kém tinh khiét hon. D6 tinh khiét
cla chat chuan th¢ hai, do d6 can phai dwoc xac dinh
bang con dwdng phan tich can than.
6.1.2.2. Dung dich chuan

Dung dich chuén Iy twéng dé phan tich 1a dung dich
c6 nhirng tinh chat sau:

1.
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Sau khi diéu ché néng d® cta né phai khéng
bién dbi, dwoc bao quan lau (trong mot vai
thang hoac hang nam)

Phan &ng nhanh vé&i chat can xac dinh, tirc thoi
gian che doi sau khi thém tirng phan nhé thubc
thr phai ngan

Phan tng gitra thubc thtr va chét can xac dinh
can phai xay ra du hdan toan dé cé thé xac dinh
diém cubi da théa man.

Phan tng gitra thubc thtr va chét can xac dinh
phai xay ra hop thirc, néu khac di thi khdng thé
tinh dwoc trwe tiép khdi lwong chét can xac dinh
Can phai cé phwong phap xac dinh diém twong
dwong clia phan wng gilra thubc ther vdi chéat



can xac dinh, nghia 1a phai cé phwong phap xac
dinh diém cudi da tin cay.

6.2. Cach thwc hién phan tich

6.2.1. Nguyén tac

- Xac dinh diém twong dwong cla phuwong phap

phan tich chuadn dé thé tich bang sy déi mau
cla chat chi thj. (Pay chi la diém cudi cia phép
chuén do, nén viéc dirng chuan do & day rat dé
gay mét sai sb6 hé théng cho phwong phap nay)

- Duwa vao thé tich & trén Buret cla chat chuan cé

nong dé chinh xac dé tinh néng d6 cta dung
dich can phan tich, tir d6 xac dinh ham lwong
clia chat phan tich trong mau ban dau

6.2.2. Diém cudi trong phép chuan dé

Diém cudi trong phép chuan dd duwoc xac dinh bang
phwong phap quan sat bién ddi mot tinh chat vat ly nao
do & diém twong dwong. C6 thé xac dinh diém cudi theo
sw bién ddi mau cla thudc ther cla chat can xac dinh
ho&c clia chat chi thi. D& xac dinh diém twong dwong thi
st dung sw bién dbi ciia cac tinh chat vé thé dién cuc, do
dan, nhiét do, chi s6 khuc xa...

Tai diém cudi clia phép chuan do xay ra sw bién dbi
néng dd rat lon, it nhat 1a cdia mét trong nhivng chat phan
tng. Trong phan I&n (nhwng khéng phai 14 tat ca) truéng
hop xac dinh diém cubi 1a xac dinh nhitng bién dbi xay ra
& vung lan can diém twong dwong. Trong bang sau chi ré
sy bién ddi néng d® ion [H] va [OHT] khi chudn do
50mLdung dich HCI 0,1M bang dung dich NaOH 0,1M.
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Bang 6.1. Sy bién dbi pH-pOH

Thé tich dung dich | Nong @6 | Néng dé | pH | pOH
NaOH 0,1M H;O" OH"

0,0 101 10" 1 13
40,9 107 107 2 12
49,01 107 10 3 11
49,90 10 1010 4 10
49,990 107 10°7° 5 9
49,9990 10° 10%] 6 8
50,0000 1077 107 7 7
50,001 10°® 10°| 8 6
50,01 10°7° 10°] 9 5
50,10 107 10%] 10 4
51,01 10 103 11 3
61,1 107* 10%| 12 2

(Bang nay chi dung dé minh hoa chi¥ khéng thé thuwc
hién trong phong thi nghiém dwoc vi cac thé tich do voi

dod chinh xac Ion)

Pé 1am gidm néng d6 [H*] tr 0,1M dén 0,01M can
phadi thém vao 40,9mLkiém. P& ha thdp néng do6 dén
0,001M doi héi phu thém 8,1mL. O giai doan sau dé lam
gidm ndng do 10 lan chi can phai thém 0,89mL... Béng
thdi quan sat thy sw bién dbi twng tw ndng do ion [OH].

T cac dir kién trong bang trén ré rang la, gan diém

twong dwong suw bién dbi néng dd cac chat phan tng la

cao nhat. Trong nhiéu trwéng hop, sw xac dinh thanh

céng diém cudi dwoc thwe hién nho chinh gia tri cla sw
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bién dbi d6. Trén hinh sau dan ra dé thj bién dbi ctia bang
trén:
0,1
0,08
0,06
0,04

0,02

25,0 50,0 755 W(mL) dung dich NaOH 0,1M

Hinh 6.1. Sw bién dbi nbng do

DPé hinh dung dy bién dbi trong vung twong dwong,
biéu dién ndng d6 khéong & dang tuyén tinh ma & dang
logarit sé thuan lgi hon. Vi chang thuwdng nhé hon don vi
nén st dung am logarit 1a hop Iy va vi vay ham sé d6 dién
td nébng dd dwéi dang ham sé dwong nhd. Am logarit (co
sb6 10) cta ndng dd phan t&r dwoc biét dwdi dang ham sb
p. Nhitng gia tri pH va pOH dwoc ghi rd & cot cubi cla
bang trén.

Vi du: Hay tinh ham sé p ctia méi ion trong dung dich
NaCl 0,02M va HCI 0,0054M

Giai:

Tacod [Hs0"]=0,0054=54.10° = pH =2,27

[Na*]1=0,02=2.10% =pNa=1,7
[CI']=0,02 +0,0054 = 0,0254 = pCl = 1,6
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6.3. Nong do - cac loai néng do

1.

Néng dd phan tram (C%): (ty lwong chét tan tinh

theo khéi lwong)

200

la khéi lwong (g) clia chéat tan cé trong 100g dung
dich
m,100

Coéng thwe: C%pung dich A =
mdungdéchA

Cha y rang néng dd phan trdm ciing dwoc biéu thi
theo lwong do thé tich, nhu d6 rwou:

V,100

C% = hay cling dwoc biéu thj theo khéi lwong

dungdéchA
(g) trong mét don vj thé tich

Néng d& phan triéu (Cppm): 1a khdi lwong (g) chat
tan c6 trong 1 triéu gam dung dich [hay khdi lvong
gam chét tan trong 1 tn dung dich ]

Ma 1068

n .. m —
Cong thtre:  CPP™ pyngdicna =
mdungdéchA

Chay: + Trong trwdng hop dung dich c6 d = 1

g/mLthi c6 thé viét C(ppm) thanh dang C (mg/L):
m, (Mg)

V(lit) dungdichA

Ky hiéu Cy hay CY hay C(M) déu cé y nghia hoan

toan twong ddng nhau

Néng dd phan ty (Cppb): 1a khdi lwong (g) chét tan co6

trong 1 ty gam dung dich [ hay la khéi lvong (mg)

chéat tan cé trong 1 tAn dung dich ]

ppm — —
C DungdichA — Cmg/ L -

a , m

mdungdéchA



Nong dd mol/L (CM): (ty lwong chét tan tinh theo thé

tich)
La s6 mol chat tan cé trong 1 L dung dich
N , n
cong thtrc:  CM qungaicha = v Ao (V:L)
ddA*

Néng dé dwong lwong gam (Cy): 1a sé dwong lwong
gam c6 trong 1 L dung dich

Cong thire:  Cy= 22 = M
Vo DV,
Trong d6: & = % la s6 dwong lwong gam clia chét
M, )
tanAvaD = 5 la dwong lvgng chat
_ m, _m,Z
A=0= Z = Cy=
M, M,V

S6 Z dwoc xac dinh nhw sau:

Trong phan t&ng oxy héa khir: sé Z 1a sb electron trao
doi

Trong phan (rng trao dbi: s6 Z la sb nguyén t&r H /
OH trong phan t&r acid/baz da tham gia phan ng.
Hay |a s6 tbng dién tich cation trong phan t& muéi.
Trong cbéng thirc trén:

Néu m(g) véi V(L) thi & la sé dwong lwong gam

Néu m(mg) v&i V(mL) thi & 1a sé mili dwong lwong
gam

Néng dd molan (C™): 1a s mol chéat tan cé trong
1000g dung maoi
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n,1000 _ n,

Cong thirc: c"=
Mg — nA'M A

.1000

mdungmoi
Néng dé gam /L (CP): l1a khéi lwong (g) chat tan co
trong 1 L dung dich
Cong thirc: cp= Ma(0)

Viga-(1)
Do chuén (T): 1a khéi lwong (g) chéat tan cé trong 1
mLdung dich.

. m(9)
Vgaa-(MI)
D6 chuan cda chudn dd 1a khdi lwong (g) chat can
xac dinh (A) twong ng v&i lwong chét thube ther (B)
co6 trong 1 mLdung dich.
m,(9)
Ve -(MI)
Chu y: Quy téc tinh theo dd chuén: S6 D cla
B = S6DclaAhay Tg= Tga
Ta c6 duorc ty 1& (goi la hé sb phan tich)
_ 05 _ T

58 TB

Tea =

Va néng dd dung dich A, khi xét gitra ly thuyét tinh
toan va thwc té luén cé mot gia tri sai biét nhat dinh,
nén ty |& gitra nébng do ly thuyét va thuc té (goi la hé
Ca(tt) _ Ta(t) _ my,(tt)

Ca(Lt) T,(Lt) my,(Lt)

Ile

s6tylé) K =

Do do: Mpa = VB.TB.F = VB-CB-

A

Noéng do thé tich: 1a ty 1& thé tich gilra chat 16ng (A)



voi dung méi 16ng (B), dwoc biéu thj & dang:
CY'= V(1) Vaurgnos (1)
Hoat d6
Trong dung dich, cac ion dwoc khuyéch tan vao trong
dung moéi tao thanh mot hé solvat. Vi thé ban than
mdi ion solvat déu bj anh hwéng twong tac cla lwc
tinh dién clda chung. Tac dung cac lwc nay da lam
thay dbi gia tri thwc cla nébng dd cac ion solvat,
ngwoi ta goi gia tri thwe cla cac ion solvat trong hé
dung dich la hoat 9, ky hiéulaa:a=f.C
Trong do:
C l1a ndng d6 clia ion solvat
f 1a hé sb hoat do, dwoc tinh theo p
—  Véi dung dich rat lodng: trong hé nay, lwc twong
tac tinh dién cua cac ion solvat dwoc xem nhw
khéng dang ké, tirc 1 = 0 hay f = 1. Khi dé:
a=C
- V&idung dich loang
Goi Z,, Z, ... Z, lan lwot 1a dién tich cla cac ion
solvat cé néng dd twong tng C,™ , C,M... ¢V,

thi p = 1 Y ziC
2 5
4 Khigiatrip<002:lgf=- % 22 [u

+ Khigiatri 0,02<u<0,2:1g

f=- 122 Ju
2 1+\/;
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+ Khigiatq 02<p:

Igf:-%zz. i

1+\/;

+ h.p
Vi du:
Cho 25g NaCl pha v&i 100mLnwéce. Tinh cac loai

néng doé trong dung dich. Ta cé: 100g H,O twong duwong
v&i 100mLH,0 (do ty khdi H,0 la 1)

C% dung dich NaCl = —2>__ = 0,2%
25+100

Cw dung dich NaCl = — 22290 4 57 moliL
(23 + 35,5).100

C™ dung dich NaCl = 21000 _ 4,27 mol / g
(23 + 35,5).100

CP dung dich NaCl = 221990 _ 5 54/

Cy dung dich NaCl = — 231990 _ 457N

(23 + 35.5).100
T dung dich NaCl = 120—50: 0,25 g/ mL

Vi du:

- Cho T(AgNO3z; ) = 0,001699 g/mLcé nghia la
trong 1 mLdung dich AgNO; c6 chira 0,001699
(9) AgNO3

- Cho T (AgNO3z / HCI) = 0,0003646 g/mLco
nghia la trong 1 mLdung dich AQNO; dem lam
thubc ther d& chudn d6 dung dich HCI cé chira
mét lwong AgNO; phan ng vira du véi
0,0003646 (g) HCI

- Tinh lwgng HCI ¢6 trong dung dich can xac dinh,
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biét rdng lwong thé tich dung dich AgNO; da
dung hét 29.45mLva T (AgNO3 / HCI) =
0,0003646 g/mL.

- Khéi lwvong HCI da phan (rng la : 0,0003646.
20,45 = 0,007458¢g

- Khi chudn 25mLdung dich HNO3 thi hét
32mLdung dich NaOH cé T(NaOH/HNO3) =
0,063 g/mL. Tinh ham lwong HNO3 da chuén.

Khéi lwong HNO; da chudn 1a: 0,063. 32 = 2,016
Vi du:

Tinh ham lwgng H,SO,4 cé trong 250mLdung dich
H,SO, 0,AN. Biét K(NaOH) = 1,012 va khi hat
24,99mLdung dich nay dem chudn d6 bang dung dich
NaOH 0,1N thi hét 21, 72mL. Ty dé tinh T(H,SO, ),
K(H2S0,), C" (H.S04)

Giai:
Cp (i)
Ca (LY)

0,1 =0,1012N
Ma: CM (H,S0,). V(H,S0,) = CY (NaOH). V(NaOH)
21,72.0,1012

24,99

Ta c6: K(NaOH) = = C" (NaOH) tté = 1,012.

= C" (H,S0,) = = 0,08794N

Nén:
T(H.SOtté = D.CcN.10°3 = 9—28 0,08794.10 %=
0,004313 g/mL

T(H.SO,)Lt= D.cN.10°3 = 9—28 0,1.10°% =0,0049 g/mL
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0,004313
0,0049
Va khéi lwong cia H,SO, (trong 24,99mL)

_ % 21,72.01012
2 1000
Vay khéi lwong cia H,SO, (trong 250mL)
_ % 21,72.0,1012. 250 = 1,078g
2 1000 24,99

Do do: K(H,SOy) = =0,8794

Vi du:
Tinh hoat d6 cua cac ion trong dung dich
a) Dung dich KCI 0,1M
b) Dung dich hén hop
(KCI 0,001M + MgSQ, 0,001M)
Giai:
a) Trong dung dich KCI 0,1M c6 u = % Y zic,

i=1

— = % (12.0,1+12.0,1)= 0,1

Viu<0,2, nén
gf =tz oL ge 0L _ g0
2 1+\/; 2 1+\m

Ma:lg f . =lg f.
Nén: a .= a, =10 %% 0,1=0,07568 M

K

b) Trong dung dich hén hop (KCI 0,001M + MgSO,
0,001M), co:

no= 1 anzizci
2 o

% (1%. 0,001 + 1% 0,001 + 22. 0,001 + 22. 0,001)
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= 0,005
Vipn<0,02, nén

g f . = % i = % 12, /0,005 =- 0,035
g f % Ju = % 2°. 0,005 =-0,14
Do d6: a,.= a, =10 >%°. 0,001 = 0,00092 M
— — 0,14
8 = g, =10°%14.0,001 = 0,00072 M
Quan hé gitra cac néng do:
Chuyén dbi gitra Cy va C%:
w _ 10.C%.D
c" = —MA
Chuyén dbi gitra Cy va Cy:
C M :C_N
A
Chuyén ddi gitra C,, va Cy:
CP=D.Cy

6.4. Pha ché dung dich
1.  Pha V(mL) dung dich (A) C™ ttr tinh thé ran (A) c6 do
tinh khiét (p%) theo thwc té va theo Iy thuyét.
a) Theo ly thuyét
S mol cua (A) trong dung dich va trong tinh thé
ludn bang nhau, nén:

3
v.cM 102 = M o= VEMIOT 4,
M p
Vay can can mét lwong (A) la: V'Ci';/l' (g), roi

tién hanh dinh miéc nwdc cat & V(mL) thi thu
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b)

dwoc V(mL) dung dich (A) CY

Theo thuc té

Vi viéc can dwoc moét lwgng can dung theo gia

tri (m g) cho mau (A) da tinh 1a mét viéc lam khé

khan cho SV, nén dé cé thé thao tac tét, co thé

dung cach can dv mét lwong (A) : Am (g). Vi

vay & thé tich dwoc dinh mire V(mL) thi néng dd

dung dich thu dwgc sau khi hoa tan sé& Ion hon

gia tri ndbng d6 C" can tinh. Khi d6 can phai pha

lodng thém mét nwdc niva dé thu dwoc dung

dich c6 ndng d6 can thiét dung bang C". Sau d6

|4y lai thé tich V(mL) néu can thiét.

Lwong tinh thé ran (A) dwoc can thuc té la m' =

m + (m (9)

Dung binh dinh mrc dé xac dinh thé tich nwéc

cét pha vao V(mL)

Sau dé dung pipet hat mét lwgng nwéc cat thém
A_m

vao la: M.C 10.p (mL)

Két qua thu dwoc V'(mL) dung dich (A) CM

Tinh khéi lwong tinh thé ran ( AaBb ) cé d6 tinh khiét
(p%) can can theo ly thuyét dé pha dwoc V(mL) dung
dich (A*") Cppm (khdi lwong riéng 1a d g/mL). Gia st
trong dung dich dién ly hoan toan va khéng co6 cac
gua trinh khac

Trong dung dich AaBb cé sw dién ly:

AaBb = a A" + b B*

= sb mol AaBb: A°* =1:a < sd mol cla

AP* = 3. S6 mol AaBb



X > m
— s6 mol ciia AP =a. 5
AoBy

Ma Sé mol ctia (A** ) trong dung dich va trong tinh
thé ludn bang nhau, nén:

Ved _ . Mas . - VCd Mye, 100_
6 ' AcBy 6 '
10 .MAM MA©Bb 10 a.MAm p
V.Cdoae 107

T aM . p

A

" A A N R M,s 10*
Vay can can mét lwong (A) la: V.C.d.——=—.— (Q),
a. p

o
réi tién hanh dinh méc nwéc cat & V(mL) thi thu
dwoc V(mL) dung dich (A®") Cppm.
Pha V(mL) dung dich (A) CM tir dung dich (A) C% c6
d(g/mL)
Dung pipet hut tr dung dich (A) C% mdt lvgng
_Cc"Mm,V

°” 10dC*
Cho vao binh dinh m&c, pha nwéc cat dén vach
V(mL) thi thu dwoc V(mL) dung dich (A) CM
Pha V(mL) dung dich (A) CM tlr dung dich (A) C% c6
d(g/mL)
Dung pipet hut tr dung dich (A) C% mét lvgng
_Cc' M,V
©10dC*z
Cho vao binh dinh m&rc, pha nwéc cat dén vach
V(mL) thi thu dwoc V(mL) dung dich (A) CV.
Pha V(mL) dung dich (A) C" ttr tinh thé ran (A) c6 dd

0
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tinh khiét (p%) theo ly thuyét.
Sé duwong lwong cda (A) trong dung dich va trong
tinh thé ludn bang nhau, nén

m V.CM.10°°

V.CN.10'3:M.2<:>m: 100
z.p

V.CM.

Vay can can mét lwong (A) la: (g), roi tién

hanh dinh mirc nwéde cat & V(mL) thi thu dwoc V(mL)
dung dich (A) CM

Pha V(mL) dung dich (A) Cppm c6 khéi lwong riéng d
(g/mL) ttr tinh thé rén (A) c6 d tinh khiét (p%) theo ly
thuyét.

Khéi lwong cua (A) trong dung dich va trong tinh thé
luébn bang nhau, nén:

-6
V.d. Cppm. 10°¢ =m.-~ o m-= VCAI0” 150 =
100 0
v.Ccd.10™
p
-4
Vay can can mot luong (A) la: Y9107 ) rai tién

hanh dinh mirc nwéc cat & V(mL) thi thu dwoc V(mL)
dung dich (A) Cppm .

Pha V(mL) dung dich (A) Cppm c6 d g/L) tr dung
dich (A) C% c6 do (g/mL)

Dung pipet hut tr dung dich (A) C% mét lvgng

Vo = CppmV.d

1074
°7 d,c*



Cho vao binh dinh m&rc, pha nwéc cat dén vach
V(mL) thi thu dwgc V(mL) dung dich (A) Cppm.
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BAI 7. PHWONG PHAP CHUAN DO ACID - BAZ
M4 bai: HPT 7

Giéi thiéu
Pé xac dinh ham lwong mot mau dung dich phan

tich, ngoai phwong phap khéi lwong, con cé cac phuong
phap thé tich d& dinh lwong chung. Tuy vao viéc ap dung
hé can bang nao trong dung dich ma cé cac phwong phap
chuin d6 twong rng. Néu dé& xac dinh ham lwong céac
chéat acid hodc baz trong dung dich, trc khdo sat ham
lwong hé acid — baz thi c6 phép chuan d6 acid — baz.
Muc tiéu thwc hién

Hoc xong bai nay hoc vién sé c6 kha nang:

1. Mé ta co s& cla phwong phap chuan dé acid -

bazo.
2. M6 ta dworng cong chuén d6 Ph - V.
3. Chuén bj dung dich dém.
4. Chuan do da acid.
5. Pha ché thiét |1ap néng dé acid - bazo.
Noi dung chinh
1. Co s& cua phwong phap chuan do acid-bazo.
2.  Puwong cong chuédn do pH - V.
3. Dung dich gém.
4. Pudng cong chuan dd da acid.

5. Pha ché thiét |ap néng do acid - bazo.
7. 1. Co s& va nguyén tac phwong phap chuan doé
acid-baz
7.1.1. Co s& cta phwong phap chuan dé acid — baz
Phwong phap chuan dd acid — baz dwoc xay dwng
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trén cac phan &ng trung hoa cé trong hé bang cach xac
dinh diém twong dwong va cac diém cudi. T viéc dinh
lwong vé thé tich cac dung dich acid va kiém dé xay dung

nén duwon
dung dich

Chét
|6 tinh aci

g chudn d6 (VmL — pH), dé la co s& dé xac dinh
Thudc the chudn dé chuan dé: trong phuwong
phap nay cac acid, baz manh [uén luén duwgc
dung lam thudc th&r chudn b&i vi phan &ng voi
sy tham gia cta chung phan *rng xay ra hoan
toan hon so v&i viéc str dung cac acid hay baz
yéu

Chét chi thj @& chuan dé acid — baz: nhiéu hgp
chét tbng hop cling nhw tw nhién c6 mau khac
nhau tuy thuéc vao pH cua dung dich. Mot trong
sb6 cac chat d6 da tir 1au dwoc sir dung lam rd
tinh chat kiém hoéc acid cla nwéc. Ching ciling
quan trong dbi véi viéc xac dinh pH cua cac
dung dich va d& phat hién diém cubi trong
phwong phap chuan d6 acid-baz

chi thj acid-baz 1a nhirng hop chét hiru co biéu
d yéu hay baz yéu. Phan (rng phan ly ho&c lién

hop cla chét chi thi kém theo sw chuyén vij bén trong cau

tao dan t&i sy bién ddi mau.

Chéng han:
H,O + HIn =— H;0" + In~
(mau acid) (mau kiém)
hoac: InT +H,O —= HIn + OH"
(mau kiém) (mau acid)
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Vi thé mau séc clia cac chi thj nay phu thudc vao do
pH, nghia & sw thay déi pH cta dung dich sé& gilp sw
chuy&n mau trong dung dich nhanh hon hay cham di, d6
cling chinh la khd ndng giup xac dinh diém twong duwong
hay diém cubi.

Bang 7.1. Mét sb chi thj acid-baz thwdng gép

. S bién déi mau Loai
. Khoang R
TEN H Dang D b chi
ang baz
P acid b thi
_ . 1,2-2,8 Pbo Vang
Timol cham . - 1
8,0-9,6 Vang | Xanh bién
Metylvang | 2,9-4,0 bo Vang 2
Metyldacam | 3,1-4,4 19J6] vang 2
BromCresol R 2
3,8-54 Vang | Xanh bién 1
luc
Metyl do 4,2 -6,3 bo Vang 2
Clo phenol R R
. 48-6,4 Vang bo 1
do
Quy 5-8 bo Vang 1
Alizarin 10-12 vang Tim 2

Dbiém twong dwong: Khi sé6 dwong lwong gam thubc
thtr cho vao bang sb dwong lwong gam chéat can dinh
lwong thi hé dat téi diém twong dwong (vé ly thuyét diém
twong dwong dung dich khéng c6 sw hién dién cua cac
chat ban dau). Thuc té cac phan (rng dung trong phan
tich chuan dd |1a phan &ng thuan nghich nén & diém twong
dwong thue té van con cac lwong chat ban dau, tie 1a cac
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phan ng khéng di dén cudi cung duoc.
Vi du: Dinh lwong HCI bang NaOH

Chuén d6 st dung phan &ng:

HCI + NaOH = NaCl + H,O

Khi s dwong lwong gam ctia NaOH cho vao bang
sb6 dwong lwong gam HCI thi hé chi cé NaCl va H20 &
pH = 7. Biém twong dwong 1a pH =7

Diém két thic: 1a thoi diém ma chét chi thi mau bién
ddi mau dé ngirng sw dinh lwong

Vi du dinh lwong HCI bang NaOH véi diém twong
dwong la pH = 7 nhwng chi thi phenolphtalein chuyén mau
& pH=8-10 (pT = 9)

7. 1. 2. Sai s6 trong phwong phap chuan dé acid- baz

Can phan biét hai loai sai s6 chuan do: sai s6 hé
thdng va sai sd ngau nhién

Sai sb hé théng do pH chuy&n mau cla chi thi khac
véi pH & diém twong dwong ctia phan &ng hoa hoc dung
dé chun d 14 sai sb thi nhat. C6 thé gidm sai s6 d6 dén
cwe tiéu bang cach lwa chon can than chi thi. Thi nghiém
trdng sé giup cho sw chon lwa chét chi thj twong (rng.

Sai s6 ngau nhién do kha ndng cta ngwdi quan sat
phan biét mét cach 1ap lai thdi diém chuyén mau bj han
ché 1a loai sai s6 th hai. Gia trji cGa sai s6 d6 phu thudc
vao s bién dbi pH trén moét miliL thubce thir & diém twong
dwong, néng dd chi thi va phwong phap phan tich dwoc
dung dé phan biét hai mau cda chi thj. Khi quan sat bang
mat v&i chi thi acid-baz sai sb trung binh khodng + 0,5
don vi pH. So sanh mau cua dung dich bi chuan chira
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lwong chi thj “déi chirng” & gia tri pH twong rng thwdng
cho phép ha thip sai s6 dén + 0,1 don vi pH ho&c nhd
hon. R rang doé & nhirng gia tri gdn dung va chang &
mirc d6 dang ké phu thudc vao ban chat cta chét chi thi
cling nhw vao trinh dé nha phan tich
7. 2. Pwong cong chuan dd pH -V

Trong qua trinh trung hoa pH dung dich cin chuan
dd bj thay dbi phu thudc vao thé tich va dd chuan cia
dung dich thém vao. Dya vao 2 yéu té nay: gia tri pH thu
duwoc tai thé tich (mL) dung dich chuin cho vao dé xay
dwng dwdng chuan.
7. 2. 1. Pwong cong chuan dd acid manh - baz manh

Phan trng chuén db |a:

H;O" + OH = 2H,0

Céc ion H' trong dung dich la do sw phan ly cla
chinh nwéc va cua acid tan trong nwéc

Trong cac dung dich khéng quéa lodng, phan dong
gop clia phan &ng gitra chéat tan véi dung méi vao do acid
tbng cdng I&n hon nhiéu phan déong goép do dung méi
phan ly. Do d6 véi dung dich HCI cé néng d6 1&n hon
1.10° M thi:

[H30" ] = Ce (8.1)
Néu néng dd dung dich thap hon 1.10° M thi:
w

[H:O" = [CI'] + [OH ™ ]= Cyci +

[H07]
Twong tw trén cling dung trong dung dich baz manh
nhw dung dich NaOH
Xay dwng phwong trinh dwong dinh phan Acid manh -
Baz manh (don chirc)
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Vi du: Xay dwng phwong trinh dwdng dinh phan khi
chuan V, (mL) dung dich NaOH C, bang V. (mL) dung
dich HCI C..

Phan (rng tai diém twong dwong:

HCl + NaOH = NaCl + H,O

Nén tai diém twong dwong cé: V2 =VbC'—Cb
Trong qua trinh chuan dé:
v, C,
[H ] + [H ]pLP [H ]phatron = V.4V,
V,.C
[OH ] + [OH ]pLP [OH ]pha tron — Vab‘l‘\;b
ofH] - [oH] = YeCa WGy
V, +V,
(H'le = [OH]e) (D)

(M) (HT-[OHD. 2 =F-1@at 2o-F) @)

b*~Db Vb' b

Duoc goi la phwong trinh dinh phan Axit manh —
bazo manh
- Khi V,=0 (chwa chudn do) (F = 0)
PHaa = PH naony =14 —pOH =14 + Ig C,

—  Khi 0 < Va< V %ongavong  ( tredc xa diém twong

duwong ) (O<F <1)

Xem nhw [OH] >>> [H*] nén (2) viét lai |a:

V. +V

-[OH]. 22 =F—1
v, C,

< [OH)= (F - 1)( +b):> pOH = pH
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-~ Khi Va  Vigong dquong  (tredc gan diém twong
duwong:F <1lhayF>1)
. 10—14
2) < [H
(2) =[HT]- e
Giai phwong trinh bac 2 theo [H']= pH
- Khi Vi < V, (sau xa diém twong dwong ) (F > 1)
Xem nhw [H'] >>> [OH ], nén (2) viét lai la: [H].
VitV _ F_1
V, C,

+ V, +V
< [H]1=(F-1). Vb—Cbb — pH
- Tai diém twong dwong ( Va = Vigong dwong )
(F=1)
[H]=[OH]=10"= pH=7
Sai s6 phép chuan dé Baz manh bang Axit manh (don

chirc)
Khi gan sat (trwéc hay sau ) diém twong dwong:
VvV, .C
Va~Vig = t():a :
V,C, |
V,+V, _ C, " _V,C,+V,C, C,+C,
V,C, V, C, V,C.C,  C.C,
Nén (2) < (H]=[oHT]). et = F_1
Cc.C,
14
Dods: S= S0
C,C, [H™]

- NéuS>0 < c6luwong dv khi chudn @6 (trr &
o)
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- Néu S <0 < ¢6 lwong thiéu khi chuan dd (cong
vao C,)

Két luan: Cixy = Cx + (Cx. S)

Vi du: tinh sai sb phép chuén dé acid - baz gitra dung
dich NaOH 0,1M bang dung dich HCI 0,05M khi dung dich
thu dwoc cé pH =2,15

Giai :

Theo dé pH dung dich thu dwoc la 2,15

& [H7=10"*"va[OH]= 10" %,

Nén
-14
S = ﬁ ([H+] _ 10 ) _ O,1+ 0,05 (10 -2,15 _ 10" 11,85) =0,2123
C.C, [H] 01005

Hay sai sb 1a S = 21,23%, mét sai sé dwong qua lén
tirc da cho mét lwegng dw acid HCI qua nhiéu
Vi du: Pem chuan 50mL dung dich HCI 0,05M béng
V(mL) dung dich NaOH 0,1M.
a. Tinh gia tri pH cta dung dich chuan dwoc khi
V(mL) 1anlwotla: 0-10-20-24,9-25-251 -
26 - 30 (mL)
b. X&c dinh bwdc nhdy chuan dé véi sai $6 0,2%.
Giai
a) Phuwong trinh phan ng:
HClI + NaOH — NaCl + H,0
50.0,05

Tai diém twong duwong: V = =25 (mL)

Tai V = 0: dung dich chi c6 HCI phan ly manh
nén pH cla dung dich la pH cta acid nay:
pH = -1IgCy = -1g0,05= 1,3
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Tai V = 10: dung dich gbm NaCl va HCI dv =
[H'] dung dich = [H']bd - [H']phan (rng

H= 90005-1001_ 4 555 — bH dung dich = 1,6
50+10
50+ 20

= pH dung dich = 2,15

TaiV=249:[H]= 2O 20100= 134 107
+ 24,

= pH dung dich = 3,87
Tai V=25 [H]=[OH]=10""
= pH dung dich =7
Tai V = 25,1: dung dich gém NaCl va NaOH dw
= pH dung dich = pH (NaOH duw).
Ma:
[OH = [OHTos - [OH Tonanumg =2 e e
= pOH =3,88= pH = 14 - pOH =10,12
Tai V = 26: [OH] = [OH]bd - [OH]phan ng
_ 26.0,1-50.0,05 _
26 +50
=pOH=288 =pH= 14-pOH =11,12
Tai V = 30: [OH] = [OHTos - [OHTohen tng
_ 30.0,1-50.0,05
30+50
= pOH=2,2 = pH= 14 - pOH = 11,79
b) Sai s6 chudn dd la + 0,2%, nghia la lwong
NaOH cho vao dung dich sé thiéu ( - 0,2%) hoéac
thra (+ 0,2%) so véi lwong acid HCI tai sat diém

=1,33.10° 4.

1,315.10°°

=6,25.10°°
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twong dwong, do doé:

(OH1-[HY. 222 =

™~

Hay:

10
[H"]

P [H+]2

(

-[HD.

-14
CotC _ +0,002 < (10
C.C, [H]

khoang 5,648 don vi pH
Bang sau thé hién sy bién ddi pH trong dung dich
HCI khi chuan bang dung dich NaOH véi cac néng d6 da

ghi rd

+ 0,002

0,06+01

"D 0,05.0.1

+ 6,67.10 °[H] - 107" =0 < pH = {4,176 ;
Vay ApH = 4,176 =+

=£0,002

9,824}
9,824 hay bwdc nhay chuan do

Bang 7.2. Bién dbi pH khi chuan d& HCI bang NaOH

pH
V dung Chun 50mL dund dich Chuan 50mL dung dich
. u ung di X
dich NaOH aung HCI 0,0005M béng
HCI 0,05M bang dung ,
(mL) . dung dich NaOH
dich NaOH 0,1M
0,001M
0 1,30 3,30
10 1,60 3,60
20 2,15 4,15
24 2,87 4,87
24,9 3,87 5,87
25 7,00 7,00
25,1 10,12 8,12
26 11,12 9,12
30 11,8 9,80
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Hinh 7.1. Buwéng cong chuan dd HCI bang NaOH

(1) BPuwong chuan dé 50mL dung dich HCI 0,0005M

bang dung dich NaOH 0,001M (dwdng nét
cham)

(2) Puwong chudn dé 50mL dung dich HCI 0,05M

bang dung dich NaOH 0,1M (dwéng nét lién)

Nhw vay khi chuan dung dich NaOH 0,1M thi buwéc

nhdy pH & vung diém twong dwong 1&n, nhwng dung dich
NaOH 0,001M thi btroc nhdy pH nhd hon nhiéu. Va viéc
chon chi thi cling giup cho viéc xac dinh diém twong
dwong nhanh chéng. R rang theo dé thi thi bromcrezol
luc khéng thich hop cho phép chuan d6 bang dung dich
chuéan 0,001M, khéng chi vi s chuyén mau chi thj duoc
quan sat thay trong mot khoang 1&n thé tich chét chuan,
ma con vi sk chuyén mau chi thj trong kiém thuc té xay ra
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rat som trudc khi dat toi diém twong dwong va do d6 xuét
hién sai sb xac dinh 1&n, va ndy sinh sy bat déng vé sw
st dung phenolphtalein. Trong sé 3 chi thi néu trén chi c6
Bromtimol xanh cho phép xac dinh diém cubi véi sai sb
bé.

Khoang buwéc nhay pH tir 4,3 dén 9,7.

Vi dy: Tinh sai s6 tai diém ddi mau cia chi thj PP,
MO, Bromcrezol luc va MR khi chuan dé HCI 0,1M bang
NaOH 0,2M. Tt két qtia d6 ¢6 nhan xét gi?

Giai: (Hwong dan SV tw dung cong thire tinh sai sb
dé c6 bang sau)

Chithimau | pT | Kétqua sai sb
MO 3,5 10232
MR 5,3 10402
PP 9,1 10 37%
Bromcrezol luc | 4,6 10 >4

Nhw vay trong phép chuin do trén, chi thi dwoc
khuyén dung la PP va MR
7. 2. 2. Pworng cong chuan dé acid yéu — baz manh
Trong dung dich CH3;COOH co:
HA = H" +A (Ky)(1)
Phwong trinh chuan dé:
HA + NaOH = NaA + H,0 (2)

Tai diém twong dwong c6:  Vtd = Vb = VaCa

b
Trong qué trinh chuén dd luén cé s tao ra phan ti
NaA, nén ludn cé qua trinh:
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A + H,0 = HA + OH" (Kp = < ) (3
Vi thé:
Cua” = [H']+[H'] oo + [HA] (4)
Crnaor™ = [OHT + [OH]pe
Hay:
[H] + [H7] gy + [HA] = ZaVa
V, +V,
] L CV,
[OHT] + [OH ] = Vv,
. ] _C,V,-C,V,
< [H'] = [OHT] + [HA] = Vv,
+ ; VatVy _ o
([H]—[OH]+[HA]).W—1 F (5)
Ma: Kazw (V@|F:M)
[HA] C.V,
va:  [A1=C% -[HA]
K= [H'1.(C° ~[HA]) _[H"]C° HT
[HA] [HA]
K+ = IS = M GV
[HA] K+[H"]V, +V,

Va +Vb + [H+]
Ca'Va Ka +[H+]
(Bay la phwong trinh dwdng dinh phan)
Khi Vp = 0 ( F = 0): chwa chuan d6 nén pHuq = pHua
K _ [H+]2 _ [H+]2

° [HA] C,-[H']
S[H? + K, [H] = CaKa = 0. Gidi tim [H] = pH

(5) < ([H]-[OHT]).




cua dung dich
Khi 0 <V, <1 (0 <F < 1): trwéc xa diém twong
dwong
[OH] bé va [H] << [A"]

A + S VatVy
nén xem ([H] - [OH]. V. )= 0
[H] _ 1-F
(5)<:>Ka+[H] 1- F<:>[H]——F K

Khi Vp, = Vi 4 (F = 1): tai diém twong dwong dung dich
chi c6 NaA, nén co phwong trinh (3) ma thoi tirc [H'] ~ 0
VatVy . [H']
CoVa K +[H']
10 V,+V, _  [H']
[H+] C,V, K ,+[H']

(5) < -[OH].

Giai phwong trinh nay tim [H']. T& d6 tim pH cla
dung dich

Khi V ~ V4 (F ~ 1),sat diém twong dwong ciing xem
nhw [H'] ~ 0
V, +V, + [H]

(5) < -[OH]. V. Ka+[H*]_
C10M V4V, H] _ .
[H+] C.V, K, +[H"]

Giai phwong trinh nay tim [H']. T& d6 tim pH cla
dung dich

Khi Vy > Vig ( F > 1). Sau xa diém twong dwong co
NaA va NaOH duv, thi xem nhw phwong trinh (3) khéng cé
tirc [HA] ~
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PHad = PH NaoH aw- Hay theo

V,+V, _

(5) < - [OH]. 1-F

Giai phwong trinh nay tim [OH]. T do6 tim pH cua
dung dich
Sai s6 trong phép chuan dé6 Axit yéu — Bazo' manh
10, C,+C,, [H']

5= =45 <o "k am

Vi du:

Khdo sat chudn d& 50mL dung dich CH;COOH
0,1M (K = 1,75.107°) bang dung dich NaOH 0,1M.

Phan tinh toan lam theo céng thirc da néu trén, két
qua dwoc néu trong bang dudi day.

Bang 7.3. Bién dbi pH khi chudn d& CH;COOH béng

NaOH
\/ pH
dung | Chuan 50mL dung | Chuan 50mL dung
dich dich CH;COOH dich CH;COOH

NaOH | 0,1M bang dung 0,001M bang dung
(mL) | dich NaOH 0,1M dich NaOH 0,001M

0 2,88 3,91
10 4,16 4,30
25 4,76 4,80
40 5,36 5,38
49 6,45 6,45
49,9 7,46 7,46
50 8,73 7,73
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Hinh 7.2. Pwdng cong chuin d& CH;COOH bang
NaOH

(1) Pwdng chudn 50mL dung dich CH;COOH
0,001M bang dung dich NaOH 0,001M (dwdng
nét cham)

(2) Puwong chuan 50mL dung dich CH;COOH 0,1M
bang dung dich NaOH 0,1M.(dwéng nét lién)

Bwd&c nhay pH (ApH) la 7,46 - 10,00 trong dung dich
NaOH 0,1M nhwng chi la 7,46 - 8,00 déi v&i dung dich
NaOH 0,001M, c6 nghia la ApH cling c6 s phu thudc vao
néng d6 dung dich chuan.

Vi du: Tim sai sé trong phép chudn d6 CH;COOH
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0,1M bang dung dich NaOH 0,1M khi dung chi thij 14 PP tai
diém déi mau
PP d6i mau tai pH=9 = [H"]=10"°va[OH]=10"".
Dodé:s= (H]- 20"y GGy [H]
[H']" C.C K, +[H"]
01+01 10°°
0101 107%™ 4+10°°
Vay sai s6 khi dung chi thi nay la 0,00562%, tic la
dung chi thi nay trong phép chuidn d& CH;COOH bang

= (1077-107°). =5,62.10"°

NaOH cho két qua it sai sb.

Twong tw khi xem xét sy chuin dé dung dich baz
manh NaOH bang CH;COOH
Nhan xét

- V6i cac dung dich lodng hon gia tri pH ban dau
I&n hon, nhwng khi d& vé gan diém cudi thi cac
gia tri nay lai bé hon.

- O cac diém twong rng v&i sw thém vao mot thé
tich trung gian chat chuan, pH bién déi nhiéu
hon. Trong ving dé phép chuan, dung dich dém
chra CH3;COOH va CH;COONa duwoc tao
thanh. Trén d6 thi nay cho thdy sw pha I8ang
khéng anh hwéng dén pH clia dung dich dém.

