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PHAN 1
CO SG LY THUYET HOA HQC PHAN TiCH
(PHAN TICH PINH LUQNG)

Chuong I
PAI CUONG VE HOA PHAN TICH

Héa hoc phan tich 1a mén khoa hoc nghién cttu cdc phuong phdp xéc
dinh thanh phan héa hoc clia cic cht.

Mudn x4c dinh thanh phian héa hoc ctia mot chat thudng trdi qua hai giai
doan: Phan tich dinh tinh va phén tich dinh lugng.

Phén tich dinh tinh (PTDT) nhim xdc dinh sy hién dién clia cdc ciu ti
(ion, nguyén t6, hay nhém nguyén t8) trong miu phan tich v dong thdi ddnh
gid dudc sd bo hm lwgng clia ching: da lugng, vi lugng hay & dang Ve, ...

Phan tich dinkluong (PTPL) dung @€ x4c dinh quan hé dinh lugng giita
cdc thanh phin clia chitnghién ctu. Titc 12 phép phan tich nhim xdc dinh chinh
xdc thanh phan dinh lugng ciia cdc ciu tir ¢6 trong mau phan tich. Phuong phdp
PTDL dya trén phép do cdc dic tinh héa hoc, vat 1y hodc héa Iy clia cdc chat
hoic clia cdc phan tng héa hoc. Céac phuong phdp PTPL bao gdm phuong phap
héa hoc, phuong phdp vat 1y, phuongphdp héa ly.

Tu khi ra doi (khodng th€ ky 16).d&n nay, khi dd tré thanh mot nganh
khoa hoc ddc lap, héa hoc phin tich da déng mot vai trO quan trong trong sy
phat tri€n ctia nganh héa hoc ciing nhu nhiéu nganh khoa hoc khic.

Trong linh vuc héa hoc: Héa hoc phan tich da, gitip cdc nha khoa hoc tim
ra nhitng dinh luit héa hoc cd bin nhu dinh luit bao toan khdi lugng, dinh luit
thanh phan khong d6i, dinh luit ty 1& boi, ... gitip tim ra cdc nguyén t& héa hoc,
xdc dinh nguyén tif lugng clia ching, xdc dinh cdng thic héa hoc cua ciac hgp
chat héa hoc.

Héa hoc phan tich gitip cdc nha dia chit tim ki€m, phdt hién tai nguyén
khodang san va tir d6 danh gid dudc tai nguyén, trit lugng cac loai md quing ctia
da't nudc.

Trong sin xuit, héa hoc phin tich giip ki€m tra sdn xudt, kiém tra
nguyén vat liéu dua vao nha mdy, ki€m tra ban thinh phAm trong qud trinh sdn
xuat, ki€m tra thinh ph&m dé€ phan loai sdn pham.

Ho4 hoc phan tich gidp cdc nha sinh hoc danh gia viéc st dung cdc chat
dinh dudng, giip cdc nganh y hoc, dudc hoc xét nghi€m, gitip cdc nha ndng hoc
xdc dinh thanh phan clia dat, phan bén, tir d6 tim ra bién phap cdi tao dit, ting
ning suit cdy trong.
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Dic biét ngay nay, héa hoc phan tich véi sy hinh thanh va phdt trién cdc
phuong phédp siéu vi lugng dang c6 nhiéu déng gép quan trong trong cdc nganh
k§ thuat hién dai nhu bdn din, dién t, nguyén tlr, xdy dung cdc phuong phdp
ki€m tra tu dong cdc qud trinh k§ thuat...

Ngoai y nghia trén, héa hoc phan tich con gitip ching ta ciing ¢4 va nim
vitng ki€n thitc héa hoc, rén luyén cho chiing ta tdc phong nghién citu, phuong
phap tu duy khoa hoc.

Vai tro clia héa phan tich ngay cang cao ciing c6 nghia 13 cdc yéu ciu ddi
vGi nganh va ngudi lam cong tdc phan tich ngdy cang khit khe hon. V4i nganh
phan tich, phdi ludn luon phdt trién hiu theo kip da phdt trién cia cdc nganh
khac. V61 ngudi phan tich, do c6 sy tuong quan gilta cdc nganh khoa hoc ty
nhién nén ngudi phan tich phai c6 ki€n thitc vé cdc mon todn, 1y, héa dai cuong,
héa v6 cd, héa hitu co, héa Iy va tin hoc d€ cé thé nim vitng nguyén tic cla
phuong phap va c6 thé di sau vé phuong phiap mdi dua trén cdc cin ban sin co.
Ngoai ra, trong’phan thyc nghiém, ngudi phan tich can c6 nhitng dirc tinh nhu
cin than, kién nhéxn, chinh x4c, sach s&, trung thuc va c¢6 khad ning phin dodn
k&t qua phan tich.