- Khi lam gidm cuwong do acid, sw bién dbi pH
trong vung diém twong dwong tré nén it ré rang
hon b&i vi phan (rng gilra acid va baz xay ra
kém hoan toan hon. anh hwéng cia ndng do
thuéc thr dén dd hoan toan cta phan ng
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twong tw nhw da dwoc md ta trong chuan do két
tda

Sw Iwa chon chéat cho phép chuan acid yéu bi
han ché hon so v&i phép chuin acid manh:
Bromcerzol luc hoan toan khéng thich hgp cho
phép chuidn CH;COOH 0,1M vi su bién d&i mau
cla né dwoc quan sat thay trong khoang tw 47 +
50mL NaOH 0,1M. Nhwng cé thé dung
Bromtimol cham néu chuadn dén mau hoan toan
kiém, bién phap nay doi hdi phai dung dung dich
kiém chudn chira cung mét lwong chi thi va
dung dich dbi chirng dé so sanh. Bé chuén do
nhirtng chi thi c6 sw chuyén mau trong moi
trwdng kiem nhw phenolphtalein thich hop hon.

(SV kiém chirng lai bang viéc tim S ctia phép chuan

dé nay)

7. 2. 3. Pworng cong chuan dé acid manh — baz yéu

Ciing tién hanh viéc thiét 1ap twong tw nhw trén cho
viéc khdo sat duworng cong chuin d& 100mL dung dich
NH; 0,1M (K = 1,81.10°) béng dung dich HCI 0,1M.

Ap dung cac cong thirc tinh toan nhw da néu:

Phan ng xay ra tai diém twong dwong: HCI + NH;

pOH = PXe"8%  va [OH J= Kg) >

A
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Hinh 7.3. Pwdng cong chuin d& NH; bang HCI

Twong tw khi xem xét sy chudn d& dung dich acid
manh HCI bang NH;
Nhan xét:

- DPiém trung hoa tai diém pH = 5,13

- Buwéc nhdy ApH khoang 4 - 6,26 dbi voi hé

chuén baz yéu
—  Chét chi thi nén chon la Metyl d&
- Bwdc nhay phu thuéc vao dd phan ly cia baz
yéu: baz cang yéu thi buwéc nhay cang ngan

7. 3. Dung dich dém
7.3.1. Khai niém

La dung dich c6 pH khoéng dbi trong subt qua trinh
phan tich khi pha |6ang hay khi thém mét lwong nhd acid
hoac baz vao dung dich

Dung dich dém co6 nf“:ng dd acid va baz lién hop voi
né cao va xap xi bang la tét nhét.
7.3.2. Anh hwéng ctia sw pha lodng

Gia tri pH cla dung dich dém thuwc té khong bién dbi
khi pha Idang cho t&i khi néng dé ctia n6é khéng giam toi
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murc 13, sy gan dung dwoc sir dung dé rut ra cac phwong
trinh [M] ~ C(M) mét gié tri.

Vi du: Tinh pH cua dung dich chita HCOOH 0,4M
va HCOONa 1M. Pem pha I6ang dung dich nay 50 lan
hay 10.000 Ian thi pH cta dung dich dé@m mai lan lwot |a
bao nhiéu ? Biét K, =1,77.10*

Giai

Phuwong trinh phan ly:

H,O0 + HCOOH — H;0" + HCOO .
Theo dé&: [ HCOO "] ~ néng d6 cia HCOONa = 1M
[HCOOH] ~ néng dd ctia HCOOH = 0,4M
Nén
« = [H;0"1[HCOO ]
[HCOOH ]

= pH = 4,15

Khi pha lodng 50 lan:

[ HCOO "] ~ nbng d6 cia HCOONa = 1/50 = 0,02 M

[HCOOH] ~ néng dd ctia HCOOH = 0,4/50 = 0,008 M

Nén

_ [H,0"].[HCOO]
[HCOOH ]

< [H30%]=7,08.10° mol/L

< [H30%]1=7,08.10° = pH =4,15

Khi pha lodng 10.000 lan:

Néng d6 cia HCOONa = 1/10.000 = 10™ M

Néng d6 ctia HCOOH = 0,4/10.000 = 4. 10 ° M

[H,0"][HCOO ]
[HCOOH ]

Nén K =

< [H30%]1=7,08.10"°

231



— pH = 4,15
Mat khac, néu xét riéng trong hé da pha I6ang 10.000

lan nay, thi

[HCOO ]=10"* + [H30"] - [OH ']
[HCOOH] = 4.107° - [H;0"] + [OH ]
Vi dung dich nay la dung dich acid nén chéc chan
[Hs0] >> [OH -]
[HCOO ]=10" + [H;0"]
[HCOOH] = 4. 10 - [H50" ]
[H,0"].[HCOO ]
[HCOOH ]
_ [H,0"].¢0™ +[H,0"])
© 410° —[H,07]
& [H0"]%+2,77.10™ . [H;0"] -7,08.10° =0
= [H;0"]=2,36. 10 = pH = 4,63.
Vay khi pha 18ang dung dich d&m dén 10.000 1an thi

Khi d6 K =

< 1,77.107%

pH dung dich bién ddi tlr 4,15 + 4,63. Con khi pha I8ang
dung dich d&m dén 50 Ian thi thwc t& pH khéng dbi.
7.3.3. Anh hwéng khi thém acid - baz vao hé dém

Kha nang cta dung dich dém la gilr gia tri pH khéng

bi thay doi khi them mot lwong nhé acid hoac baz vao.

Vi du: Hay tinh pH bién déi nhw thé nao khi thém vao

400mL dung dich dém cha NH; 0,2M + NH4CI 0,3M,
mot lweng:
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a) 100mL dung dich NaOH 0,05M
b) 100mL dung dich HCI 0,05M

Tinh gié tri pH ban dau:



NH3 + HZO — NH4+ + OH"

[NH;3 ] < ndng dé clia dung dich NH; = 0,2M
[NH," ] < nbéng d6 ctia NH,Cl = 0,3M

Nén
« = INH,1.oH"]

< [OH 1= 1,77.10° = pH =9,07

a)

[OH

b)

]

[NH, ]
Khi thém NaOH vao: cé sy chuyén déi méot phan
NH,* thanh NHx

NH,*+ OH™ == NH; + H,0

Khi d6: [NH, = 20002+100005 _ ¢ ;2\,
500
VA [NH(CI] = 400.0,35;)00.0,05 - 0.23M

Sau khi thay thé nbéng do6 da tim duwoc vao
phwong trinh hdng sé phan ly ciia NHg, ta thu
dworc.
_ 1,76.107°.0.17
0,23
Do dé: ApH=9,11-9,07 = 0,04
Khi thém HCI vao: C6 sw chuyén mot phan NH;
thanh NH,"
NH; + H,O=— NH, "+ OH .
400.0,2 -100.0,05
500

400.0,3+100.0,05
500

Sau khi thay thé néng do6 da tim dwoc vao
phwong trinh hdng sb phan ly ciia NH3, ta thu

=1,3.10® mol/L = pH=9,11

=0,15M

Khi d6: [NH3] =

=0,25M

Va NH,CI =
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duworc.
1,76.107°.0,15

0,25

Do d6: ApH=19,02-9,07=-0,05

7.3.4. Gi¢i han &rng dung cua phwong trinh
Henderson - Schwazenbach

Trong hé dém CH3;COOH va CH3;COONa c6 phuwong
trinh Henderson - Schwazenbach la:

[OH = =1,06.10° mol/L = pH = 9,02

CH,COOONa

H=pKa +|I c
pH=p QC

CH;COOOH
Phwong trinh nay dwoc s dung rong rai dé tinh pH
va diéu ché dung dich dém. Trong dé: pKa la hang sb nén

CCH3COOONa

ty sb quyét dinh gia tri pH ctia dung dich, nhung

CCH3COOOH
trong thwc té&, diéu d6 chi dung trong mét khodng xac dinh.
Khi ty sb nay rat Ién hoac rat nhd, phwong trinh trén tré
thanh khéng dung va khéng thé ap dung duorc.
C -1 .
Vi dy khi —cteeon = 110 9 966 4y g6i voi he

CCH3COOH 1.10 -

(CH3COOH + CH;COONa), pH cta dung dich sé la:
pH=4,76 +1g 10° = 10,76

Két qua nay |a khéng thé chap nhan dwoc vi né cho
gia tri pH Ién hon nhiéu pH cia dung dich CH;COONa
0,1M, ddng thoi ciing chinh |a pH & diém rat gan véi diém
twong dwong trong phép chuan dung dich CH;COOH
0,2M bang dung dich NaOH 0,2M (xem chuén dé acid yéu
bang baz manh). Vi ltc nay

[CH3;COONa] >> [ CH3COOH], nén:
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K
[OH "] = JK,C, = \/%.CCHSCOON& =1.10"> = pH=8,88

a

c g ,
Nguoc lai khi —#eeow = 110 g 156 45 g6i voi

CH;COOOH 1 ' 10 N
hé (CH;COOH + CH3;COONa), pH ctia dung dich sé la:
pH=4,76 +1g10° =-1,24
Két qua nay cling khéng thé chap nhan dwoc vi dung
dich nay thwc té 1a dung dich CH;COOH 0,1M, déng thoi
pH ctia n6 cling chinh 1a pH & diém dau, chinh xac hon la

& diém “cuwc ky sat” voi diém dau cha dwong chuan do
dung dich CH;COOH 0,1M bang dung dich NaOH 0,1M
(vi [CH3COOH] >> [CH;COONa])) nén:

[H:0"] = JK,C,= 10"*%® = pH =2,88

Khi sinh vién mudn tinh pH & diém “v6 cung sat” voi
diém diu va diém “vd cung sat’ véi diém twong duwong
cla phép chuadn dd acid yéu bang baz manh nhwng lai
bang phwong trinh Henderson - Schwazenbach nén da
pham phai nhirng sai |am nhw trén.

Sw that 1a hé dém dung dich acid yéu va baz lién hgp
véi nod, c6 khéi lwong dém cwc dai khi néong do cla
CH;COOH = nbéng doé cia CH;COONa, va khéi lwong
dém gidm dan vé ca hai phia khi ca hai néng d nay giam
dan. Khi néng dd clia CH;COOH = 107 nghia la néng do
né dang tién vé 0, va ndéng dd cia CH;COONa = 10 '
nghia la cling tién vé 0, 1a luc khdi lwong dém cua hé tién
téi khéng, nén hé khdéng con la hé dém nira va do doé
khong thé dung codng thi'c cla Henderson -
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Schwazenbach dé tinh pH cho dung dich
7.3.5. Diéu ché dung dich dém
V& nguyén téc co thé diéu ché dung dich dém c6 pH
can thiét bat ky bang cach tron nhirng lwong da duoc tinh
toan trwdc cla nhirng cap acid - baz lién hop thich hop
Vi du: Hay trinh bay cach diéu ché dung dich dém cé
pH = 5,00 t&r dung dich acid CH;COOH 0,5M (Ka = 1,75.
10 -5 ) va dung dich NaOH 0,426M
Giai
Ta tim dwoc ty sé nébng dd CH;COOH va CH;COO
& pH = 5,00 t phwong trinh hang sé phan ly:
[CH,COO ] _ Kancoon _ 175.10° _ , ¢
[CH,COOH] [H,0'] 100.10°
DPé co6 dwoc ty sb trén can tron V(mL) ctia CH;COOH
v&i V(mL) dung dich NaOH 0,426M, thi sau khi tron ta
duwoc:

. ] 0,426V,
Nong dd cua CH;COO ™ = =[ CH;COO ]
OH- +VCH3COOH
Néng do cla
05V ~0,426V_
CH3;COOH = o OH_— [ CH;COOH]

OH- +VCH3COOH
Néu thay [ CH3;COOH] va [ CH;COO™ ] bang nhirng
néng dd doé vao ty s6 ban dau thi mau s6 dwoc don gian
0,426V

héa: O =1,75
05Ven coon — 0,426V,

V.
< —H=0,747

CH4COOH
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Néu can thiét diéu ché 100mL dung dich dém thi:
V(NaOH) + V(CH3COOH) = 100 mL
& 0,747. V (CH3COOH) + V ( CH;COOH) =100
& V (CH3COOH) = 5,72mL va V(OH ") = 100 - 57,2 = 42,8mL

Nhw vay néu thém 57,2mL dung dich CH;COOH vao
42,8mL dung dich NaOH thi vé nguyén téc phai thu duwoc
dung dich cé pH can thiét. Bang céc tinh toéan twong tw c6
thé hwdng dan viéc diéu ché cac dung dich dém c6 pH
xap xi pH twong &ng can thiét. Thuwérng khéng nén mong
doi cac gia tri chinh xac bdi vi nhiéu gia tri hang sb phan
ly thweng c6 sai s6. Con moét diéu quan trong niva la luc
ion cGa cac dung dich dém thwong I6n ddn dén muac 1a
khéng thé thu dwoc gia tri hé sb hoat dé tin cay cla cac
ion trong cac dung dich d6 tr phwong trinh Debye -
Huckel. Nhw trong vi du vira xét, lwc ion khéang 0,18 - vi
vay hdng sb phan ly K, can phai I&n hon 1,75. 10 > mét
cach dang k&, nhwng chua dwoc xac dinh chinh xac
(khéang 3. 10 )

Nhitng huwéng dan diéu ché cac dung dich dém co
pH duwoc viét day du trong cac sbé tay tra ciru Hoéa hoc.
Cac sinh vién hoc vién can nhd hai hé dém quan trong
hay st dung duorc la:

Hé dém Makilvein c6 pH = 2+8 dwoc diéu ché bang
pha trén dung dich HNO; va Na,HPO,

Hé dém Klark - Labo c6 pH = 2 =10, dwoc diéu ché
bang pha trén acid phtalic + kaliphtalat +K,HPO, + acid
Boric + Natriborat
7.4. Pworng cong chuan dé acid da chirc — baz da
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chirc
7. 4.1. Pworng cong chuan do da acid

Cac da acid trong dung dich sé bi phan ly theo cac
nac, nén khi trung hoa né bang phwong phap acid-baz thi
cac mubi sé& dwoc hinh thanh twong (rng theo cac nac
nay, va mdi ndc cé6 mét diém twong dwong twong, twong
hng vai gia tri hang sb can bang cla nac d6

Khédo sat phwong trinh dwérng dinh phan khi chuén
dd Va (mL) dung dich acid H;PO, Ca bang Vb (mL) dung
dich NaOH Cb

Trong dung dich HsPO, (viét gon HzA) cé sw phan ly:

HeA + OH = H,0 + H,A™  (Ky) 1)

H,A + OH = H,0 + HA* (Ky) 2)
HA* + OH = H,0 +A¥ (Ka) (3)
O nac 1:
H3A — H++ HzA- (kl)
Trong qua trinh chuan d6 cé:
+ + + V,C
HT + [H e = [H,, = —2 e
HT+ M = M = 0
- - . V,.C
[OHT + [OH e = [OHTy = -

Ma:
[H'loe = [HsA]
[OH e = [H2A"]
(vi tuy néi & naci = 1, 2, 3, nhwng ca 3 nac déu tdn
tai cac ion nay véi ham lwvong tinh theo K; twong wrng)
Va:  (2): [HA] = [HA?]
(3): [H:A] =2[A%]
=N [HoAT = [HA%] + 2[A%]
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Do d6 hé (4) dwoc viét lai la:

[HHOHT+[HoA[HAZ#2[A™])= eZe=teCe
V, +V,
& ([H'-[OHT+H-A]-[HAZ]-2[A%]). \% _1-F (5)

Pay la phwong trinh dwdng dinh phan cda sw chuan
d6 acid H;PO, bdng baz NaOH.

Mat khac:(1): K; = w [H3A]=[H+]'[H2A_]
[H;A] [K,]

Twong tw: (2): [HA] = KiK, [H,A]

[H'T
rad - KiK, K
@) A= ST [ A

Nén:
[HaA] — [HAZT- 2[A%]
, 2K, K, K

[HLA] - — =5 [H;A]

HsA
[3][] [HT

= [HsA] . (1- [KHK] ' ZK[LTZ]A& ) (Dath=[H"] dé viét

gon)

3_ —
= [Hop] (KK — 2K, K, K

= ) 6)

Ap dung cong thirc tinh nbng dd can bang cau tir X:

0

)= S5 voi o =1+ Y (K, pl™)
(04

i=1
C_(H.A 3 .
CulH:A) voio=1+ > (K, [HT"
(04

i=1

thi [HsA] =
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V,C

a a

. _ V, +V,
Do dd [H3A] = 1+ﬁ+ KK, ) KKK,
h h? h®
Thay (5, 6, 7 ) vao lai (5):
IR hK, K, +2K, K, K, —h?
V,C, h +K.h*+K_ K, h+K_K,K,
[Phwong trinh (8) va (5) hoan toan twong dwong
nhau, nhwng dé tinh toan pH trong dung dich 1a tuy vao
thdi diém khao sat nao dé chon (5) hoac (8)]
Khi Vp, = 0 ( F = 0) tire lGc chwa chudn d6
_[H7] -h?
8)=1= C., h*+K.h’
< h?+K.h-C.K;=0 = Giditimh=[H] = pH
Khi 0 <V, < Vig (0<F <1)xa trwéc diém tuwong

(7)

®)

(Xem K2:K3:0)

dwong van xem K, ~ K3 ~ 0 va [OH] ~ 0
VitV h?®

8) < 1-F=[H"
®) [ ]va.ca h?® + K,.h?

Pt q = \% d& viét gon lai, thi (8) 1a phuong
trinh:

q.h’+(q. Ki+F)h+(F-1)K;=0

< Giditimh=[H"] < pH

(Két qua thu dworc c6 thé tinh gan ding véi:

Fo1=_ M1
K, +[H"]

Khi Vp = V4 (F = 1). Tai diém twong dwong lic nay

trong dung dich van con axit (H,A%), nén van xem:

[H]=[OH]=0
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hK,.K, —h®
h® + K.h* + K. .K,.h

o F.h?=(Ky=F.K) h+ (F=2).K; K, =0 Giai timh
= pH dung dich

B)e=1-F= -

(Két qua co thé tinh gan dung:

H] = K,K,C,C, )
K,(C,+C,)+C,C,

Khi V, ~ Vi 4 (F ~ 1).Tai trwdc va sau sat diém tuwong
dwong nac 1 van xem [OH7] ~ 0 céac gia tri h*, K;K,Ks3,
hK;K, qua bé nén:

VitV |, hKK, - h?

V,.C, Kl.h2

o (gKi—1)h®+(F-1)K h+ KK, =0

< Giai tim h = pH dung dich

O néc 2:

Xuét phat tir phwong trinh (8) cho nac 1, duoc viét

8) < 1—F=[H1

lai |a:
hK,.K, +2K, K, K; —h®

2-F=([H1-[OH])q- "
(HT-[OH])q h® + K,.h* + K,.K,.h+ K, .K, K,
— 2— 3
2-F=([H]-[OH]) q- e mt ~ 2
h®+K.h* + KK, h+ K K, K,
hay la:
F-2=([OH]-[H])q+ e Rl 22 ©

h® + K, .h* + K, .K,h+ K, K, .K,

Khi 1 < F < 2: xa trwéc diém twong dwong nac 2
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K,.h? —2h?

9N eoF-2=-[Hq-
®) H1a h®+K,.h* + K, K,.h

Xem [OH] = 0 va Kz << K, nén bd qua
< ghP+(gKi+F)h?+ (qKiKo— Ky +F.Ky ) h+ (F-2)KiK, =0
< Giai tim h = pH dung dich
(Két qua co thé tinh gan dang:
h
)

K, +h

F-2=

Khi F ~ 2: ( ngay trwdc va sau sat diém twong duwong

nac 2 ).Xem K, qua nhd ( K, = 107 ) nén [H*] ~ 0
K,.K,.K, -K, h’

K,.K,.h
_ 10" K,K,-h?
" h YT KGh
o h?+(2-F)Ko. h=(Ks+q. 10 K, = 0. Giai tim
h = pH dung dich
Khi F = 2 ( ngay tai Diém twong dwong nac 2)
K,.K,.K, — K, h?

K,.K,.h

9= F-2=[OH].qg+

F-2

(9) = 0=[OH]q+

& Gidi tim h = [H] = /K, K, +K,.q.10"
= pH dung dich
O néc 3:
KoK K —Koh*-2n®
h® + K.h* + K .K,.h+ K K, K,

3h® +2K,.h* + K K, .h
h® + K, h* + K, K, h+K, K, .K,
Giai tim h = [H'] = pH dung dich

F-3=([OH]-[HT)q+

& F-3=([OH]-[H7)q- (10)

242



- Khi 2 < F < 3: Xa trwdce diém twong dwong néc
3. B qua [H'] [HsA] & pt (5) dé viét lai la:

h
K; +h
o (2-F)h*+(q".10™ + 3K; — FK3 )h + K3.q".10* =0

Giai tim h = [H"] = pH dung dich
- Khi F = 3: Tai diém twong dwong nic 3

h

K;+h
o h?-q"10"h-Ks.q".10 = 0.

Giai tim h = [H"] < pH dung dich
- Khi F ~ 3: Sat trwdc va sau diém twong dwong

F-3=[OH]q"-

0=[OH]q" -

nac 3
Vi K3 qua bé nén & xa trwédc hoac sat hoac sau
diém twong dwong cac gia tri

[H] ~ [H2A" ]~ [HsA] = 0

h
K,+h’

Giai tim h = [H'] = pH dung dich
Sai s6 ctia phép chuan doé da acid yéu bang baz manh
(donchire)
Xét trong trwdng hop acid da xét trén: Chuén dung

dich HsPO, bang dung dich NaOH

F-3=[OH]q-

2, s X p Vv
Osatnac1: Taco: C,V,~CpV,< Ca Wy
Cb Va
C,+C, V,+V, C,+C, V,+V,
@ = C> = =
Cb Va Ca'Cb Ca.Va

Nén sai sd chuan do & nac 1 dwoc xac dinh la:
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S=(F-1)
_ (10-14 “h). C.+Cy,  hKiK,+2K KK —h’

h C,C, h*+K_ h?+K.K,h+K K,K,
2 ., X 2 V
O sat nac 2: 2C.. V.~ C,V, & Ca_ Vo
Cb Va
2C, +Cy V, +V, PN 2C,+Cy, V4V,
C, V, C.C, C,V,
Nén sai sé chuan dd & nac 2 dwoc xac dinh la:
1
S=-(F-2
S(F-2)
_(10-“ “h) 2C, +GC, , K,.K,.K, —K_.h?-2h®
h - 2C,C, 2(h*+K.h?+K, K,h+K K, K,)
2, .. X V
Osatnac3: 3C.Va~CpV, < Ca Vo
Cb Va
3C,+C, V,+V, 3C,+C, V,+V,
C} = C> = =
C, Vv, C.C, C,V,
Nén sai s6 chuan dd & nac 3 dwoc xac dinh la:
1
=-(F-3
S(F-3)
_ (10‘14 “h) 3C, +C, , 3h® + 2K, h* + K .K,.h
h - 3C,C, 3(h*+K.h?+K . K,h+K K,K,)

Vi du: Khao sat dwdng chuan dd acid da chirc 100mL
dung dich H3PO,4 0,1M béng dung dich NaOH 0,1M.
Phan (rng phan ly cua dung dich acid:

HsPO, = H" + H,PO, (Ky=1,1.10%)
H,PO, —H" + HPO,” (K, =2.107")
HPO,” —H" + PO, (K3 =3,6.10")

Phan &ng trung hoa theo tirng nic sé& cho cac mudi
la NaH,PO, , Na,HPO,, NazPO,
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ViK; >K, > Kz nén chinhan lay gia tri K; :
P Kl = 1,96

— pH = %(p Ky - Ig [H']) =1,48

Tai diém twong dwong thi nhét:

pH = % (DK +pKy)= 4,33

Tai diém twong duwong thi hai:

pH = % (PKs+pKz)= 9,57

Tai diém twong duwong thir ba:
pH=7+ % (pKs+ Ig[H )= 12,22

Nhan xét
- Chuan d6 acid da chirc bang baz manh, (rng voi
moi nac c6 mot diém twong dwong cla nac dé.
- S6 bwéc nhay trong dworng chuin dé khéng
duwoc vwot qua sé mirc phan ly
—-  Céac diém ubn cua duwong cong khong ré rang
7. 4. 2. Pworng cong chuan dé da baz
Khédo sat phwong trinh dwérng dinh phan khi chuén
d6 Vb(mL) dung dich Na,CO5; Cb bang Va(mL) dung dich
HCI Ca, biét hang s6 phan ly cac nic cda acid H,CO; l1a
pKy = 6,35 : pK, = 10,32.
Trong dung dich Na,CO; (Na,A) co s dién ly:
Na,A =2 Na* +A”

AZ +H* = HA By = Ky* 1)
HA  + H = H,A Bo= Kl-l (2)
O nac 1:

245



C,V,

]+ T = =
C,

v,
+V,

[OH] +[OHTpe = [OH ] = 3)

\Y

Ma [Hpe = [H2A]
[OH s = [A7]

A . — [HA] -1— + 2-
Va (1): B4 —[Azf].[H*]Q[HA 1=B[H"][AT]
.a — [H,A] B . )
(2)- B = W@[HzA]—ﬂz[H 1THA"]

[H.A] = B1.B> [H'].[A%]
Hé (3) tré thanh:

+ = 2_ _ Ca'Va_Cb'Vb
[H'] = [OHT] + [H2A]- [A7] = W
oV, +V, a v,
& (- [OH] + AL (A7) S U = F -1 = ) (@)

(phwong trinh nay s dung cho ca hé & ca 2 néc)
V, +V,
& (IH] - [OH] + [A*)(B1.Boh® -1). 22 =F -1

b*Vb
Ap dung céng thire tinh néng dé can bang cho cu tir X
0
M= e [ar]= L
V,+V, 1+ p,.h+B,.5,h
Khi V, = O: [H'] = [H,A] = O thi

() & (- [OHT-[A%]). & =-1

b

0", C,
h 1+ p.h+ p.B,.h°
Giai tim h = [H'] = pH dung dich

< ( ) =Co
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Khi 0< V, < Vi (ttec 0 < F < 1) khi trwéc xa diém
twong dwong nic 1 xem [H] = [H.A]=0vap, -0
V, +V,

(#) & (-[OH] - [F*]. "¢ b < F -1

-14
107 C,V, 1 )a S

< (- >
h V., +V, 1+ p.h+B.5,h vV,

107 1
q +.
h 1+ p,.h

= pH dung dich
Khi F = 1: ngay tai diém twong dwong néc 1 thi xem
[H'] = [OHT, nén

f—

= 1-F. Giai tim h = [H"]

& (HAF ]2 2 =0 & [HoA] = [A7]
& PB1Poh®=
& [H]= h= < pH=8,35

Khi F ~ 1: ngay sat diém twong dwong néc 1

C,V, B..B,h? -1 )va+vb _E.1

V, +V, 1+ g.h+p.B,h* " C,V,

(4)=(H"] - [OH] +

2
N h'[’;]l'—gz‘l = F - 1. Giai tim h = [H'] = pH dung dich
Wl
O nac 2:
Khi vwot qua nac 1 (F > 1) thi:

(4) & (H] - [OH + [HA} [A%]). "2 -1 = F-2

b*¥b
+V, pih+2

Q([H]_[OHD cv "1+ﬁ.h+ﬁ.ﬁ.h2:F'2 ©)
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Khi 1<F <2; b6 qua [OH] va [AZ], nén (5) la:
Vo o2 Gty 1
C vV, 1+ﬂl.ﬁ2.h2 C.V, 1+ 4,.h
Giai tim h = [H"] = pH dung dich
Khi F =2: ngay tai diém twong dwong nac 1
c,+2C, _ 1

C,V, 1+ 4,.h

Giai tim h = [H] = pH dung dich

Sai s6 trong phép chuan dé da baz yéu bang acid

F-2= H] Y

(4) = [H1]

manh
Vé&i nac 1: Sai sé dwoc xac dinh 13

= (M- [OH1- [A%). (Ba. B h* - 1)] 2>

a' Cb
Vé&i nac 2: Sai sé dwoc xac dinh 13
C,+C, pih+2
C.C, 1+p.h+p.p,h?
7. 5. Pha ché thiét 1ap néng dé acid — baz
7.5.1. Pha dung dich chuan
Dung dich chuén |a dung dich c6 néng d6 chinh xac

S = ~ [(H] - [OH]) ]

da dwoc biét trwdc dung trong phan tich.

Pha ché dung dich chuan I tién hanh pha dung dich
do tlr cac chat chuan gbc hay tir cac chat gbc. (xem lai
phan 6.4)

1. Pha dung dich chuan acid HCI 0,1M

Dung dich HCI la dung dich ctda khi HCI dwoc hoa
tan trong nwdc (nén dung dich dé bay hoi), dam dac &
khoang 36% (d = 1,18), nén c6 thé pha dung dich HCI &
dam dac réi sau d6 pha loang dé dwoc dung dich chuan
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can thiét:

C,.MV 2
Dung cdng thirc: V = 2™ tinh thé tich dung
10.C%.d
dich HCI chuan v&i CM can dung

Trong do:

C" 1a ndng d6 chuan can pha; M la khdi lwong
mol phan t&, Vpha la thé tich can pha ; C% va d
la nbng dd % chuan ban dau ng véi d da biét.

Vidu: Tinh lwong pha 1 L dung dich HCI 0,1M tw
dung dich HCI 36% c6d = 1,18 g/mL.:

(Xem lai cdng thirc d3 thiét 1ap & chwong 2)

Dung coéng thirc da hoc, ta tinh dwoc thé tich cua
dung dich HCI 36% can lay la:

_C".M,V _ 01.365.1000
10.d.C” 10.36.1,18

Cho khoang 50mL H,O cét vao binh dinh mic 1 L,
roi rot to tr 8,59mL dung dich HCI 36% (dam d&c) vao.
Sau d6 dinh mirc dén vach 1 L.

Trong thwe hanh, can tién hanh thém phan kiém dinh
lai dung dich nay da dung vé&i ndng dd 0,1M chwa bang
cach dung phép chuan d® bang dung dich NaOH 0,1M
chuén véi chi thj PP
2.  Pha dung dich chuan acid NaOH 0,1M

NaOH rén la chét rat dé& hat Am khi dé trong khoéng
khi, nén thwdng bi ban nwédc va khi CO, , do d6 pha
chuéan dung dich NaOH trwéc khi thwe hanh phan tich 1a
mot diéu can thiét va bac budc cho cac thi nghiém tién
hanh tranh di dwoc nhiéu sai sé6. D& c6 dung dich chuén

=8,59 mL
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NaOH thi phai pha véi néng do dwong lwong 16n hon yéu
cau, sau do6 diéu chinh cho dung dich lodng vé néng do
can pha. Mudn vay, truwdc tién ta phai tinh khdi lwong chat
ran can pha bang cach dung cdng thirc: m = —CMl'g/log/pha
dé tinh khéi lwong can can chét rdn NaOH

Vidu: Pha 1L dung dich NaOH 0,1M:

Khéi lwong can can lwgng NaOH la:

_ 0,1.40.1000:
1000
Ky thuat pha ché

Vi NaOH |a mét chat rat dé hat Am, hap thu CO, moi
trwdng vi vay no dé chay rlra, va cho san pham sai biét.
Do dd, viéc can NaOH trong khéng khi theo mét gia tri
chinh xac cho trwéc la diéu khdng l1am duoc trong diéu
kién binh thuworng. Néi cach khac, khéng thé pha mét dung
dich NaOH c6 néng dd chinh xac nhw mong mudn, ma chi
pha dwoc dung dich NaOH c6 ndéng dd xap xi gia tri dinh
trudc. D& dé dang trong viéc hiéu chinh bang cach pha
lodng, can phai can mét lwong 1&n hon lwgng can tinh
theo ly thuyét (tuyét déi khéng nén can dw qua nhiéu roi
l&y ngwoc ra trd lai), khi can phai can that nhanh.

Chéang han dé pha ché 1L dung dich NaOH 0,1M da
néi trén thi can khodng 4(g) NaOH rén trong can ky thuat.
R6i hoa tan NaOH trong cdc can bang 50mL nwéc, dung
dda thay tinh khudy cho tan, ch®& ngudi, sau d6 cho vao
binh dinh mrc 1 L. Trang rira nhiéu lan céc bang nwéc
céat, lwong nwdc rira cho hét vao binh dinh mae nay. Tién
hanh dinh m&c dén ngang vach 1 L
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Trong thuwc té, phai tién hanh kiém dinh lai ndéng do
dung dich NaOH vtra pha bang dung dich H,C,0, chuan.
Hoé&c c6 thé dung éng chudn NaOH 0,1N dé pha thanh 1
L dung dich NaOH 0,1N.

7. 5. 2. Pinh lwong mét sé dung dich
1. DBinh lwong dung dich CH;COOH

Nguyén tic: dung dung dich chuén kiém manh NaOH
0,1M dé dinh lwong

Phan rng:

CH;COOH + NaOH —= CH3COONa + H,O

Chét chi thi: phenolphtalein, chuan tlr khéng mau
thanh mau hdng

Ky thuat pha ché: Pinh lwong 100mL dung dich
CHs;COOH cM

- Can chinh xac m(g) rdn CH;COOH méu

(khoang 0,3 + 0,42g), hoa tan thanh 100mL
bang nwdc ct

—  Hdt chinh xac 10 mL dung dich mau CH3;COOH

cho vao erlen, lam 3 mau,

- Thém vao méi mau khoang 20 mL nwéc cat + 3

giot PP, lac nhe.

- Nap dung dich NaOH chuén 0,1M Ién buret 25

mL. T buret, nhé tirng giot NaOH xubng erlen
cho dén khi dung dich chuyén tr khéng mau
sang hong nhat (bén trong 10 giay). Ghi thé tich
NaOH tiéu tén.Cling lam twong tw v&i 2 erlen
con lai.

- T thé tich do dwoc & 3 mau, tinh néng d6 dung
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dich CH;COOH
Tinh toan:
T 3 thé tich V cta dung dich NaOH da chuén tim
dwoc Vtbinh =V,

Tinh C" CH,COOH = Vi

2. Dinh lwvong dung dich NH;
Nguyén téc: dung dung dich chuin HCI 0,1M dé dinh
lwong.
Phan (rng: HCl + NH3; == NH,CI
Chéat chi thi la MR (Metyl Red) chuén tlr mau vang
sang do
Ky thuat pha ché: Pinh lwong 100mL dung dich NH;
CM
- Can chinh xac m(g) nwéc NH; mau, hoa tan voi
nwéc cat thanh 100mL dung dich
- Hat 10mL dung dich mau cho vao binh non
250mL + 20mL nwéc cét, 3 giot MR (0.1% trong
con), lam thanh 3 mAu.
- Chuan d6 bang dung dich HCI dén khi dung dich
t mau vang chuyén sang mau dd cam, ghi thé
tich HCI tiéu ton
~  Tw thé tich do dwoc & 3 mau, tinh ndng d6 dung
dich NHs.
Tinh toan:
Tw 3 thé tich V cta dung dich HCI d&a chuan tim
dwoc Vibinh =V,
0.1V,
10

C" dung dich NH; =
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3. Dinh lwveng dung dich H3;PO,

Nguyén tac: acid HsPO, 14 mét acid 3 chirc nhwng
chirc thr 3 qua yéu nén chi can chuan dd 2 nic dau.
Dung dung dich chudn kiém manh NaOH 0,1M dé dinh

lwong
Phan rng:
HsPO, + NaOH — NaH,PO, + H,O Ka
H3PO, + 2 NaOH — Na,HPO, Kz

Chét chi thi MO (Metyl Orange), chudn tr mau dé
sang mau cam vang-chuan cho néc 1

Chét chi thj PP (phenolphtalein), chuan t&r mau cam
vang sang mau dé - chuan cho néc 2

Ky thuat pha ché:

Can chinh xac a(g) HsPO, mau

Hoa tan thanh 100mL bang nwéc cat

Hat 10 mL dung dich HsPO, C" bang pipet bau
5 mL cho vao erlen (lam 3 mau), thém vao moi
mau khoang 10 mL nwéc cét + thém 1 giot MO
0,1%, l&c nhe.

Nap dung dich NaOH 0,1N Ién buret 25 mL. Tw
buret, nhé tirng giot NaOH xubng erlen cho dén
khi dung dich chuyén tir mau dé sang vang cam.
Ghi thé tich NaOH tiéu tn (Vo)

Cho tiép tuc vao mau 3 giot PP. Chuan do tiép
bang NaOH cho dén khi dung dich chuyén ti
mau vang cam sang hdng cam. Ghi thé tich
NaOH tiéu tbn (Vpp). Lam twong tw cho 3 mau
con lai
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- Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich HsPO, C™

Tinh toan: Tinh ham lwong % HsPO, ¢ trong mau

Néng dé dung dich HzPO, dworc tinh theo:

Chure 1: (& nac 1 xem H3PO, la acid manh don chirc)

MO
[HPO, ] = (V-C) paor - Ofbv

H3PO4

Ca hai chirc (bd nac 3, xem HiPO, la acid manh 2

= V(MO)- 10° 2.

chure)
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THWC HANH PHAN TiCH THE TiCH

BAI THU'C HANH
BAI 1: CHUAN PO ACID MANH — BAZ MANH

. CHUAN BI
—  Chuén bj cac dung dich sau: NaOH 0,1N - 2N -
5N. Dung dich H,C,O, 0,1IN. Dung dich HCI
0,1N. Dung dich Na,B,0O+ 0,1N
—  Cac chi thi: phenolphtalein, MO, MR.
1. Phaché dung dich H,C,0, 0.1N

Sinh vién phai tw tinh toan lwong can thuc té cla
H,C,04.2H,0, cé p% (d6 tinh khiét) dwoc ghi trén bao bi
cla hoa chét twong (rng tai phong thi nghiém, chang han,
dé pha dwoc 100mL dung dich acid 0.1N, khi can phai 4y
chinh xac dén + 0.0002g, cbc can loai 100mL, phai sach,
khé va co nhiét dd can bang véi phong can. Sau khi can,
thém nwéc cét da loai CO, (nwéc cat dun sbéi 10 phat, dé
trong binh kin va ngudi dén nhiét d& phong) khoang
30-40mL, dung dia thay tinh khudy cho tan, chuyén vao
binh dinh mi&¢ 100mL theo dda thay tinh qua phéu, dung
nwéc cat trang coc 3 1an, méi 1an 10mL, dung binh tia rivra
dda va dinh mwc téi vach, day nép binh dinh mlc, dao
ngwoc binh 4-5 1an, chi ddo nhe ch& khéng xbc manh
binh.

Chua y: Cac dung dich dwoc str dung trong qua trinh
phan tich dinh lwgng tai Giao trinh nay déu dwoc tinh theo
néng dd CN ~ 0,05 - 0,1 N. O day chi trinh bay cach pha
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chung dbi vé&i cac chat dé hoa tan trong nwdc va qua trinh
hoa tan tda hay thu nhiét khéng dang ké. Cach pha voi
cac chat khac ciing véi ky thuat twong tw, chi khac &
lwong can va thé tich binh dinh murc, khéng nén pha tryc
tiép trén binh dinh mirc. Cac dung dich gbc phai dwoc pha
hét sirc can than va chinh xac vi né quyét dinhdén do
dung cua phép dinh lvgong.

2.  Pha ché dung dich NaOH 0.1N

Vi NaOH |a mét chat rat dé hat Am, hap thu CO, moi
trwdng vi vay nd dé chay rira, va cho san phadm sai biét.
Do dd, viéc can NaOH trong khéng khi theo mét gia tri
chinh xac cho trwéc la diéu khéng l1am dwoc trong diéu
kién binh thuworng. Néi cach khac, khéng thé pha mét dung
dich NaOH c6 néng d6 chinh xac nhw mong mudn, ma chi
pha dwoc dung dich NaOH c6 ndng dd xap xi gia tri dinh
trudc. D& dé dang trong viéc hiéu chinh bang cach pha
lodng, can phai can l&n hon lwong can tinh theo ly thuyét
mot lwong nhé (tuyét dbi khong nén can dw quéa nhiéu roi
l&y ngwoc ra trd lai), khi can phai can that nhanh.

Chéng han dé pha ché 100mL dung dich NaOH 0,1N
thi can chinh xac khoang 0,4(g) NaOH rén bang can kj
thuat. R&i hoa tan NaOH trong céc bang 50mL nuwérc,
dung diia thdy tinh khudy cho tan, ch& ngudi, sau dé 1am
tiép nhw phan pha dung dich axit trén.

Hoac c6 thé dung 6ng chuan NaOH 0,1N pha thanh
1L.

3.  Phadungdich HCI 0,1N

Khac v&i hai dung dich trén dwoc pha tlr cac chét
ran, dung dich HCI dwoc pha tr HCI dd, can tinh thé tich
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HCI dd can lay |1a bao nhiéu d& pha dwoc 100mL c6 ndng
dd 0.1N, sau do chuan bj sdn mot cbe loai 100mL co6 chira
san 50mL nwdc cat. LAy pipét hat chinh xac thé tich da
tinh, nhanh chéng nhung ngap dau pipet vao trong coc da
chuén bj, sau dé tha tw tir, dung binh tia rira sach pipet,
nwéc rira cho ludn vao cbe pha, sau dé chuyén vao dinh
murc nhw phan trén.

Hoéc nén pha ttr 6ng chudn HCI 0,1N thanh 1 L dung

dich.
I. DINH LUONG DUNG DICH NaOH
Thi nghiém 1
- Hut chinh xac 5 mL dung dich H,C,04 0,1N cho
vao erlen, lam 3 mau.
- Thém vao méi mau khoang 30 mL nwéc cat + 3
giot phenolphtalein, lac nhe.
- Nap dung dich NaOH (la dung dich NaOH da
duwoc pha tir NaOH ran & trén) 1én buret 25 mL.
Tw buret, nhé tirng giot NaOH xuéng erlen cho
dén khi dung dich chuyén tir khdng mau sang
héng. Ghi thé tich NaOH tiéu tén. Ciing lam
twong tw voi 2 erlen con lai.
~  Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich NaOH
Cau hoi

1. Tai sao phai thém 30mL nuwéc cét vao dung dich
acid khi tién hanh chuéan d6 H,C,0, 0,1 N bang
NaOH?

2. Khi thém nwéc cét vao dung dich acid thi néng
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3.

dd cua acid va thé tich NaOH chuén dd c6 thay
ddi gi khéng?

Hay tinh khoang néng dd dung dich NaOH
trong 3 thi nghiém trén véi dé tin cay 95%7?

Thi nghiém 2

Cau hoi
1.

Hut 10 mL dung dich mau NaOH + 30 mL nwéc
céat +3 giot pp cho vao erlen, lam 3 mau

Pem chudn dd bang dung dich HCI 0,1N cho
dén khi dung dich chuyén t&» mau hdng tim sang
khéng mau. Ghi thé tich axit HCI 0,1N tiéu tén.
Tw thé tich do dwoc & 3 mau, tinh ndng d6 dung
dich NaOH.

Giai thich sy khac biét vé gia tri cia ndng do
dung dich NaOH trong 2 thi nghiém trén?

Khi thém nwéc cat vao dung dich NaOH thi két
qua chuén do co thay dbi gi khéng?

[I. BDINH LUONG DUNG DICH HCI
Thi nghiém 1
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Hut 10 mL HCI vira pha tir dung dich HCI dam
dac trén, vao erlen + 30 mL nwéc cat voi 3 giot
phenolphtalein, cling lam 3 mau.

Cho dung dich NaOH C" vira xac dinh & trén,
vao buret: nhé t tr dung dich NaOH xudng
erlen c6 chra miu cho dén khi dung dich
chuyén tlr khdng mau sang mau héng nhat. Ghi
thé tich NaOH da nho xudng.

Tw thé tich do dwoc & 3 mau, tinh néng d6 dung
dich HCI.



Thi nghiém 2

Lap lai thi nghiém 1 vé&i chi thi MR, so sanh véi
trwdng hop hiéu chinh bang chi thj phenolphtalein.
Thi nghiém 3

Lap lai thi nghiém 1 v&i chi thi MO, so sanh véi
trwdng hop hiéu chinh bang phenolphtalein.
Thi nghiém 4

- Hat 10 mL Nay;B,O; 0,IN vao erlen + 20 mL
nwdc cat vai 3 giot MR.

- Nap dung dich HCI vira xac dinh CN trén, vao
buret. T buret nhé dung dich HCI xudng erlen
c6é chira mau cho dén khi dung dich chuyén tw
mau vang chanh sang mau hdng tia.Ghi thé tich
HCI tiéu tbn .

- Tw thé tich HCI, tinh chinh xac lai nbng dd cua
HCI va so sanh véi trwdng hop hiéu chinh bang
dung dich NaOH.

Cau hoi

1. Hay tinh khodng ndéng d6 dung dich HCI trong 4
thi nghiém trén véi do tin cay 95%

2. Vi sao & thi nghiém 4 khoéng thé dbi vi tri: trén
buret chira Na,B,O- va erlen chtra HCI ?

Cha y: O bai nay chi gi&i thiéu 3 cach pha ché dung
dich va phép hiéu chinh ching. Con nhirng bai sau, phai
tw pha ché cac dung dich chuan, con dung dich mau la do
giao vién pha ti trww¢c giao cho sinh vién.

Qua budi thwc hanh sinh vién xac dinh néng do cua
dung dich mau va tra |16i cac cau hoi dé viét bao cao cho
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gido vién.

Gido vién nén thu bai bao cdo sau mbdi budi thi
nghiém. Cac két qua bao cdo dinh lwong, déu dwoc tinh
cho dé tin cay y = 95%. Vi thé gido vién nén hwdng dan lai
cho sinh vién cac phan:

~  Céach can hoa chét

~  Céch hiéu chinh can khéi lwgng va thé tich do

- Tinh sai sb théng ké

—  Tinh sai sb cho phép chuan do thé tich

Cubi mbi budi Thi nghiém, cac sinh vién ndp cac lo
mau da dwoc rira sach, c6 dan nhan sb td cla minh dé
gido vién chuén bi cac mau & budi thi nghiém sau.

Nong dd dung dich can bao céo cla sinh vién cé thé
dwoc goi y la:

- Véichuan dé Acid - baz: Cy hay Cy

—  Vé&ichuan do oxy hoa khir: Cy hay Cy,

- Véichuan do tao phirc: Cy hay Cy,

- Véi chuan db tao ta va phép khéi lwvong: C%

hay Cpypm.
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BAI 2: CHUAN DO ACID MANH - BAZ YEU VA
ACID YEU - BAZ MANH

. CHUAN BI
1. Hoa chat

—  Dung dich chuadn HCI 0,1N.

—  Chi thi MR, nwéc cét.

2. Nguyén tac
—  Dwa vao phan rng trung hoa:
H* + OH = H,0
—  Dung dung dich acid manh lam dung dich chuén
dé dinh lvong baz yéu
—  Dung dung dich baz manh lam dung dich chuén
dé dinh lwong acid yéu

.  DINH LWUONG BAZ YEU BANG ACID MANH

Dwa trén phan (rng trung hoa giira axit manh da biét
trudc ndng dod véi bazo yéu NH; véi chi thi metyl d8, diém
twong dwong nhan dwoc khi dung dich chuyén tlr mau
vang sang mau dé cam.

Phan trng chudn d:  NH; + HCI = NH,CI

Dung dich mau 1a dung dich NH; CN (0,1N - 0,5N)
dwoc gido vién hwong dan pha truwdce, sinh vién khong
dworc biét trudrc.
Thi nghiém 1

Dung dich m4u la dung dich NH; Cy (0,1N - 0,5N)
dwoc gido vién pha trudc, sinh vién khéng dwoc biét
trwdc

—  Hat 10mL dung dich mau cho vao binh ndn
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250mL + 20mL nwéce céat, 3 giot MR (0.1% trong
con)

Nap dung dich HCI 0,1N vao buret. Chuan do
bang dung dich HCI dén khi dung dich tv mau
vang chuyé&n sang mau dé cam, ghi thé tich HCI
tiéu tén

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich NHs.

Thay chi thj Phenolphtalein bang MR va MO,
nhan xét.

Thi nghiém 2
Dung dich m4u la dung dich NH; Cy (0,1N - 0,5N)
dwoc gido viéen pha trwéc, sinh vién khéng dwoc biét

trwdc

Cau hoi
1.
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Hat 10 mL HCI chuéan 0,1N vao erlen + 20 mL
nwéc cat voi 3 giot MR, lam 3 mau

Nap dung dich mau NH; CN |én buret. T buret
nhd dung dich NH,OH 0,1 N xubng erlen co
chtra HCI cho dén khi dung dich chuyén tr mau
héng sang mau vang chanh. Ghi thé tich
NH,OH tiéu tén (Ilam 3 mau).

Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich NH;

Trong thi nghiém 1, khi thay Phenolphtalein
bang MO va MR thi cac gia tri V (NHs) thu dwoc
nao cé sai s bé nhat ? Giai thich?

Vi sao trong 2 thi nghiém bd&i cung dung dich



HCI va NHs;, cung chi thi MR, nhwng lai c6 sw
chuy&n mau nguoc nhau?

3. V6i 2 cach chuan do khac nhau & 2 thi nghiém,
cho biét thi nghi@m nao cho phép xac dinh néng
dé NH; chinh xac hon? Giai thich?

. DINH LUQNG ACID YEU BANG BAZ MANH

Dwa trén phan &ng trung hoa gitra bazo manh NaOH
da biét trwdc ndng dd véi axit CH;COOH véi chi thi PP,
diém twong dwong nhan dwoc khi dung dich chuyén ti
khdéng mau sang mau héng nhat bén trong 10 giay.

Phan trng chuan dé:

CH3;COOH + NaOH = CH3;COONa + H,0O
Dung dich mau Ia dung dich CH;COOH CN (0,1N -
0,5N ) dwoc gido vién hwdong dan pha trwdce, sinh vién
khéng dwoc biét trwde
Thi nghiém 1

Dung dich mau l1a dung dich CH;COOH Cy (0,1N -
0,5N) dwoc giao vién pha trwédc, sinh vién khéng dwoc
biét trwéc

—  Hut chinh xac 10 mL dung dich mau CH;COOH
bang pipet bau 5 mL cho vao erlen, 1am 3 mau.
Thém vao méi mau khoang 20 mL nwéc cat + 3
giot PP, lac nhe.

— Nap dung dich NaOH 0,1N [én buret 25 mL. Tw
buret, nhé tirng giot NaOH xubng erlen cho dén
khi dung dich chuyén tlr khdng mau sang héng
nhat (bé&n trong 10 giay). Ghi thé tich NaOH tiéu
ton. Ciing lam twong tw véi 2 erlen con lai.
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Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich CH;COOH

Thi nghiém 2
Dung dich mau la dung dich NaOH Cy (0,1N - 0,5N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwoc

Cau hoi
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Hut 10 mL dung dich NaOH Cy + 20 mL nuwéc
céat +3 giot pp cho vao erlen, lam 3 mau

Pem chuén d6 bang CH;COOH 0,1N cho dén
khi dung dich chuyén tr mau hdng tim sang
khéng mau. Ghi thé tich CH;COOH 0,1N tiéu
ton. Tw thé tich do dwoc & 3 mau, tinh néng do
dung dich NaOH

Khi pha thém nwéc cat vao erlen trong budc 2 &
thi nghiém 1, cé lam thay déi s dwong lwong
cta dung dich HCI khéng? Cho biét cac tinh sbé
dwong lvgng & thi nghiém nay?

Bw&c nhdy chuin do cla viéc chuan dung dich
CH3COOH bang dung dich NaOH cé gi khac véi
bwéc nhay trong viéc chuan dung dich HCI bang
dung dich NaOH? Giai thich?

Khi tién hanh chudn d6 axit yéu bang bazo
manh néu thay chi thi pp bang MR hodc MO ¢6
dwoc khéong? Gilbla MR va MO c6 gay anh
hwédng gi khac nhau khéng? (dé chirng minh,
sinh vién can thwc nghiém ngay bang cach thay
Phenolphtalein bang MO va MR)



IV. PINH LUQNG ACID DA CHUC H;PO,
Thi nghiém 1

Dung dich mau la dung dich H;PO, Cy (0,1N - 0,5N )
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwoc

Hat 20 mL mau + 10 mL H,O cét + 1 giot MO
0,1 % vao erlen, lam 3 mau.

Chuén d6 bang dung dich NaOH 0,1N cho dén
khi dung dich chuyén tir mau dé sang dé cam.
Ghi thé tich NaOH tiéu tén (dat 1a Vo)

Tiép tuc cho vao mau 3 giot PP, r6i chuadn do
tiép bang dung dich NaOH, ghi thé tich NaOH
tiéu ton 1an sau (dat 1a Vep). LAm twong tw cho 2
mau con lai.

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich H;PO4 Cy

Thi nghiém 2
Dung dich mau la dung dich HsPO, Cy (0,1N - 0,5N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

truédc

Hat 10 mL dung dich HsPO, Cy bang pipet bau 5
mL cho vao erlen (lam 3 mau), thém vao moi
mau khoang 10 mL nwéc cét + thém 1 giot MO
0,1%, l&c nhe.
Nap dung dich NaOH 0,1N Ién buret 25 mL. Tw
buret, nhé tirng giot NaOH xubng erlen cho dén
khi dung dich chuyén t&» mau dé cam sang vang
cam. Ghi thé tich NaOH tiéu tén (Vo)
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Cau hoi
1.

Cho tiép tuc vao mau 3 giot PP. Chuan do tiép
bang NaOH cho dén khi dung dich chuyén ti
mau vang cam sang héng cam. Ghi thé tich
NaOH tiéu tén (Vep). Lam twong tw cho 3 mau
con lai

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich H;PO, Cy

Panh gia két qua tim dwoc & 2 TN nay. Giai
thich?
Néu thay MO bang Bromcrezol luc 0,1% / Etanol
20% (BCL) thi két quia c6 thay déi khéng? Giai
thich?

VI. DINH LWONG HON HOP AXIT HCI + H;PO,

Hoa chét: dung dich chudn NaOH 2N
Chi thi MO, Phenolphtalein, nwéc cat

Dung dich mau Ia dung dich hén hop [HCI + H;PO, ]
(0,IN - 0,5N) dwoc giao vién pha tredc, sinh vién khdng
dwoc biét trudc

266

Hat 5 mL hén hop mau + 10 mL H,O cét + 1giot
MO 0,1 %.

Chuén d6 bang dung dich NaOH 0.5N cho dén
khi dung dich chuyén tir dé cam sang vang
cam. Ghi thé tich NaOH tiéu tén (Vo).

Sau dé cho thém 3 giot Phenolphtalein vao
erlen, tiép tuc chudn d6 bang dung dich NaOH
cho dén khi dung dich chuyén tir vang cam sang
hong cam. Ghi thé tich NaOH tiéu tén (Vpp).



Cau hoi
1.

Lam twong tw vé&i 2 mau con lai.
Tw thé tich do dwoc & 3 mau, tinh ndng dd tirng
dung dich acid trong hén hop

Giai thich cac budc da tién hanh trong ky thuat.
Tw d6 thiét 1ap cong thire tinh ndng dé tirng acid
c6 trong hén hop?

Tinh sai s6 chuadn dd nac | va nic Il cla axit
Photphoric cho pK;=2.12, pK,=7.21, pK3=12.387

VIl. BPINH LUQNG BAZ DA CHUC Na,CO,
Dung dich mau la dung dich Na,CO; Cy (0,AN -
0,5N) dwoc giao vién pha trwédc, sinh vién khéng dwoc

biét trwdc

Hut 5 mL dung dich mau Na,CO3; Cy + 10 mL
nwdce cat + 3 giot pp cho vao erlen, lam 3 mau,
dung dich s& cé6 mau héng dam. R&i hut 5 mL
NaHCO; 0,1N + 10 mL nwéc cat + 3 giot PP cho
vao erlen thr 4 d& lam binh chirng (c6 mau
héng tim nhat).

Chuén d® cac mau bang dung dich HCI 0,1N
cho dén khi dung dich chuyén tlr mau hdng tim
dam sang mau cta binh chirng. Ghi thé tich HCI
tiéu tén (Vpp).

Thém tiép tuc 1 giot MO vao méau, dung dich
chuyén sang mau dé.Dem dun s6i mau khoang
2-3 phut, d& ngudi réi cho tirng giot HCI twr trén
buret nhé xubng cho dén khi dung dich chuyén
sang vang cam.. Réi tiép tuc chuan d6 bang HCI
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Cau hoi
1.

0,1N cho dén khi dung dich chuyén tlr vang cam
sang dé cam. Ghi thé tich HCI tiéu tbn (Vo).
(nén lam binh chirng dé xac dinh mau cho dé
dang)

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich Na,CO3

Vi sao viéc chuan dé dung dich Na,COs lai dung
dung dich NaHCO; lam chirng dé so sanh mau
tai diém twong dwong?

Thiét 1ap céng thirc tinh ndng d& Na,CO;. Giai
thich vi sao phai dung dén hai chi thj?

VIIl. DINH LUONG HON HOP NaOH VA Na,COs

Hoa chét: dung dich chudn HCI 0,1N, dung dich
NaHCO; 0,1N
Chi thi: Phenolphtalein, MO, nwéc cét

Dung dich mau la hén hop dung dich (NaOH +
Na,CO3) Cy (0,1N - 0,5N) dwec giao vién pha trwédece, sinh
vién khéng duoc biét truéc.

Thi nghiém 1
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Hat chinh xad&c 5 mL hén hop mau NaOH +
Na,CO3; CN va 10 mL nwéc cat da loai bd CO,
+ 3 giot PP cho vao erlen (lam 3 m&u). Can hat
5 mL NaHCO; 0,1 N+ 10 mL nwd&c cat + 3 giot
PP cho vao erlen 4 d& lam binh chirng (c6 mau
héng tim).

Sau d6 tién hanh chuan doé cac mau bang dung
dich HCI chuadn 0,1N cho dén khi dung dich



chuyén sang mau cta binh chirng. Ghi thé tich
HCI tidu tén (Vpp ).

Thém tiép tuc 3 giot MO vao mau, dem dun séi
mau khodng 2 - 3 phat, d& ngudi roi cho tirng
giot HCI tw trén buret nhé xubng cho dén khi
dung dich chuyén tr mau dé cam sang cam
vang. Roi tiép tuc chudn dé bang HCI chuén
0,1N cho dén khi dung dich chuyén tr cam vang
sang dd cam. Ghi thé tich HCI tiéu tén (Vo)

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich hén hop

Thi nghiém 2

Cau hoi

Cho 3 mau hén hop dung dich vao 3 binh nén,
méi binh 10mL mau + khoang 20mL nuwoc da
loai hét CO, + 3 giot MO, chuén bang dung dich
HCI 0,1N cho dén khi dung dich chuyén tlr mau
vang sang mau dé da cam, ghi thé tich HCI tiéu
ton tire 1a Vyo.

Lai 14y 3 mau cho vao 3 binh nén, mdi binh
10mL miu + 20mL nuwéc da loai hét CO2 +
20mL dung dich BaCl2 0,1N, dun néng khoang
50°C, dé& ngudi + 3giot Phenolphtalein. Chuén
bang dung dich HCI cho dé&n khi dung dich
chuyén tlr mau héng sang khéng mau, ghi thé
tich HCI tiéu ton ttrc 12 Vpp.

Trong hai thi nghiém trén, diém khac biét quan
trong cla chung la gi? Viét phwong trinh phan
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trng minh hoa. Tinh C" cuia tirng chat trong hén
hop & 2 thi nghiém?

So sanh Vpp Va Vo trong chuan dé dinh lwong
Na,CO; va hén hop NaOH + Na,CO; & thi
nghiém 1? Nhan xét, tiv d6 dwa ra céng thuc
tinh ham lwgng %? Tinh sai s6 (rng v&i hai chi
thi, bd qua d6 tan cua CO,?

Vi sao phai dun s6i khi & giai doan chuan d6 véi
chi thi MO?

IX. DINH LLPONG HON HOP NaHCO; + Na,CO,
Thi nghiém 1

Dung dich m&u la hén hop dung dich (NaHCO; +
Na,CO3) Cy (0,1N - 0,5N) dwec giao vién pha trwédece, sinh
vién khéng duoc biét trude

Hat 5 mL hén hop mau cho vao erlen + 10 mL
nwdc cat + 2 giot MO (Ilam 3 mau). Réi chuén
dd bang dung dich HCI chuan 0,1 N cho dén khi
dung dich chuyén sang dé cam. Ghi thé tich HCI
tiéu tdn (Vo).

Hat 5 mL hén hop mau cho vao erlen + 10 mL
nwéc cat + 10 mL NaOH 0,1 N+ 10 mL BaCl2
0,1 N (Ilam 3 mau). Bem dun néng khoang 50 —
60°C, dé ngudi, khong can loc két tha rdi cho 3
giot PP. Sau d4 dem chuan d® bang dung dich
HCI chuan 0,1 N cho dén khi dung dich mat mau
héng tim. Ghi thé tich HCI tiéu tén (Vpp ).

Tw thé tich do dwoc & 3 mau, tinh ndng do hdén
hop dung dich

Thi nghiém 2
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Dung dich mau 1a hén hop dung dich (NaHCO; +
Na,CO3) Cy (0,1N - 0,5N) dwoc giao vién pha trwédece, sinh
vién khéng dwoc biét trudce.

Cau hoi:
1.

Hut chinh xac 10 mL hédn hop mau + 10 mL
nwdc cat + 3 giot Phenolphtalein cho vao erlen
(lam 3 mAu). Can hut 10 mL NaHCO3 0,1 N + 10
mL nwéc cat +3giot PP cho vao erlen 4 dé 1am
binh chirng (c6 mau héng tim nhat).

Sau dé tién hanh chudn dé cac mau bang dung
dich HCI chudn 0,1N cho dén khi dung dich
chuyén tr mau héng tim dam sang mau cla
binh chirng. Ghi thé tich HCI tiéu tén (Vpp).
Thém tiép tuc 1 giot MO vao mau rdi cho trng
giot HCI tir trén buret nhé xubng cho dén khi
dung dich chuyén tr mau vang cam sang héng
cam.

Pem dun sdi mau khoang 2-3 phut, d& ngudi.
R6i tiép tuc chudn d6 bang HCI chuén 0,1N cho
dén khi dung dich chuyén sang dé cam. Ghi thé
tich HCI tiéu tén (Vo)

Tw thé tich do dwoc & 3 mau, tinh ndng d6 hén
hop dung dich

Néu sy khac biét gilra hai phwong phap da
dwoc ap dung trong 2 thi nghiém trén.

Thi nghiém nao cho két qua co6 sai s6 bé hon?
Giai thich
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BAI 3: CHUAN PO ACID - BAZ DINH LUQNG
MUOI

. CHUAN BI

—  Cac dung dich: NaOH 0,1N; HCI 0,1N; HNO;
1:1; KNOj3 0,03N; NH4NO3 0,5N;  (NH4)eM0,0,4
0,05N.

—  Chi thi: MR, phenolphtalein, gidy pH, gidy loc.

.  DINH LWONG HAM LWONG MUOI AMONI:

Mudi amoni s& phdn &ng véi mdt lwong kiém dw
chinh xac, lwong kiém dw dwoc xac dinh bang chat chuan
HCI, chi thi s& dung I8 MR &ng v&i sy chuyén mau tai
diém twong dwong tr vang qua héng da cam.

Dung dich mau la dung dich NH,CI C" (0,1N - 0,5N)
dwoc gido vién huwéng dan pha trwdc, SINH VIEN khéng
dworc biét trudc

—  Dung pipet bau hat 5 mL NH,CI 0,1 N + 25mL
NaOH chuén 0,1 N cho vao erlen (Ilam 3 méu).

—  Pun trén bép dién khoadng 5 -10 phut dbi véi mbi
méu, cho dén khi can con 1/ 3 thé tich ban dau,
thtr xem da bay hét hoi NH; chwa (bang gidy
quy tAm wét), sau dé dé& ngudi

—  Thém 2 giot MR. Pem chuan d6 bang dung dich
chuan HCI 0,1N cho dén khi dung dich chuyén
tr vang chanh sang héng tim. Ghi thé tich HCI
tiéu ton.

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung
dich NH,CI.
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Cau hoéi
1. Viét cac phan trng xay ra va cong thirc tinh cho
méi trwdng hop xac dinh CH;COOH, NH3, NH-
4CI?
2. Tinh sai s6 rng vé&i tirng chi thi st dung khi xac
dinh CH;COOH va NH3?
ll. DINH LWONG HAM LUONG PHOTPHAT

Dung dich mau la dung dich H;PO, Cy (0,1N - 0,5N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwéee.

L4y 5 binh erlen, c6 ghi s6 nhan dé tién theo dbi

Binh 1 va 5: Dlng pipet bau hat 10 mL m&u H;PO, +
5 mL HNO;3; 1:1 + 5 mL NH4NO3z; 3%, dun ndng khoang 60
— 70°C, thém ti ttr 20 mL (NH,)gM07024 10%, khuéy nhe,
dé lang 2 gio.

Binh 3 va 4: Dung pipet bau hat 10 mL méau HzPO, +
5 mL HNOz 1:1 + 5 mL NH4;NO; 3% + 20 mL
(NH4)¢M0-0,4 10%, l&c nhe, dun néng khoang 60 — 70°C,
dé lang 2 gio.

Binh 2: Dung pipet bau hat 10 mL mau HsPO, + 5 mL
HNO; 1:1 + 5 mL NH;NO; 3% + 20 mL (NH;)eM0;024
10%, l&c nhe, dun néng khodng 60 — 70°C, dé lang qua
dém (& bai 4 cac sinh vién da chuén bj dung dich nay roi).

—  Loc két tiia bang gidy loc bang xanh, vi hat két

tha rat min va rat dé tréi theo nwéc trang nén
khéng dwoc dé dich loc qua 1/3 phéu. Sau khi
chuyén hét két tha 1én phéu, mot it két tha van
con bam trén thanh erlen, dung NH;NO; 3%
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Cau hoi
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trang erlen 3 1an (méi lan la 5 mL), sau d6 dung
KNO; 3% trang va chuyén két tda 1&n phéu, ( chi
thwe hién dbéi véi cac binh 1, 3, 4 con cac binh
2, 5 thi dang NH4NO; 3% dé trang hoan toan
thay cho KNO3z 3%). Thwc hién trang cac binh
cho dén khi nwéc trang trung tinh (thtr bang gidy
pH),va rira ta cho dén khi tia hét axit (ther
bang gidy pH).

Chuyén két tha cung gidy loc vao dung céac erlen
da st dung trwédc do, cho thém nwéc cat vao
erlen va l&c manh dé tta khéng con bam trén
gidy loc. Ké tiép cho vao mbi erlen 3 giot
Phenolphtalein

Chuén bang dung dich NaOH 0,1N nhé dé hoa
tan tha cho dén khi dung dich chuyén t» mau
vang chanh sang mau héng nhat (néu lwong két
ttia nhiéu thi c6 thé dung NaOH c6 ndng dé cao
hon), sau d6 cho dw thém khoang 2 mL NaOH
nira, ghi tdng thé tich NaOH da st dung. Lac
déu, dem chuan lvgng NaOH dw bang dung
dich HCI 0,1 N cho dén khi dung dich méat mau
hong nhat. Ghi thé tich HCI tiéu ton.

Tw thé tich do dwoc & 3 mau, tinh néng dd
PO,>.

Giai thich vai trd cla cac hdéa chéat da s dung
trong bai thyc tap?
Hay thiét 1ap cong thire tinh ndng d6 PO,*?2



3. DPanh gia viéc dinh lwong HsPO, bang dung dich
NaOH (bai 3) va (bai 5). Rut ra nhan xét gi vé 2
cach dinh lwvong da thyc hanh?

BAI TAP

1.

Pem chuadn 100mL dung dich HCI 0,025M bang

V(mL) dung dich NaOH 0,1M:

a) Tinh gia tri pH cta dung dich chudn dwoc khi
V(mL) 1&n lwotla: 0-10-20-24,9 - 25 - 25,1 -
26 - 30 (mL)

b) V& dwdng chudn ddé (pH - VmL dung dich
NaOH) &ng v&i cac gia tri pH vira tim dwoc &
cau a.

c) Xac dinh bwdc nhay chuan dd véi sai s 0,2%.

Hat 10 mL dung dich mdu NaOH C, cho vao erlen

250mL cung v&i 30 mL nwéc cat +3 giot pp (lam 4

mau). Pem chuin d6 bang dung dich HCI 0,1N cho

dén khi dung dich chuyén tr mau héng tim sang

khéng mau. Ghi thé tich axit HCI 0,1N tiéu tén V,

(mL). V&i do tin cay 95%. tinh ndng d6 dung dich

NaOH

Mé&u sb 1 2 3 4

Vo(mL) 9,8 9,75 9,7 9,6

Biét rang:

ST
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4,

t 12,7 3 3,18 | 2,78 | 2,57 | 2,45 | 2,37 | 2,31 | 2,23
0,

Q |1,22 94 0,77 | 0,64 [ 0,56 | 0,51 | 0,47 | 0,44 | 0,41

Gia st cac dung dich déu co khdi lwong riéng d = 1 g/mL
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BAI 8. PHWONG PHAP CHUAN DO OXY HOA KHUF
M4 bai: HPT 8

Gi&i thiéu
DPé xac dinh ham lwong mdt mau dung dich phan tich
trong hé oxy hoa khir, ngoai phwong phap khdi luvong,
con cé phwong phap thé tich 1a phwong phap chuan do
oxy hoa kht
Muc tiéu thwc hién
Hoc xong bai nay hoc vién sé cé kha nang:
1. Mo ta co sé phwong phap oxy héa khir.
2. Mo ta cac phuwong phap oxy héa kh&r co ban
(KMnO4 Co sé clia phwong phap chuan dé acid
- bazo.
3. Chuan d6 oxy héa khtr.
Noi dung chinh
1. Co sé phuong phap oxy hoa khtr.
2. Phuwong trinh dwdng dinh phan
3. Cac phuwong phap oxy héa khir co ban
4. Céch chuan do oxy héa khtr.
8. 1. Co’ sé va nguyén tac ctia phwong phap oxy
hoa khtr
8.1.1. Khai niém vé phan rng Oxy hoa khr.
Phwong phap can bang
8.1.1.1. Pinh nghia
—  Qua trinh Oxy hoa khtr la qua trinh xay ra sy
twong tac gitra cac chat c6 kha nang cho va
nhan electron
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—  Céc chéat c6 kha nang cho electron goi la chét
Khtr

—  Cac chat ¢6 kha nang nhan cac electron goi 1a
chéat oxy hoé

—  Qua trinh cla chat khir khi cho electron goi la
qgua trinh oxy hoa

—  Qua trinh cla chét oxy hoa nhan electron goi la
qua trinh kh».

—  Su cho va nhan cac electron cla cac chat hoan
toan phu thudéc vao kha nang tao thé cwc cho
cac qua trinh go.

8.1.1.2. Phan rng oxy hoa khwr

Phan (rng oxy hoa khir la phan (rng xay ra cé6 kém
theo sy trao dbi electron. Mot phan (rng oxy hoa khir bao
gi® cling gdém hai qua trinh cho va nhan electron.

Quaé trinh oxy hoa khi¥ la qué trinh gdm hai nira phan

trng 1a phan (rng khtr va phan trng oxy hoa. Chang han:

Qua trinh kht:

Ox1 + n.e =—Khl
Qua trinh oxy hoa:
Kh2 - n.e =— Ox2

Qua trinh oxy hoa - khtr:

Oxl + Kh2 — Ox2 + Khil

Trong thuc t& phan tich thwéng st dung cac phan

trng oxy hoa khir @& tach va dé nhan ra cac ion. Viéc tinh
todn can bang oxy hoa khtr sé& giup Iwa chon dé dang cac
diéu kién thwc nghiém. Tuy vay, can chu y khéng phai tat
cd cac qua trinh oxy hoa khi» déu la nhitng qua trinh
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thuan nghich, trong dé cac phan rng thuan va nghich xay
ra vé cung nhanh dé dat t&i trang thai can bang, ma trong
thwe té khoéng it cac trwéng hop cac phan rng oxy hoa
khi¢ theo tinh toan can bang thi c6 khd nang xay ra,
nhwng lai khéng xay ra trong thyc té. Trong nhirng trwdng
hop nhw vay, can st dung cac yéu td lam tang tbc do
phan (rng nhu tang nhiét d6, dung chat xuc tac...

Cac phan wng oxy hoa khi&r dung trong phan tich
thwong la nhirng phan &ng xay ra trong dung dich va do
do phan &ng gira cac chéat dién ly oxy hoa khir ciing 1a
cac phan rng ion
8.1.1.3. Phwong phap can bang phan rng oxy hoa
khtr

(Phwong phap ion - electron)

Phwong phap nay dwa trén sy can bang khéi lwong
va can bang dién tich gitra cac cau t& tham gia phan &ng
& trang thai ton tai thuc té trong dung dich, ma khong tinh
theo s oxy hoa. Thuc hién cac buwédc sau dé can bang:

1.  Xac dinh chat khir va chat oxy hoa
2. Viét cac qua trinh oxy hoa va qua trinh khir:

—  Céc chét viét & dang ion trong dung dich (chét
khong tan - chét khi, chat ran, gilr nguyén dang
phan tdr)

—  Canbang nguyén té & 2 vé: thiéu n. H" & vé nao
thi thém n. H* vao vé do, con thiéu n. OH & vé
trai trong phan (rng c6 mai tredng acid, thi thém
n. H,O vao vé phai, nhwng c6 méi trwdng baz
thi thém n. OH" vao vé phai.
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—  Can bang dién tich 2 vé: can thém [n. (3-)] thi
thém [+ n. €], con thém [n.(3+)] thi bot [- n.e]

—  Can bang hé sb cho va nhan electron

— Céng vé theo vé dé dwoc qua trinh oxy hoa
Khop.

3. Dién cac hé sb vira tim dwoc trong qua trinh oxy hoa
khir trén vao phwong trinh phan &ng ban dau.

4. Kiém tra lai phwong trinh phan &ng da can béng,
dung sé lwong nguyén td oxy & 2 vé dé kiém tra lai
viéc can bang phan &ng.

Vi du:

Can bang phwong trinh phan rng sau:
KoCr0; + FeSO+ HySOs —> Fey(SOu)s + Cra(SOs)s + Hs0
Giai:
(Céac s6 dau hang sau la cac sb biéu thj cac buwdc)
1. Chétkhrla Fe®* va chat oxy hoa la Cr,0,*
2. Qua trinh oxy hoa:
2 Fe** -2e »>2Fe* (x3)

Qua trinh khty:
Cr,0/~ + 14 H*+6 e—> 2 Cr¥* + 7H,0 (x1)

Qua trinh oxy hoa kht:
3Fe™ +Cr,0; + 14H" - 3Fe* + 2Cr* + 7H,0
3. KyCr,0;+ 6FeSO,4 +7H,S0O,4 —

3Fey(S0,); + Cry(S0,); + K,SO,+7H,0

4. Kiém tra thdy lwong oxy 2 vé bang nhau, chirng té

can bang da dung.

280



8.1.1.4. Diéu kién cta phan trng oxy hoa khtv
1. Van tbc cha phan (rng oxy hoa khir phu thudc vao
cac yéu tb sau:

— Nhiét dé: khi tang nhiét d6 1én thi phan rng oxy
hoa khtr tang theo

—  Néng dé: Cé nhirng trwérng hop khi tang nhiét
dod lam cac chét trong phan tng bay hoi, lam
giam ndng dd, do doé phai tang ndng dé cac chat
phan (rng dé tbc dd tang theo.

—  Chét xuc tac: chat xuc tac thweng dwoc dung dé
la giam nang lwgng hoat hoa cua hé, giup cho
phan rng xay ra nhanh hon

2. Phan &ng lién hop: la phan ng xay ra song song
trong cung moét dung dich cung mét diéu kién, lam
cho phan &ng xay ra nhanh hon

3. Co ché phan tng: c6 hai dang thudng gap

—  Co ché cia phan rng xay ra dwgc nh® cau
electron

Vi du phan tng gitra Fe** véi Sn**  trong dung dich

mudi dién ra theo 2 giai doan:

Fe3+ + Sn2+: Sn3++ Fe2+
Fe3+ + Sn3+: Fe2+ + Sn4+

Sw van chuyén electron t¥ Sn** dén Fe* duwoc

thwe hién nhé ion CI” trong dung dich mubi, ion nay déng

vai tro 1a cau truyén electron

—  Co ché phan &ng xay ra nh& chét xuc tac 1a
chinh cac ion kim loai khac. Cac ion kim loai nay
sé twong tac vo@i cac ion oxy hoa thanh moét
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dang oxy hoa, sau dé dang oxy hoa cua ion kim
loai nay tac dung tiép vai ion chat khiy, va tré vé
lai trang thai ion ban dau.

Vi du: Phan &ng gitta Cr** véi K,S,0g trong moi
trudng c6 ion Ag®  theo so d6

Ag" + S,0s% — Ag’ réiAgt + Cr* > Ag'

—  Co ché phan &ng gitra cac ion phi kim

Vidu: Phan ng gitra |, va S,05%:

l, + S,05° — -S,05% +1
S,05% +1-S,05% = 2S,0% + I
8.1.2. Thé dién cwc — Chiéu phan trng
8.1.2.1. Thé dién cwc

Kha nang oxy héa khir cla cac chét phan anh qua
kha nang nhan hoac cho electron cua chung, duwgc danh
gia bang dai lwong thé dién cuc.

Theo quy wéc da dwoc chap nhan tai hdi nghi qudc
té 1an th&r 17 tai StockHomn ndm 1953 (IUPAC) vé hoa
trng dung va hoa thuan tuy thi thé dién cwc dwoc do bdi
strc dién ddng cla pin tao bdi dién cwe hydro tiéu chuan
dat & bén trai va dién cwc can xac dinh dat & bén phai.
Khi dé gia tri strc dién ddng cua mot pin sé béng hiéu gitra
thé dién cwc phai vai thé dién cyce trai: E = E, - E..
8.1.2.2. Chiéu phan trng

Trong phan &ng oxy hoéa khr luén cé hai qua trinh
oxy héa va qua trinh khtr, thi twong &rng c6 2 thé dién cuc
cho 2 cap cua 2 qua trinh nay

Chéang han, trong phan (rng gi*a Zn vao dung dich
HCI c6 2 qua trinh oxy hdéa khir (rng v&i 2 thé dién cuc la

H, - 2e =2 H" c¢06 thé dién cwc dwoc quy woc la
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E? = 0 (volt)

2H*/H,

Zn** + 2e == Zn c6 thé dién cwc dwoc quy woc la
E).. . =-0,76v

DAu cua thé dién cwc ciing chinh |a diu cla strc dién
dong cua pin. Néu dién cuwc phai dwong hon so véi dién
cwc hydro thi strc dién dong clha pin cé diu dwng, va
nguwoc lai. Mét cach tbng quat thé dién cuwc cang duong
thi dang oxy hda cla hé dién cwc lién quan sé cang manh
hon nhiéu so vé&i ion H* va dang khir twong trng cang yéu
hon nhiéu so v&i hydro trén platin, nguoc lai thé dién cuc
cang am thi dang khi cua hé dién cwc twong ng cang
manh va dang oxy héa twong &ng cang yéu. phan trng sé
xadyra dé dang hon vé&i cac cdp oxy héa khir déu manh,
nghia la phan &rng xayra thuan lgi gilra dang oxy héa cua
cap cé thé dién cwc cang dwong véi dang khir clia cép co
thé dién cwc cang am.

Chang han, phan tng gitta Fe®* v&i Sn*" 1a khong
thé xay ra vi E° = 0,77vva E° =0,15 v, c6 nghia

Fe / Fe?* Sn** /sn?
la dang oxy hoa ciia Fe** manh hon Sn** va dang khtr cuia
Sn** lai manh hon Fe?*, nén chi cé thé xay ra phan (rng
gitra Fe** v&i Sn** ma thoi (chtr khong cé phan (rng xay ra
gitra Fe*" v&i Sn*")

DPé xac dinh chiéu phan ng vé& mat dinh lwong, can
phai tinh toan dwa vao nang lwong GIBBS: AG =-n. F.
AE

Trong do:

n 1a s electron trao déi trong phan &ng oxy hoa khtr
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F 14 hang s6 Faraday: F = 965000 Coulomb

AE 1a thé dién cwc ctia phan (rng

Néu AE > 0 & AG < 0: phan (rng xay ra theo chiéu
thuan dé dang

Néu AE = 0 & AG = 0: phan &ng dat trang thai can
bang déng

Néu AE < 0 < AG > 0: phan ng khéng xay ra hay
xay ra theo chiéu nghich
Nhw vay phan trng oxy hoa khr chi xay ra khi c6 AE <0
Phwong trinh Nernst

Trong trwéng hop tbng quat:

aOx+mH" + ne = b Kh+ pH,0 (& 25 °C)

Phwong trinh Nerst c6 dang:
RT | (O0"(H)"
n.F (Kh)®
Néu (Ox1) = (Kh1) thi E = E°
Thay cac gia tri cia R, T, F, thi & 25 °C:
0,059 9 (0x)"(H*)™

n (Kh)®
Trong trwdng hop chdp nhan f(Ox) / f(Kh) = 1, thi:
0,059 g [OX]"[H*]"
n [Kh]°

(ttr day chap nhan viéc xét cac hé phan &ng oxy hoa
kher déu & 25°C)

Vi du: Viét phwong trinh Nerst cho hé:

oxl+ n.e = Khl
Phwong trinh Nerst cho:

E=E°+

E=E°+

E=E"+

284



0, 0,059 | (ox1)

E=E . (3.1)
n (Kh)
Biéu dién qua néng d :
E=E0+ 0,059 Ig [ox1] + 0,059 | f (oxd) (3.2)

n ~° [Khi] n - f(Khl)
Phuong trinh (3.2) cho thay thé dién cwc khéng
nhirng phu thudc vao ndng dd cac chat ma con phu thudc
vao lyc ion cua dung dich
Trong trwdng hop chap nhan f(ox1) / f(Kh1) = 1, thi:
0,059_ Ig [ox1]
n [Kh1]
Vi du: Viét phwong trinh Nernst cho phan (rng:
PbO,+4H"+2e=— Pb**+2H,0
Ta cé phwong trinh Nernst la:
E= Egboz/sz* + 0,0259'| Esbl)f)
Trong trwdng hop chdp nhan f(Ox)/ f(Kh) = 1, thi:
+14
E= EgbOZ/PbZ* + 0,2159' | {sbi]
8.1.3. Cac yéu té anh hwéng dén chiéu phan rng
Phan &ng oxy hoa khir xay ra cé sy tac dong cla rat
nhiéu yéu t6. Mot sb yéu td quan trong dwoc xem xét &

E=E’+

sau:
8.1.3.1. Anh hwéng caa pH

Cac phan &ng oxy hoa khir xay ra do sw trao déi cac
electron gitra cac chat, nén chung phai dwoc di chuyén
trong nhirng khéng gian nhéat dinh, d6 phai 1a dung méi
hay ndi rébng hon la trong nhirng méi tred'ng thich hop. Vi

285



vay da sb cac phan (rng oxy hoa khir déu dworc tién hanh
trong nhirng maéi trwedng hoac acid hoac baz hoac trung
tinh. Do dé [H'] s& anh hwéng rat I&n dén chiéu ciia phan
wng.