L1. POI TUQGNG, NHIEM VU, NGUYEN TAC CUA PHAN TiCH PINH
LUQONG
I.1.1. Péi tugng, nhiém vu

Phan cht y&u va quan trong ctia hod phan tich 13 PTPL. Tuy vay trudce khi
ti€n hanh phan tich dinh lugng, nhat thi€t phii bi€t thanh phin dinh tinh cla d6i
tugng phan tich. Thong thudng c6 thé biét chicthinh phan dinh tinh cla chat dua
vao ngudn 14y miu phan tich (vi du, mot loai hip kim nao ddy, hoic mot loai
quing xdc dinh ...), vi vy c6 thé ti€n hanh dinh lugng trirc ti€p. PSi v6i doi tugng
phan tich la thi phai bdt budc xdc dinh dinh tinh trugc khi ti€n hanh dinh lugng.
Mic khdc, ciing cin thdy ring nhitng k&t qua phan tich dinh tinh § mot mic do nao
d6 mang mau sic dinh lugng va c6 thé dinh huéng cho ngudi phan tich dé ra nhitng
quy trinh dinh lugng hdp 1y. Vi du, cudng do mau cda phic chit tao thanh, lugng
két tia tdch ra, cudng dd vach phd trén kinh 4nh..déu it nhiéu cho ta bi€t ham
lugng cdc ciu ti c6 trong d6i tugng phan tich 1a nhiéu, it hay chi 12 vét. Nhitng két
qud phan tich dinh tinh cling cung cip nhitng thong bdo cin thi€t vé cdc nguyén t&
phu c6 thé c6 mit trong chat phin tich, 1am cdn trd viéc dinh lugng ciu tif chinh va
giup ta chon quy trinh phéan tich thich hgp.

Phan tich dinh lugng, thudng dugc phan chia thanh phan tich v6 c¢d va phian
tich hitu cd. C4 hai nganh déu c6 thé coi la cling dua trén nhitng cd sé ly thuyé&t nhu
nhau hoic it ra thi cing gin nhu nhau. Tuy vdy, d€ ti€n hanh phan tich vo co, phai
c6 nhitng chuén bi tru6c vé kién thiic vo cd, dai cuong, dé ti€n hanh phan tich hiru
cd, phdi c6 su chuin bi trudc vé ki€n thic héa hitu cd, nhit 1a phan tich dinh tinh
hitu cd. Nhitng nguyén 1y chung vé héa hoc phan tich dugc minh hoa tdt bing cic
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vi du v6 co, vi vay trong cdc gido trinh cd s& vé hda phan tich dinh lugng thudng
14y cdc vi du vé héa vo co.

PTDL cho phép xdc dinh:

- Cong thiic phéan t&

- Ham lugng hay ndng do ctia chi't can x4c dinh

- Ham lugng clia tit cd hay mot vai nguyén td hoic ion.

- Ham lugng clia tit cd hay mot vai ciu tlt chd y&u ctia hdn hop.

- Ham lugng clia cdc ciu tlr, dang v&t, hodc cdc vi tap chat cé trong cdc chat
dic biét tinh khiét.

- Ham lugng cédc gdc, cdc nhém chidc.

- Thanh phan tirng pha cda hé di thé...

I.1.2. Nguyén tic

Pa sd cdc phuong phip dinh lugng déu dua trén co sé cdc phdn ng héa hoc,
cdc dinh luat héa hoc nhu dinkduit thanh phan khong ddi, dinh luat tic dung khoi
lugng, quy tic dudng lugng ....Va 16i dung cdc hién tugng nhu két tia, tao mau, doi
mau d€ xdc dinh ham lugng clia chatrghién cifu trong miu phan tich.

Nhu vay: Nguyén tic cia mot phép phan tich dinh lugng 12 dva trén cd sé
diing mot trong cic phuong phdp phan tich dé do mot trong céc tinh chat dic trung
clia cdu tif nghién ctu cé trong hé, d€ x4c dink.dugc ham lugng clia né theo muc
dich, yéu cau ditra (ham lugng hay ndng do, thank’phan phan trim).