Vi du: Viét phwong trinh Nernst cho

Cr,0;7+14H" + 6e= 2Cr*" + 7H,0O
i E = Ecorzof,w 4 0059 (Cr,0,%) . 0,059
6 (Cr¥)? 6

8.1.3.2. Anh hwéng cua chét it tan

Trong mét sb trwdng hop su tao thanh cac hop chét

Ig (H+ )14

it tan giCra mot trong cac dang oxy hoa - khir sé lam giam
néng dd cha nd xubng va do dé lam thay dbi thé dién cuc
cla hé, dan dén |am thay dbi chiéu phan &ng

Vi du: Xét chiéu phan wng gilra Ag véi dung dich
HNO;

Trwdng hop: trong dung dich khdéng c6 ion CI” thi kha
nang phan wng oxy hoa khtr gitra kim loai Ag v&i HNO; la
hoan toan cé thé thuc hién dwoc theo chiéu:

Ag + 2HNO3z; - AgNO3z+ NO; + H,0O

Trwerng hop: Trong dung dich c6 ion CI, thi s& xuét
hién két tha AgCl va twong (rng trong hé cé nra phan rng
oxy hoa khir méi:

AgCI ¥ +e=—= Ag" + CI Ef o/ ng-

Ef /- S€ duroc tinh theo t6 hop sau:

AgCl{ = Ag' + CI T(AgCl) = 1,78.10™"°
Ag+ +te= Ag Kl — 1OE1°/0,059

Thi nlra phan rng co:
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Ko,=T.Ky = 10%/°% — E? = E? + 0,059 IgT

= E)  p = 0,799 + 0,05915.(-9,75) = 0,222v
Nhu thé: EigCl/Ag* =0,222 < Ef\g+,Ag =0,799v

Vay su tao thanh két tia AgCl da lam gidam héan tinh
oxy hoa cla ion Ag”, hay néi cach khac sw c6 mat ion CI°
da tao ra két tia AgCl lam phan (rng oxy hoa khir gitra Ag
v&i HNO; bj cham han lai.
8.1.3.3. Anh hwéng cua chét tao phirc

Trong nhiéu trwdng hop phan ng oxy hoa khir xay
ra trong dung dich cé chra cac chét tao phirc v&i cac
dang oxy héa va khir. Sw tao phirc 1a yéu td quan trong
lam thay déi thé dién cwc va do dé lam thay dbi chiéu
phan ng. Théng thwdng dang oxy hdéa cé kha nang tao
phirc manh hon dang kh, do dé sy tao phlrc sé lam
gidm néng do cha dang oxy héa nhiéu hon ndéng dd cla
dang khir va thé dién cwc khi c6 chét tao phirc thwong
giam xudng.

Vi du: Xét chiéu phan tng gitra Fe** v&i Sn?* trong
mai trwong c6 dw EDTA

Khi c6 dw EDTA thi Fe®** va Fe?* ton tai duwéi dang
phtrc bén FeY (cé hang sb bén B, = 10 2> ) va FeY # (c6
hang sb bén B, = 10 *3).

FeY" — Fe* + Y* B,
Fe* + e = Fe™ Ky = 105700
Fe?* + Y¥ — FeY? B,

Phuwong trinh ntra phan (rng oxy hoa khir (tao phirc)
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FeY + e = FeY” Ks = Kby = ggesrooss

1

Nén: E’= E°+ 0,059 Ig %

1

o B =E°, . +0,059 Ig f; 0,133v

FeY™ /FeY?" Fe®* / Fe?*
1

Phwong trinh nay cho thay thé dién cuc twong rng
v&i nlra phan rng khdng phu thudc ndng dd cac dang ma
chi phu thuéc ty sé logarit hang sé bén cla cac phirc FeY
va FeY #. Mat khac, gia tri E° tinh dwoc thdp hon rat
nhiéu so v&i gia tri thé dién cwc tiéu chuan clta cap Fe** /
Fe* . Nhw vay sy tao phuc véi EDTA da lam tang tinh
khr clia Fe?* , va do d6 lam gidm kha nang phan &ng cla
Fe** xudng rat nhiéu, nén phan t&ng gitra Fe*" v&i Sn** co
thé khéng xay ra.
8.1.3.4. Anh hwéng cua lwc ion

Khi Iwc ion thay dbi thi hé sb hoat d6 cua cac dang
oxy héa va khir ciing thay dbéi theo. B&i vi dién tich cla
cac dang oxy hda - khir bao gi& cling khac nhau nén s
thay dbi hé sb hoat dd cuia chung theo lwc ion cling khac
nhau.

Déi v&i ntra phan ng: A“ + ne =—= A¥"* thithé
dién cyc co dang:

RT [A“"] . RT f (A*")

E=E’+ ——.In .
nF  [A®¥"] nF f(A®")

(3.5)

Nguwoi ta da chirng minh dwoc rang:

g f:;\fzz;): +‘/\/__[n(n 271 (36)
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Vi n chi ¢6 thé co gia tri I&n nhat 14 Z nén n < 2Z va
sb6 hang thir 3 trong (3.5) phadi am, nghia la thé dién cuc
khi k& dén luc ion thi gidm xudng so v&i khi bd qua anh
hwéng lwc ion va lwc ion p cang tang thi thé dién cuc
cang gim.

Déi v&i nlra phan rng: AX* + ne — AX“"

(14 trwdng hop dang oxy héa la anion, chang han
FeY’, [Fe(CN)g ]*".. thi dién tich |1a z- va dang kht 1a (z +
n)- ), thi thé dién cuc viét lai la:

RT | [AX*] +RT f (AX?)

E=E"+ —. :
n.F [AX®™]  nF f (AX#™7)

(3.5a)

Va da chirng minh dworc rang:

f(AX®) _ au

fAXE™Y 14 fu

Vi du: Tinh thé oxy héa khtr clia cap Fe®*'/ Fe?* trong
dung dich HCI 0,1N
Phwong trinh:

Fe¥* + e =— Fe? E°=0,77v
Thi thé dién cuc la:

[n(n + 22)] (3.6a)

0 3+ 3+
E = Eresre +0,059. Ig IF¢ 110,050, 1g T(F€ )
[Fe ] f(Fe™)
3+
Véiz=3n=1:1g 1€ )= 0036
f(Fe™)

Vay E=0,77 - 0,036 =0,764v
8.1.4. Méi lién hé giitra hang sé can bang dén thé dién
cwc

Xuét phat tir biéu thirc bién thién nang lwong tw do
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tiéu chuan déi vai phan rng xayra trong pin thuan nghich:
AG? = - n. F. AE?, va biéu thirc lién hé gilra bién thién
nang lwong tw do tiéu chuan va hang sb can bang:
AG® =-RTInK
1

Taco lgK= = " AE® (v&i AE® = EO - EC
g 23 RT ( p - Er)

n(ES - EY)

o K= lOn(ES—E?)/o,osg
0,059

<lgK=

Tbng quét v&i nira phan &ng:

Ox1 +ne = Kh1 cé hadng sb can bang la

K1 — 1OnE1°/0,059

Kh2 - n e == Ox2 c6 hang sb can bang la

K2 — 10—n.E2/0,059

Vi du: Tinh hang s6 can bang cua phan (rng oxy hoa
kh&r Fe?* bang Cr,0-%, biét rang: E ot 2 = = E? =1,36v

0
va Erere = E0 = 0,77v

Cac ntra phan ng:

Cr,0,”+14H" + 6e=—= 2Cr*" + TH,0  K; = 10°%/%*

Fe’ + e — Fe?* (K, 1-)6 — (1O—E§/o,059 )6
Cr,0/7+14H" + 6Fe® — 2Cr* + 6 Fe** + 7H,0
K=Ky K;®

Véy K - 106(1,36—0,77)/0,059: 10-10 )
8.2. Phwong trinh dwéng dinh phan
8.2.1. Thiét l1ap phwong trinh dwdng dinh phan
—  Chét chi thj dwoc dung trong phwong phap nay
tuy thudc vao cac phwong phap chuan do co
ban ma nha phan tich da chon. Chang han,
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phwong phap pemanganat thi dung chét chi thi
la lwong dw KMnQOy,4, phwong phap lod lai dung
chi thi 1a hé tinh bot.

- Db thi biéu dién sy thay dbi thé oxy hoa khir E
cta dung dich dwa theo mirc do thém trng thé
tich dung dich chuan.

- Thiét lap phuong trinh dwong dinh phan oxy
hoa khtr:

Gia str c6 qua trinh oxy hoa khtr xay ra khi chuin d6

chat khir (Kh1) bang chét oxy hoa (Ox2) nhu sau:

Qua trinh oxy hoéa:

Khy—me - 0x, E —£2+2%0Pa g
kh,
Qua trinh khtr  : Ox, + ne —» Kh,
0059 I)x
E =E0 1 2 _ 2
LB S =@

Qua trinh oxy héa khu:
nKh1+mOX2—>nOX1+mKh2
Khi tién hanh chuan do:

0, ]+[0], =[0x ], = - 0)
]+ [0, = [, = 224

Tai diém twong dwong: sb dwong lwong cla cac
chéat trong phan &ng 1a Ox,™ = Kh,"".
Ma:
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P 3Pl 1 ve

m S mV+V
0 3 ’
kndknl 1y, ®).®
n S nV+V,

Do do: (trw (3) voi (4) dwoc)

1[l}[-r:,r,an:g]_[f:;gl]zi e 1 O,
FE H M(F+VD) H(V+FD)

[ox, ] [K}zl]]ﬁf’+ﬁ"u _x e

OV,  m V0,

— M
2 #

Ta dwoc phuwong trinh dwdng dinh phan la:

n[ I)XZ__ I(hl_jv +V0 =F -1
m n CVo

vOoi:
_x i
7 I’EC’D (5)

Truéc xa diém twong duwong: [Ox,] quéa bé nén

(5) & [im ]2 = £ -1(6)

Ma (1):
[gr ]+ [ox, ]= [&2 L, = m

Thay vao (6):
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1
e 7!
1

- [&n

= =1-F
I.K’EE1J+ I.G'le
ITRER
1 — 1 _ [le] F
T =37 R N R e
|Kﬂ21|
Do do:
0059 i
B, =E=8+2"1
u 1 1 - gl—F

Tai diém twong duong:

Ox2 _Kht . Oxl _ Kh2
va

m n

n m
Nén:
or, Jor, ] _,
EENEEN
Mét khac:
SRRl
_ 0, 059 [ox ]
S I I

ox, |
ME o = mE =mE”+o,059.1gl 1
"’ 1 1 [ ,]

nE ZHEQ=HE§+C',059.1g [ﬁz]

2
— (m +”)Em = (m31+HEQ)+O,C'59_1 [lelgxz]

[, L, |
293



Tw 4o suy ra:

Sau xa diém twong dwong: [Kh,] quéa bé, nén:
(5) twong dwong:
Vel
=F-1
o @)

E[Oxz]

Ma: [Kh1] + [Ox1] = V Y (theo 1)

0

Va lwgng chat sau phan tng thi: Khz _ 04
m n

Thay vao (7):
1
[Oxl ]
[Ox2]
[Kh2]

=F-1

%[sz]

=F-1;

0059 1o(p_1

ng véi tirng gia tri thé tich cta chat Oxy hoa dem
chuén vao dung dich Khtv, suy ra gia tri F, tinh dwoc thé E
twong wng.

T d6 vé nén dé thj phu thudc cta E - F

0
B, =B =5+
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8.2.2. Sai s6 trong phép chuan dé Oxy hoa khtr

Pé tinh dwoc sai sb trong phwong phap chuan do

oxy hoa khir, phai tién hanh theo cac thir tw cla cac budc

sau.

Thay gia tri thé dién cwc chuén vao gia tri Etd (
thé tai diém twong dwong)

Tién hanh do thé tai diém khao sat: Edo (thé
cuwe do duoc tai diém xét)

So sanh hai gia tri nay d& xac dinh thoi diém
dang khdo sat la trwéc hay sau diém twong
dwong. T dé6 maéi chon dwoc cdng thire tinh E
thich hop

Tinh sai sb: LAy céng thirc dwoc chon thay F -1
= S, chuyén hoa vé dé dwoc S 1a sai sb chuan
do can tim.

Vi du: V& duweng chuan do hop chat Fe?* bang dung

dich amoni trisunfatoxerat IV ( NH, ), [Cr(SOy)3]

Sau méi lan cho mét lwong dung dich chuin (NH.),

[Cr(SO.)s] vao dung dich Fe**o, do E, va vé dwoc do thi:
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1600

1400

1200

1000

8200

V(mL;

Hinh 8.1. Buéng cong chuén dd oxy hoa khir Fe**
DPiém twong dwong cé
£ = Eroosee *Eomge _ 07714145 1110V
2
Bwdc nhay nam trong khoang pH = 9,8 + 12,2
Vung E ban dau, dung dich c6 mau dé sam, khi qua
vung twong dwong vé diém cudi dung dich chuyén sang
mau xanh lo, la do dung chét chi thi pheroin
Vi du: Tim sai sb phép chuan d6 oxy hoa khir dung
dich Ti** 0,1N bang dung dich Fe®*" 0,5N tai thé do dworc la
Edo = - 0,334V, biét E, (Fe** /Fe?* ) = 0,77V va Eo (Ti**
ITi?*) =-0,37V

Giai
Taco: Ey = L;OB?: 0,2 = E do < Ey < diém
tién hanh chuan d6 dwoc do trwédc diém twong dwong, do
do sai sb6 dwoc tinh theo cong thirc:
0059, F

1
1 gl—F

a
E, =E=E +
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0,059, 5+1
E =g =g +2"71
pu 1 1 - g 5
0059, F
E =fF =g 42777
R
0,059, §+1
F =R =( +2""]
P 1 1 - 24 <
©-0334= -0,37+ 200945+1
1 S
& S=0,325

Vay sai s6 tai thoi diém dwoc xétla S =32,5% (Sai
sb tai diém xét qua lon 1)
8.2.3. Cac yéu té canh hwéng dén dwéng cong chuan
dé

Ciing nhw cac chwong trwéc day, dwdng cong chuan
dd da phu thudc nhiéu vao mét sd cac yéu tdé nhw, hiéu
trng ndng dd chéat phan (rng va d® hoan téan cha phan
tng v.v... Phan nay dé cap dén moét sé anh hwéng cta 3
yéu tb tac dong dén dweng chuan dd oxy hdéa khir
8.2.3.1. Nong d6 chéat phan tng

Trong phan co s& ly thuyét, da xac dinh E clda hé
chuén d6 oxy hoéa khir théng thuwéerng khong phu thude vao
sy pha I6ang. Vi vay dwdng chuadn do cta nhirng phan
ing oxy hoa khir thwérng khéng phu thuéc vao néng do
chat can phan tich va chat phan &ng. Diéu nay hoan toan
trai ngwoc véi nhivng diéu da xay ra véi cac dwdng chuan
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dé khac
8.2.3.2. b6 héan toan cua phan rng

Phan (rng cla mot phép chuin dd oxy hoa khir chi
xdy ra dwoc hoan toan khi sy bién ddi cia hé & vung
diém twong dwong cang lén. Hiéu &ng vé thé dién cuc
nhw da néu trong hinh sau, cho mét chat gia dinh c6 thé
dién cwe chuan 1a 0,2V bang mét sb chéat oxy héa gia dinh
c6 thé dién cuwc chuan tr 0,4 (1,2V va hang s can bang
twong rng ndm trong khdéang 2.10° + 8. 10 R& rang la
sy bién dbi thé I6n nhat ciia hé gan lién véi phan ng xay
ra hdan toan nhat. V& phuwong dién dé, dwéng chuan dd
oxy héa khir twong tw dwdng chuan doé khac.

X (1
1,0 23
(3}

0,8
CY

0,6
=)

0,4

0,2

Hinh 8.2. Hiéu (rng thé dién cuwc cla chét chuén
anh hwéng 1én dé hdoan toan clia phan &rng
(1) Kcbh=8.107"° (2) Kcbh=3.10713
(3) Kch=1.10° (4) Kcb=6.10"°
(5) Kcb=2.1073

8.2.3.3. Téc d6 phan (rng va thé dién cwc
Thé dién cuc clia cac cap déng vai trd chat oxy hoa
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va chat khir sé cho biét phan &ng xay ra c6 hoan toan hay
khéng, dé co6 thé sir dung va dac biét la cho muc dich
phan tich, nhwng thé dién cwc khéng cho mét théng tin
nao vé téc dd dat téi trang thai can bang. Két qua 1a, mot
phdn &ng xét vé mat dién cwc c6 thé xay ra hoan toan
thuan loi nhung két cudc lai khédng dwoc chap nhan theo
quan diém déng hoc. Phan tng oxy hoa khir Asen (lll)
bang Ce (IV) trong dung dich acid H,SO, lo4ng la mét vi
du dién hinh:

HsAsO; + 2Ce® + H,O == HsAsO,+ 2Ce* + 2 H"

Trong dé: Ce* +e—> Ce3+.

E°=+1,3V
H3;AsO, + H® +2e — H3AsO, + H,O
E°=+ 0,56V

Va cé thé suy ra hang sb can bang khdang 10 2.

Nhw vay theo quan diém ly thuyét thi phan ng nay
xdy ra rat dé dang nhwng thuc té khoéng thé thwc hién
dwoc, vi khi chuan As(lll) bang Ce (IV), néu khéng dung
chét xuc tac, thi sau vai gid méi dat téi can bang
8.3. Cac phwong phap chuan dé oxy hoa khir co’ ban
8.3.1. Phwong phap pemangnat ( KMnO,)

La phwong phap dung dung dich KMnO, dw 1am chét
chi thi nhé giot, Iam dung dich chuyén tlr khéng mau sang
mau tim
1. Nguyén tac

Tuy vao méi trwong ma ion MnO, sé& chuyén hoa
thanh ion twong thich. Nhin chung trong dung dich nwéc,
v&i mdi trwdong acid MnO, sé thanh Mn2" : v&i moi
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trwdng trung tinh MnO4  sé thanh MnO, ; va v&i mbi
trwdng baz MnO, sé thanh MnO,~.
Chuéan dé trong méi trwérng acid
MnO, +8H" +5e = Mn* + 4 H,0

Phan &ng phai dwoc tién hanh & nhiét dd va néng
dé [H'] xac dinh

DPbi v&i chat oxy hda nhanh nhw H,C,0, thi ¢6 thé
dung phwong phap trwc tiép nhwng véi chéat oxy hoa
cham thi dung phwong phap chuan dé ngwoc dong bang
lwong dw KMnO,, sau d6 dung chét chuin dé chuan do lai
lwong KMnO,4 dw.
Chuan dd trong méi trwong baz

MnO, + e = MnO,% Ef/mo*/Mnoz’

§ L [MnO,"]

Thi: EMno4'/MnO42‘ - EMnO{/MnQ;z’ * 0’059 |g m
4

Khi thém Ba(NOs), sé& tao dwoc két tia mau den
xanh
MnO,% + 2e + H,0 == MnO,J+ +40H"~ E°

MnQO,*” / MnO,

2,
Thiz By e = Elvos e, o2 g -0 ]
MAOZ /MO, | MnOZ /MO, 9 [MnO,].[OH ]

2. Ky thuat phan tich
Pha ché dung dich chudn KMnO,
Pha ché 1 L dung dich chudn KMnO, 0,05N trong
mai trwo'ng acid
- Can khoéang 1,6g KMnQO,4, pha thanh 1 L vé&i
nwéc cat trong binh nau day kin, d& trong chd
tdi sau 24 h mang ra chudn do dé xac dinh
chinh xac néng do
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- Hat 10mL H,C,0, 0,05N vao binh nébn + 5mL
H,SO,4 2N, dun néng 80-90°C trong 3 phut, lac
déu. Lam 3 méau trong 3 binh nén 250mL trong
binh nén 250mL.

- Chuadn bang dung dich KMnO, dén khi dung
dich ¢ mau hdng nhat

- T thé tich do dwoc & 3 mau, tinh nbng dd dung

dich KMnO,
Tinh toan:
Tw thé tich do 3 1an l4y gia tri trung binh 1a V
Néng dé dung dich KMnO, la: Cy = 10-\(/"05

Pha ché 1 L dung dich chudn KMnO4 0,05M trong
mdi trwdng baz
Ta dung cach tinh:

Puong lvong KMnO,4 trong acid la %

Puong lvong KMnO,4 trong baz la %

Nén &: M: M
D, 5 3
C6 nghia la 1 mL dung dich KMnO, CM trong méi

trwdng acid twong &ng véi 0,6mL dung dich KMnO, CV

:E:O,G
5

trong mai trwdng baz.
8.3.2. Phwong phap lod (I,)
1. Nguyén tac
Dung iod héa nhitng chat khir nhw S,05* , S, CN’
, SCN' ... vi thé oxy hoéa khir cla iod E° _ = + 0,5345V

1, 121°
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l&n hon thé cla céac ion nay. Dung dich lod trong Kl dwoc
lam dung dich chuén
2. Phan loai: c6 4 phwong phap

Phuwong phap chudn do truc tiép: dung dé
chuén dd cac chat dé bj oxy hoa, tirc nhirng ion
c6 thé dién cwe nhd hon thé cuda ion iod

Phuwong phap chuan dé dw: dung dé& chuan do
cac chét khé bi oxy héa co thé dién cuc gan voi
thé cua lod, bang cach dung mét lwong dw dung
dich chuan lod, sau d6 dinh lwong lai lwong lod
con thira bang dung dich chuan Na,S,0;
Phuwong phap chuin do gian tiép: dung dé
chuan d0 cac chat co thé dién cwe I&n hon thé
cua lod, E > 0,5345(V), ttrc kho bi oxy héa, béng
cach dung Kl hoac Nal tao phan wng, sau do
chuidn dé lwong lod sinh ra bang dung dich
chuan Na,S,0; (lwong Kl hoac Nal dung phai
thira nhwng khéng can chinh xac)

Phwong phap thé: 1a phwong phap dung chat
oxy hoa thich hop dé oxy héa lod dén dang 10,
sau d6 dudi hét cac chat oxy héa dw va chuan
d6 lai bang dung dich Na,S,04

3. Ky thuat phan tich
Pha 250mL dung dich chuan |, 0,1M

Nguyén tac: Pha lod c6 néng dé I&n hon 0,1M trong
dung dich Ki, roi sau do dung dung dich Na,S,03 chuan

lai.

Ky thuat pha:
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lAc va trdn déu cho idt tan, néu idt chwa tan hét
thi thém mét it KI, sau dé chuyén vao binh dinh
murc 250mL, dung nwéc cat dinh mire téi vach,
chuyén vao binh chira mau nau cé nat nham dé
str dung.

Dung pipet lay chinh xac 5mL Na,S,05 0,05N +
5mL dém acétat + 5 giot hd tinh bot 1%, lac
déu, lam thanh 3 mau trong 3 binh nén 250mL.
Chuén d6 dung dich thu dwoc bang dung dich I,
mé&i pha dén khi xut hién mau vang nau (co
anh xanh bén)

Tl thé tich chuan dd |, do dwoc & 3 mau, tinh
néng d6 dung dich I,

Tinh toan:

Tw thé tich chuan d6 |, do cho 3 mau tinh ra
lwongVib =V
5.0,05
= (N
o)
Néng dd tinh dwoc Ién hon ndng dd can pha
(5.0,05

250mL dung dich I, & binh dinh m&c sé la:
50(2V - 5) mL

Néng dd dung dich I, |a:

> 0,1), thi lwgng nwdc can thém vao

8.3.3. Chuan dé hén hop

V&i hén hop cé hai chat oxy héa hay hai chat khir,

thi dwong cong chudn d6 sé& cé hai diém ubdn, néu thé
chuén cla hai chat can phan tich khac nhau du I&n. Néu
s khac biét do 1én hon 0,2V thi hai diém udn thwong
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dwoc phan biét rd rang dé xac dinh riéng tirng hop phan.
Tinh hudng d6 hoan toan gidbng phép chuan dd hai acid c6
hang sé phan ly khac nhau du Ién hodc phép chuan hai
ion tao két ta cé do tan khac nhau dud Ion

Ngoai ra mét sb it hé oxy hoa khir cé tinh chét twong
tw nhw hé da acid,

VO?* + 2H" +e = V¥ + H,0 E° =+ 0,369V
V(OH)," + 2H" +e =—=VO?%* +3H,0 E° =+ 1,00V

Puwong chuin dd V3* bang chat oxy héamanh, nhw
KMnO,, ¢6 hai diém ubn, diém udn twong &ng véi sy oxy
héa V** dén VO** va diém udn twong &ng v&i sw oxy hoa
tr VO** dén V(OH)*

Phan tich chi tiét nguén gbc ctia dwéong chuadn do
cho trng chat riéng biét trong hédn hop cha nhirng chét
phan &ng loai nay khéng cé gi khé khan néu sw khac biét
vé thé chuan du Ién. Vi du phép chuan dung dich chira
ion Fe?* va Ti** bang KMnOy:

TiO *+ 2H" +e=— Ti* + H,0 E° = + 0,099V
Fe* +e =—Fe? E° =+0,77V

Nhirng phan (rng thém KMnO, dau tién dwoc dung
cho ion Ti** vi dé& dang bi oxy héa hon. Cho dén khi néng
dd cta chat nay con 1&n trong dung dich, thé cha hé
khong thé di cao hon dé 1am bién déi ndng dd ion Fe?*.
Nhw vay 13, cé thé thu dwoc nhivng diém tao nén phan
thtr nhat clia dwdng chudn dd bang cach thay thé nhivng
néng dd hop thire cta ion Ti** va Ti** vao phwong trinh:

E =+0,099 + 0,059 Ig MO LT
[Ti*]

DPoan dau clia dwdng chuan do Ti** bang KMnO, la
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ddng nhat. Sau diém twong dwong th® nhat, néng d6 ca
hai ion Fe** va Fe®*" déu Ién nén co thé c6 cac diém trén
dwong chuan do mét cach thuan lgi nhat theo hé thirc:
[Fe™]

[Fe*]

Khép c& vung tai diém twong dwong va ca ving sau
diém twong dwong th& hai, dwdng chuan dé thuc chét 1a
ddng nhat v&i dwéng chuan do ion Fe®* rieng biét. Nhirng
phép tinh nhw vay khéng tinh dwoc thé & diém twong
duwong thir nhat. C6é mét cach thuan tién dé tinh gia tri d6
la cdng cac phuong trinh Nernst biéu dién thé cta Fe®*
va Ti*". Vi thé dién cuc cla hai hé bang nhau & diém can
bang nén ta co thé viét:

E=E® + 0,059 Ig

HaYas +72 3+
E=+0,099+ 0,77 + 0,059 IO _1.H I".[Fe”]
[-|-|3+].[Fez+]

Cac ion Fe®" va Ti** t6n tai & lwong nhd va bang
nhau do két qua cutia can bang:

2H* + TiO,** + Fe** = Fe*® + Ti* +H,0

Nén
087, 0,059, [TiO*].[H"]’

2 2 [Fe*]

Cubi cling néu TiO,** va Fe? dwoc gia st co ndng

dd déng nhat thi co6 thé tinh dwoc thé twong duwong.

[Fe3*1=[Ti** ] E=
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1,6
1.4
1,2
1,0
0,6
0,6
04
0,2

0 10 20 30 40 50 60 70 80 90 100 (Ve dd KMnO, 0,051

Hinh 8.3. Buéng chuan hén hop Fe* va Ti**

8.3.4. Chét chi thi oxy héa khty

C6 hai loai chat chi thi dwoc dung dé phat hién diém
cudi ctia nhirng phép chuan dé oxy héa khir: nhitng chéat
chi thi théng thwdng va nhirng chi thi oxy hoéa khir dac biét
8.3.4.1. Nhirng chi thi thong thwéng

Pay 1a nhirtng chat chuyén mau khi bi oxy héa khr.
Khac véi cac chat chi thi dic biét cd mau bién dbi phu
thudc nhiéu vao ban chat héa hoc ciia chat phan tich va
chéat chuan, sy chuyén mau cla cac chat chi thi that sw
oxy héa khtr phu thudc vao sy bién dbi thé dién cuc cla
hé xuat hién do sw tién trién ctia phép chuan do

C6 thé viét nlra phan &ng twong trng véi sw chuyén
mau cla moét chat chi thi oxy hoa khir théng thwdng nhw
sau:

In(ox) + ne = In(Kh), thi: E = E® + 0,059 g Lo,

2 [Ny, ]
Mat nguwdi chi that sy quan sat dwoc sy bién dbi

UNod < 40 chuy@n thanh Uled < 1
[InKh] [InKh] 10

mau khi
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C6 thé tim thay sw bién dbi thé can thiét dé tao nén
sw chuyén mau hoan tdan cla chat chi thj théng thuwong
dién hinh bang cach thay thé hai gia tri trén vao phwong
0,059

n

trinh: E = E® +

Nhw vay mét chat chi thj thdng thwdng chi co thé
biéu 16 khd nang phat hién sy chuyén thé cia minh khi
chéat chuan do gay nén sw chuyén dich thé cia hé tv E,

0059 s po _ 0,059

n n

nhiéu chat chi thi n = 2 va sw chuyén dich 0,059V la du.
Bang 8.1. C4c chét chi thi oxy héa khiy

+

hodc khoang (0,118/n)V. Véi

Mau <
Thé a
Ko b ens Dang ; | Dieu
Chat chi thi Dang | chuyé o
oxy . ] kién
; khuw n dich
hoa
Fe(ll)-5-nitro-1,10- Xanh . H,SO4
) botim | +1,25
phenantrolin nhat 1M
Acid .
. . ., Khong H.SO,4
diphenylamindicacb | Xanh tim . +1,12
. mau 7 - 10M
oxilic
Fe(ll)-1,10- Xanh ] H.SO,
_ do +1,11
phenantrolin nhat 1M
Fe(ll)-5-
Xanh R H,SO,
metyl,1,10- do + 1,02
_ nhat 1M
phenantrolin
_ _ Xanh vang H,SO,
Eriglancin R + 0,98
do luc 0,5M

307



Acid Diphenyl . Khong Acid
. . do tim . +0,85 | _
aminsunfonic mau [6ang
_ _ Tim Khong Acid

Diphenylamin . . +0,76 |
vang mau [6ang
o . . Acid
p-Etoxicrisidin vang do +0,76 |
[6ang
Khong Acid
Metyl xanh Xanh R +0,53 | _
mau I6ang
Indigo Khdéng Acid
Xanh R + 0,36 N
tetrasunfonat mau I6ang
_ ) Khdéng Acid
Phenosafranin do . + 0,28
mau lang

8.3.4.2. Dung dich Hé tinh bét

Mot chi thj dac biét dwoc biét dén nhiéu nhat 1a hd
tinh bét. Chi thi nay tao phirc xanh tham v&i lodua. Phirc
nay cho tin hiéu vé diém cudi cia phép chuin doé nho
phan (rng |am xuét hién hodc bién mét lod.

H tinh bot tao thanh mot phtrc mau xanh da troi véi
lodua, nén dwoc st dung rong rai lam chét chi thi d&c biét
trong cac phan (rng oxy héa khr sinh ra lod do mét chat
oxy hda hoac sinh ra lodua do mét chat kher. Vi vay, mot
dung dich hd tinh bdt chira mot lwong nhd ion trilodua
ho&c lodua ciling c6 thé lam chirc ndng clia moét chat chi
thi oxy héa khir thuc sw. Khi dw chat oxy hoa, ty sb néng
do lod trén lodua cao lam cho dung dich cé mau xanh. Khi
dw chét khtr, nébng dd ion lodua chiém wu thé nén mau
xanh bién mét. Nhw vay, hé chi thj bién déi tr khdng mau

308




dén xanh trong phép chuan dé nhiéu chat khir bang cac
chéat oxy hdéa. Sw chuyén mau nay hoan toan déc lap voi
thanh phan héa hoc cta cac chat phan rng chi phu thudc
vao thé cda hé tai diém twong dwong.

Mot chi thi dac biét khac cling dwoc dung la KSCN.
C6 thé s dung chat chi thi nay dé chudn Fe®*" bang
Tin(SO4);3 . Diém cudi ctia phép chudn d6 dwoc phat hién
la sw bién mat phirc mau dd cua séat(ll) tioxianat do ndéng
do Fe*' bj giam tai diém twong dwong
8.4. Cach chuan dd oxy hoa khtr
8.4.1. Pinh lwong Fe*'
Nguyén tac: gdm ba buédc nhw sau

Bwdc 1: Tién hanh khir truéc Fe®* — Fe®* bang
SnCl,

2FeCl, + SnCl, = 2FeCl, + SnCl,
— —
) . 0
mau vang trong HCI gan nhy khong mau
do tao phiic FeCl ;-

Diéu kién: Bun néng t&i 60° — 70°C, chi dwoc phép
dw rat it SnCl,:
Bwéc 2: Loai bd lwong dw SnCl, bang dung dich
HgCl,
SnCl, + 2HgCl, = Hg,Cl,+  + SnCl,
T

mau triing ddi lua
Diéu kién: Pha loang dung dich d& ngudi, cho ngay
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toan bdé dung dich HgCl, 1&c manh. Nhw vay sé& tranh
dwoc phan rng tao két tia den.
SnCl, + HgCl, = E%:i + SnCl,
mau den xuét hién khi cho SnCl, qué dw

Bwdc 3: Chudn dd bang dung dich KMnO, dén khi

xuét hién mau héng nhat bén virng.

Phan rng chuan dé:

5Fe?* + MnO; + 8H = Mn® + 3Fe* + 4H,0
Diéu kién: C6 méat hdn hop bdo vé Zymmerman.
Ky thuat phan tich

- HGt 10mL mau + 5mL H,SO, 6N, l3c déu va dun
s0i dung dich & 60-70°C

- Nhd tirng giot SnCl, 10% cho dén khi dung dich
mat mau vang

- Khi dung dich da chuyén mau thi nhé thém 2
giot ni*a va lam ngudi dung dich bang cach pha
lodng dung dich bang nwéc cat dén tdng thé tich
100mL.

- Cho 5mL HgCl, 5% vao, dung dich c6 két tua
van lua trdng (néu co6 két tda trang bdng,hodc
xam den phai lam lai tv dau). Thém 10mL hén
hop Zymmerman.

- Chuan bang dung dich KMnO, 0,05N t&i dung
dich c6 mau héng nhat bén. Ghi thé tich KMnO,
da chuén, tir d6 tinh ham lvong (mg/ L) Fe** ¢6
trong dung dich.
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Giai thich

Khi xac dinh Fe**, & giai doan cho SnCl, vao, néu
thay két tia xam den thi phai hit mau khac lam lai to dau
Vi:

SnCl, + HgCl, = Hg% gen + SNCl,

Két tia xam den & Hg° I do sw kht tiép Calomen
thanh thuy ngan kim loai (mau den xuét hién khi cho SnCl,
qua duv ). Hg & dang phan tan phan &rng manh véi KMnO,
gay sai sb, anh hwdng dén thé tich pemanganat chuan
do.

Cho du 2 giot SnCl, khi dung dich m4t mau vang dé
phan &ng v&i lwong HgCl, cho vao tao két tha van lya
trdng

SnCl, + 2HgCl, = SnCl, + Hg.Cl, 4 (két tia van lua tréng)

Mau vang la mau cta Fe**, dung dich mat mau vang
chirng té Fe** da dwoc khir hoan toan thanh Fe®".

Vai trdo cla hdn hop bao vé Zymmerman: Vi ion
clorua can tré sy xac dinh Fe?" do sy oxi hoa cla ion CI
bang pemanganat khi cé mat ion Fe?*, khi d6 mét thé tich
KMnOy, bi tiéu tbn dé oxi hoa ion CI tao thanh Clo ty do sé
lam sai l&ch két qua chuan dd. Do d6, khi trong dung dich
dinh phan c6 mat ion CI" nguwoi ta thwdng thém vao hén
hop thubc thir bdo vé& Zymmerman.Thanh phan thubc thi
bao gébm c6 MnSO,, H,SO, va HsPO.,.

Y nghfa ctia hdn hop bado vé: Khi cé mat ion Mn?* sw
oxi hoa phu ctia cac ion CI” khdong xay ra vi ion Mn?* bj oxi
hoa nhanh hon ion CI” tao thanh ion Mn®*" 1a chéit oxi hoa
manh, chat nay c6 kha néng oxi hoa nhanh ion Fe?*.
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Tinh toan
S6 duwong lvong clia Fe** = Sé dwong lwong cla
KMnOy = ().0,05.10 °

3+
— khéi lugng Fe** = 0,05V 10°2, @

=1,4.10" %V (g) = 1,4V (mg)
Nén Ham lwong (mg/ L) Fe** = 1,4V, %: 140.V (mg/ L)
8.4.2. Binh lwong Vitamin C theo phwong phap lod
Nguyén tac
Vitamin C |& mét chat khir, trong mdi trwdng axit
manh phan (rng v&i i6t véi chi thi hd tinh bét, diém twong
dwong nhan dwoc khi dung dich vira c6 mau xanh bén
trong 30 giay.
Vitamin cé céng thirc phan tir la C¢HgOg, trong phan
trng trao ddi 2 dién tr.
Phuwong trinh phan rng xay ra: CgHgOg + I, —
CeHgOg + 2H™ + 2I
Khi chuadn @6 |, vwot qua diém twong dwong cla
phan (rng, thi mét lwong dw rat nhd cla |, s& lam hé tinh
bdt cd trong dung dich s& chuyén sang mau xanh, dé két
thic qua trinh chuan do
Ky thuat phan tich
~  Hat 10mL mu + 10mL nwdc cat +5mL H,SO,
6N + 5giot hd tinh bot 1%, lam thanh 3 mau dé
thi nghiém
~  Chuan d6 bang dung dich I, 0,05N dén khi dung
dich c6 mau xanh
- T thé tich do dwoc & 3 mau, tinh ham lwong
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(g/ L) dung dich Vitamin C
Tinh toéan
Tl thé tich |, do dwoc khi chudn 3 mAu, tinh V tbinh
la Vim.
Sé dwong lwong cia VitaminC = S6 dwong lwong
ctal,=0,05 V.10 3
Khéi lwgng cha Vitamin C ¢c6 trong 10 mL la:

0-3 M (C,H;O,)
2

0,05.V.1 =4,4. 10 %.V(g)

Nén ham lwong Vitamin C: 4,4V. % 10 % =0,44.
\ (mL) (g/L)
8.4.3. Pinh lwong Pb** theo phwong phap Cromat
Nguyén tac
Mau mudi chi dwoc chuyén thanh dung dich, két tda
chi bang dung dich bicromat trong méi trwong axit acetic
c6 dung dich dém acetat 6n dinh & pH = 5-6. Loc két tia
chi cromat, rira sach két tia hét ion cromat, hoa tan két
ta trén gidy loc bang HCI néng sinh ra mét lwong
bicromat twong dwong, dwoc chuan dd bang dung dich
chudn Fe?* trong méi trwdng axit véi chi thi feroin, diém
twong dwong nhan dwoc khi dung dich c6 mau doé nau.
Cac phwong trinh phan rng xay ra
Pb®" + Cr,0;> = PbCr,07 Yyang
PbCr,0O; > Pb®" + Cr,0,% (xt. HCI)
Cr,0,% + 6Fe” + 14H" = 2Cr** + 6Fe® + 7TH,0
Vai tro6 hoa chat
- DPém acetat: dé 6n dinh pH=5 -6
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AgNO; 0,05N: thir xem hét ion cromat chua
K,Cr,07 1%: rira tiia nham tao ion ddng dang
CH3;COOH 0,1N: tao méi trwdng axit

HCI 1:1 néng: hoa tan két tha

Feroin: chi thi nhan mau

Ky thuat phan tich

Hat 10mL mau + 5mL dung dich dém acétat
(tht lai bang gidy pH va diéu chinh vé pH =5 -
6),thém 5mL K,Cr,0; 10% (da dé l&ng tia qua
dém), lam véi 3 mau trong 3 cbc 250mL. Loc
két tlia bang gidy loc bang xanh véi ky thuat loc
gan

Dung dung dich K,Cr,0; 1% da acid héa bang
acid CH;COOH 0,1N rra tda, riva hét tda bang
nwdc cit ndng cho dén hét ion cromat. Thiy
bang dung dich AgNO; 0,05N hoa tan két tha
trén gidy loc bang HCI 1:1 néng khoang 20mL
rira sach hét acid trén gidy loc thir bang gidy pH
Thém 2mL HCI 1:1 +2mL H3;PO, dd +nwéc cét
sao cho téng thé tich khodng 100mL + 3 giot
feroin

Chuén bang dung dich Fe** 0,1N cho dén khi
dung dich c6 mau nau dé.

Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich Pb*".

Tinh toan
Tl 3 gia trj thé tich chuan dworc, tinh Vibinh 12 V.
Sé dwong lwong cia Pb*" = Sé dwong lwong cla
Cr,0,% = S6 dwong lwong cla Fe?* =V. 0,1. 103
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01V

Nén sé mol clia Pb** = .10°3=0,05V. 10"* (mol)

Do d6 néng d6 mol/L cla
Pp2* = 0,05V

10.10°°
THU'C HANH PHAN TiCH THE TiCH

10 *=5V. 10 % =0,005.V

BAI THU'C HANH
BAI 1: CHUAN PO OXY HOA KHU PINH LUONG
PERMANGANAT

I.  CHUAN BI
- Hoa chét: H,SO, 2N, dung dich chudn KMnO,
0,05N; dung dich H,C,0O, 0,05N; dung dich
H,SO4 2N, dung dich H3PO,dd.
— HOn hop béo vé zymmerman
.  DINH LUONG Fe*

lon sat (II) s& bi pemanganat oxi héa 1&n séat (lll)
trong moéi trwong axit, diém twong dwong nhan dwoc khi
dung dich c6 mau héng nhat rng véi lic dw mét giot dung
dich chuan KMnO.,.

Khi dung dich cé nhiéu ion ClI , thi phai dung hén hop
bao vé. Khi dung dich cé ndng dd cao, thi phai dung axit
HsPO, 6N dé tranh sai s6 nhan mau.

Phan (rng chuan do:

MnO, + 5Fe* + 8H' = Mn* + 5Fe® + 4H,0

E'wno,mn2* = 151V ; E’red%pe2t = 0.771V
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Thi nghiém 1
Xac dinh chinh xac néng dé dung dich KMnO,

Hat 10mL H,C,0, 0,05N vao binh nén + 5mL
H,SO,4 2N, dun néng 80-90°C trong 3 phut, 1ac
déu. Lam 3 méau trong 3 binh nén 250mL trong
binh nén 250mL.

Chuédn bang dung dich KMnO, dén khi dung
dich ¢ mau hdng nhat

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich KMnO,

Thi nghiém 2
Dung dich mau la dung dich Fe?" (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwdc nbng do.

Cau hoi
1.

Hat 10 mL mau + 1mL HsPO, ddm dac + 5mL
H,SO,4 2N lac déu, lam 3 mau trong 3 binh nén
250mL trong binh n6n 250mL.

Chuén bang dung dich KMnO, 0,05N dén khi
dung dich c6 mau hdng nhat.

Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich Fe*".

Tai sao khi chuan dd Fe?* bang KMnO, chuan
khéng can phai dun néng?

Giai thich vai tro cta cac dung dich H,SO, va
HsPO, trong thi nghiém?

. DPINH LUONG HAM LUONG CUA NO,
Dung dich mau 1a dung dich KNO, Cy (0,01N -
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0,05N) dwoc giao vién pha trwdc, sinh vién khéng duoc
biét trwdc ndng do.

- Hut 5mL KMnO,4 0,05N vao erlen + 5mL H,SO4
2N (chinh vé pH 5-6), l&c déu dun sbi nhe trén
bép cach thay (40- 50°C) trong 3 phat, lam 3
mau trong 3 binh nén 250mL.

- Chuén bang dung dich mau dén khi dung dich
c6 mau héng nhat (lic diu can chuan dd nhanh
cho t&i khi cé mau héng nhat thi chudn dé cham
cho dén khi mat mau)

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung
dich:NO,’

Chu y néu dung dich khi dun lai xuét hién van duc, thi
phai lam lai thi nghiém nay (do c6 sy tao tia MnO, trong
dung dich KMnQ,)

Cau hoi
1. Tai sao khi bat ddu chuan dd thi ta phai chuan
nhanh va phai dun néng dung dich trwéc khi
chuan d6?

2. C6 thé chuan dd nitrit bang KMnO, trong moi

trwdng trung tinh hay kiém hay khéng?

3. Khi chuan do thay xuat hién két tia nau thi can

phai x& ly nhw thé nao?
IV. DPINH LUONG HAM LUONG CUA H.0O,

Dung dich mau 1a dung dich H,0, (0,01N - 0,05N)
dwoc gido vién pha trudc, sinh vién khéng dwoc biét
trwdc ndng do.

- Hat 5mL mau + 5mL H,SO, 2N, lac déu, lam 3
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Cau hoi
1.

Chay

318

mau trong 3 binh nén 250mL trong 3 binh non
250mL.

Chuén bang dung dich chudn KMnO, 0.05N dén
khi dung dich c6 mau héng nhat (bén trong 30
giay), ghi thé tich KMnO, 0.05N tiéu tén.

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich H,O, ¢c6 trong mau.

Néu thay dbi vi tri cac chat nguoc lai trong thi
nghiém: cbc dwng KMnO, va buret dwng dung
dich mau, thi két qua co6 thay dbi khong? Giai
thich?

V&i div liéu thu dwoc twe thi nghiém, hay tinh sai
sb phép chuan do nay?

Vi sao khi chudn d6 axit Oxalic, Nitrit can phai
dun néng, con chuan dd Sat Il va Hydro peoxyt
thi khéng can dun néng?

Vi bai sau c6 dung dich dwoc chuan bi trwdc it
nhat 1 ngay, nén cudi budi thwc hanh nay, sinh
vién can héi gido vién dé tap pha trwéc dung
dich K,Cr,0O; cho bai thi nghiém sau?

Néu thém H,SO, vao ma dung dich bj mat mau
thi phai chon lai V dh H,SO, dac dé dung dich
phai con mau vang cta ion Fe*".

Khi dung dung dich H,SO, 2N ciing cé thé dun
sdi nhe, con néu phai dung dung dich H,SO,
0,01N thi lai cAn dun sdi manh



V. PINH LUQNG ION Ca**

lon Ca** dwoc chuyén thanh két tia CaC,0, bang

dung dich (NH,4),C,04 trong mdi trwong axit CH;COOH
10% pH = 4-5. Hoa tan két tGa trong mdi trwdng axit

H,SO, 10% va chuan lwong C,0,% tach ra twong dwong
bang dung dich chudn KMnO, 0.05N, diém twong duwong
nhan dwgc khi dung dich c6 mau h6ng nhat.

Dung dich mau la dung dich Ca®** (0,01N - 0,05N)

dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwdc ndng do

Hat 10mL dung dich mau + 20mL (NH,),C,04
0,05N + 5mL CH3COOH 10% + 1 giot MO 0,1%
+ 50 giot NH,OH 2N dé chinh dung dich v& mau
vang (chi thi MO), 1am 3 mau trong 3 binh nén
250mL trong 3 binh nén 250mL.
Pun sbi 5 phut khudy déu (lac) dé két tta lang
trén bép cach thay 45 phut
Loc dung dich qua gidy loc bdng xanh bang ky
thuat loc gan chuyén hét phan dung dich 1én
gidy loc,gan két tia bang dung dich Amonioxalat
1% (3 1an méi 1an 10mL)
Rira két tia trén gidy loc bang nwéc cat néng
cho hét lon C,0,* (kiém tra da hét C,0,* bang
CaCly,)
Hoa tan két tia ngay trén gidy loc bang 30 mL
H.SO, 10%.
Thu dung dich qua loc va thém nwéc cat dén
thé tich 50mL. Bun néng 80-90°C
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Cau hoi
1.

2.

Chuén d6 bang dung dich KMnO, 0,05Ncho dén
khi c6 mau héng bén 1phat

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich Ca*

Viét ddy du cac phan (rng xay ra trong qui trinh
xac dinh, vai trd cua tirng hoéa chat da st dung?
Thiét 1ap cong thirc tinh néng d6 Ca**?

VI. PINH LUONG Fe**
Dung dich mau la dung dich Fe** (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwdc nbng do.
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Hat 10mL mau + 2mL dung dich H,SO, d&c, lac
va dun s6i dung dich & 60-70°C (dung dich phai
con mau vang, néu khéng phai lam lai thi
nghiém nay)

Nhé tirng giot SnCl, 10% cho dén khi dung dich
mat mau vang

Khi dung dich da chuy&n mau thi nhé thém 2giot
nika va lam ngudi dung dich bang cach pha
lodng dung dich bang nwéc cat dén tdng thé tich
100mL.

Cho 5mL HgCl, 5% vao,rdi dé yén trong 10 phut
dung dich cé két tGa dai lua trang (néu co két
tha trang bong, hodc xam den phai lam lai tw
dau).

Thém 10mL hén hop Zymmerman.

Chuén bang dung dich KMnO, 0,05N t&i dung



dich c6 mau hdng nhat bén
Chuay
Néu mau 1a quang sat, mudi co 1an Sat Il thi ham
lwong la S&t tdng chir khdng phai la Sat Il
Céch pha hdn hop Zymmerman, SV phai héi GVHD
dé dwoc chi cach pha hén hop nay.
Cau hoéi
1. Khi xac dinh Fe®**, & giai doan cho SnCl, vao, vi
sao néu thiy két tha xam den thi phai hat mau
khac lam lai tir ddu? Tai sao phai cho dw 2 giot
SnCl, sau khi dung dich mat mau vang? Mau
vang dé la gi?
2. Vai trd ctia hdn hop Zymmerman?
VIl. DINH LUQNG HAM LUWONG CUA Cr®
Dung dich m4u la dung dich Cr,0-;% (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwdc ndng dd ndéng do.

—  HGt 5mL méu vao erlen + 10 mL Fe** 0,05N +
5mL H,SO, 2N, ldc déu, dun néng 70-80°C
trong 3 phut, lam 3 mau trong 3 binh nén 250mL
trong 3 binh n6n 250mL.

- Chuén d6 bang dung dich KMnO, 0,05N, diém
twong dwong nhan duwoc khi dung dich chuyén
tr mau xanh 14 cay sang mau héng nhat.

- Tw thé tich do dwoc & 3 mau, tinh néng d6 dung
dich Cr,0/”.
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Cau hoéi
1. DBwara cac cong thirc tinh va chirng minh?
2. Giai thich quy trinh ky thuat bang phwong trinh
phan ng?
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BAI 2: CHUAN PO OXY HOA KHU - PINH LWONG

IOD & CROMAT

. CHUAN BI

Hoa chat: dung dich K,Cr,0; 0,05N (Z = 6),
H,S0, dd, Kl 5%, Na,S,0; ran

Dung dich lot pha trong Kl 0,05N; dung dich lot
0,05N; dung dich dém acetat; axit CH;COOH
2N, KI 5%, KSCN 10%, H,SO4 4N, (NH4)>,M00,
3%.

Chi thi ho tinh bot1%.

. DINH LUONG DUNG DICH Na,S,0;
Thi nghiém 1
Xac dinh chinh xac néng dd dung dich Na,S,0;

Pha ché 250mL dung dich Na,S,0; 0,05N va

cho thém 0.1g Na,COs;

Hat 5mL K,Cr,O; 0,05N + 40mL nuwéc cét +

1mL H,SO, dam d&c + 5mL Kl 5% l&c nhe day

kin @& yén 10 phut trong téi, dung dich c6 mau

nau dd, lam 3 mau trong 3 binh nén 250mL

trong 3 binh n6n

250mL dé kiém tra.

Chuén bang dung dich Na,S,05 cho téi khi dung

dich c6 mau vang rom, sau dé thém 5 giot ho6

tinh boét, dung dich c6 mau xanh tim dam roi

chuén tiép bang Na,S,0; cho téi khi dung dich

mét mau xanh dwong (VmL)

Tw thé tich do dwoc & 3 mau, tinh ndng d6 dung
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dlCh N828203

Thi nghiém 2
Xac dinh chinh xac néng dd I,

Cau hoi

Ccan 2.5 gam Kl + 1.5 gam I, + 10mL nwéc cat,
lAc va trédn déu cho 16t tan, néu 16t chwa tan hét
thi thém mét it Kl, sau d6 chuyén vao binh dinh
mirc 250mL, dung nwéc cat dinh mae tdi vach,
chuyén vao binh chira mau nau cé nit nham dé
str dung.

Dung pipet Iéy chinh xac 5mL Na,S,03 0,05N +
5mL dém Acétat + 5 giot hd tinh bdt 1% Iac, lam
3 méau trong 3 binh nén 250mL trong 3 binh non
250mL dé kiém tra.

Chuén d6 dung dich thu dwoc bang dung dich I,
m&i pha dén khi xuat hién mau xanh nhat (hoi
tim)

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich .

Vi sao khi pha dung dich Na,S,0; phai cho
thém lwong 0,1g Na,CO3?

Vi sao phai day kin va dé& yén trong boéng tdi
trwde khi hiéu chinh nf“)ng dé Na,S,03?

lll. DINH LUONG VITAMIN C (AXIT ASCOBIC)

Vitamin C & mot chat khir, trong mdi trwdng axit
manh phan trng cla 16t v&i chi thi hd tinh bot, diém twong
dwong nhan duwoc khi dung dich viva c6 mau xanh bén
trong 30 gidy (vitamin c6 cong thirc phan t&r Ia CgHgOp,
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trong phan (rng trao dbi 2 dién tw)

Dung dich m4u la dung dich acid Ascobic (0,01N -
0,05N) duwoc giao vién pha trwdce, sinh vién khéng duoc
biét trwdc ndng d6 ndng dd

—  Hat 20mL mau + 10mL nwéc cat + 5mL H,SO,

6N + 5giot ho tinh bot 1%

—  Chuan d6 bang dung dich I, 0,05N dén khi dung

dich c6 mau

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung

dich Vitamin C
Cau hoi

1. Viét phuwong trinh phan &ng xay ra trong qua

trinh thi nghiém?

2. Diém twong dwong trong phép chuan dé |, nay,

c6 mau gi? Giai thich?
IV. DINH LWUONG HAM LWQNG SUNFIT

Anion sunfit trong méi trwd'ng trung tinh phan &ng voi
mot lweng dw chinh xac dung dich chuan 16t, lwvong 16t dw
dwoc chudn bang dung dich chuén thiosunfat véi chi thi
hé tinh bdt, diém twong dwong nhan dwoc khi dung dich
mat mau xanh.

Dung dich mau 1a mau SO3* pha tir Na,SO; (97%)
(0,01IN - 0,05N) duwoc giao vién pha trwdc, sinh vién
khéng dwoc biét trwdc.

—  Hat 5mL mau vao erlen + 10mL I, 0,05N day kin

l&c dé yén trong t6i 5 phat, lam 3 mau trong 3
binh n6n 250mL trong 3 binh n6n 250mL.(& day
dung dich thu dwoc phai c6 mau tim)
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—  Chuan lwong |, dw bang dung dich Na,S,0;
0,05N dén khi dung dich mat mau nau cé anh
xanh

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung
dich SO5*

Cau hoi

1. Vi sao phai day kin dung dich trong bong t6i? Néu
dung ngay c6 anh huéng gi khong?

2. So sanh hai cach dinh lwong bang lod va

Pemanganat?

V. PINH LUONG HAM LUONG Cu?

Dung dich mau la dung dich Cu(NOs3), (0,01IN -
0,05N) dwgc GVHD pha truwéce, HS - SV khéng dwoc biét
trwdc ndng do

—  Hat 5mL mau +1mL CH3;COOH dd(hay 5mL
CH3COOH 2N) + 5mL Kl 5% l&c dé yén trong t6i
10 phut, dung dich vn duc mau trdng. Lam 3
mau trong 3 binh nén 250mL trong 3 binh non
250mL.

—  Chuan bang dung dich Na,S,0; 0,05N d&n mau
vang nhat

—  Thém 5 giot hd tinh bdt 1% chuan tiép dén gan
mat mau xanh tim

—  Thém 5nl KSCN lac k§ chuan tiép dén khi méat
mau xanh

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung
dich Cu**
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Cau hoi
1.

Giai thich quy trinh dinh lwong Cu®* bang phan
wng minh hoa?

Vi sao phai thém KSCN vao giai doan cudi cla
qua trinh chuan do khi xac dinh Cu?*, mLD cua
Cu®" trong bai nay 1a bao nhiéu? Giai thich vi
sao Cu®" lai phan &ng véi | ma khong xay ra
theo chiéu nguwoc lai? KSCN dw nhiéu thi co
anh hwéng gi? KI dw nhiéu thi cé phdn trng ndo
xay ra?

VI. PINH LWUONG HAM LUQNG H,0,
Dung dich mau la dung dich H,0, (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trudc ndng dd ndng dd

Hat 5mL mau H,0, vao erlen + 5mL H,SO, 2N +
5mL Kl 5% + 2giot Amonimolypdat day binh l&c
dé yén trong tbi 10 phut, dung dich cé mau vang
rom, lam 3 mau trong 3 binh nén 250mL. Thém
5 giot hd tinh bdt 1% & mdi mau, thi dung dich
chuyé&n sang mau vang nau anh xanh.

Chu y rang néu & day thu dwoc dung dich 1an
can den, thi do la do néng dé H,O, dac qua,
can phai lam loang dung dich H,O, nay

Chudn lwong lod sinh ra bang dung dich
Thiosunfat dén khi dung dich méat mau xanh.

Tw thé tich do dwoc & 3 mau, tinh néng d6 dung
dich H,0,.
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Cau hoi
1.

Viét ddy du cac phwong trinh phan (rng da thuc
hién trong bai thyc tap?

Néu xac dinh hydropeoxyt & néng dé cao thi co
anh hwéng dén két qua khong, giai thich?

VIl. PINH LUQNG CHI
Dung dich mau 1a dung dich Pb* (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét

trwdc ndng do
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Hat 10mL mau + 5mL dung dich dém acetat
(tht lai bang gidy pH va diéu chinh vé pH =5 -
6), thém 5mL K,Cr,0; 10% dé l&ng tla qua dém
lam vé&i 3 mau trong 3 cbc 250mL

Loc két tiia bang gidy loc bang xanh v&i kj thuat
loc gan, sau méi lan chuyén nwéc loc 1én gidy
loc 1a mdt 1an nwdc cat xen ké, két tda trong cbe
dwoc chuyén Ién phéu loc tirng lwong nhd, mbi
lan kém theo 5mL K,Cr,0; 1%.

- Dung dung dich K,Cr,0O; 1% da acid hoa béng
acid CH;COOH 0,1N rira tda, riva hét tda bang
nwdc cat néng cho dén hét ion Cromat. Thiy
bang dung dich AgNO3 0,05N, cho dén khi nuwéc
riea khong xuét hién mau dé cta Ag,Cr,0- thi
tda da sach ion Cr,0,%. Hoa tan két tda trén
gidy loc bang HCI 1:1 néng ( khodng 20mL dung
dich sé& rtra sach hét acid trén gidy loc. Thi
bang gidy pH.

- Thém 2mL HCI 1:1 + 2mL H3PO, dam dac
+nwdc cat sao cho téng thé tich khoang 100mL



+ 3giot Feroin

- Chuan bang dung dich Fe** cho dén khi dung
dich c6 mau nau doé.

- T thé tich do dwoc & 3 mau, tinh nbng dd dung
dich Chi.

Cau hoi

1. Viét day du cac phuwong trinh phan (rng trong
bai tap?

2. Giai thich diy du vai trd cla tirng héa chéat da
st dung trong bai thyc tap?

BAI TAP

1.

Cho 2 c&p oxy hoa kh&r [MnO, / Mn** ] va [CIO5 (H")/
Cl' ] c6 E° 1an lwot 1a 1,51(v) va 1,45(v). Xac dinh
chiéu phan &ng xay ra va hdng sb can bang cla
phan ng & pH = 0.

Cho miéng déng kim loai vao dung dich AgNO;
0,01M. Tinh Kcg va néng dd cac ion kim loai trong
dung dich tao thanh.

Biét E°,., =0,34(v)va E° .
Cu %u ( ) AgAg

Viét cdng thire tinh thé dién cwc E (v) khi chudn do
Vo (mL) dung dich Fe?* Cy" bdng V (mL) dung dich
ce* CN trong céac trwdng hop sau:
a) Toéng quat khi chuan d6
b) Trwdc xa diém twong duwong
c) Taidiém twong dwong
d) Sau xa diém twong dwong
Biét E° =+ 0,68 (v), E° =+ 1,44(v)

FeS+ / FeZ+ Ce‘h» /CEEH

=0,8(v)
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Tién hanh pha trén dung dich Cu* 10 ~* M véi dung
dich Na,S 0,1M, rdi do thé dién cta dung dich bang
dién cwc déng-SCE thi dwoc gia tri - 0,906(volt). Gia
st trong dung dich khéng xay ra qua trinh tao phirc
hydroxo clia ion Cu®, pH dung dich do dwoc 1a 8, thé
dién cwc chuan coa déng 1a E° ., = + 0,34 va H,S

R
dwoc xem & mét dung dich acid yéu hai chirc c6
hang s phan ly acid 2 nac lan luot |a:
107,10 ~ **® Tinh ndng d6 [Cu'] tai thdi diém can
bang sau khi pha trén



BAI 9. PHWONG PHAP CHUAN DO TAO PHUC
M4 bai: HPT 9

Gi&i thiéu
Pé xac dinh ham lwong mét mau dung dich phan
tich trong hé phirc chat, ngoai phwong phap khéi lwvong,
con cd phuong phap thé tich |a phwong phap chuan do
phrc chéat
Muc tiéu thwc hién
Hoc xong bai nay hoc vién sé c6 kha nang:
1. Mé ta co s& phwong phap phirc chét.
2. Phan tich dinh lwong mot sé mau thir.
3. V& duwong cong chuan do.
Noi dung chinh
1. Co s& phuwong phap phan tich phirc chat
(Nguyén téc, khai niém vé complexon, dwédng
cong chuan d6 cta phwong phap).
2. Dinh lwong moét sé mau thir.
9.1. Co’ s& va nguyén tac cua phwong phap
9.1.1. Nguyén tac
Diéu kién:Diéu kién dé& xac dinh dwdng cong chuan
doé cua phan rng tao phirc la phan &ng phai xay ra nhanh.
Phan loai: Gém cac phwong phap tao phirc sau:
—  Chuén do halozen béng hop chat Hg?":
2ClI + Hg* = HgCl,
- Chuan d6 Xyanur (CN’) bang dung dich mudi
bac:
2CN~ + Ag® = [Ag(CN), ]~
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- Phwong phap Complecxon : dung EDTA xac
dinh nhiéu kim loai
Chét chi thi:

1) Eriocrom T den: viét téc la Hslnd
OH OH

wos{ =)

Hﬂ‘l

Mot sb tinh chat ctia Eriocrom T den:

+  Trong dung dich c6 dang phan ly: H" H,Ind
" Hind %, Ind *.

+  Dung dich c6 mau xanh trong mdi trweong
trung tinh

+  Khi tao phtrc véi cac ion Cu?*, Mg ** , Zn*",
AI** c6 mau trang

+  Thwéng cho hdn hop dém amoni lam méi
trwdng duy tri pH

2)  Murexit

Mot sb tinh chat ciia Murexit:

+  Dung dich c6 mau thay déi theo dd pH:



pH < 9 : dung dich cé mau tim dé
pH= 9+ 10 :dung dichcé mautim
pH > 11: dung dich c6 mau tim xanh

+ Dung dich c6 mau vang hodc trang khi tao
phtrc véi Ca®*, Ni?*, Co?*, Cu**, Ag”.

+  Phan t&ng chuin d& mubdi kim loai tai diém
twong dwong sé& chuyén mau t» dé sang
tim xanh.

DPiém twong duong

Chéat chi thi dung trong phwong phap Complecxon
la cac chéat gdy mau hiru co, tao dwoc phirc véi cac
cation thanh phi*c mau tan trong nwéc. Cac phuc nay
kém bén hon muédi tao thanh tlr cation can xac dinh v&i
Complecxon tai diém twong dwong. Sw dbi mau nay la do
phirc chat v&i chat chi thi bi phan hady, chét chi thj bj tach
ra & dang tw do.

Chang han: kim loai Me* trong thuéc chi thi
Eriocrom:

Me® + HInd* = MeInd™ + H*
(Cé mau cuia chét chi thi)
Sau khi thém EDTA vao phirc nay sé cé sy phan huy

phirc nay
Me Ind”+ Na,H,Y + OH — Na,MeY + Hind * + H,O
(mau phtrc) (tr& lai mau cda chét chi thi)

Ky thuat chuan do:
1) Phwong phap truc tiép
Chét chi thi gay phan &ng trén ion kim loai tao
phirc trwe tiép. Phwong phap nay dwoc ap dung
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2)

khi c6 kim loai tao mau phirc twong dbdi khéng
bén

Chang han: Zn** + H,Y? —— ZnY® + 2 H"
Thyc hién trong dung dich dém (NH3; + NH,4CI)
pH = 10

Phwong phap thwa trie:

Dung lvgng dw Complecxon phan &rng v&i kim
loai can chudn d6. Sau d6 dung kim loai chuén
dé chuén do lai EDTA du.

Vi du: Xac dinh nhém & pH = 5, dung dich dém
acetat cho lwvong dw EDTA, sau khi phan trng
xong dung dung dich chudn kim loai Zn dé
chuan d6 EDTA du.

AP+ nHYZ —— AIY + 2H" + (n-1) HyY?

(PH =5)

Sau d6 dung dung dich chuan Zn** dé chuén do
lai EDTA dw

(n-1)HY? + (n-1)Zn* ——

3)

(n-1)ZnY?% + 2H" (pH =10)
Phwong phap thé:
lon Mg?* phan &ng véi Complecxon tao phtrc
kim loai kém bén hon so v&i cac cation khac.
Vay néu tron cac cation cla kim loai phan tich
v&i Complecxon magié thi sé xay ra phan &ng
trao dbi.

Mg? + H,Y? > MgY? + 2H" (pH = 10)

Th* + MgY? — ThY? + Mg % (pH = 2)
9.1.2. Khai niém vé Complecxon

Complecxon 1a cac hop chat hiru co dang phirc
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dwoc dung lam thudc th&r trong phan tich chuan do,
thwdng dung cac dang sau:
Complecxon | (Nitrilo Tri Acetic - NTA), viét tat 1a
HsY.
. /CHQCODEI
He N 7 CHyCOO
" CHpCOOH
hay
. /cchc:nr::u§
H— N Z—CHyCOO
T~ CHpCOOH

Complecxon Il (Etyl Diamin Tetra Acetic - EDTA),
viét tat 1a H,Y

HOOCCH> 4 N /CHQCDD_
H——NCHCHy NZ—~H
TOOCCHy < “~ CHpCOOH
Hay:
HOOCCH, CHoCOOH

HOOCCH, >N =0 SEp ] <CHQCDDH

Mudi dinatri clGa acid etylendiamintetra Acetic,
NaoH>Y:
NEODCCHE CHy COCMa

HOOCCH, >N CHp CHp N <CI—I COOH
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HOOCCH, > CHy COOH
NaOOCCH, - N CH2CHz N <CHQCDDN3

Trong phan ng v&i kim loai luén luén theo ty 1€ 1:1
vé sb mol va viéc giai phéng [H'] khéng phu thudc vao
hoa tri ctia kim loai

Chang han:

Mg % + HY* > MgY? + 2 H"
AP+ H,Y” > AIYT + 2H'
Th* + HyY® > ThY + 2 H°

Cac hop chat tao thanh I& Complecxonat, cac
Complecxonat cé hdng sb bén kha 1&n va rat khac nhau.
Diéu nay cho phép cé thé chuén db lién tiép dwoc mot sb
ion kim loai trong cung mét dung dich bang phwong phap
Complecxon .

Khi chudn dd nhiéu kim loai dé ngan quéa trinh tao
phirc hydroxo, can phai tao v&i kim loai chudn d6 mot
chéat dang phire. Khi chuan dd kim loai d6 bang EDTA sé
xdy ra can bang gitra cac phirc dé, lam giam doé bén cla
phtrc.

Vay phuwong phap Complecxon la phwong phap
phan tich chuin dé dwa trén viéc dung phan tng cda ion
kim loai tao phic véi cac Complecxon, tao thanh cac
mudi ndi phirc bén, it phan ly, tan trong nwéc.

9.1.3. Phwong trinh dwéng cong chuan dé tao phirc

Trong qua trinh chuan dd, néng dd ion kim loai [M]
thay dbi, do d6 cé sw bién ddi p[M] = - Ig [M]. Puwérng cong
chuan d6 duwoc thiét 1ap dwa theo sy bién d6i  p[M] khi
thém tw tr lwong EDTA vao.
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Gia sir chudn dd V, (L) dung dich kim loai M Cg"
bang V(L) dung dich chudn EDTA C". (trong cac phuwong
trinh sau, khéng ghi cu thé dién tich. Gia st nhw khéng c6
cac qua trinh phuy: qua trinh hydrua, hydroxo, qua trinh tao
tda ion khao sat...)

Phwong trinh chudn d6: M + Y = MY (B)

(1)

Khi tién hanh chuan dé:

V,C,

[M] + [M]py = [M]oa = \/0—+V (2)
Y]+ o= he = 7y @
_V,C,-VC
[M] - [Y]= VAV (4)
Ma: M]p- = [Y]p- = [MY]
V,.C,
Tor (1): [Y]:M Q[Y]:L_[M]
' B.IM] B.IM]
Do do
V,.C,
@) o (M - V, +V ~M] ) V,+V (voco —v.c)v0 +V
B.IM] V,C, = V,+V V,C,
V,.C,
o ([M] - V +V ~[M] ) V,+V -1-F (5)
B.IM] VoCo
rwéc xa diém twong dwong: gid st B rat 1én, [Y] << [M]
V,C,

Phwong trinh (4) viét lai: [M] = (1 - F) =2 V.V
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Tai diém twong duwong : (F = 1)
Phuwong trinh (5) viét lai: p.[MJ2 + [M] - o =@
V, +V

Tai sat diém twong dwong : [M] ~ [Y]
Tién hanh giadi phwong trinh bac 2 theo [M] & (5) tim
duwoc [M]
Tai sau xa diém twong duong: [M] << [Y]
V,C
v, v M V,C
B L ——— = (F-1) 0-0
p.M] V, +V
9.1.4. Sai s6 trong phép chuan d6 tao phirc

Sai s dwoc tinh theo cong thirc:

CGC,
S = ([M]- C+CO_[M] ) C,+C
.IM] cC,

cha y

Puong cong chuan dd hay sai s6 con phu thudc vao
hang sb bén co6 diéu kién cta phirc, hang sb bén Ion thi
buwdc nhady Ién theo. Bwéc nhay 1&n thi sé cho biét dwoc
sy thay d6i mau rd rét ctia chat chi thi, chuan dé duwoc
chinh xac. Hang sb bén cla phirc phu thudéc pH cta dung
dich, mdi ion kim loai phan rng & pH thich hop. Vi thé,
trong thwc té viéc tinh toan phai tinh thém cac yéu té anh
hwéng cla cac qua trinh hydroxo, hydrua hoa... dé tinh
duwoc B'. Gia tri ' > 107 thi md&i cod gia tri dinh lvgng: B'. o
_ [MT

Ay

=p ; trong d6 o = oyy. ay. T do tinh dwoc [M]
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9.2. Pinh lwong mét s6 mau thiy

9.2.1. Xac dinh dd cirng cua nwéc (phwong phap trwce
tiép)

Nguyén tac

Nwéc cirng c6 mudi Ca** va Mg®, lon Ca** va Mg?"*
trong moi trwdng pH = 8-10 sé tao phirc véi chi thi ETOO
c6 mau dé nho. Cac phirc nay kém bén hon phirc cla
Ca** va Mg®* véi EDTA. Khi chuan dung dich chira phirc
clia Ca®* va Mg?* véi chi thi bang dung dich chudn EDTA
thi phtrc cta Ca** va Mg®" véi chi thi bi pha hay bai
EDTA, diém twong dwong nhan dwoc ng véi thoi diém
EDTA thay thé toan bo chi thi trong phirc Ca** va Mg**,
dung dich chuyén tr mau dd nho sang mau xanh luc (mau
cua chi thj tw do).

Truwérng hop mudn xac dinh riéng tirng ion trong cling
hén hop, thi nang pH 1én khoang 12 dé toan bd ion Mg®*
di vao két tha hydroxyt, sau dé chuén rieng Ca®" bang
dung dich chuan EDTA v&i chi thi murexit nhw trén.

Néu goi thé tich EDTA tiéu tdn khi chudn dung dich
hén hop véi chi thi ETOO va vai chi thi murexit 1an lwot 1a
Veroo VA Vimuexit thi Vetoo — Vinurexit chinh 1a thé tich EDTA
tiéu tén cho riéng ion Mg®". T d6 c6 thé tinh dwoc ham
lwong cla tirng chét.

Phan trng
Ca” +H,Y% + 2NH3; — CaY? + 2NH,"
Mg + HyY? + 2NHz; — MgY?> + 2NH,*
Mg + Hing® + NHz — Mglyg + NH,*
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Mglng + HoY? + NH3 = MgY? + NH," + Hlg®
H,Y* +Ca* + OH" — CaY? + 2 H,0

Ca®" + Halng = CaHalng

CaHalhg + HoY? + OH — CaY? + Hylng® + 2H,0

Ky thuat phan tich
Lan 1: (dung chi thi ETOO)
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Hat 10mL hén hop dung dich mau + 5mL dung
dich dém + 0,01g chi thi ETOO, lam 3 mau trong
3 binh n6n 250mL

Chuén bi mét binh d& 1am mau trang vai thé tich
twong dwong binh mau va cac hoéa chat twong
tw, chi thay dung dich mau bang nwéc cat.
Chudn do cac binh bang dung dich EDTA
0,02N: dung dich vira chuyén tir mau dé nho
sang mau xanh luc.

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich mAu.

Lan 2: (dung chi thi Murexit)

Hat 10mL dung dich mau + 5mL dung dich
NaOH 2N + 0,01g chi thi murexit, lam 3 mau
trong 3 binh n6n 250mL

Chuén bj mét binh d& 1am mau trang véi thé tich
twong dwong binh mau va cac hoéa chat twong
tw, chi thay dung dich mau bang nwéc cét.
Chudn d® cac binh bang dung dich EDTA
0,02N: dung dich vira chuyén tr mau dé nho
sang mau tim hoa ca.

Tw thé tich do dwoc & 3 mau, tinh ndng d6 cla



tirng dung dich Ca®* va Mg**.

Tinh téan

Tw thé tich do dwoc & 3 mau da thi nghiém, tinh thé
tich trung binh V

Dung dinh luat dwong lwong dé xac dinh ham luwong
cac ion.

Sé dwong lwong ctia EDTA 1a V. 0,02.10 % = 2v.10°°
(&l1an 1 goilaV,va &lan2goilaV,)

O 1an 1 1a xac dinh téng ham lwgng Ca** va Mg?* c6
trong nwéc cieng:

Sé dwong lwong (Ca?* + Mg?*) = 2 V;.10°°.

O 1an 2 |a xac dinh hamLwong riéng phan Ca**:

Sé dwong lwong Ca** =2 V,.10°°

= Ham lwong Ca**

= Sb dwong lwong Mg?* = 2( V4 - V,).10°°

= Ham lwong Mg**
9.2.2. Dinh lwong ion Ba*"
Nguyén tac

O pH = 9-10, Ba*" 1a ion tao phtc v&i EDTA bén
hon Mg?*, nén khi cho ion Ba®** vao dung dich chira mot
lwong dw MgY? thi cé phan (rng trao ddi va sinh ra mot
lwong ion Mg?* twong dwong véi lwong ion Ba®* ¢6 trong
mau, lwong Mg?* nay dwoc chudn do biang dung dich
chuin EDTA v&i chi thi ETOO & pH = 9-10, diém twong
dwong nhan dwoc khi dung dich tr mau dé nho sang
xanh luc.

lgp (BaY) =7,78 lg B (MgY) = 8,69

lgp (Balnd) = 3,0 lgB (Mgind) =7,0
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Phan &ng chuan do:
Mg® + HInd* = MglIind~ + H'

(mau xanh) (mau do)
Mgind® + H,Y? == MgY?% + 2H" +Ind* (1)
(d6 nho) (xanh)
Ba’" + MgY? = BaY? + Mg* (2)

Khi chuan bang EDTA sé chi c6 Mg®* dwoc tao ra

trong phan tng (2) méi tham gia phan (rng chuan dé nay

Mg* (#2) + HInd* = MglInd~ + H*

Mgind +H,y> == MgY* + 2H" +Ind”.

Ky thuat pha ché

~  HGt 10 mL dung dich Mg®* 0,02N (chinh mau vé
pH = 9-10 bang cach cho NH,OH vao )+ 10 mL
dém pH = 10 va it chi thi ETOO ( lam 2 méu ).
Pem chuan d6 bang dung dich EDTA 0,02N cho
dén khi dung dich chuyén tr mau dé nho sang
xanh cham.Ghi thé tich EDTA tiéu tén (V,).

- Hat 5 mL dung dich mau chira Ba** cho vao
erlen trén, chuan d6 tiép bang dung dich EDTA
0,02N cho dén khi dung dich chuyén t&» mau dé
nho sang xanh cham.Ghi thé tich EDTA tiéu tén
(V2).

- Tw thé tich do dwoc & 3 mau, tinh ndng d6 dung
dich Ba**

Tinh toan

V; cia EDTA do & (1) > V, cia EDTA do & (2) thi
phép chuadn dung, néu nguoc lai: lwong Mg®* < lwong
Ba®" thi phan &ng (2) xay ra khdng hoan toan, sé con dw
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Ba®*, nén khoéng tinh dwoc ham lwong Ba®* ¢é trong mau.
Sé dwong lwong clia EDTA chuan (& 2) = Sé duwong
lwong cGia Mgind (& 2) = Sé dwong lwong cia Mg?®* (& 2)
= Sé dwong lwong Ba**.
< (C.V,) EDTA = (C.V) Ba**

CV, _002

vay: C" (Ba*") = V, = 0,004. V,

Ba
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THY'C HANH PHAN TiCH THE TiCH
BAI THU'C HANH
BAI 1: CHUAN PO TAO PHU’C PINH LUONG
Ca’*'VA Mg**

CHUAN BI

- Dung dich dém pH =10

- Dung dich chuan Mg?* 0,01M

- NaOH 2N

- Dung dich EDTA 0,01M.

- Chi thi: ETOO

XAC BINH NONG PO CUA DUNG DICH EDTA

- Hat 10mL dung dich chuidn Mg 0,01M + 5mL
dung dich d&@m pH = 10 + 0,01g ETOO (chuan bi
mot binh dé& l1am mau trdng véi thé tich twong
dwong binh mau va cac héa chét twong tw, chi
thay dung dich Mg®* bang nwéc cat), lam 3 mau
trong 3 binh nédn 250mL. Dung dich chuén sé& c6
mau doé nho

- Chuan d6 céac binh bang dung dich EDTA méi
pha cho dén khi dung dich vira chuyén mau tw
mau dd nho sang mau xanh cham. Ghi cac thé
tich EDTA cGa mau that va mau tréng

- Tw thé tich do dwoc & 3 mau, tinh ndng d6 dung
dich EDTA.

Cau hoi
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1. Viét cac phwong trinh phan ng gidi thich thi
nghiém
2. Vi sao lai phai dung dung dich dém pH = 10?



1. BINH LWUONG Ca**
Dung dich mau Ia dung dich Ca(NOs), (0,01M -
0,05M) dworc giao vién pha trwdc, sinh vién khéng dwoc

biét trwdc

Thi nghiém 1

Hat 10 mL dung dich mau (chinh mau vé pH = 9
-10 bang cach cho NH,OH vao) + 5 mL dém pH
= 10 va it chi thi ETOO + 10 mL nwé&c cat cho
vao erlen (lam 3 mau).

DPem chun d6 bang dung dich EDTA 0,01M cho
dén khi dung dich chuyén t» mau dé nho sang
xanh cham. Ghi thé tich EDTA tiéu ton.

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich Ca*

Thi nghiém 2:

Cha y

Hat 10 mL dung dich Ca®** + 5 mL NaOH 2N va
it chi thi Murexit cho vao erlen (lam 3 mau).

Pem chuan d6 bang dung dich EDTA 0,01M cho
dén khi dung dich chuyén t&» mau dé nho sang
tim hoa ca. Ghi thé tich EDTA tiéu ton.

Tw thé tich do dwoc & 3 mau, tinh néng dd dung
dich.

Vé&i mot mau cé mdi trwdng axit hodc kiém manh,
phai dung axit hodc bazo dé& diéu chinh dén gan gia tri pH
qui dinh roi m&i cho dém vao. Trwdng hop voi chi thi
murexit, thé tich NaOH 2N phai tinh thé tich phu hop sao
cho dwa vé duwoc pH = 12, & gan diém twong dwong can
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thém NaOH 2N.
Cau hoi

1.  Giai thich cac mau sac co trong thwec nghiém?

2. Thi nghiém nao cho két qua gan dung hon, gii
thich?

IV. DINH LUONG Mg**

Dung dich mau la dung dich Mg(NO3), (0,01M -
0,05M) duworc giao vién pha trwdc, sinh vién khéng dwoc
biét trwde

- Hat 10 mL dung dich mau (chinh vé pH = 9 -10
bang cach cho NH,OH vao) + 5 mL dém pH =
10 va it chi thi ETOO + 10 mL nwéc cét cho vao
erlen (lam 4 mau, trong d6 1 mau ching).

- Pem chuén d6 bang dung dich EDTA 0,01M cho
dén khi dung dich chuyén tr mau dé nho sang
xanh cham. Ghi thé tich EDTA tiéu ton. T thé
tich do dwoc & 3 mau, tinh néng dé dung dich
Mg**

V. DINH LWONG Ca*" + Mg?* TRONG HON HOP
Thi nghiém 1

Dung dich mau 1a hédn hop Ca* va Mg* (0,01M -
0,05M) duworc giao vién pha trwdc, sinh vién khéng duwoc
biét trwdc ndng do.

- Hat 10mL hén hop dung dich mau + 5mL dung

dich d&m + 0,01g chi thi ETOO, Iam 3 mau trong
3 binh non 250mL. Chuéan bj mét binh dé lam
mau trdng véi thé tich twong dwong binh mau
va cac hdéa chat twong tw, chi thay dung dich
mau bang nwdc cat.
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Chuén dd cac binh bang dung dich EDTA: dung
dich vtra chuyén tlr mau dé nho sang mau xanh
cham. Tl thé tich do dwoc & 3 mau, tinh néng
dd dung dich mau.

Thi nghiém 2

Dung dich mau la hén hop Ca* va Mg* (0,01M -
0,05M) duworc giao vién pha trwdc, sinh vién khéng dwoc
biét trwdc ndng do

Cau hoi

Hat 10mL dung dich mau + 5mL dung dich
NaOH 2N + 0,01g chi thi Murexit, lam 3 mau
trong 3 binh nén 250mL. Chuan bi mét binh dé
lam mau trdng v&i thé tich twong dwong binh
mau va cac héa chat twong tw, chi thay dung
dich mau bang nwéc cét.