C6 thé chia qu4 trinh phan tich vd co thanh nhirig giai doan cd ban sau:

1. Chon miu dai bi€u, tic 13 chon mot phan nhd chat tiéu bi€u cho toan bo
ddi tugng phan tich. Vi du, khi ti€n hanh phan tich chi 14y vai phan mudi gam, dai
bi€u cho hang tin vat liéu. Pay 13 diéu kha phc tap.

2. Chuyén chat phin tich vao dung dich: Khi ti€n hanh phan tich bing
phuong phdp héa hoc, phdi hoa tan hoan todn mau trong dung moi thich hgp va ti€n
hanh phin tich trong dung dich. Khi st dung mot s& phuong phap vat 1y c6 thé
khong can hda tan miu, nhung phdi c6 mot s& dong tac xi& 1y héa hoc trude d6i véi
mau.

3. Tach cdc ciu ti cdn trd khi ti€n hanh phan tich cdc cdu ti chinh. O day
phai diing cdc phuong phdp héa hoc, héa 1y va cd phuong phap vatly khi can.

4. Ti€n hanh phan tich.

5. Tinh k&t qua phan tich: bao gdm d4nh gid k&t qua va do chinh xdc ctia két
qua phén tich.
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Vi du: khi cAn x4c dinh mdt ciu tf X trong miu phan tich nao d6, ta hdoa tan
mau bing mdt dung mdi thich hop, sau d6 dung thudc thir R d€ chuyén ciu tir X vé
mdt dang mdi (sin phdm P.)

X+R—>P

Ta c6 thé xdc dinh X biing c4ch dinh lugng P.

- N€u phédn tng tao ra két tha thi ¢6 thé tach riéng két tha d€ xi 1y va ti€n
hanh cin roi cin ¢t vao thanh phan clia P ma tinh X.

- N€&u phan tng tao ra phic chit cé mau thi c6 thé so mau ciia né bing
phuong phdp tric quang.

- Né€u 1a phdn tng oxy héa khit thi c6 thé ti€n hanh do thé dién cuc d€ xdc
dinh lugng ctia ciu t.

- N&u 13 phin ng axit bazd thi ta dung phuong phdp chuin dd axit bazd.

Nhu vay, phén tich dinh Iugng 12 tip hgp tit cd cdc phuong phdp héa hoc,
héa 1y dung d€ nghién ctu xdc dinh chinh xdc haim lugng cla cdc phan t thanh
phin nim trong miu phén tich.

1.2. PHAN LOAI CAC PHUGNG PHAP PHAN TICH PINH LUONG

Cin cif vao tinh chit clla mau vat can nghién ctu, vao loai tinh chat cla
phdn &ng, cdc hién tugng, cdc didu hi¢u vé dic tinh héa 1y va cin c vao phuong
phép ti€n hanh, khi ning mdy méc va@ung cu ma ngudi ta chia phan tich dinh
lugng thanh nhiéu loai, trong @6 phd bién nhat 1a cdach phan loai dua vao ban chat
(hay dic di€m) cta phuong phap hoic duya vi¥o ham lugng cla ciu tif trong miu
phén tich.

1.2.1. Phin loai theo lugng miu phan tich hay ky thuét phan tich

Tuy ham lugng clia ciu tf trong mau va tuy phuong phip phan tich, lugng
mau phan tich cling khdc nhau. Ta phan biét:

Phdn tich tho.

Dung dung cu ¢d 50 — 500ml va tdch chat rdn khoi chdt 16ng bing cach loc.
Lugng mau st dung thudng tir 1 -100g hay 1 — 10ml.

Phadn tich bdn vi lugng.

Dung dung cu < 50ml va tdch chdt rin khdi chat 16ng bing cdch ly tim.
Luong miu st dung tir 10~ - 1g hay 0,1 — Iml.

Phdn tich vi luong.

Dung dung cu < 1ml va thudng ding cidch quan sit dugi kinh hién vi hay
phén dng giot.. Lugng miu st dung tir 10° - 10°g hay 107 - 10" mL
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Phan tich siéu vi luong.

Phan tich dudi kinh hién vi dién tif v mdi trudng dic biét vdi lugng miu si
dung < 10°g hay < 10”ml.

Phan tich ban vi lugng ngdy cang phat trién vi dung it miu, k§ thuit tuong
ddi don gidn, c6 thé dung trong phong thi nghiém hay noi san xuét. Phan tich vi
lugng va siéu vi lugng ddi héi nhitng diéu kién nghiém ngit hon.