Chuén d6 cac binh bang dung dich EDTA: dung
dich vira chuyén t» mau d& nho sang mau tim
hoa ca. T thé tich do dwoc & 3 mau, tinh néng
do cua tirng dung dich Ca** va Mg?".

1. Viét day da cac phan ng da tién hanh trong bai thuc
tap? Cho biét ETOO & pH trong qui trinh & dang
H,Ind?", EDTA la H,Y?.

2. Gia s thé tich cta dung dich xac dinh 1a 50mL c6
pH = 2, hay tinh cin thém bao nhiéu mL NaOH 2N
dé cé pH = 12?
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BAI 2: CHUAN PO TAO PHU'C PINH LUONG
Al** va Fe*

. CHUAN BI

—  Hoa chét: dung dich dém acetat pH = 5,5; dung
dich EDTA 0,02N; dung dich NH4,OH 2 N.

—  Chi thi: Bromcresol luc; axit sunfosalicilic.

.  BINH LWONG DUNG DICH Zn*

Dung dich mau |a dung dich Zn** (0,01M - 0,05M)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwdc ndng do
Thi nghiém 1

—  Hat 10mL dung dich chuidn EDTA 0,01M + 5mL
dung dich dém acetat pH = 5,5 + 3 giot chi thi
Xylenon da cam, lam 3 mau trong 3 binh non
250mL

—  Chuan bj mét binh dé& 1am mau trang vai thé tich
twong dwong binh mau va cac hoéa chat twong
tw, chi thay dung dich mau bang nwéc cat.

—  Chuén d6 céac binh bang dung dich mau cho dén
khi dung dich vira chuyén mau t» mau vang
sang mau héng tim.

— T thé tich do dwoc & 3 mau, tinh ndng dd dung
dich Zn*",

Thi nghiém 2

—  Hat 10 mL dung dich mau (chinh mau vé pH =5
- 6 bang cach cho NH,OH vao) + 5 mL dém

pH = 5,5 + 3 giot Xylenol da cam + 10 mL nw&c cét
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cho vao erlen, 1am 3 mau va 1 mau trdng

—  Chuan do bang dung dich EDTA 0,01M: dung

dich chuyén tr mau dé cam sang vang cam.

— Tl thé tich do dwoc & 3 mau, tinh ndng dé dung

dich Zn".
Chay

Can bao ngay néng dd Zn** da tim dwoc cho gido
vién dé& dwoc danh gia diém va doéng thoi, gido vién sé
cho két qla ndng dd nay nham thuc hién tiép cac thi
nghiém sau.

Cau hoi
1. Thi nghiém nao c6 thé cho két qua it sai sb hon.
Giai thich?
2. Giai thich sy chuyén mau trong cac thi nghiém
trén?
. BINH LWONG DUNG DICH Fe**

Dung dich mau la dung dich Fe** (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwdc ndng do

—  Cho vao erlen 10mL dung dich mau, réi thém

tirng giot dung dich NH; dén khi dung dich c6
pH = 5 -6 (lay gidy quy kiém tra pH), thie thém 3
giot chi thi acid sulfoSalisilic. Lam 3 mau dé thi
nghiém

—  Tién hanh chudn dd bang dung dich EDTA

chuén dén khi dung dich chuyén tr mau nau dé
dén khdng mau. Ghi thé tich dung dich EDTA da
tiéu ton.

349



—  Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich Fe®".
IV. DINH LUONG AI**
lon AI** trong méi trwdng pH = 5 — 6, tdc dung cham
véi EDTA. Vi vay phai dung ky thuat chudn doé nguoc
bang cach cho dw chinh xac mét lwong dung dich chuén
EDTA phan &ng véi nhém. Chuan lwong EDTA dw béng
dung dich chuadn Zn** véi chi thi Xylenon da cam, diém
twong dwong nhan dwoc &ng voi thodi diém dung dich
chuyén tr mau vang chanh sang mau hdng tim. Néu dung
dung dich chuan Fe®" d@é chuan EDTA dw véi chi thi axit
sunfosalicilic thi diém twong dwong nhan dwoc khi dung
dich tir khéng mau sang mau dé nau.
Phan trng chuan do:
HoY2 + ARY = AIY + 2H' play = 1098
Chuén lvgng EDTA thira bang dung dich chuan M?":
M?* + HYZ = MY? + 2H
M?* ¢6 thé la Zn**, Pb**, Cu®, Fe*".
Phan tng tao phirc ZnY* xay ra nhanh & nhiét do
cao, do d6 chuan dd khi dung dich néng khodng 60°C.
Dung dich mau Ia dung dich AI** (0,01N - 0,05N )
dwoc gido vién hwong dan pha truwdce, sinh vién khong
duwoc biét trwéc nébng do
—  Hat 5 mL dung dich mau (chinh mau vé pH = 5
bang cach cho NH,OH vao) + 5mL dém pH =
5,5+ 10 mL dung dich EDTA + 3 giot chi thi axit
Sunfosalicilic, 1am 3 mau trong 3 binh noén
250mL

350



Cau hoi

Chuédn d6 bang dung dich Fe* da xac dinh
duwoc nébng doé & thi nghiém trén: dung dich
chuyén tir khéng mau sang nau.

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich Al**

Viét didy d0 cac phwong trinh phan &ng trong
bai thyc tap?

Giai thich vai trd cua tng hoa chéat da st dung
trong bai thyc tap?

V. DINH LUONG HON HOP AI** + Fe**

Dung dich mau 1a dung dich hén hop Fe*" + AP
(0,01M - 0,05M) duoc gido vién pha trwdc, sinh vién
khéng dwoc biét triedc ndng do

Hat 5mL dung dich mau + NH,OH 2N chinh dén
pH = 55 + 1 giot axit Sunfosalicilic cho vao
erlen, lam 3 mau trong 3 binh nén 250mL
Chuén d6 bang dung dich EDTA 0,01M cho dén
khi dung dich chuyén tr d nho sang méat mau.
Ghi thé tich EDTA tiéu ton.
Tiép tuc cho vao 1 giot Bromcresol luc + NH,OH
2N chinh dén pH = 5 + 2 mL dém pH= 5,5 + dun
nhe (80°C). Lam ngudi bang nwéc lanh va thém
vai giot Xylenon da cam vao erlen
Chuén dd bang dung dich Zn?* da xac dinh ndng
dod trong thi nghiém trén: dung dich chuyén tw
xanh luc sang cam tim. Ghi thé tich Zn* tiéu
tén.
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Cau hoi
1.

VI.

4.
DINH LWONG HON HOP Mg* + Zn**
Dung dich m4u 1a hén hop dung dich Zn** + Mg

Tw thé tich do dwoc & 3 mau, tinh ndng dd cua
tirng dung dich Fe** va AI**

Viét didy da cac phwong trinh phan &ng trong
bai thyc tap?

Giai thich vai trd cua tng hoa chéat da st dung
trong bai thyc tap?

Vi sao phai dun s6i dung dich phan tich trwéc
khi cho chi thi Xylenon da cam vao?

Thiét 1ap cong thire tinh ndng do AI** va Fe**?

2+

(0,01M - 0,05M) duwgc gido vién pha trwéc, sinh vién
khéng dwoc biét trwedc ndng d6
Thi nghiém 1

Hat 10 mL dung dich mau + 10 mL dém pH =
10 + 0,01g ETOO cho vao erlen, lam 3 mau
trong 3 binh n6n 250mL

Chuén d6 bang dung dich chudn EDTA 0,01M:
dung dich chuyén tr mau dd nho sang xanh
cham. Ghi thé tich EDTA tiéu tén.

Ciing tién hanh nhw trén cho mau trdng twong
tw, ghi thé tich EDTA tiéu tén.

Thi nghiém 2
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Hut 10 mL dung dich mau + 10 mL dém pH = 10
va it chi thi ETOO +5 mL KCN 20% cho vao
erlen, lam 3 mau trong 3 binh nén 250mL

Chuén d6 bang dung dich chudn EDTA 0,01M:



Cau hoi

3.

dung dich chuyén t¥ mau d3 nho sang xanh
cham cda binh chirng. Ghi thé tich EDTA tiéu
tbn.

Cling tién hanh nhw trén cho mau trang twong
tw, ghi thé tich EDTA tiéu tén.

Tw thé tich do dwoc & 3 mau va & 2 thi nghiém,
tinh ndng dé tirng dung dich Zn** va Mg**

Viét didy da cac phwong trinh phan &ng trong
bai thyc tap?

Giai thich vai trd cua trng hoa chéat da st dung
trong bai thyc tap?

Puwa ra va chirng minh cac cong thiec tinh?

VIl. BPINH LUONG HON HOP Ca*, Mg?*, AlI**, Fe*

Dung dich mau 1a dung dich hdn hop Fe** + AP +
Ca®* + Mg* (0,01M - 0,05M) dwoc gido vién pha truéec,
sinh vién khéng duoc biét truéc nbng do

Hat 20 mL dung dich mau + 5 giot HNO3; dam
dac, dun nhe trong khoang 2 — 3 phut, d& ngudi
+ 2 giot MR 0,1% (dung dich c6 mau hdéng) +
nhd tirng giot NH,OH 2N cho dén khi dung dich
mau vang (co két tGa), c6 mui NH; bay ra, dun
cho hét NH; ty do, lam 3 mau trong 3 binh n6n
250mL

Loc két tiia bang gidy loc bang vang, rira két tia
5 lan bang NH.Cl 5% néng. Dich loc va nuwéc
rika dwoc gop chung. Goi la dung dich 1, ro
dem dinh mrc thanh 100mL
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Hoa tan két tia bang HCI 1: 4 néng, thu dwoc
dung dich ma&i, goi la dung dich 2.

Vay (dung dich 1) dem di xac dinh Ca* va Mg*";
(dung dich 2) dem di xac dinh AI** va Fe®".
1. Dung dich 1: Xac dinh Ca** va Mg**
Thi nghiém 1

HGat 5 mL (dd 1) + 5 mL dém pH =10+ ETOO.
Chuén d6 bang dung dich chudn EDTA 0,01M:
dung dich chuyén tir mau d& nho sang xanh
cham. Ghi thé tich EDTA tiéu t6n.

Lam mau trdng twong tw nhwng thay mau bang
nwoc cat. Ghi thé tich EDTA tiéu ton

Thi nghiém 2

Hat 5 mL (ddl) + 2 mL NaOH 2N + 0,01g
Murexit cho vao erlen

Chuén d6 bang dung dich chuan EDTA 0,01M:
dung dich chuyén tir mau hdng duc sang tim
hoa ca clia binh chirng. Ghi thé tich EDTA tiéu
ton.

Lam mau trdng twong tw nhwng thay mau bang
nwoc cat. Ghi thé tich EDTA tiéu ton

Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich Mg?* va Cca*".

2. Dung dich 2: Xac dinh Al *" va Fe**
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Hat 5mL (dd2) + NH,OH 2N chinh dén pH = 5,5
+ 3 giot axit Sunfosalicilic cho vao erlen

Chuén d6 bang dung dich EDTA 0,01M: dung
dich chuyén tir tim nho sang mat mau. Ghi thé



Cau hoi
1.

tich EDTA tiéu tén.

Lam mau trdng twong tw nhwng thay mau bang
nuwoc cat. Ghi thé tich EDTA tiéu ton

Tiép tuc cho vao 1 giot Bromcresol luc + NH,OH
2N chinh dén pH = 5 + 2 mL dém pH= 5,5 + dun
nhe (80°C). Lam ngudi bang nwéc lanh +1 giot
Xylenon da cam vao erlen

Chuén d6 bang dung dich Zn** da xac dinh ndng
dd trong thi nghiém trén: dung dich chuyén tw
xanh luc sang cam tim. Ghi thé tich Zn?* tiéu tén
(tién hanh chuén d6 néng).

Lam mau trdng twong tw nhwng thay mau bang
nwéc cat. Ghi thé tich Zn?* tiéu tén

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich Fe** va AI**

Viét ddy da cac phwong trinh phan &ng trong
bai thwc tap?

Giai thich vai trd cta tirng héa chat da s dung
trong bai thyc tap?

Puwa ra va chirng minh cac cong thic tinh?
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BAI 3: CHUAN PO TAO PHU’C DPINH LUONG Ba**
VA SO,*

. CHUAN BI
—  Hoa chét: Dung dich dém pH = 10; EDTA 0,02N;
dung dich Mg 0,02N; HCI 1:4; pha dung dich
BaCl, 0,02N; NH4OH 2N; H,SO,4 0,1N.
—  Chi thi: ETOO; MO 0,1 %.
.  DINH LWONG BA*

O pH = 9-10, Ba®" 1a ion tao phtc v&i EDTA bén
hon Mg?*, nén khi cho mét lwgng dw MgY?# vao dung dich
chtra ion Ba** thi c6 phan &ng trao dbi va sinh ra mot
lwong ion Mg?* twong dwong véi lwong ion Ba®* ¢6 trong
mau, lwong Mg?* nay dwoc chudn dd bang dung dich
chuin EDTA véi chi thi ETOO & pH = 9-10, diém twong
dwong nhan duwoc khi dung dich tr mau dé nho sang
xanh luc.

Phan (rng chuan dé:

Baln + MgY> — Mgin + BaY*

Phan (rng chi thi:

H,Y?~ + Mghh = MgY? + In + 2HT
%’_/ b
déLho xanh cham

Dung dich mau la dung dich BaCl, (0,01N - 0,05N)
dwoc gido vién hwéng dan pha trwdce, sinh vién khdng
dwoc biét trwdc

Thi nghiém 1
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Hat 10 mL dung dich Mg?* 0,01M (chinh m4u vé
pH = 9 -10 bang cach cho NH,OH vao) + 10 mL
dém pH = 10 va it chi thi ETOO (Ilam 2 mau).
DPem chuén dd bang dung dich EDTA 0,01M cho
dén khi dung dich chuyén tr mau dé nho sang
xanh cham. Ghi thé tich EDTA tiéu ton (Vy).

Hat 5 mL Ba®* cho vao erlen trén, chuan do tiép
bang dung dich EDTA 0,01M cho dén khi dung
dich chuyén tr mau dé nho sang xanh cham.
Ghi thé tich EDTA tiéu ton (Vy).

Tw thé tich do dwoc & 3 mau, tinh nbng dd dung
dich Ba**

Thi nghiém 2

Cau hoi

Hat 10 mL dung dich EDTA 0,01M (chinh mau
vé pH = 9 -10 bang cach cho NH,OH vao) +10
mL dém pH = 10 va it chi thi ETOO (Ilam 3 mau).
Pem chuan d6 bang dung dich Mg?* 0,01M cho
dén khi dung dich chuyén tlr mau xanh cham
sang dd nho. Ghi thé tich Mg?* tiéu tén (V,).

Hat 5 mL Ba?* cho vao erlen trén, lac cho 5
phat, chudn do tiép bang dung dich EDTA
0,01M cho dén khi dung dich chuyén tr mau dé
nho sang xanh cham. Ghi thé tich EDTA tiéu tén
(V2).

Tw thé tich do dwoc & 3 mau, tinh néng d6 dung
dich Ba*".
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1. Dinh lwong Ba** bang 2 thi nghiém trén co6 sw
khac biét gi? Thi nghiém nao c6 thé cho két qua
gan dung hon? Giai thich?

2. Giai thich cac hién twgng co trong 2 thi nghiém
nay?

3. Viét cac phwong trinh phan &ng da xay ra trong
thi nghiém?

. PINH LWWONG SUNFAT BANG PHUONG PHAP

GIAN TIEP

Anion sunfat trong méi trworng pH = 4-5 dwoc két tda

bang mét lwong dw chinh xac dung dich BaCl, da biét
trwdc néng do, sau khi loc két tha, dich qua loc dwoc dem
di xac dinh lwong BaCl, dw bang chuan dé thé, dwa vao
lwong EDTA tiéu tén va lwong BaCl, ban dau sé tinh
dwoc lwvgng BaCl, da phan (ng véi sunfat, tr dé tinh
dwoc néng dod sunfat cé trong mau.

Phan trng chuan do:

Ba® + SO,~ — BaSO4l

Tgaso, = 107997

H,Y> + Ba® = BaY? + 2H B'say = 1077
Dung dich mau |a dung dich Na,SO, (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwoc
—  Hat 10 mL dung dich mau + 10 mL nwéc cat + 1
giot MO 0,1% + 1 giot HCI 1:4 (cho HCI 1:4 dén
khi dung dich c6 mau héng dd), thém tiép 2 giot
HCI 1:4 nira. Lam twong tw 3 mau trong 3 binh
nén 250mL.
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Cau hoi
1.

DPun néng khoang 80°C, thém tir tr 30mL dung
dich BaCl, 0,02N vao, khudy déu, dé két tua
l&ng trén bép dun cach thuy 30 — 45 phdt.

Loc két tha bang gidy loc bang xanh, dich loc
dwoc hirng vao binh nén, rira két tia bang
nwéc cat cho dén hét ion Ba® (thtr bang H,SO.
0.1N, khi d6 dung dich c6 mau dé dau).

L4y dich loc chinh vé& pH = 9 - 10 bang cach
cho tirng giot NH,OH 2N vao (thlr bang gidy pH)
lic d6é dung dich c6 mau cam, goi la (dd 1).

L4y 1 erlen khac hat 10 mL EDTA 0,01M + 10
mL d&m pH = 10 + 0,01g chi thi ETOO, l4c déu.
Chuén do bang Mg?* 0,02 N cho dén khi dung
dich chuyén tlr xanh cham sang dé nho, goi la
(dd 2)

Hut 10mL (dd 1) cho vao erlen cé chira (dd 2).
Pem chuén d6 bang EDTA 0,01M cho dén khi
dung dich chuyén tir dé nho sang xanh cham.
Ghi thé tich EDTA tiéu tén. Lam twong tw v6i
cac mau con lai.

Tw thé tich do dwoc & 3 mau, tinh ndng dd dung
dich SO4*

Viét ddy da cac phwong trinh phan &ng trong
bai thyc tap?
Giai thich vai trd cla tirng héa chat da st dung
trong bai thyc tap?
Duwa ra va chirng minh cac cong thic tinh?
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BAI TAP

1.

Viét cdng thirc tinh pMg khi chudn dé6 V, (mL) dung
dich Mg®* C," bang V (mL) dung dich EDTA C" trong
cac trwong hep sau:

a) Tbng quat khi chuan do

b) Trwdc xa diém twong duwong

c) Taidiém twong duwong

d) Sau xa diém twong dwong

Gia sr rang Mg cé kha nang tao phirc véi EDTA va

hydroxyt, EDTA la acid da chic phan ly bén néc, hang sb
bén diéu kién cta phirc gitta M va EDTA 1&n.

2.

Hat 5mL dung dich mau (cé chra ion AI** ) cung véi
10 mL dung dich chuan EDTA 0,1N thém 3 giot chi
thi Bromcresol luc vao cung mét erlen, réi chinh dung
dich pha trén vé pH = 5-6 bang cach cho NH,OH vao
dén khi dung dich cé mau xanh. Thém tiép 2mL dung
dich dém pH = 5,5. Bun nhe khoang 60 - 80°C, roi lai
thém 2 mL dém pH = 5,5 + 1 giot chi thi Xylenon da
cam (lam 4 mau trong cac binh nén loai 250mL).
Chuan dd bang dung dich Zn?** 0,1N (chuin néng)
cho dén khi dung dich chuyén tr xanh sang vang thi
do dwoc thé tich dung dich Zn?* 1 Vo(mL), theo két

qua:
Mau sb 1 2 3 4
Vo (ML) 9,8 9,7 9,7 9,6

Vé&i do tin cay 95% hay tinh ham lwgng g / L cla ion

AI** c6 trong mau ban dau.

‘STN‘2‘3‘4‘5|6‘7‘8‘9‘10‘
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t 12,7

4,3

3,18

2,78

2,57

2,45

2,37

2,31

2,23

Q | 122

0,94

0,77

0,64

0,56

0,51

0,47

0,44

0,41

Gia st cac dung dich déu co khdi lwong riéng d = 1 g/mL
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BAI 10. PHUONG PHAP CHUAN DO TAO TUA
M4 bai: HPT 10

Gi&i thiéu
Pé xac dinh ham lwong chét trong mau quang hay
dung dich ban dau, ngoai phwong phap khéi lwong, con
c6 thé sir dung phwong phap chuan do thé tich, do 1a
phwong phap tao tda
Muc tiéu thwc hién
Hoc xong bai nay hoc vién sé c6 kha nang:
1. M6 ta co s& phwong phap két tda.
2. Mb ta phwong phap Mohr, Volhard.
3. Chuéan do két tda.
4. V& dwdng cong chuan do
Noi dung chinh
1. Co s& phuwong phap két tia (nguyén tac chuan
do, dwerng cong chuén doé.
2. Phuwong phap Mohr, Volhard (phwong phap
Mohr).
3.  Dinh lwvgng mét sd mau theo phwong phap tao
tua
10.1. Co’ s& va nguyén tac cua phwong phap tao taa
10.1.1. Nguyén tac chuan dé
Phwong phap chuin dd két tia dwa trén phan (rng
tao thanh chat két tha trong qua trinh chuan do
Pé ap dung phan (ng tao két ta vao qua trinh
chuén d6 thi cac phan &ng dé phai co tbc dd phan trng
nhanh, xay ra tirc thoi, cac két tia phai c6 thanh phan xac
dinh twong ng v&i chét chi thj cho phép
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Chang han chudn do Ag* bang X tao két tia AgX ¥
Ag" + CI = AgCI
10.1.2. Phwong trinh dwong cong chuan dé tao taa

Xay dwng phuwong trinh dwdng dinh phan khi dung
phwong phap tda bac.

Gia st tién hanh chuan dd V, (mL) dung dich CI" C"
bang V (mL) dung dich Ag* C", thi sy bién thién néng do
cia Ag® trong dung dich sé& lam thay déi lwong két tda
AgCl duoc tao thanh. Vi thé gia tri tich sb tan ctia AgCl sé
tham gia trong qua trinh chuan d6 nay.

Dwa vao su thay dbi ndng d6 ion trong dung dich dé
thwe hién viéc vé duwérng cong chuan do.

Phwong trinh chudn do: Ag”™ + CI' = AgCl

(Te=10">7)
Khi chuan do:
+ + vVC
A + [A =
Ag] + 1A= 0y
V,C
CI'] + [CI' Jju= 2=
(O] + [CF = <
) V,C,-V.C V.C
CI']- [A t1 = foxo Y™ dat = F
< [or]- [Ag'] = S0 (@t = P
V,+V
Cll- [Ag"]) >— =1-F (1
< (C- Ag') Yo ()
Trwéc diém twong dwong: (0 < F <1) [Ag" ] qua nhd
nén:
V,+V
1:[CI'] =2 =1-F
:er] 3o
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T, V, +V

=1-F
[Ag] V,Co
Vo+V T
S[AgT] = 2O t
Ag"] V,C, (@-F)
Tai diém twong duwong: (F = 1) lac nay [Ag"] = [CI]
) T,
=[ClI']= g =T, =>pAg=- _Ith

Truwdc sat diém twong dwong: (F ~ 1) dung dich cé

[Ag"]~[CI']
V,+V
(1) = ([Ag"]- )y T F-1
[A ‘]

Giai Phwong trinh bac 2 theo [Ag+]

Sau xa diém twong dwong : (F > 1) dung dich cé
néng d6 [Cl" ] qua bé
V, +V V,C,

e = F 1:>[Ag]—(F1)V Y

(1)< [Ag"]

Sau khi tinh dwoc [Ag* ] thi chuyén logarit dé tinh
dwoc pAg. Tl gia tri pAg va V (Ag® ) xay dwng duoc
dwong cong chuan dé tao tha theo phwong phap bac.
10.1.3. Sai s6 trong phép chuan dé tao tua

Dwa vao luwong [Ag’] dem chuan sé xac dinh dwoc
sai s6 phép chuan d6 tao tda tai thoi diém khao sat

C,+C
= (Ag']- ]) o

Vi du: Xac dinh dwong cong chuan do dung dich co6
Cl" bang dung dich AgNOs, biét gia trj T(AgCl) va cac
néng do ion Ag* va CI" & mébi thoi diém xét.
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Giai

Dwa vao cac cdng thic da dwoc tinh toan trén, tai
mdi diém chuan tim dwoc [Ag™]:

V6&i dung dich NaCl 0,1M & th&i diém ban dau chua
chuéan do:

[CI']= Chacy= 0,1 < pCl = 1

Tai thoi diém twong dwong: s mol cia NaCl va
AgNO3 bang nhau

[Ag"]=[ClI']= VT =41710%=1,303.10° M

pAg = pCl=-Ig[Ag’] = 4,885

... (tiép tuc, sinh vién tw thiét lap dé co két qua tiép
theo)

Két qua db thj dwoc xay dwng cé dang nhw sau:

pig

R

Hinh 10.1 Két qua dé thj xay dwng

VmL(AgNo; )

Puong cong chuan d6 d6i xing qua diém twong
dwong
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Buwdc nhdy I&n nén khd ndng chuin do chinh xac
cao
Néng dé dung dich can chuan va dung dich chuén
cang lon thi bwédc nhdy cang 16n (khéang néng dd 0,1M
c6 d6 nhay thich hgp hon ca)
Do tan cta hop chat két tha cang nhd thi budc nhay
cang lén.
Vi du: Xay dwng dwérng cong chuan dé dung dich Br’
bang phwong phap bac & cac nébng dé da néu:
a) Chuan dd dung dich Br 0,05M bang dung dich
Ag' 0,1M
b) Chuén dd dung dich Br 0,005M bang dung dich
Ag* 0,01M
c) Chuan d6 dung dich Br 0,0005M bang dung
dich Ag® 0,001M
Cho nhan xét vé dang dwéng cong vé duoc.

Twong tw cho phép tim pM nhu trén, ta cé dwoc két
qua sau:
Bang 10.1. Bién déi pAg va pBr trong qua trinh chuan
do

Chuan 50mL Chuan 50mL
Br' 0,005M Br 0,0005M
bang AgNO3 bang AgNO3

Chuén 50mL
Thé tich | Br 0,05M bang
AgNO3 AgNO3 0,1M

0,01M 0,001M
PAg | pBr | pAg | pBr | pAg | pBr
0 - 1,3 - 2,30 - 3,30

10 10,68 1,6 9,68 2,60 | 8,68 3,60

20 10,13 | 2,15 9,13 3,15 | 8,13 4,15
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23 9,72 2,56 8,72 3,56 7,72 4,56
24,9 8,41 3,87 7,41 4,87 6,50 5,78
24,95 8,10 4,18 7,10 5,18 6,33 5,95

25 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 2,58 9,70 3,58 8,70 4,58 7,70

30 2,20 10,08 | 3,20 9,08 4,20 8,08
12
o ——t
& i
4 S
2
0 . . . . . . |

a 5 10 15 il 5 30 35

Hinh 10.2. Pwéng cong chuan dd cla bang trén
(D6 thi co truc tung theo pAg)

(1) Chuén d6 dung dich Br 0,05M bang dung dich
Ag+ 0,1M

(2) Chuéan d6 dung dich Br 0,005M bang dung dich
Ag+ 0,01M

(3) Chuan dd dung dich Br 0,0005M bang dung
dich Ag+ 0,001M
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Hinh 10.3. BPwéng cong chuan do cla bang trén
(D6 thj c6 truc tung theo pBr)

R& rang khi tdng chat can chuan va chét chuan, sw
bién dbi pAg & vung gan diém twong dwong tré nén rd
hon

Hién twong nay cling dwoc quan sat thdy néu thay
thé pAg trén truc tung bang pBr.

Néu chuan dé néng d6 Br di Ién dé& sir dung nhirng
dung dich AgNO; v&i ndng dd 0,1M hodc I&n hon thi diém
cudi dwoc xac dinh dé dang va sai sd chuan do sé 1a cuc
tiéu. Ngwoc lai, di véi cac dung dich c6 ndng dé 0,001M
ho&c nhd hon, sw bién déi pAg hodc pBr nhé dén murc la
khé khan xac dinh diém cudi. Trong trwdng hop dé sai s6
chuén d6 phai lon.

Néng do thubc ther anh hwéng twong tw dén budc
nhay clia phép chuén do theo cac loai phan &ng khac.

Vi du: Chuan dé cac dung dich Halozenua 0,1M béng
AgNO; biét pT cla lan lwot AgCl; AgBr; Agl la 9,75 ;
12,28 ; 16,08
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a) Chuan dd 50mL dung dich ClI" bang VmL dung
dich AgNO; 0,1N

b) Chudn dé 50mL dung dich Br bang VmL dung
dich AgNOs 0,1N

c) Chuan d& 50mL dung dich I bang VmL dung
dich AgNOs 0,1N

Tw d6 nhan xét vé dwong cong d6 thj chuin dé cla

chung

Vi d6 tan cta ching duoc sap xép la:
Sagel < Sager < Sagi -

Nén dwong cong chuan d6 dwoc xac dinh nhw sau:

px

VmL{ AN O3 )

Hinh 10.4. Bwéng cong chuan do
(1) DBiém twong dwong ctia NaCl
(2) Diém twong dwong ctia NaBr
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(3) DPiém twong dwong cta Nal
10.2. Cac phwong phap tao tua co ban
10.2.1. Phwong phap Mohr
10.2.1.1. Nguyén tac

Co6 2 phwong phap thuwdng dwoc ap dung la phuong
phap so sanh d duc va phuwong phap dung chét chi thi

Phuwong phap nay duoc trng dung rong rai khi chuan
Clorua va Bromua bang dung dich AgNO; chuén. lon
cromat dwoc dung lam chat chi thi, & diém cudi phép
chuén d6 xuét hién két tia Ag,CrO, mau dd gach

Sy tao thanh két tda th( hai c6 mau khac véi mau
cla hop chat két tia la co s& dé xac dinh diém cudi theo
phuwong phap Mohr

Do tan cua Ag,CrO, cao hon hiéu do tan cta bac
halozenua. Do d6, khi chudn dd theo phwong phap Mohr,
Ag,CrO, chwa tao thanh khi thuc té tat ca halozenua chua
két tha hét. Diéu chinh nbng d6 cromat cé thé ngdn ngira
sy tao thanh Ag,CrO4 cho t&i khi néng do ion Ag® chuwa
dat t& néng d6 tinh téan ly thuyét déi véi vung diém
twong dwong khi chuan do halozen.

Tinh thé AgNO; c6 thé cé chira mét it tap chat do d6
khi pha can dinh lai ndng dé chinh xac bang dung dich
chuin NaCl. Dung dich AgNO; dé ngoai anh sang dé bj
phan hdy do d6 can chira trong chai thiy tinh mau
10.2.1.2. Ky thuat phan tich

Vi du: Sai sb6 + 0,1% twong (rng v&i + 0,025mL dbi
véi thé tich 25 mL chat chuan. Nong d6 ion Ag* dwoc tinh
la 4,78. 10 ® mol/L néu thém 24,975mL dung dich Ag”
0,1M va sau khi thém 25,05mL ciling dung dich dé vao
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dung dich CI" 0,05M thi dwoc 3,81. 10 ° mol/L. C6 thé
thay ddi ndng dd ion cromat can thiét d& tao thanh
Ag,CrO, trong khodng nao dé& chuan dé qua hodc chuan
dod chwa téi khéng In hon 0,025mL
Khi thém 24,975mL chat chun, két tia Ag,CrO, co
thé xuét hién néu:
T(Ag:CrO,) < [CrO,* 1. [Ag”]

Néu:

_ . 111072
CrO,%1=T/[Ag ] ——=—__=0,048 M
[Croa™] Ag"] (4,78.10°°)?

Va khi thém 25,05mL chéat chuan, néu:

_ . 111072
CrO,* 1= T/[Ag"]= ————_=0,048 M
[Croa™] Ag"] (381.10°°)?

R6é rang d& ap dung phuwong phap Mohr mét cach
chinh xac, thi c6 thé git» nébng dd chét chi thi trong mot
khéang kha réng, gitra 0,0008 va 0,05M. Nhwng thuc té &
néng dd I&n hon 0,05M mau vang dam cla ion cromat sé
can tré mau dé cua Ag,CrO,. Nén phai dung néng do
cromat nhé hon 0,05M. Khéng nén tinh téan lwong téi
thiéu cromat can phai dwoc tao thanh ma mat cé thé nhan
biét ra nd, ma chi nén xac dinh né bang thwc nghiém

Can chu y dén do acid cta méi trwdng bdi vi khi tang
néng do ion [H*] can bang xay ra:

2 CrO4” + 2H" == Cr,0; + H,0

sé chuyén dich vé bén phai. Do tan cia dicromat bac
cao hon kha nhiéu so véi dd tan clia cromat bac, do dé
dbéi v&i pH chi thi trong méi trwdng acid doi hdi néng dd
ion Ag* Ién dang k&, néu phan &ng co6 thé xay ra. Trong
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maoi trwdng kiém co thé cé oxyt bac ldng xubng:
2Ag" + 20H — 2 AgOH =— Ag,0 + H,0

Nhw vay phwong phap Mohr dé xac dinh clorua bac
can phai dwoc tién hanh trong méi trwdng trung tinh hoac
gan trung tinh (pH = 7 + 10). C6 thé gitr ndng dd ion [H]
trong khdang dé mét cach thuan tién bang cach thém vao
NaHCO;

10.2.2. Phwong phap Volhard
10.2.2.1. Nguyén tac

Phuwong phap Volhard dwoc dung dé dinh lwong
clorua gian tiép

Thém vao mau clorua mét lwong chinh xac dw dung
dich AgNO; chuén va lwong duv ion Ag” dwoc xac dinh
bang phép chuin d& ngwoc bang dung dich Tioxyanat
chuén.

Uu thé dac biét ctia phwong phap nay 1a & kha nang
chudn d6 trong méi trwdng acid manh b&i vi nhirng ion
nhw COs%, C,0,%, Asenat khong can tré.

Nhwoc diém: Khac véi cac halozenua khac, AgCl tan
nhiéu hon AgSCN, nén cé phan &rng:

AgCl + SCN == AgSCN + CI

Sé& gay tré& ngai nhiéu cho sy phat hién diém cubi
phép chuan dd theo phwong phap Volhard. Vi vay quan
sat thay su tiéu tdn qua murc ion SCN™ va xuét hién sai sb
phan tich Am. Gia tri sai s6 d6 phu thudc vao ndéng dd chat
chi thi.

Dé tranh sai sb lién quan véi phan trng gitka SCN™ va
AgCl phai dung hai bién phap sau:

- Tao ra nébng dd chét chi thj cwc dai dwoc phép
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(khdang 0,2M Fe*)

- Tach két tia AgCl trwéc khi chuidn dd nguoc
bang dung dich SCN™ Phép chuidn mét phan
nwéc loc sau khi loc AgCl cho két qua tét nhat
trong diéu kién két tha dong tu tbt.

Sw tiéu tén thdi gian cho phép loc chinh la nhuwoc

diém ctia phwong phap nay.
Bang 10.2. Nhirng phwong phap két ttia do Ag

Phuwong
Céu tlr cAn xac | phap xac o
. . .z Ghi chu
dinh dinh diém
cudi
AsO,” i Br ;| Khéng can tach mubi
SCN - bac
COs; % CrO, “ ; Trwdc khi chuan do
CN; CI7 C,04% ; nguvoc lwong Ag+ dw,
PO,* can tach mudi bac
Chuan do tiép theo
lwong Ag+ duw trong
han &rng:
BH, bran e, _
BH, + 8 Ag" + 8 OH
Phuwong
Phap J¢+HBO + 5 H,0
Volhard g’ G~ 2
Chuan d6 lwvong CI' dw
Epoxit sau khi ché hoa bang
hydro clorua
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Két tia K bang lwong

dw B(CeHs)s da biét,
K* thém dw Ag® tao két
tla AgB(CgHs)sva chuén
dé nguwoc Ag” dw
Phwong
Br; Cl- phap
Mohr
| ~; SeOs” ; Br ;| Chi  thi
o} hép thu
N . | Phwong
V(OH),” ; cac| A s .
, . . | phap Chuan 46 tryc tiép bang
acid béo, cac ~ i _ .
phan tich | dung dich Ag
mecaptan N
dién hoa
Két tia duwéi dang
ZnHQ(SCN);. Loc va
2t hoa tan trong acid, thém
Phwong |dw Ag‘, chudn dd
Phap ngwoc Ag® dw
Volhard Két tia duwéi dang
bién dang | PbCIF. Loc va hoa tan
F trong acid thém dw Ag™ ;

chuén d6 nguwoc Ag* dw

Trong phan 1&n cac trwong hop, phép chuan do két

tda dwa trén st dung dung dich AgNO; chudn, nén

phwong phap nay con goi la phuwong phap do bac. Nhiéu

phwong phap xac dinh d& néu trong bang trén, dung
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phwong phap két tda ciu t& can xac dinh bang mét lwong
chinh xac dung dich AgNO; va chuan d6 tiép theo bang
dung dich KSCN chuén theo phwong phap Volhard. Ca
hai thubc thir da néu co thé dung dwoc dudi dang chét
chuan dau nhuwng vai thube thir KSCN cé kha nang hat
am dwoc, nén gay kho khan cho phép can né & nhirng
diéu kién thi nghiém c6 dd dm cao. Nhirng dung dich
AgNO; va KSCN bén trong thai gian 1au khdéng gidi han.

Bang 10.3. C4c phwong phap chuén do két tia khac

lon can San oha
. N . an pham P
Chat chuan xac . p' Chat chi thi
_ phan ng
dinh
Ka[Fe(CN)g] Zn**  [ZnsKz[Fe(CN)el2 | Diphenylamin
S04~ PbSO, Erotrozin B
Pb(NO3), > ,
MoOy4 PbMoO, Eosin E
PO,> | Pbs(PO4 ), Dibromfluoretxein
Pb(CH3COO0), o :
C,04 Pb C,04 Fluoretxein
Th(NO3)2 F ThF4 Alizarin do
Hga(NOs) cr Br HaX Bromophenol
02 3)2 ) ga2A2 cham
o4 Bromophenol
NaCl Hg. Hg2X> \
cham

10. 3. Dinh lwong mét s6 mau
10. 3. 1. Dinh Iwong CI' theo phwong phap Mohr
Vi du dinh lwong mubi NaCl céng nghiép

Nguyén tac

Dwa trén co s& cla phwong phap chuan dd két tta
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trwe tiép, dung dung dich AgNO; tiéu chudn chuén dé truc
tiép xubng dung dich miu c6 chra thanh phan NaCl.
Thwc hién phan &¥ng trong méi trwong trung tinh hoac
kiem yéu va nhan biét diém twong dwong bang chi thi
K,CrO, khi két tiia xuét hién két tia mau dé gach.

Phan (rng chuan dé:

Cl- + Ag' =  AgCl{
1 1
tir AgNO, két tiia tring
pTAgCI =9.75
Phan tng chi thi: khi cho dw mot giot Ag”
Cr0,”” + 2Agt = Ag,CO, 4
T

két tiia dé gach
PTag,cro, = 11.95
Mai trwong can co pH < 10 dé tranh can bang phu:
2Ag" + 20H = 2AgOH!
= Ag,OV + H,O pTagon =7.8
Va mdéi trwdng cling can c6 pH > 6 dé tranh can bang

phu:
Ag,CrO, = 2Ag + CrO2
Cro,2 + H = HCro, -
Ky thuat pha ché

- Can khoang 0,2g mau muédi, chuyén vao cbc
thay tinh loai 100mL, dung nwdc néng hoa tan,
sau do loc can qua gidy loc bang xanh, dung

nwdc cat néng rira cho dén hét ion ClI (thky
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bang dung dich AgNO,)

- Dich qua loc va nuwéc rira tap trung vao binh
dinh mrc 100mL, d& ngudi va dung nwéc cat
dinh mirc téi vach. Dung pipet 14y 3 mau cho
vao 3 binh nén loai 250mL méi binh 10mL mau
+ 5 giot chi thi K,CrO,, l4c déu

- Chuan d6 bang dung dich AgNO; 0.1N t&i khi
dung dich xu4t hién két tia dé gach. Ghi thé tich
AgNO; da tiéu tén. Tinh ham lwong % NaCl
trong mau ban dau.

Tinh toan

Tw thé tich chudn duwoc cia AgNO; & 3 méu, tinh

trung binh dwgc VmL(AgNO3).

S6 dwong lwong ctia AgNO; = Sé dwong lwong cla

NaCl = (C.V) AgNO;
Nén: khéi lwgng NaCl = (C.V) AgNOs. M (NaCl)= 0,1.
V. 58,5 =5,85V,

Pay la lwong NaCl cé trong 10mL dung dich dwoc

trich tr binh dinh mdrc 100mL,

do dé: khdi lwong NaCl trong mau ban dau 1a
5,85V. 10 = 58,5V

10

Vay ham lwong NaCl ban dau 1a:

58,5 V. %: 2,925.102. Vo, (%)

10.3.2. Binh Iwong CI" theo phwong phap Volhard
Vi du dinh lwgng dung dich NaCl
Dwa trén co s& cla phwong phap chuan dd két tta
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cta phan dw, dung dung dich AgNOj5 tiéu chuan dw chinh
xac dé chuan dung dich mau cé chra thanh phan NaCl.
Chuan phan dw clia dung dich AgNO; bang dung dich
KSCN thue hién phan (rng trong méi trwdng axit nhan biét
diém twong dwong bang chi thi Fe** khi két tia xuét hién
mau hung dé.

Phan (rng chuan dé:

Cl + Ag = AgCIV (PTager = 9.75)
dw két tta tréng
Ag + SCN = AgSCNY (pTagsen = 11.97)
conlai  tw KSCN két tha trdng

Phan &ng chi thi:

Fe’* + SCN = FeSCN*

DO Tagsen < Tagel NéN gan diém twong dwong co thé

c6 can bang phu:
AgC + SCN — AgSCN{ + CI

Dé loai trlr can bang phu nay bang cach loai hay cbd

lap tiia AgCl, cé thé dung bién phap:

- Loc bd tha AgCl khdi dung dich trwédc khi chuan
do.

—~  DBun sbi dung dich vai phut trwéc khi chuan do
nham tao sy déng tu tda.

—~  Thém dung méi hiru co khéng trdn 1an v&i nwéde
nhw nitro benzen dé& bao tda lai bang cach lac
that manh dung dich truéc khi chuan do.

Ky thuat phan tich

- HaGt 5 mL mau + 3 giot HNO; dd + 10 mL

AgNO; 0,1N + 3 giot Fe**, lac déu, 1am 3 mau
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trong 3 binh n6n 250mL.
—~  Chuan d6 bang dung dich KSCN 0,1N cho dén
khi dung dich cé mau dé hung.
- Tw thé tich do dwoc & 3 mau, tinh ham lwong
(mg/L) NaCl cé trong dung dich mau ban dau
Tinh toan
Tw két qGa chudn d& 3 mau, tinh V tbinh cia dung
dich KSCN [a V
S dwong lwong clia KSCN = Sb dwong lwong cla
AgNO; du = (C.V) KSCN
S6 dwong lwong cia NaCl = Sé duwong lwong cla
AgNO; phan &rng
Nén sbé dwong lwong cta NaCl = Sé duwong luwong
ctia AgNO; (ban dau - dw)
< khéi lwong cta NaCl c6 trong 5mL mau = (CV)
AgNO; bd - (CV)KSCN chudn =10.0,1. 10 *-V,,0,1.
10°*=10"*(10 - V) (g)= 0,1 (10 - V) (mg)
Do d6, khéi lwong NaCl cé trong 1 L dung dich NaCl
la:

) -4
0,1(10-V).— =5(10-V,,) 10 /L).
(10- V). -2 = 5(10 - V) 107 (mg/1)
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THWC HANH PHAN TiCH THE TiCH

BAI THU'C HANH
DINH LUONG ION CLO
I.  CHUAN Bj
- Hoa chét: Nitro benzen ; NaCl 0,05 N ; HNO, dd
; Fex(S04)3 5%
~  Chithi: H6 tinh bot 1 %; chi thi Cromat: K,CrO,
8% pha trong 100mL nwéc cét ; fluoressein
0.1% pha trong con.
.  XAC DINH NONG PO CAC DUNG DICH CHUAN
Thi nghiém 1
Dung dich mau Ia dung dich AgNO; (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwdc
- Hat 10 mL NaCl 0,05 N + 10 giot chi thi Cromat
+ khoang 20mL nwéc cat. Lam 3 mau trong 3
binh nébn 250mL
—-  Chuan d6 bang AgNO; cho dén khi tia c6 mau
cam nhat.
- Tl thé tich do dwoc & 3 mau, tinh lai chinh xac
néng d6 dung dich AgNO;
Thi nghiém 2
Dung dich mau |4 dung dich KSCN (0,01N - 0,05N)
dwoc gido vién pha trwdc, sinh vién khéng dwoc biét
trwérce.
- Hat 10 mL AgNO; (c6 néng dd vira dwoc hiéu
chinh & trén) + 3giot HNO; dam dac + 5 giot
Fe®*, lam 3 mau trong 3 binh nén 250mL (dung
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dich sé& ¢ lon con tda trang va van duc nhe)
Chuan doé bang KSCN cho dén khi dung dich cé
mau doé hung

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich KSCN

DINH LWONG HAM LUQNG CUA NaCl TRONG
MUOI AN CONG NGHIEP THEO PHUONG PHAP
MOHR:

MA&u 1a mubi NaCl céng nghiép dang tinh thé:

Can khoang 0.2g mau mubi, chuyén vao cbc
thay tinh loai 100mL, dung nwdc néng hoa tan,
sau doé loc can qua giéy loc bang xanh, dung
nwdc cat nong rira cho dén hét ion CI™ (they
bang dung dich AgNO5)

Dich qua loc va nwéc rira tap trung vao binh
dinh mic 100mL, d& ngudi va dung nwéc cat
dinh mirc téi vach. Dung pipet |1y 3 mau cho
vao 3 binh ndn loai 250mL méi binh 5mL méau +
5 giot chi thi K,CrO,, lac déu.

Chuén d6 bang dung dich AgNO; 0.05N (c6 hé
sb hiéu chinh) t&i khi dung dich xuét hién két tda
dd gach. Ghi thé tich Nitrat bac da tiéu tén. Tinh
ham lwong % NaCl trong mau ban d4u.

Dung dich NaCl can git¥ lai d& lam thi nghiém sau.
DINH LUONG HAM LUONG CUA NACI TRONG
MUOI AN CONG NGHIEP THEO PHUONG PHAP
VOLHARD

Dung dich méau 1a dung dich NaCl (0,01N - 0,05N)
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dwoc HS - SV dalam TN trén
Thi nghiém 1

Hat 5 mL mau dung dich mubi &n da pha & trén
+ 3 giot HNO; dam dac + 10 mL AgNOs (44
dwoc hiéu chinh & trén) + 3 giot Fe**, lac déu,
lam 3 mau trong 3 binh nén 250mL.

Chuén do bang KSCN (da dwoc hiéu chinh &
trén) cho dén khi dung dich cé mau dé hung

Tw thé tich do dwoc & 3 mau, tinh ham lwong %
NaCl c6 trong mau mubi.

Thi nghiém 2

Cau hoi
1.

2.

Hat 5 mL mau + 1 giot HNO; dam dac + 10 mL
AgNO; (d3 dwoc hiéu chinh & trén) + 3giot Fe®*
+ 2 giot Nitro benzen, Iac déu, lam 3 mau trong
3 binh non 250mL.

Chuén do6 bang KSCN (da dwoc hiéu chinh &
trén) cho dén khi dung dich cé mau dé hung

Tw thé tich do dwoc & 3 mau, tinh ndng dé dung
dich NaCl.

So sanh két qua tinh téan néng doé cha NaCl
trong 2 thi nghiém trén?
Giai thich vai tro NitroBenzen?

VI. DPINH LWUONG HAM LUONG CUA NACI THEO
PHUONG PHAP FAJANS
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Huat 25mL dung dich mau + 5mL Fluoressein,
lam 3 mau trong 3 binh ndén 250mL.

Chuén d® bang dd AgNOs; thi dung dich c6 két
tia trdng AgCl nhudm mau dé (khi cho AgNO;



vao thi dd bi duc, gan diém twong dwong AgCl
két tia dan dan déng tu lai luc nay ta phai lac
manh khi két tGa nhuém dé thi drng lai).

- T thé tich do dwoc & 3 mau, tinh nbng dd dung
dich NaCl.

Cau hoi

1. So sanh két qita & 3 phuwong phap Mohr,
Volhard, Fajans. Cé nhan xét gi vé 3 phuwong
phap nay?

2. Viét cac phwong trinh phan &ng xay ra trong thi
nghiém, va giai thich chung?

BAI TAP

1.

Hoa tan 1(g) mét loai quang thanh dung dich (A)
chtra Fe®*". H&i can dung bao nhiéu mL dung dich
NH; 1,19% (d = 0,99 g/mL) dé két tia hoan toan
lwong Fe**. Biét trong quéng cé chira dén 10% Fe
Dinh lwong ham lwong NaCl ¢é trong mudi &n theo
phwong phap Mohr: Can 0,8849g mubdi an cé dd tinh
khiét 99,5 %, dem hoa tan bang nwéc cat néng dén
khi thu dwoc dung dich 100 mL. HUt 5 mL dung dich
mau cho vao cdc tam giac cung v&i 5 giot hén hop
chi thi (gém 4,2 g K,CrO, + 0,7g K,Cr,O; pha trong
100 mL nwéc cat) va thém 3 giot hd tinh bot, rdi dinh
mtrc dén 100mL. Tién hanh chuin d6 bang AgNO;
0,1N cho dén khi xuat hién tla c6 mau cam nhat thi
tdn hét 5,76mL dung dich AgNOs. Tinh khdi lwong
NaCl ¢c6 trong mudi &n ban dau.
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CAC BAI TAP MO RONG, NANG CAO

Cau 1

Tinh pH cua cac dung dich sau:

a) Metilamin 0.1M c6 pK, = 3.36

b) Acid Lactic C,HsOCOOH 0.2M va Kalilactat

C,Hs0COOK 0.2M c6 pKa = 3.36.

Cau 2

Tinh d6 tan cua CaC,0, trong dung dich (NH,4),C,0,
0.5M so sanh v&i d6 tan ctia né trong nwéc. Biét Teacoos =
2,3.10°
Cau 3

Hoa tan 0.2486g K,Cr,O; tinh khiét thanh 500mL
dung dich chuan K,Cr,0O,. HGt 20.00mL dung dich nay,
thém mét lwong nhéat dinh HCI va Kl thich hop réi chuén
dd bang 20.05mL Na,S,05. Tinh ndng d& dwong lwong
ctia dung dich Na,S,05va dd chuan ctia dung dich d6 ?
Cau 4

Mét mau Sud can nang 0.9210g, dwoc pha lodng
thanh 250mL dung dich. Hut ra 50mL dung dich nay dem
chuan d® bang dung dich HCI 0.1042N, thi thé tich HCI
tiéu ton la:

a) Néudung chithi PP Vg = 20.50mL

b) Néu dung chi thi MO V¢ = 21.30mL

Xac dinh ham lwong cac thanh phan trong mau ban
dau
Cau 5

Néng dé can bang cia NH; trong 100mL dung dich
chtra 10 mol két tia AgCl phai 14 bao nhiéu dé& hoa tan
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lwong két tha. Tich sb tan clia AgCI Tage = 10°7° va phirc
ctia Ag* va NH; c6 logarit hang s bén téng cong lan lwot
& 2 nac la 3,22 va 7,24,

Cau 6

DPem chuén 50mL dung dich HCI 0,05M béng V(mL)
dung dich NaOH 0,1M:

a) Tinh gia tri pH cha dung dich chuan duwoc khi
V(mL) 1anlwotla: 0-10-20-24,9-25-25,1 -
26 - 30 (mL)

b) V& dwdng chudn ddé (pH - VmL dung dich
NaOH) &ng v&i cac gia tri pH vira tim dwoc &
cau a.

c) Xac dinh buwdc nhay chuan dé véi sai s6 0,2%.

GIOI THIEU MOT SO PE THI - BE KIEM TRA
Thoi gian lam bai: 90 phut
PE SO 01
Cau 1: 2 diém

Tinh pH cua dung dich sau khi trdén nhw sau:

a. Tron 29.90mL dung dich axit pyridinecarboxylic
c6 ndng dd 0.020M véi 20.00mL dung dich KOH
c6 ndng do 0.023M.

b. Trén 29.90mL dung dich axit pyridinecarboxylic

cé ndng d6 0.020M véi 26.00mL dung dich KOH
c6 ndng dé 0.023M.

Biét axit pyridinecarboxylic (CsH:.NCOOH) c6
hang sb ion héa K=5.10"°,
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Cau 2: 1 diém
Anh (chi) hay tinh lwong hoa chét can thiét dé pha
cac dung dich sau day
a. 1L dung dich Fe** 50ppm
b. 500mL dung dich Fe** 0.1N (dung lam chéat
chuén cho phan trng oxy hoa khir)
Biét rang cac dung dich trén duwoc pha ti
(NH,),Fe(S0.),.6H,0 rédn c6 do tinh khiét
99.8%. Cho biét N=14; H=1; Fe=56; S=32;
0O=16.
Cau 3: 2 diém
DPé xac dinh ham lwong ctia CaCO; trong mau da voi
ngwoi ta lam nhuw sau:
~  Can chén can da say kho thi dwoc khéi luvong
la: 23.1024g
- Can ca chén can va mau thi dwoc: 23.45609
- Hoa tan thanh dung dich va két tda ion Ca*
dwéi dang CaC,0,
- Loc, rtra va nung & 500°C dén khéi lwong khong
ddi
- Sau khi nung xong can cé chén va mau thi dwoc
23.22609g
Hai trong mau da voi co bao nhiéu % la CaCO5? Cho
Ca=40; C=12; O=16.
Cau 4: 3 diém
Chuin 10mL HCI 0.1M bang dung dich NaOH cé
cung néng do
a. Tinh khoang bwé&c nhdy pH clha phép chuén
tng voi thé tich cha chéat chuan 1a 9.99mL va
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10.01mL?

b. Chon chat chi thi nao trong sé cac chi thi sau
day voi sai sb khong qua 0.1%: phenolphtalein
(pT=9); metyl d6 (pT=5); metyl cam (pT=4). Tinh
sai sb chi thj khi st dung chét chi thj da chon?

c. Néu tién trinh chuin dd chuan dwoc 7mL HCI
thi pH cla dung dich trong binh chuén ltc nay la
bao nhiéu?

Cau 5: 3 diém

DPé dinh phan Fe(lll) va Al(lll) trong cung mét hén
hop, ngwdi ta lam nhw sau: L4y 50.00mL hén hop mau
dém & pH=2 rdi chuidn dd bang dung dich EDTA
0.04016M va&i chi thi sunfosalixilic thi hét 29.61mL. Tiép
theo, thém vao dung dich 50.00mL dung dich EDTA trén,
dun néng dém & pH=5 réi chuin dd bang dung dich Zn**
0.03228M véi chi thi xylenol da cam thi hét 19.03mL.

a.  Giai thich va viét cac phan (rng xay ra?

b. Tinh nébng d& mol/L cGa mébi ion c6 trong dung
dich m&u ban dau?

PE SO0 02
Cau 1: 2 diém

Tinh thé oxy héa khir tiéu chuén didu kién (E°) cla
cap Cu?'/Cu’ khi cho lwong Kl dw két tia véi Cu® dé tao
thanh Cul. Biét tich sé tan cia Cul 1a 102, thé oxy hoa
chuén cta cap Cu?*/Cu* 1a 0.170V.
Cau 2: 1 diém

Anh (chi) hay tinh lwong héa chéat can thiét dé pha
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cac dung dich sau day

a. 1L dung dich K,Cr,0; 0.1N (pha dé xac dinh

chét khir trong mai trwdng axit)

b. 500mL dung dich K,Cr,0O; 5%

Biét rang cac dung dich trén dwoc pha t K,Cr,0;
ran c6 do tinh khiét 99.8%. Cho biét 0=16; K=39; Cr=52.
Cau 3: 2 diém

Pé xac dinh ham lwgng MgO trong mau xi mang,
ngwoi ta can 2.0132g mau, dem phan hdy thanh dung
dich réi dinh mic thanh 250mL. Ly 25mL dung dich trén
két tia ion Mg®* dwsi dang MgNH,PO,. Sau khi loc, riva
va nung & nhiét do thich hop dén khdi lwong khéng dbéi thi
can duwoc 0.1278g Mg,P,0;. Tinh ham lwgng % MgO coé
trong mau? Cho biét: Mg=27; P=31; 0=16; N=14; H=1.
Cau 4: 3 diém

Chuédn 10mL HCI 0.01M bang dung dich NaOH c6
cung néng do

a. Tinh pH va vé dwéng dinh phan tai cac diém khi

thé tich chat chuan HCI la: 0.00mL; 5.00mL;
9.00mL; 9.99mL; 10.00mL; 10.01mL; 12.00mL;
15.00mL.

b. Chon chét chi thi nao trong sb cac chi thi sau

day (pT=9; pT=6.5; pT=5; pT=4) véi sai sb
khoéng quéa 0.1%.
c. Néu tién trinh chuédn dé chuan dwgc 19.00mL
HCI thi pH cia dung dich trong binh chuén luc
nay la bao nhiéu?
Cau 5: 2 diém

C6 100mL dung dich hén hop Fe®* va TiO**, nguwoi ta
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lam thi nghiém nhw sau:

- LAy ra 25mL dung dich hén hop trén cho qua
cot khtr Ag d& khr Fe®* xubng Fe?" rdi chuan
lwong Fe** sinh ra bang dung dich K,Cr,O;
0.05N trong méi truwérng axit thi hét 25.50mL

- Cing lay ra 25mL hén hop trén cho qua cot khir
Zn dé khir Fe** xubng Fe®* va TiO** xubng Ti*",
dung dich qua khdi cot cling dwoc chuan nhuw
trén va tén hét 40.25mL dung dich chuan
K>Cr,O; 0.05N.

a. Viét cac phan &rng xay ra trong qua trinh phan
tich trén?

b. Tinh s6 mg sat va titan c6 trong dung dich ban
dau?

PE SO 03
Cau 1: 2 diém

Tinh d6 tan cua BaSO, va CaSO, trong hai trwdng
hop sau

a. Trong nwéc nguyén chét

b. Trong dung dich c6 chra 0.01M Na,SO,4

Biét tich s6 tan ctia BaSO, va CaSO, lan lwot la:

10"°va 10°.

Cau 2: 1 diém

Anh (chi) hay tinh lwong hoéa chéat can thiét dé pha
cac dung dich sau day

a. 1L dungdich EDTA 0.1N

b. 500mL dung dich EDTA 0.1M
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Biét rang cac dung dich trén dwoc pha tr Na,Y ran
cd dd tinh khiét 99.8%. Cho biét khdi lwong phan ti cua
Na,Y la 372.24.

Cau 3: 2 diém

Pé xac dinh ham lwong lwu huynh trong mau gang,
ngwdi ta can 1.0000g mau hoa tan bang dung dich HCI
dong khi H,S sinh ra duwoc dan vao dung dich chira mubi
cadimi thu dwoc két tia dwdi dang CdS, sau d6 dem ché
héa két tia CdS bang dung dich CuSO, dé& chuyén hoan
toan két tia dwdi dang CuS. Loc, rira va nung dén khéi
lwong khdng dbi thi thu dwoc 0.0872g. Tinh % khdi lwong
lwu huynh c6 trong mau gang.

Cau 4: 3 diém

Chuin 10mL NaOH 0.1M bang dung dich HCI c6
cung néng do

a. Tinh khoang bwéc nhdy pH clha phép chuén

tng vo&i thé tich cha chat chuan 1a 9.99mL va
10.01mL?

b. Chon chét chi thi nao trong s6 cac chi thi sau

day véi sai sd khdng qua 0.1%: phenolphtalein
(pT=9); metyl dé (pT=5); metyl cam (pT=4). Tinh
sai sb chi thj khi st dung chét chi thj da chon?

c. Néu tién trinh chuan d6 chuan dirng & pH=12

thi phai thém bao nhiéu mL dung dich chuan
HCI niva thi dat diém twong dwong?
Cau 5: 2 diém

Can 1.2500g mét axit yéu HA, hoa tan thanh
50.00mL dung dich. Dung dung dich chudn NaOH
0.0900M dé chuan d6 dung dich axit HA d6. Biét rang khi
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thém vao 8.24mL NaOH thi pH=4.30 va khi thém 41.20mL
thi dat diém twong dwong.

a.  Tinh khéi lwvong phan tlr cta HA
b. Tinh hang sé phan ly clia axit HA
c. Tinh pH & diém twong dwong cla qua trinh
chuan do
DE SO 04
Cau 1: 2 diém

M6t dung dich chvra dbng thoi cac ion sau: Mn?",
Ag*, Zn?" A, Fe* | hay:

a.

Vé so d6 dang nhanh cay dé phan tich hé théng
cac ion nay.

Viét cac phwong trinh phdn &ng minh hoa cac
hién twong da néu.

CAU 2: (2 diém)

1.

Tinh khi lwong  tinh  thé ran
(NH,4),Fe(S0.),.6H,0 (M=392 dvC) 98% céan
can theo ly thuyét dé pha dwoc 200(mL) dung
dich (SO,*) 10ppm (khéi lwong riéng 1a d=1,02
g/mL). Gia st trong dung dich dién ly hoan toan
va khéng co6 cac qua trinh khac

Pha 200(mL) dung dich KMnO, 0,05N tt tinh
thé r&n KMnO, (M=158dvC) cé dd tinh khiét
(97%).

CAU 3: 2 diém

Dé xac dinh ham luwong A

1** ¢c6 trong modt mau

quang Boxit, nguwdi ta tién hanh phwong phap phan tich
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khéi lwong mo(g) mau do, va chuyén vé dang Al(OH)s, sau
doé nung thanh Al,O; nang ms(g), thi qua 5 1an thi nghiém
dwoc cac gia tri can nhw sau:

STN 1 2 3 4 5
mo(g) | 0,5124 | 0,5001 | 0,5204 | 0,5099 | 0,5112
m.(g) | 0,4981 | 0,4882 | 0,4996 | 0,4788 | 0,5019

Qua 5 1an thi nghiém trén, tim ham lwong % cta Al**

c6 trong quang, biét v&i xac xuat tin cay 0,95 thi:

STN (n=) 4 | 5 | 6 | 7
t 3,18 | 2,78 | 2,57 | 2,45
Q 0,771 0,64 | 056 | 0,51
Cau 4: 2 diém

Thiét 1ap cong thire tinh thé dién cwe E (v) khi chuan
d6 Vo (mL) dung dich Fe** Cy" bang V (mL) dung dich
Ce™ C" trong céac trwerng hop sau:

a) Tbéng quat khi chuan do

b) Trwdc xa diém twong duwong

c) Taidiém twong dwong

d) Sau xa diém twong dwong

Biét E’ =+ 0,68 (v), E° =+ 1,44(V)

Fe** / Fe?* Ce** 1Ce®
Cau 5: 2 diém
Cho 50mL dung dich CH;COOH 0,1M dwoc chuén
b&i V (mL) dung dich NaOH 0,1M
a) Hay xac dinh pH cua dung dich thu dwgc khi
chuan dung dich NaOH véi V = 0 — 25 — 49 —
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49,9 -50-50,1-60 (mL), biét pk, = 10*"

b) Khi chudn vé&i V(NaOH) = 49,9 (mL) thi sai s6
phép chuan |a bao nhiéu?

c) Tinh sai sd cho tieng chi thi sau, tir d6 nhan ra
dé phép chuan dwoc chinh xac, thi trong cac chi
thi sau, chi thi nao nén dwoc str dung ?

<« ... | Khoang S bién d6i mau
Chat chi thi _
pH Dang acid Dang baz
Metyl vang 29-4,0 | Do Vang
BromCresol | 3,8-5,4 |Vang Xanh bién
luc
Clo phenol 4,8-6,4 |Vang bo
do
Alizarin 10-12 |Vang Tim
DE SO 05
Cau 1: 2 diém

Mot dung dich chva ddng thoi cac ion sau: Mn?",
Ag*, Cu®" AI**, Fe®*, hay:

a. V& so dd dang nhanh cay dé phan tich hé théng
cac ion nay.

b. Viét cac phwong trinh phan rng minh hoa cac
hién twong da néu.

Cau 2: 2 diém

1. Pha 1(L) dung dich K4;Fe(CN)¢] 200ppm (d=
1,12 g/mL) tr dung dich K4Fe(CN)es] 1% (do
=1,24g/mL)

2. Tinh khoi lwong  tinh  thé ran
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(NH4),Fe(S0.),.16H,0 (M=572 dvC) 97% dé
pha dwoc 200(mL) dung dich (SO,*) 10ppm
(khéi lvong riéng 1a d=1,02 g/mL). Gia st trong
dung dich dién ly hoan toan va khéng cé cac
gua trinh khac
Cau 3: 2 diém
Dé xac dinh ham lwong Fe®* c6 trong mét mau quéng
Pyrit, ngwoi ta tién hanh phwong phap phan tich khdi
lwong me(g) mau do, va chuyén vé dang Fe(OH)s, sau dé
nung thanh Fe,O; ndng my(g), thi qua 5 lan thi nghiém
dwoc cac gia tri can nhw sau:
STN 1 2 3 4 5
mo(g) | 0,5124 | 0,5001 | 0,5204 | 0,5099 | 0,5112
my(g) | 0,4981 | 0,4882 | 0,4996 | 0,4788 | 0,5019
Qua 5 lan thi nghiém trén, tim ham lvong % cda
AI** cé trong quéng, biét v&i xac xuét tin cay 0,95 thi:

STN (n=) 4 | 5 6 | 7
t 3,18 | 2,78 | 2,57 | 2,45
Q 0,77 | 0,64 | 0,56 | 0,51
Cau 4: 2 diém

Thiét 1ap codng thire tinh pMg khi chuin d6 V, (mL)
dung dich Mg* C," béang V (mL) dung dich EDTA C"
trong cac trwdng hop sau:

a) Tbéng quat khi chuan do

b) Trwdc xa diém twong dwong

c) Taidiém twong dwong

d) Sau xa diém twong dwong

Gia st rang Mg c6 kha nang tao phtrc véi EDTA va
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hydroxyt, EDTA la acid da chirc phan ly bén néc, hang sbé

bén diéu kién cda phrc gitba M va EDTA 16n.

Cau 5: 2 diém

Cho 50mL dung dich CH;COOH 0,001M dwoc chuén
b&i V (mL) dung dich NaOH 0,001M
a) Hay xac dinh pH cua dung dich thu duwogc khi
chuan dung dich NaOH vé&i V = 0 — 25 — 49 —
49,9 -50-50,1-60 (mL), biét pk, = 10*"
b) Khi chudn vé&i V(NaOH) = 49,9 (mL) thi sai s6
phép chuan |a bao nhiéu?
c) Tinh sai sb cho tiwng chi thi sau, tir d6 nhan ra
dé phép chuan dwoc chinh xac, thi trong cac chi
thi sau, chi thi nao nén dwgc str dung?

Sy bién do6i mau

Chét chithj | Khoang pH :
Dang acid Dang baz

Metyl vang 29-40 |Dd Vang
BromCresol luc | 3,8-5,4 |Vang Xanh bién
Clo phenol dé 4,8-6,4 |Vang 19]e}
Alizarin 10-12 |Vang Tim
DE SO 06

CAU 1: 2 diém

Mot dung dich chira ddng thdi cac ion sau: Fe,
Ca®', Ag*, zn*" AI**, hay:
a. V& so db dang nhanh cay dé phan tich hé théng

cac ion nay.

b. Viét cac phwong trinh phan (rng minh hoa céac
hién twong da néu.
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CAU 2: 2

diém

1. Pha 500(mL) dung dich Ks[Fe(CN)¢] 20ppm (d=
1,12 g/mL) tr dung dich Kj[Fe(CN)g] 5%
(d=1,24g/mL)

2. Tinh khi lwong  tinh  thé ran
(NH4),Fe(S0.),.16H,0 (M=572 dvC) 97% dé
pha dwoc 200(mL) dung dich (NH,") 10ppm
(khdi lwong riéng la d=1,02 g/mL). Gia st trong
dung dich dién ly hoan toan va khéng c6 céc
qué trinh khac

Cau 3: 2 diém

Hat 5 mL dung dich mau AI** C, (chinh méau vé pH =
5 bang cach cho NH,OH vao) + 5mL dém pH = 5,5 + 10
mL dung dich EDTA 0,1N+ 3 giot chi thj axit Sunfosalicilic,
lam 5 mau trong 5 binh nén 250mL

Chudn d6 bang dung dich Fe** 0,1N cho dén khi
dung dich chuyén tlr khéng mau sang nau thi do dwoc thé

tich dung dich Fe** 1a Vo(mL), theo két qua:
Méu sb | 1 2 3 4 5
Vo (mL) | 9,8 9,7 9,7 9,6 9.8
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V&i do tin cay 95% hay tinh ndng do C, cda ion AI**
c6 trong mau ban dau.

S6 thi
nghiém

T 12,7 | 4,3 B,18 |2,78 |2,57 |2,45 2,37 2,31 |2,23

Q 1,22 0,94 |0,77 |0,64 |0,56 |0,51 (0,47 (0,44 (0,41

Gia st cac dung dich déu cé khéi lwong riéng d = 1
g/mL
Cau 4: 2 diém

Thiét 1ap cong thirc tinh pAg khi chuadn d6 Vo (mL)
dung dich CI" Cy" béang V(mL) dung dich Ag* C" trong
cac trwong hop sau:

a) Tbéng quat khi chuan do

b) Trwdc xa diém twong duwong

c) Taidiém twong dwong

d) Sau xa diém twong dwong
Cau 5: 2 diém

Can 0,1982 (g) MgS0,4.7H,0O (p = 98%), cho vao

chén nung, thém 3mL HCI 1:1 + 40mL nwéc cat + 2 giot
MR 0,1% + 15mL (NH4),HPO,4 0,1N. DBun nhe dung dich &
40-45 °C. Thém 2mL NHs dac cho dén khi dung dich hoéa
vang. D& ngudi han thém tiép 5mL NH; dic. Bun cach
thdy 30 phut. Tién hanh loc néng qua gidy loc bang xanh
v&i ky thuat loc gan (bang cach dung dung dich NH; 1:10
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riva két tha cho dén hétion Cl , thir bang AgNOs). Tiép tuc
rira két tha 2 1an, mbi 1an 5mL NH,NO; 0,05N. Chuyén
gidy loc chira két tla vao chén nung, tro héa chén mau
trén bép dién dén khi gidy loc hoa den, chuyén vao 16
nung da chinh t&i nhiét dé6 850°C, nung khoang 40 phat
(t&i khi két tha trng), lay ra dé binh hat &m 5 phut, can
dwoc phan ran la 0,0725(g).

a) Viét cac phwong trinh phan (rng xay ra.

b) Cho biét vai trd ctia HCI 1:1, MR, (NH4),HPO,,

NH;
b) Tinh ham lwong ctia MgSO, ¢cé trong mau.

398



DE TRAC NGHIEM
MON: HOA HOC PHAN TiCH

Sinh vién doc kj ndi dung cau hdi trong cot (2) roi

chon cac cau trong cot (3) dé ghi vao cét (4) ngay & dong

dau tién cua cot nay (cha y khéng danh chéo hay té6 dam

sw lwa chon & co6t 3)

(NH.),Fe(S0,),.6H,0
(M=392,14) 98% theo ly
thuyét dé pha thanh
80(g) dung dich mubi
(NH.),Fe(S0.,), 5%.
Tinh khdi lwong tinh thé
KMnO,4 98% theo ly
thuyét dé pha 500mL

dung dich KMnO, 0,05N.

STT NOI DUNG LUA CHON | BS
1) 2) (3) 4)
1 Pé pha ché 100mL dung | a) 2,16 (g) va
dich C,H,0, 0,1M, thi 4,5(9)
+ Céan bao nhiéu gam b) 2,16 (g) va
lwong tinh thé C,H,0.. 7 | 5,5(Q)
H,O. c) 3,16 (g) va
Can bao nhiéu gam 4,5(g)
lwong dung dich C,H,0, | d) 3,16 (g) va
20%( d= 1,24g/mL) 5,5(9)
2 Can bao nhiéu (g) mubi a) 83,370(g) va

0,1344(q)
b) 83,363(g) va
0,1344(q)
c) 83,363(g) va
0,1340(g)
d) 83,360(g) va
0,1344(g)
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NH5 1,89% (d =
0,99g/mL) dé két tha
hoan toan Fe®". Biét trong
quang co6 chira dén 30%
Fe

3 Tinh thé tich nuwéc cat a) 300(mL) —
can pha vao: 300(mL) -

a. 100mL dung dich 29,24(mL)
HCI 20% (d= b) 300(mL) —
1,1g/mL) dé thu 330(mL) -
dwoc dung dich cé | 29,24(mL)
néng d6 5% c) 330(mL) —

b. 100g dung dich 300(mL) -
H,SO,4 20% (d= 29,20(mL)
1,12g/mL) dé thu | d) 330(mL) —
dwoc dung dich cé | 300(mL) -
nong d6 5% 29,24(mL)

c. 100g dung dich NH3
2M (c6 d =
1,14g/mL) dé thu
dwoc dung dich co
néng d6 1,5M

4 Hoa tan 0,2g quang a) 2,90 (mL)
thanh dung dich (A) chira | b) 3,00 (mL)
Fe®*. Héi can phaidung | c) 2,82 (mL)
bao nhiéu mL dung dich d) 2,92 (mL)
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Tw 0,41549 da vbi co
ham lwgng CaO la 43%,
dwoc chuyén hoa thanh
250mL, roi lam két tda
hoan toan lwgng Ca®”*
bang m(g) dung dich
(NH,4),C,0,4 4%. Biét tich
sb tan cta CaC,0, la
1,78.10°. Tim m, néu
lwong Ca** coi nhu két
tla hoan toan néu trong
dung dich ham lwvong [
CaC,0,]<10 “g/L

a) 11,635 (g)
b) 11,640 (g)
c) 11,645 (g)
d) 11,655 (g)

Tinh pH dung dich thu a)12,63-5
dwoc khi pha trén 100 mL | b) 12,73 -6
NaOH 0,1 N va 50 mL c) 12,83-7
NH, OH 0,1 N (Kp d) 12,93 -8
=1,78.10 ™)

Tinh pH dung dich thu

duwoc khi pha tron 100

mL HCI 0,1 N va 100 mL

NaOH 0,1 N va 100mL

Na,SO, 0, 2M

Tinh pH dung dich thu a)7-9,70
dwoc khi pha trén 100 b)7-9,72
mL HCI0,1Nval1l00mL |c)7-9,74
NaOH 0,1 N va 50mL d)8-9,72

Na,SO,
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Tinh pH hén hop 50 mL
NaOH 0,1 N va 150 mL
NH,OH 0,1 N

0,2M

Dung dich NH; 0,1M +
dung dich NH4CI 0,2M
50mL dung dich NH3

8 Tinh hang sé can bang a)1,35.10°° -
ctia dung dich sau: 54.10°°
Dung dich NH; 0,1M c6 a | b) 1,35.10°° -
=1,35% 54.107 "
Dung dich CCI;COOH 10 | ¢) 1,35.107° -
“3M c6 a=54% 54.107 "

d)1,35.107* -
54. 10’

9 Tinh ndng d6 [H*] cha cac | a) 3,4 - 8,40
dung dich sau: b) 3,3 - 8,38
Dung dich HCI 5.10*M |c) 3,2 - 8,40
Dung dich CH;COONa 10 | d) 3,1 - 8,38
“2 M (c6 pKa= 4,75)

10 | Tinh nong d6 [H*] khi pha | a) 5,04 - 4,70
trdn cac dung dich sau: - 8,90 - 8,60
Dung dich CH;COOH b) 5,05 - 4,75
0,1M va dung dich - 8,95 - 8,65
CH;COONa 0,2M c) 5,06 - 4,80
100mL dung dich - 8,96 - 8,70
CH;COOH 0,1M va 50mL |d) 5,07 - 4,75
dung dich CH;COONa - 8,90 - 8,75
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0,1M + 100mLdung dich

NH4CI 0,2M

11 Dung dich A la dung dich |a) 2,02 - 2,48
HIO; 0,01N (pK,=0,79) |- 12,8-2,60
Tinh pH cua dung dich A. |b) 2,04 - 2,47
Hut chinh xac 10 mL - 12,8-2,58
dung dich A cho vao 20 c) 2,03 - 2,47 -
mL dung dich HCI 10°* N. | 12,7 - 2,58
Tinh pH cua dung dich d) 2,02 - 2,47
tao thanh - 12,8-2,58
Hut chinh xac 10 mL
dung dich A cho vao 20
mL dung dich NaOH 10°*
N. Tinh pH cua dung dich
tao thanh:
Hut chinh xac 10 mL
dung dich A cho vao 20
mL dung dich NaOH 1073
N. Tinh pH cua dung dich
tao thanh.

12 Dung dich A la dung dich | a) 62,9% - 2,56

HCIO, 0,01N (pK, = 1,97)
Tinh d6 dién ly o dung
dich A.

Hut chinh xac 10 mL
dung dich A cho vao 20
mL dung dich HCI 10°* N.

-12,5- 2,67
b) 63,0% - 2,50
-12,8- 2,67

c) 62,0% - 2,50
-12,5- 2,67

d) 62,9% -
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Tinh pH cua dung dich 2,56-12,8 -
tao thanh 2,67
Hut chinh xac 10 mL

dung dich A cho vao 20

mL dung dich NaOH 10°*

N. Tinh pH cua dung dich

tao thanh

Hut chinh xac 10 mL

dung dich A cho vao 20

mL dung dich NaOH 10°®

N. Tinh pH cua dung dich

tao thanh.

13 Dung dich A la dung dich | a) 96,3% -
HSCN 0,01N (pK,=0,6) |2,016 - 2,47 -
Tinh d6 dién ly a va pH 12,8
cua dung dich A. b) 96,3% -
Huat chinh xac 10 mL dung | 2,010 - 2,40 -
dich A cho vao 20 mL 12,7
dung dich HCI 10" * N. c) 96,0% -
Tinh pH cua dung dich 2,016 - 2,40 -
tao thanh 12,6
Hat chinh xac 10 mL d) 96,0% -
dung dich A cho vao 20 2,010-2,47 -
mL dung dich NaOH 10°* | 12,5
N. Tinh pH cua dung dich
tao thanh

14 Trong binh dinh mic a) 126,67mL -
100mL dung dich CHs 2,49 - 3,61
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COOH 20% (d =
1,1g/mL), pK,=4,75

Hut chinh xac 20 mL
dung dich CH; COOH
trén, rbi pha véi V mL
H,O thi thu dwgrc dung
dich m&i cé ndng dd
0,5M. Tinh V.

Hut chinh xac 20 mL
dung dich CH3; COOH trén
réi pha véi 80 mL dung
dich CH;COONa 10 * M
thi dung dich mé&i c6 pH
la bao nhiéu ?

Hut chinh xac 20 mL dung
dich CH; COOH trén roi
pha v&i 80 mL H,O vao
trong cung mét binh erlen
khac, sau d6 dem chuan
v&i 10 mL dung dich
NaOH 0,5N thi tai diém
can bang dung dich duoc
chuén c6 pH |a bao
nhiéu?

b) 126,67mL -
2,49 - 3,60
c) 126,60mL -
2,50 - 3,60
d) 126,60mL -
2,50 - 3,61

15

Trong binh dinh mic
100mL dung dich CHs
COOH 20% (d =
1,1g/mL), pK,y=4,75

a) 20mL - 2,63
- 3,90
b) 20mL - 2,64
- 3,89
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b)

Hut chinh xac 20 mL
dung dich CH; COOH
trén, rdi pha véi V mL
H,0 thi thu duoc
dung dich mai cé
néng dd 0,5M. Tinh
V.

Hut chinh xac 20 mL
dung dich CH; COOH
trén roi pha véi 80
mL dung dich
CH;COONa 10 °* M
thi dung dich mai co
pH la bao nhiéu ?
Hut chinh xac 20 mL
dung dich CH; COOH
trén rdi pha véi 80
mL H,O vao trong
cung mot binh erlen
khac, sau dé dem
chuén v&i 10 mL
dung dich NaOH
0,5N thi tai diém can
bang dung dich dwoc
chuén c6 pH |a bao
nhiéu?

c) 200mL -
2,65 - 3,89
d) 200mL -
2,66 - 3,89

16

Bang phwong phap giai
chinh xac, hay xac dinh

a) 11,12 -
10,62 - 2,87 -
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pH clia cac dung dich sau

3,38 -5,12

(tinh dén 2 gia tri sau du | b) 11,12 -

p hdy): 10,72 - 2,90 -
100mL dung dich NH,OH | 3,38 - 5,10
0,1N (pK, = 4,75) c) 11,10 -
100mL dung dich NH,OH | 10,72 - 2,87 -
0,01N (pKp = 4,75) 3,40 -5,10
100mL dung dich d) 11,10 -
CH3COOH 0,1IN (pK, = 10,62 - 2,90 -
4,75) 3,40-5,12
100mL dung dich

CH3;COOH 0,01N (pK, =

4,75)

100mL dung dich H3BO3

0,1N pK, =9,24)

17 | Bang phwong phap giai a) 9,00 - 8,95 -
chinh xac, hay xac dinh 9,95-9,72 -
pH ctia cac dung dich thu | 10,65
dwoc sau khi pha tron b) 9,00 — 9,00 -
(tinh dén 2 gia tri sau du | 9,95-9,72 -

p hdy): 10,95

Trén 100 mL NaOH 0,1 N | ¢) 8,95 - 9,00 -
va 50 mL NH;OH 0,1 N 9,95-9,72 -
(pKy, =4,75) 10,95

Trén 100 mL NaOH 0,01 d) 8,95 - 8,95 -
N va 50 mL NH,OH 0,01 |9,95-9,72 -

N (pK, =4,75) 10,65

Trén 100 mL NaOH 0,01
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N va 50 mL NH,OH 0,1
N (pK, =4,75)

Trén 50 mL NaOH 0,1 N
va 150 mL NH,OH 0,1 N
(pKp =4,75)

Trén 50 mL NaOH 0,01 N
va 150 mL NH,OH 0,1 N
(pKy, =4,75)

dinh hang sb can bang
cla phan &rng nay & pH =

18 Trong dung dich chra cac | Thi tw xuat
anion: CO32, C,0, 2", hién tda sé la:
SO,*. Khichoion Ca® |a)CaC,0,-
vao thi két tda nao tao CaCoO; -
trwdc? biét tich sé tan CaSO0,
cua cac tua: b) CaCO; -
T cac2os= 3,8 .10°° CaSO, -
T cacos= 1,7 .10°® CaC,0,
T casos= 6,26 .107 c) CaC,0, -
CaSO,-
CaCO,
d) CaCO; -
CaC,0, -
CaSO.,.
19 |Cho 2 cap oxy hoa khr a) 10 %%
[MNO4 / Mn?]va[ClOs  |b)107°
(H")/ CI'] c6 E® 1an lwot 14 | c) 102°°
1,51(v) va 1,45(v). Xac d) 103%°
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0.