1.2.2. Phan loai theo ban chat cua phuong phap

Theo cdch phan loai nay cé thé chia cdc phuong phdp phin tich dinh lugng
thanh ba loai: cdc phudng phdp héa hoc, cac phuong phap vat 1y, cic phuong phip
héa ly.

Phuong phdp héa hoc

Duya chi y€u trén viéc dp dung cdc phdn tng héa hoc c6 lién quan dén ciu
t&r phan tich. Sy khac nhau giita cdc phuong phdp héa hoc 1a do su khdc nhau vé su
do lugng thudc thr heie sdn phadm tao thanh trong phdn tng. Ching han, dé xdc
dinh hAim ciu tf M ¢6 trofig chit phan tich, ngudi ta cho né tic dung véi mot thude
thtt R. Phin ttng x4y ra hoan toin va theo quan hé hgp thitc M + nR = MRn. D€ xic
dinh M c6 thé dung du thudc th#.R. Sau d6 tach sin pham tao thanh thudng & dang
két tha it tan. Dua vao két tha thw.dirge ¢ thé tinh dude ham lugng M trong chat
phan tich. Phuong phdp nay dua chi9&u vao viéc cin lugng san phAm phan dng
nén thudng dugc goi 1a phudng phap phdan.iich khéi lugng.

D€ xdc dinh M ciing ¢ thé cho mot liighg chinh x4c thudc thir R di tdc dung
vira hét véi M. Thong thudng ngudi ta do thé tich clia dung dich thudc thit R c6
ndng ndng dd chinh xdc di biét, va tir d6 tinh dude lrdng cau ti cAn xdc dinh M.
Phuong phdp phin tich nhu vy dudc goi 1a phuong phidp phdn tich thé tich.

Céc phuong phdp phan tich khdi lugng va thé tich da c6 tir 1au va 1a phuong
phdp co ban, dugc ding diu tién trong phuong phdp phan tich dinh lugng. Vi vay
doi khi ngudi ta goi cdc phuong phap nay 1a cdc phuong phdp kinh dién.

Phuong phdp nay c6 wu di€ém nhanh, don gidn va dé dng dung rong rii moi
ndi. Phuong phdp nay phu thudc phan 16n vao cic phdn tng héa hoc nén sy chinh
x4c chi & mic dd nhat dinh.

Phuong phap vt ly.

Céc phuong phédp vat Iy dua trén viéc do mot tinh chat vat 1y ndo d6 cla cdc doi
tugng phan tich ma khong can phdi st dung cdc phan tng héa hoc (vi du do hap
thu 4nh sang, @6 din dién, dién thé, ..). Tinh chit nay 12 ham ctia ndng dd hay cia
khdi luong ciu tif can xdc dinh, vi vdy cin cif vio k&t qui do c6 thé suy ra ham
lugng cla ciu ti¥ can x4c dinh. Vi du, cudng do mau clia dung dich K,CrO, ty 1&
thuan vdi ndng @6 clia chat nay trong dung dich kiém, vi vy c6 thé do dd hap thu
4nh sdng cda dung dich ndy & mot buc séng x4c dinh d€ suy ra ndng dd clia chat
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cAn xdc dinh. Phuong phdp vat 1y c6 mot s6 uu diém so v6i phuong phdp héa hoc
nhu c6 thé tich dudce cdc nguyén td khé bi tich bdi phuong phip héa hoc, dé 4p
dung cho céc qud trinh ty dong héa

Phuong phdp hod ly.

Phuong phép héa 1y 13 phuong phdp phan tich dua trén sy két hgp giita
phuong phdp vt Iy va phuong phdp héa hoc, ¢6 nghia 1a phai s dung phdn ng
héa hoc dé€ chuyén ciu ti¥ phan tich thanh dang c6 tinh chat vat 1y thich hop d€ c6
thé do dugc. Ching han, d€ dinh lugng mangan ton tai trong dung dich dang Mn*",
phdi ti€n hanh oxy hdéa ion nay thanh ion MnO, ¢6 mau tim dic trung. Bing cdch
do phd ctia ion MnOy ¢6 thé suy ra ndng do ion Mn**.

Mic du xuét hién khd lau sau cdc phuong phdp phan tich héa hoc, céc
phuong phap phan tich héa ly lai dugc phat tri€n va hién dai héa rat nhanh, dugc
st dung ngay cang rdng rai trong cac phong thi nghi€m nghién cttu khoa hoc va
trong cd cdc phong thi nghiém nha may, xi nghiép. Nguyén tic chung ctia phudng
phép 13 ding bién phip thich hop tdc dong 1én ddi tuong nghién ctfu va ghi nhan su
thay ddi cdc tham sO Higa 1y cla d6i tugng nghién ciu sau khi dugc tic dong. PE
quan sdt va ghi nhan cic’tham s6 héa ly doi hdi phdi st dung céc cong cu hoic
thi€t bi kha tinh vi, phitc tap: Vi 1y do nay, cdc phuong phdp phan tich vatly va héa
ly thudng dudc goi la cdc phuorig phap phan tich cong cu.