Cho miéng dong kim loai | a) 2,071.10~°
20 vao dung dich AgNO; M
0,01M. Tinh néng dd ion | b) 2,0. 10" *M
Cu®* trong dung dich tao | ¢) 2,01. 1073
thanh. Biét E2 .., = M
w B
0,34(v) va EZ ., =0,8(v) d)2,071.10
o M
Tinh ham lwgng % P va a) 6,8987(g)-
21 | P,Os trong mét 5(g) mau | 15,7981(g)
phan, khi dem kéttia P | b) 6,8990(g)-
dwéi dang MgNH,PO,, réi | 15,7981(g)
nung & nhiét dd 650 °C, | c) 6,8990(g)-
thu dwoc 1,235(g) 15,7980(g)
Mg2P,05. d) 6,8987(9)-
15,7980(9)
Hoa tan 1(g) mot loai a) 7,73(mL)
22 quang thanh dung dich b) 7,83(mL)
(A) chtra Fe*". Hai can c) 7,93(mL)
dung bao nhiéu mL dung | d) 7,70(mL)
dich NH3 1,19% (d = 0,99
g/mL) dé két tha hoan
toan lwong Fe*'. Biét
trong quéng c6 chira dén
10% Fe
Lwong K trong mét loai a) 1,000(g)
23 | phan dwoc chuyén tir b) 0,007(q)
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dang K,0 thanh KCIO,. c) 0,008(qg)
Hai khdi lwong phan 1a d) 0,009(q)
bao nhiéu dé % K,0 thu
dwoc gap 100 1an khéi
lweng dang can KCIO,4
Pem chuan 50mL dung a)1,3-2,15-
24 | dich HCI 0,05M béang 3,90 - 10,12
V(mL) dung dich NaOH b)1,3-2,2-
0,1M: 3,90 - 10,12
Tinh gia tri pH cua dung c)1,3-2.2-
dich chuan dwoc khi 3,87 - 10,12
V(mL) lanlwotla: 0- 20 |d)1,3-2,15-
-24,9 - 25,1 (mL) 3,87 -10,12
DPem chuan 50mL dung | a) 3,176 =
dich HCI 0,05M bang 10,824
25 V(mL) dung dich NaOH b) 4,176 +
0,1M: 10,824
Xac dinh buwdc nhay c) 3,176 +
chuan do voi sai s6 0,2%. | 9 g24
d) 4,176 +
9,824
Tinh thé oxy héa khtr ctia | a) 1,38 (v) -
26 phan &ng khi cho 10 mL | 0,70 (V)
Fe? 0,1N pha tron véi 10 | b) 1,38 (v) -
mL dung dich KMnO, 0,68 (V)
0,1N trong méi trwvd'ng c) 1,40 (v) -
acid. Néu chithem 5 mL | 0,70 (v)
dung dich KMnO,4 0,1N thi | d) 1,40 (v) -
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thé oxy héa khir cua
phan rng la bao nhiéu.
Biét: E° =+0,68 (V) ;

Fe3* / Fe?*

EC =+ 1,52(V)

MnO,” / Mn?*

0,68 (v)
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DAP AN CAC CAU HOI VA BAI KIEM TRA

HUONG DAN GIAI CAC BAI TAP BAI 1
1. Tinh hang sb can bang cta dung dich sau:
1.1. Dung dich NH3; 0,1M c6 a = 1,35%
1.2. Dung dich CCI;COOH 107> M ¢6 a = 54%
2. Tinh néng dé [H*] ctia cac dung dich sau:
2.1. Dung dich HCI 5.10™* M
2.2. Dung dich CH;COONa 102 M (c6 pK.= 4,75)
3. Tinh néng d6 [H*] khi pha trén cac dung dich sau:
3.1. Dung dich CH3;COOH 0,1M va dung dich
CH3;COONa 0,2M
3.2. 100mL dung dich CH;COOH 0,1M va 50mL
dung dich CH;COONa 0,2M
3.3. Dung dich NH3 0,1M + dung dich NH4CI 0,2M
3.4. 50mL dung dich NH3 0,1M + 100mLdung dich
NH,Cl 0,2M
Giai
1.1. Trong dung dich c6 sy dién ly:
NH; + H,O — NH,” + OH

Néng d6 ban dau: 0,1 0 0
Néng dé phan ly: X X X
Néng d6 can bang: 0,1 — x X X

Ma: a = 011@ x=01.1,35%=1,35.10"3,

x? _ (1,35.107)°
01-x 01-1,35.107
1.2. Twong tw nhw cau 1.1, thi:

CCI;COOH — CCIsCOO™ + H*

Nén: Keg = ~1,35.10°°
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Néng d6 ban dau: 0,01
Néng doé phan ly: X

Néng d6 can bang: 0,001 — x X
Q= —> s x=0,001.54 % =54. 10 °
0,001
2 -5\2
Nen Keg= — & = O4107) 54 40-7

0001-x 0,001-54.10°

2.1. Xét can bang trong dung dich: HCl — H" + CI
Nén:[H]=[HC]=5.10"*M=pH= 3,3

2.2. Xét can bang trong dung dich:
NaCH;COO — CH;COO + Na’

CH3COO™ + H,O0 —= CH3COOH + OH"

Néng dé ban dau: 0,01 0 0
Néng dd phanly:  x X X
Néng dd can bang: 0,01 — x X X

— 475 10714 -9,25

PKa=4,75<=k, =107 < Ky = Wzlo ’
2
= Kb = X
0,01-x

= X2 + 10—9,25 X - 10—11,25 =0
Giai phwong trinh nay duoc:
x=2,371.10"® = [OH] = 2,371.10°
Vay: pOH = 5,62 < pH = 14 - 5,62 = 8,38.
3.1. Xét can bang trong dung dich:

CH;COOH —= CH3;COO" + H*
Néng d6 ban dau: 0,1 0,2
Néng dé phanly: x X
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Néng d6 can bang: 0,1 — x 0,2 + X X

3.2.

x(0,2+x)
01-x
Sx+(0,2+107%°)x-10">"=0
Giai phwong trinh nay duoc:
x=8,89.10"°=[H"1=8,89.10"°
Vay: pH = 5,05.
Néng do khi pha tron cac chat Ia:
100.0.1
100+50

50.0,2
100+50

Xét can bang trong dung dich:
CH;COOH — CH3COO’ +

pKa=4,75 =k, =104 =

[CH;COOH]= =6,67.107°M

[CH;COONa] = =6,67.10"*M

+

Néng dd phanly:  x X
Néng d6 can bang:6,67.10°-x  6,67. 102+ x

H
Néng d6 ban dau: 6,67.10%  6,67.107 2 0
X
X
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X(6,67.107% +x)
6,67.107% —x
o x2+(6,67.1072+10°*°) x- 6,67.10° %"

=0
Giai phwong trinh nay duoc:
x=1,77.10"°>=[H1=1,77.10"°
Vay: pH = 4,75.

pKa=4,75 <k, =107 4" =

3.3. Trong dung dich co sy dién ly:

NHs + H,O = NH," + OH

Néng d6 ban dau: 0,1 0,2 0
Néng dé phanly: x X X
Néng d6 can bang: 0,1 — x 02+X X



Nén:
Xx(0,2 + X
e
Giai phwong trinh nay duoc:
x =8,89.10 ° = [OH]=8,89.10°
Vay pOH = 5,05 < pH = 14 - 5,05 = 8,95
3.4. Nong do khi pha trén cac chét la:
50.01

100+50

100.0,2
100+50

Trong dung dich cé sy dién ly:
NHs; + H,O — NH,4* + OH
Nong do ban dau: 3,33.10 2 13,3.10°2 0
Néng do phanly:  x X
Nong do canbang: 3,33.1072 —x  13,3.10 %+x X
x(0,133 +Xx)
0,033 — x
< x*+(0,133+10° %) x-0,033.10"*" =0
Giai phwong trinh nay duoc:
X=4,41.10"°=[OH]=4,41.10"°
Vay: pOH = 5,35 < pH = 14 - 5,05 = 8,65
HUONG DAN GIAI CAC BAI TAP BAI 2
1. Tinh thé tich nwéc cét can pha vao:
1.1. 100mL dung dich HCI 20% (d= 1,1g/mL) dé thu
dwoc dung dich ¢6 néng dd 5%
1.2. 100g dung dich H,SO, 20% (d= 1,12g/mL) dé
thu dwoc dung dich c6 ndng dd 5%
1.3. 100g dung dich NH; 2M (c6 d = 1,14g/mL) dé
415

Ko =10~ %"= x>+ (0,2+107*®)x- 107" =0

[NH3] = =3,33.10°*M

[NH,CI ] = =13,3.107 2 M

Nén K, =10"*" =
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thu dwoc dung dich c6 ndng d6 1,5M

Pé pha dwoc dung dich dém loai:

2.1

2.2.

1.1

1.2.

1.3.

2.1

Dung dich dém acid thi phai pha theo ty I&é nhw
thé nao vé thé tich gita Vi(mL) dung dich
CH;COOH C,™ véi V, (mL) dung dich
CHs;COONa C," ?
Dung dich dém baz thi phai pha theo ty I&é nhw
thé nao vé thé tich gitra V,(mL) dung dich NH;
C," v&i V, (mL) dung dich NH,CI C,M 2
Giai

Khdi lwong dung dich HCI 20% la

V.d = 100. 1,1 = 110(g)
Ap dung quy téc chéo ta c6 duoc ty Ié:

—== o e ms= 330(g) hay thé tich H,O

can thém la 330(mL)
Ap dung quy téc chéo ta c6 duoc ty Ié:

——~= _~ _ < m = 300(g) hay thé tich H,O

can thém la 300(mL)

Thé tich dung dich NHs 2M 1a iOTZ: 87,72 (mL)

Ap dung quy téc chéo ta c6 duoc ty lé:

87,72 _ 15
\/ 2-15

can thém la 29,24(mL)

< V = 29,24 hay thé tich H,0

No6ng dé khi pha trén cac chat 1a:



CH,COOH] = % M va [CHsCOONa]

1 2
_V,C,
V,+V,
Xét can bang trong dung dich:
CH;COOH = CH;COO + H°

A N x . V,.C V,.C
NOng d6 ban dau: ——*- riad 0
V. +V, V,+V,
Nong dé phanly:  x X X
A A A 3 V.. V,.C
Nong dé can bang: Vil X 2772 4oy X
V., +V, V,+V,
x(\>/2'ci;+x)
Lap bidu thire: k, = 1047 = 1+ Vo
V,+V,

Thay x = [H*] = 10 ~P" va cac gia tri C,", C,
vao biéu thirc dé lap ty 18 V4 / V..
2.2. Nbng d6 khi pha trén cac chat Ia:
Vi€s Mva [NH,Cl ] = —2Ce
V., +V, V,+V,
Trong dung dich c6 sy dién ly:
NH; + H,O =— NH," + OH

[NH3] =

A N x . V,.C V,.C
Nong dé ban dau: ——*- —2 -2 0
V,+V, V,+V,
Néng dé phanly: x X X
A A A > V,.C V,.C
Nong d6é can bang: ——t—x 272 4+ X X
V., +V, V,+V,
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Vv,.C,
V,+V,
V,C,
V,+V,
Thay x = [OH] = 10 "~ P va cac gia tri C,",
C,M vao biéu thirc trén dé lap ty 18 V. / V,

HUONG DAN GIAI CAC BAI TAP BAI 3:

1. Khi tréon 100mL dung dich Pb(NO3), 10~*M véi 400mL
dung dich Na,S0,10™*M thi c6 két tha tao thanh
khéng ? Biét tich sb tan (T) ctia PbS0,=10""%,

2. Bién luan cac gia tri a va b d& khi pha V,mL dung
dich BaCl, néng d6 2a(M) v&i V., mL dung dich
H,SO, ndéng dd 2b(M) thi:

2.1. Dung dich thu duwgc khéng cé tia BaSO,4 hinh
thanh
2.2. Dung dich thu dwoc c6 tia BaSO, tao ra
Giai
1. Phan rng pha trén la:
Pb(NO3z), + Na,SO, = PbSO, + 2 NaNO;
Theo dé khi pha tron:

X(

+X)

Lap biéu thirc: K, =10~ 47 =

100.10°*
100 + 400

400.10°*
100 + 400

Nén: [Pb*]=0,2.10 % va[SO,~ ] = 0,8.10"“.
Do dé:

[Pb**].[SO,4 ] = 0,2.10°%.0,8.10 *=0,16. 10"
Ma: T (PbSO,) = 10 ""®*=1,5.10"%.
Vay

néng dod cliia Pb(NO3), = = 0,2.10° %

Néng do cta Na,SO, = =0,8.10" "
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T (PbSO,) > [ Pb*]. [ SO.* ]
< dung dich khéng thu dwoc két tia PbSO,
Phan (rng khi pha trén dung dich:
BaCl, + H,SO, — BaSO, + 2 HCI
Khi d6 nébng dé mébi chat khi pha tron sé la:

V,.2a . _ V..2b
1 va [SO,% ]=—12
V,+V, V,+V,

Do do:

[Ba®] =

V,.2b V,.2a _ 4\V,V,.ab
V,+V, V,+V, V, +V,
MaT (PbSO,) = 10" =15.10"8
2.1. Bé dung dich thu dwoc khéng cé BaSO, tao ra
thi:
4V, V,.ab
V,+V,
2.2. bé dung dich thu duwgc c6 BaSO, tao ra thi:

4V, V,.ab
V,+V,

[Ba®].[SO,” ] =

<1,5.10°8

>1,5. 108

HUONG DAN GIAI CAC BAI TAP BAI 4

1.

Khi cho dung dich Cu?* 10 * M vao dung dich EDTA
102 M, thi ndng d& Cu?* tai can bang la bao nhiéu ?
Biét réng ion Cu?* c6 kha nang két hop voi EDTA tao
phirc bén (hang sé bén B = 10 *® ), va phirc nay
khéng bi anh hwédng bdi cac ion H hodc OH™. Ngoai
ra Cu* con cé kha ndng tao phirc véi OH theo 4
phwong trinh két hop, con EDTA 1a mét dung dich
acid da chirc phan ly 4 nac. Dung dich tao thanh sau
khi pha tréon c6 pH = 6, va cac gia tri hang sb cho
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trwdece la:

- Hang sb bén 4 nic tao phtrc Cu®* véi OH 1an

lwotla 107 ;10%%;10%%; 10%°

- Hang sbé bén 4 nic tao EDTA t Y* lan luot |a

9,1.10%; 1,85.10% 4,76.10°%; 10°
2. Pha trén cung mét thé tich dung dich Hg®* 10 ~* M

v&i dung dich EDTA 10™*M, thi ¢6 thé tao dwoc phirc

Hg-EDTA khéng ? Tinh ndng d6 Hg* tai thoi diém

can bang sau pha tron.

Biét rang dung dich tao thanh sau khi pha trén cé pH
= 10, va ion Hg®* c6 kha n&ng két hop véi EDTA tao phirc
bén (hang sb bén p = 10*%), va phrc nay khéng bi anh
hwéng béi cac ion H" hodc OH". Ngoai ra Hg** con cé kha
nang tao phirc véi OH™ theo 3 phwong trinh két hop, con
EDTA la mét dung dich acid da chirc phan ly 4 nac. Cac
gia tri hang sé cho trwéc la:

- Hang sb bén téng cong 6 nic tao phirc Hg?* voi

OH' l1an lwot 1a: 10™°; 107 ; 0; 0; 0; 10 **2,

- Hang sbé bén 4 nac tao EDTA t¥ Y* lan lwot 1a

9,1.10%;1,85.10° 4,76.10% ; 10°

1. Phan &ng pha tron:
Cu’ + Y = Cuy?® (B =1088)
Do c6 céac qua trinh:
Cu®*+ OH = Cu(OH); (i=1+4)
Y' + H = HY (=1+4)
Dung dichcé pH =4 < [H] =10 ®< [OH] =108
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Nén:
a(Cu*/OH) =1+ ZB[OH] = 1+10°10%+10710°%%® 10*° +
+107.10%%° 10°°* 10**+10710%% 10°* 10"°~ 1
o (YH/H) = 1+ EB[H"]’ =1 +9,1.10*°.10° + 9,1.10%.1,85.10°.10*
+ 9,1.10™ 1,85.10° 4,76.10° 10™*°
+9,1.10" 1,85.10° 4,76.10° 10°10** = 10°>**
= o (CuY) = o (Cu®** /OH ). a (Y* 1 H*Y) =10°>*

Do do gia tri B biéu kién 1a B'= ﬁ = 10 13386

Ta duoc:

. [CuY] 13386 _ 1070 =X \ooi o pon
B'= [CullY] < 10 = (Voix=[CuT])

< 1013%8x2 1 x - 0,01=0< x=2,02768.10 %
Vay: [Cu®'] = 2,02768.10 8 =10"""M
2. Phan &ng pha trén:
Hg** + Y* = CuY?  (p=10%%)
Do c6 céac qua trinh:
Hg?* + OH" = Cu(OH); (i=1 + 6)

Y + H = HY (G=1+4)
Dung dich c6
pH=10<[H] =10 < [OH] =10"*
Nén:
o (Hg*" / OH")
= 1+ TB[OH]

= 1+10%%*10*+10%*".10% +
+10%7102%* ~ 5,012. 10 = 107
a(Y*/ H)= 1+ Zp[HT
=1+9,1.10%°10"°+ 9,1.10'°.1,85.10°.10 % +
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+9,1.10%° 1,85.10° 4,76.102 10°° +
+9,1.10% 1,85.10° 4,76.102 10310 =9,9

= o (CuY) = o (Cu** / OH"). oc(Y4 / H) =10%7.9,9

Do d6 gia tri p biéu kiénlap'= £ =10""

Nhw vay giatrip= 10" <p = 10 "1 nén phan &ng

tap phirc nay xay ra

-4
Khi d6 ta dwoc:[Hg™ ] = 11(;)13,7 =10~ M.

RO

HUONG DAN GIAI CAC BAI TAP BAI 5

1.

Tinh ham lwong % P va P,Os trong mot 5(g) mau
phan, khi dem két tia P dwéi dang MgNH,PO,, rbi
nung & nhiét d6 650 °C, thu dwoc 1,235(g) Mg,P,0-.
Hoa tan 1(g) mét loai quang thanh dung dich (A)
chtra Fe®*. H&i can dung bao nhiéu mL dung dich
NH; 1,19% (d = 0,99 g/mL) dé két tia hoan toan
lwong Fe**. Biét trong quéng cé chira dén 10% Fe
Lwong K trong moét loai phén dwoc chuyén tr dang
K,O thanh KCIlO,. Hai khdi lwong phan la bao nhiéu
dé % K,0 thu dwoc gap 100 lan khéi lwgng dang can
KCIO,4
Giai

H& s6 chuyén K (P — Mg,P,0, 25’21 0,2793

Hé s6 chuyén K (P,05 — Mg,P,0; ;‘; = 0,6396

Nén
1235

(%) P =K. —2.100 = 0,2793. = .100 = 6,8987(9)
m
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(%) P,0s =K. M2 100 = 0,6396.%.100 = 15,7981(g)

1
2. Taco:
khdi lwong Fe cé trong quang = khéi lwong Fe®" = 1.
10% = 0,1(q)
01

— sd mol ctia Fe** = =

Phan &ng tao tua:
Fe* + 3NHz; + 3 H,0 = Fe(OH); + 3 NH,"

Nén: 3. sé mol cia Fe** = s6 mol clia NH; < 3. g—é
_ V.099.119
100.17

&V =7,73(mL)
3. Céng thire tinh % khéi lwong dang can la:
m Vi
K. ™ V2 100
Theo dé: % K,0 gap 100 lan lwong can KCIO,
< % K,O = 100. mkcioa

o K. Mkeos 100 = 100. Myeos

mphan

94
2.138,5
HUONG DAN GIAI CAC BAI TAP BAI 7
1. Pem chuidn 100mL dung dich HCI 0,025M bang

V(mL) dung dich NaOH 0,1M
a) Tinh gia tri pH cta dung dich chudn dwoc khi
V(mL) 1anlwotla: 0-10-20-24,9-25-25,1 -

< Mphan = = 0,009(q)
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b)

C)

26 - 30 (ML)

V& duwdng chudn dd (pH - VmL dung dich
NaOH) &ng v&i cac gia tri pH vira tim dwoc &
cau a.

Xac dinh buéc nhay chuén d6 véi sai s6 0,2%.

2. Hat 10 mL dung dich mau NaOH C, cho vao erlen
250mL cung v&i 30 mL nwdc cat +3 giot pp (I1am 4
mau). Pem chudn d6 bang dung dich HCI 0,1N cho
dén khi dung dich chuyén tlr mau hdng tim sang
khong mau.Ghi thé tich axit HClI 0,1N tiéu tén V,
(mL). V&i do tin cay 95%. tinh ndng d6 dung dich

NaOH

Mausd |1 2 3 4

Vo (mL) | 9,8 9,75 9,7 9,6
Biét rang:

Sé thi

- 2 3 | 4 5 6 7 |8 |9 |10
nghiém

t

12,7 | 4,3 |3,18 |2,78 (2,57 (2,45 |2,37 (2,31 | 2,23

Q

1,22 0,94 |0,77 |0,64 |0,56 |0,51 |0,47 0,44 | 0,41

Gia str cac dung dich déu co6 khéi lwong riéng d = 1

g/mL

424

Giai

Phuwong trinh phan &ng:

HCI + NaOH — NaCl + H,O
100.0,025
01
Tai V = 0: dung dich chi c6 HCI phan ly manh

nén pH cla dung dich la pH cla acid nay

Tai diém twong duwong: V = =25 (mL)



pH = -lgC, = -1g 0,025 = 1,60

Tai V = 10: dung dich gém NaCl va HCI du =

[H'] dung dich = [H*]bd - [H']phan tng

H] = 100.01,8553r 1(1)0.0,1
= 1,86

= 0,0136 = pH dung dich

TaiV = 20: H7] = 1200002522001 _ 4 467 1¢-2
100+ 20

= pH dung dich = 2,38

100.0,025 — 24,9.01
100 + 24,9

= pH dung dich = 4,09
Tai V=25 [H]=[OH]=10""

= pH dung dich =7
Tai V = 25,1: dung dich gébm NaCl va NaOH dw
= pH dung dich = pH (NaOH duw)

Tai V =24,9: [H'] = =8.10"°

Ma:
[OH] = [OHTbd - [OHTphan ting = 220110005 _ 7 g 445-5
25,1+100
= pOH = 4,09= pH = 14 - pOH = 9,90
Tai
V = 26: [OH] = [OH]bd - [OHl]phan ng
_ 26.01-1000025_ - g -4
26+100
= pOH = 3,10

= pH = 14 - pOH = 10,90
Tai V = 30: [OH]= [OH]bd - [OH]phan ng
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_30.01-100.0,025
30+100

= pOH=241 = pH= 14-pOH =11,59
b) Sai sé chudn d6 14 + 0,2%, nghia la lwong
NaOH cho vao dung dich sé thiéu ( - 0,2%) hoac
thra (+ 0,2%) so v&i lwong acid HCI tai sat diém
twong dwong, do dé:
C,+C
([OHT] - [H']). o =+ 0,002

™~

=3,85.10°°

107 C,+C

Ha H'). =+ 0,002
y:( ] -[H]) cC,
-14
& (W22 = 1 0,002
[H"] 0,025.0,1
107
(g HD=£4.107° < [HT £ 41077 [H] - 107 =0

< [H7=2,5.10""va [H]=4.10"° < pH = {4,39 ; 9,60}
Vay ApH = 4,39 = 9,60 hay bwéc nhay chuan
doé khoang 5,21 don vi pH

2. Tac6 sb duwong lwong ciia NaOH = sb dwong lwong

cta HCl < 10. C, = V,.0,1

< Cy= 1 Vo 0,01.V,.

Nén:
Mau sb 1 2 3 4
C,. 10 ° 9,8 9,75 9,7 9,6

V&iy =95%, n=4thi: Qy, =0,77 va t= 3,18
Kiém tra sai s6 thd bao:
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0,098 —-0,0975

C.(1) = = 0,25 < Q.
(1) 0,098 — 0,096 Quin
0,0975 — 0,097
C.(2) = = 20 = 0,25 < Q.
2) 0,098 — 0,096 Qun
0,097 — 0,096
C.(3)= 2L 72 — 05 < Q.
(3) 0,098 — 0,096 Qun

Vay day sb nay khéng co sai sb thé bao, hay day sb
thwec nghiém dugc tinh

S6 liéu thu dwoc:

Néng dé cta NaOH TBinh = 0,097125 (N)

Phwong sai mau = 0,000853912

e= E: 3,18.0,000835912

Jn N
Vay ndng do cla
NaOH = 0,097125 + 0,00135772 = 0,097 + 0,001
Hay: 0,096(N)< néng d NaOH < 0,098 (N)

=0,00135772

HUONG DAN GIAI CAC BAI TAP BAI 8

1.

Cho 2 c&p oxy hoa khtr [MnO, / Mn?* ] va [CIO5 (H")/
Cl' ] c6 E? 1an lwot 1a 1,51(v) va 1,45(v). Xac dinh
chiéu phan &ng xay ra va hdng sb can bang cla
phan rng & pH = 0.

Cho miéng déng kim loai vao dung dich AgNO;
0,01M. Tinh K¢ va n6ng dd cac ion kim loai trong
dung dich tao thanh. Biét Egu% = 0,34(v) va

E°  , =0,8(v).

) (V)
Viét cong thirc tinh thé dién cwc E (v) khi chudn do
Vo (mL) dung dich Fe?* Cy" bdng V (mL) dung dich
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ce*" CN trong cac trwdng hop sau:

a) Tbng quat khi chuan do

b) Trwéc xa diém twong duwong

c) Taidiém twong duwong

d) Sau xa diém twong dwong

Biét E° =+ 0,68 (v), E° =+ 1,44(v)

Fe" / Fe?* Ce** 1Ce®

4. Tién hanh pha tron dung dich Cu* 10 ~* M véi dung
dich Na,S 0,1M, rdi do thé dién ctia dung dich bang
dién cuwc déng-SCE thi dwoc gia tri - 0,906(volt). Gia
str trong dung dich khéng xay ra qua trinh tao phlrc
hydroxo cla ion Cu®, pH dung dich do dwoc 1a 8, thé

dién cwc chuan cla déng la ng/ = + 0,34 va H,S
Cu

dwoc xem & mét dung dich acid yéu hai chirc c6
hang sb phan ly acid 2 nic lan lwot 1a: 107,10 ~
1289 Tinh néng @6 [Cu'] tai thdi diém can bang sau
khi pha trén
Giai
1. Cac ban phan trng Oxy hoa khtr:
MnO, +8H" +5.e = Mn** + 4H,0 E’ =1,51(v)
ClOy +6H" +6e=Cl + 3H,0 E) = 1,45(V)
DPé phan &ng xay ra thi AE > 0 ma vé&i pH = 0 thi [H*] = 1IN
Nén E; - E? = 1,51-1,45 = + 0,06 twong rng VO

chiéu cia phan &ng:
6 MNO,+ 5CI" + 18 H" = 6 Mn*" + 5CIO; + 9 H,O

6.5.(E-E")

Ap dung tinh hdng s6 can bing: Keg =10 °%° =103%°
2. Xét qua trinh dién ly: AgQNO; — Ag™ + NOg’
Nén phan (rng dién hoa xay ra gitra Ag” va Cu la:
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2Ag"+Cu—=—=2Ag ! +Cu*

Néng d6 ban dau: 0,01 0
Néng d6 can bang: 0,01 — x X
p X
T " Keg =
& co-Res = 501-x

Mat khac theo hé qua tir phwong trinh Nernst:

m.n.AE 2.1.(0,8-0,34)

Keg =10 %% =10 %% =10 -15,6
Do do: 0 :)L( = 10 -15,6 = X = 27071 10 -3
U1l—-X

Vay: [Cu®* 1= 2,071.10"*M va[Ag'] = 5,858. 10 °M
3. Phan &ng chuan do:
Ce" +1e =Ce*™ E! = 1,44 (v) (1)
Fe* + 1e — Fe* E2 =0,68 (V) (2)
Fe?" + Ce* = Fe* +Cce*
Khi chuan do:

Fe2+ + Fe2+ phan tng _ FeZ+ pt _ 0~0
[Fe** ]+ [Fe® ] [Fe™ " = 220
- C

Ce4+ + Ce4+ phan ng _ Fe2+ pt — V—
[Ce* ]+ [Ce™] [Fe™ " = 75
Pat 1 = F

Voco
Cong thirc tbng quat sé a:

+ +n VotV
(Ce™]- Fe"]) Y- =F-1 (3

Trwéc xa diém twong duwong: [Ce*" ]~ 0

[Fe3*] B F

(3)< E= AE+0,0591g =0,68 + 0,059 Ig——
[Fe*] 1-F
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Tai diém twong duwong: F = 1va [Fe?'] =[Ce*"]
Etd = M: 1’06
2
Sau xa diém twong dwong: [Fe** ]~ 0 :
(3) E = 1,44 + 0,059 Ig (F - 1)

4. Phan rng phong dién cua cac ion:
Cu'+ e = Cu*
Nén theo phwong trinh Nernst:
Ecs = ng/ + 0,059 Ilg [Cu’] =0,34+0,0591g [Cu’]
Cu

Thé do dworc trong dung dich la:
Ece = Ego + Echuan= - 0,906 + 0,247 =- 0,659(v)
Do d6: [Cu®] = 10~ 1948,

HUONG DAN GIAI CAC BAI TAP BAI 9

1.

Viét cdng thirc tinh pMg khi chuan d6 V, (mL) dung
dich Mg®* C," bang V (mL) dung dich EDTA C" trong
cac trwong hop sau:

a) Tbéng quat khi chuan do

b) Trwdc xa diém twong duwong

c) Taidiém twong dwong

d) Sau xa diém twong dwong

Gia sr rang Mg cé kha nang tao phirc véi EDTA va

hydroxyt, EDTA la acid da chirc phan ly bén néc, hang sb
bén diéu kién cta phtrc gitta M va EDTA 1&n.

2.

430

Hat 5mL dung dich mau (cé chtra ion AI** ) cling voi
10 mL dung dich chudn EDTA 0,1N thém 3 giot chi
thi Bromcresol luc vao cung mét erlen, rdi chinh dung
dich pha trén vé pH = 5-6 bang cach cho NH,OH vao



dén khi dung dich c6 mau xanh. Thém tiép 2mL dung
dich dém pH = 5,5. Bun nhe khoang 60 - 80°C, rbi lai
thém 2 mL dém pH = 5,5 + 1 giot chi thj Xylenon da
cam (lam 4 mau trong cac binh nén loai 250mL).
Chuan d6 bang dung dich Zn** 0,1N (chuan néng)
cho dén khi dung dich chuyén t&» xanh sang vang thi
do dwoc thé tich dung dich Zn** 1 Vo(mL), theo két

qua:
Mau s6 1 2 3 4
Vo (ML) 9,8 9,7 9,7 9,6

Vé&i do tin cay 95% hay tinh ham Iwgng g / L cda ion
AI** c6 trong mAau ban dau.

Sé thi 2 3 4 5 6 7 8 9 10
nghiém

t 12,7 |43 |3,18 |2,78 |2,57 (2,45 (2,37 |2,31 | 2,23

Q 1,22 |0,94 | 0,77 |0,64 |0,56 |0,51 (0,47 (0,44 | 0,41

Gia slr cac dung dich déu cé khdi lwong riéng d = 1 g/mL
Giai

1. Theo dé cho: Mg?" (ki hiéu M) chi cé kha ning tao
phirc véi EDTA (ki hiéu Y) ma khéng cé cac qua
trinh phu nhw hydroxo, hydrua... do hang s bén diéu
kién cua phirc nay kha I&n, nén cach giai bé qua cac
qua trinh phu nay.
Phwong trinh chuén do:
M+ Y = MY B) Q)
Khi tién hanh chuén do:
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M] + [Mlpy = [Mlyg = o0

(2)

V, +V
VC
Y] + u=[Y]oa = 3
Y] + VI = Vo = 2 3)
., V.C R 2 re A
Dat v = F: Phuwong trinh tong quat dinh phan
0~
chuan do Ia:
V,.C
vy My Ly
< ([M]- = ) o~ =1-F ()
p.IM] VoCo
Trwdc xa diém twong dwong: Gia st [Y] << [M]
V,C,
M=(1-F
M= @-F) o

Tai diém twong dwong: (F = 1)
V,C

B.IMI + [M] - 2% =0

Tai sau xa diém twong duwong : [M] << [Y]

V,.C
070 _ [M]
V, +V V,C,

O T TV w

2. Ta cé sd duwong lwong cia AlI** = sb dwong lwong
ctia EDTA phan &rng = sb dwong lwong cia EDTA
ban dau — sb dwong lwong cha EDTA duw = sb
dwong lwong cla EDTA ba dau - sbé dwong lwong
ctia Zn**

Va khdi lwong ctia AlI** trong mau Ia
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cV.V(L). D = C.V(L). %

CVM_ C,.5.27
Z\' 3.5

(trong d6 V va V'’ 1an lwot 1a thé tich dwoc chun va
mau ban dau tinh theo L)

= Ham lwong g/L clta AI** = =9. C,.

Nén:
Mau sb 1 2 3 4
C. 103 4 6 6 8
Ham lwong g/L clia | 36. 107 54.10°° 54,103 72.10"
AI3+ 3

V&iy =95%, n=4thi: Q4 =0,77 va t=3,18
Kiém tra sai s6 thd bao:
0,072 — 0,054

C.(1) = = 0,5 < Q.
«(1) 0,072 — 0,036 Qua
0,054 — 0,036
C,(2) = 2227000 _ 9 5< Q.
«(2) 0072-0036 Qua

Vay day s nay khéng co sai sb thd bao, hay day sb
thwe nghiém dwoc tinh

Sé liéu thu duoc:

Ham lwong AI** TBinh = 0,054 (g/L)

Phwong sai mau = 0,014687

t.S _ 318.0,014687
o a
Vayham lwong (g/L) cta AI** = 0,054 + 0,023
Hay: 0,031 (g/L)< Ham lwong AI** < 0,077 (g/L)
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HUONG DAN GIAI CAC BAI TAP BAI 10
1. Hoa tan 1(g) mét loai quang thanh dung dich (A)
chira Fe*". H&i can dung bao nhiéu mL dung dich
NH; 1,19% (d = 0,99 g/mL) dé két tia hoan toan
lwong Fe®". Biét trong quang c6 chira dén 10% Fe
2. DPinh lwvong ham lwong NaCl cé trong mudi an theo
phwong phap Mohr: Can 0,8849g mubdi an co6 dé tinh
khiét 99,5 %, dem hoa tan bang nwéc cit nong dén
khi thu dwoc dung dich 100 mL. Hat 5 mL dung dich
mau cho vao cdc tam giac cung véi 5 giot hédn hop
chi thi (gém 4,2 g K,CrO, + 0,7g K,Cr,O; pha trong
100 mL nwéc cat) va thém 3 giot hd tinh bét, rdi dinh
mirc dén 100mL. Tién hanh chuin dd bang AgNO;
0,1N cho dén khi xuét hién tia c6 mau cam nhat thi
tdn hét 5,76mL dung dich AgNO;. Tinh khéi lwong
NaCl c6 trong mudi &n ban d4u.
Giai
1. Ta cé khdi lwong Fe cé trong quang = khdi lvong
Fe** =1.10% = 0,1(qg)
— s6 mol ciia Fe** = %%
56
Phan (rng tao tua:
Fe* + 3NH; + 3H,0 — Fe(OH); + 3 NH,"
Nén s6 mol ctia Fe** = s6 mol clia NH;
01 _ V.0,99.119
56 100.17
2. So d6 phan tich:
Muédi an — dung dich (1) — dung dich (2) — dung dich (3) — AgCl
0,8849(g) 100mL  5mL 100mL

oV =7,73(mL)
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(99,5%)

Tai dung dich (3) c6: sé dwong lwong gam CI” = sb
dwong lwong gam Ag* = 5,67.0,1. 103

Nén khéi lwong NaCl trong dung dich

(1) 1a=5,76.10"4 100.100  58,5.100
T "5 70,8849.995

= 76,54%
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CAC THUAT NG(* CHUYEN MON

Diém twong dwong: la khai niém mé ta thdi diém ma
tai d6 s6 dwong lwong cla cac chat dem chuén do
bang nhau

Chét chi thj 1a mét chat hay hén hop cac chéat cé kha
nang bién d&i mau khi dung dich ch®ra n6 dat dén
mét gia tri, dai lwgng phan tich nhat dinh

Vi du: phenolphtalein trong dung dich acid sé khéng
c6 mau, nhwng khi pH dung dich tang dan dén pH =
8,2 thi phenolphtalein s& chuyén sang mau héng

Ho tinh bdt cd mau xanh tim trong dung dich cé I,
nhwng khi dung dich bi oxy hoa khir chuyén |, thanh
I” thi hd tinh bot sé mat mau xanh d&c trwng nay.

Sai s6 chuin d6 la loai sai sb cia phwong phap
chuin d& d6, khi dung chi thj thich hop cho phép
chuan d6 do

Chuén d6 la qua trinh dinh lwong chét phan tich dwa
theo lwong thubc thir tiéu chuan tiéu tdn. Phép chuan
dd6 dwoc thwc hién bang cach thém mét cach can
than lwong dung dich thudc thir da biét néng do vao
dung dich chéat can xac dinh cho t&i khi phan &ng
githa chung két thuc, sau d6, do thé tich dung dich
thudc thlr chuan. D6i khi, néu diéu dé khéng thuan
tién hodc khéng can thiét, thi thém duw thudc thir va
sau d6 chuan dd nguwoc bang moét thube thir khac da
biét ndng d6 dé& xac dinh lwong duw thubc thir thir
nhat khéng tham gia phan ng.

Chét chuan gbc: la chat phai thda man moét loat cac



yéu ciu sau

Chuang phai c6 dé tinh khiét cao nhét, hon nira
phai c6 nhirng phwong phap don gian tin cay dé
khang dinh dé tinh khiét cGa chung

Phai bén, nghia 1a khéng tac dung véi cac cau
t& cha khi quyén.

Khéng chira nwéc hydrat. Khdng phai la chat
hat &m hodc cé xu huwéng phong hoéa vi sé kho
lam khé va kho can.

Phai d& kiém trong thi trwongva cé gia thanh
vira phai.

Chét d6 phai cé khdi lwong mol phan tir dd 16n.
Dung dich c6 nbéng do da cho sé& cang I&n néu
khéi lwong mol phan t& cta né cang lén. Khi
khéi lwong tang, sai sd clia phép can sé giam,
tirc khdi lwong mol phan tlr cla chéat cang cao
thi chat d6 cang c6 kha nang lam giam sai sb
cang lon

Chi c6 mét it chat co6 di cac yéu ciu trén va do
d6 sb chat du quy cach dung lam chat chuan
gbc bj han ché.

Dung dich chuén ly twéng dé& phan tich 1a dung dich
c6 nhirng tinh chét sau

Sau khi diéu ché néng d® cta né phai khéng
bién dbi, dwoc bao quan lau (trong mot vai
thang hoac hang nam)

Phan (rng nhanh véi chat can xac dinh, tirc thoi
gian ch® doi sau khi thém tirng phan nhé thubc
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th&r phai ngn

- Phan rng gitra thubc thir va chéat can xac dinh
can phai xay ra di hoan toan dé co thé xac dinh
diém cubi du théda man.

- Phan &rng gilra thubc thr va chéat can xac dinh
phai xay ra hop thirc, néu khac di thi khéng thé
tinh dworc true tiép khdi lwong chét can xac dinh

- Can phai c6 phwong phap xac dinh diém twong
dwong cla phan tng gitra thubc thir voi chét
can xac dinh, nghia |1a phai c6 phwong phap xac
dinh diém cudi du tin cay.

Diém cudi trong phép chuan dd duwoc xac dinh bang
phwong phap quan sat bién déi mét tinh chat vat ly
nao dé & diém twong dwong. C6 thé xac dinh diém
cubi theo sw bién ddi mau cda thudc ther cla chéat
can xac dinh ho&c cla chéat chi thi. D& xac dinh diém
twong dwong thi s dung sy bién dbi cla céac tinh
chat vé thé dién cyc, dd dan, nhiét do, chi sb khuc
xa...

Tai diém cudi cla phép chuan d6 xay ra sw bién dbi

néng do rat Ion, it nhat 1a ctia mét trong nhirng chat

phdn ng. Trong phan I&n (nhwng khdng phai 1a tat
cd) trudng hop xac dinh diém cudi 1a xac dinh nhirng
bién dbéi xay ra & vung lan can diém twong dwong.



Bang tich s6 tan ctia mét s6 hop chat & 25 °C

Chét tan T Chét tan T Chét tan T
Al(OH); 3.10% BaCO; 5.107 BaCrO, | 2,1.107°
BaSO, 1,1.10° | cdco; | 1,8.10™ | Cd(OH), | 4,5.10™
cds 1.10% CaCO; | 4,5.107 CaF, 3,9.10™
Ca(OH), 6,5.10° CaSO, 2,4.10° CuBr 1.10™°
Cucl 1,9.107 Cul 1.10% Cus 8.10%
FeCO; 2,1.10" | Fe(OH), | 4,1.10™ FeS 8.10™"
Fe(OH); 1.10™ PbCO; | 7,4.10™ PbCl, 1,7.10°
PbO 7,410 | PbSO, 1,6.10°° PbS 3.10%°
Mn(OH), | 7,1.10™" MnS 3.10™ Mg(OH), | 7,1.10™
Hg,Br» 5,6.10° | Hg,CO; | 8,9.10" Hg.Cl, | 1,2.10"®
HgO 3,6.10°° HgS 2.10%° NiCOs 1,3.107
Ni(OH), 6.10° AgBr 5.10™" AgCl 1,82.10™"
Ag,CrO, 1,2.10™ Agl 8,3.10™" Ag,S 8.10™"
ZnCO; 1.10%° Zn(OH), | 3.10™° ZnS 2.10%
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