Uu di€m clia phuong phdp hay 13 nhanh, dd chinh xdc cao, lugng miu st
dung it, dugc dung trong cdc phép phan'tich lugng vét.
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Chuong I1
PHUONG PHAP PHAN TICH TRONG LUQONG

IL1. PAC PIEM CHUNG CUA PHAN TiCH TRONG LUQNG
I1.1.1. Ban chit cua phuong phap phan tich trong lugng

Phan tich trong lugng (hay con dugc goi la phuong phap khoi lugng) 1a mot
trong nhitng phuong phap quan trong ctia phan tich dinh lugng. N6 d6ng vai tro to
16n trong viéc thi€t 1ap cac dinh luat thanh phdn khong ddi, ty 1& boi so, dinh luat
tuan hoan...Phan tich trong lugng dudc &ng dung d€ xdc dinh thanh hod hoc cida
nhitng d6i twdng tv nhién va ky thuit, clia cac loai dit dd, nham thach, cdc quing,
khodang vat, kim loai, hgp kim, cac silicat va cédc cha't vd c¢d, hitu cd khac.

Phan tich trong lugng 13 mdt phuong phdp dua trén sy do chinh x4dc khdi
lugng cda chit cin xdc dinh, hodc clia thanh phin né dudc tich ra & dang tinh khiét
héa hoc, hoic dudi dang hdp chat thich hop (cé thanh phan khong ddi, biét chinh
xdc). Uu diém clia phuong phdp 1a ¢6 dd chinh xdc rat cao (c6 kha ning dat t6i
0,01%, thAm chi cao hotw nita), tuy nhién nhuge diém clia phuong phap nay 1a thao
tdc phtc tap, ton kém thdi‘gian, diéu nay lam cho phuong phap bi han ché khi dua
vao sit dung trong thyc té&.

I1.1.2. Nguyén tic cia phuong phip

Phan tich trong lugng 12 phuons phép dinh lugng cdu tif X dwa trén phép do
khéi lugng. Cd s8 clia phuong phdp nayta dua vao hai dinh ludt: Pinh luit thanh
phan khong d6i va qui tic duong luong.

Cé thé chia tdt cd phuong phdp phén tich trong duong thanh ba nhém I6n: phuong
phdp tdach, phuong phdp chung cdt va phuong phdp%ét tua.

1.Phuong phdp tdch

Nguyén tic ca phuong phdp nay Ia ciu tif cAn xdc dinh dugc tich ra tir chat
phan tich dudi dang tu do va dugc can trén can phan tich.

Vi du: Khi hoa tan mot lugng can chinh xdc hgp kim (c6 chida vang) bing
nudc cudng thuy ngudi ta thu duge dung dich c¢é chita cac ion kim loai. Thém H,0,
vao dung dich thu dugc, H,O, s& khit ion vang d&€n vang kim loai, trong khi cdc ion
con lai khong bi 4nh hudng. T4t cid vang dugc tidch ra khdi dung dich, sau d6 loc,
ri¥a sach ro6i dem sy hoic nung dé dudi cdc tap chat dé bay hdi, d€ nguodi va dem
cAn chinh x4c trén cAn phan tich va cudi cuing tinh todn him ludng vang chifa trong
mau.

Ciing c6 thé dinh lugng cdc kim loai bing phuong phap dién phan.
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2.Phiiong phdp chung cd't

Nguyén tic clia phuong phdp nay 12 ngudi ta chung cAt mot cach dinh lugng
cAu tlf can xdc dinh du6i dang hgp chat bay hoi. Phan cin x4c dinh dugc tdch ra
bing cich d6t néng chat phin tich tao sin phdm bay hdi.

Phuong phdp niy c6 thé tién hanh truc ti€p hoic gidn ti€p:

* Phuong phdp truc tiép: chat bay hdi cin xdc dinh dugc hap thu vao mot
chat hap thu thich hgp, dwa vao sy ting khoi lugng chi't hdp thu ngudi ta tinh dudc
khd&i lugng chit can xdc dinh.

Vi du: X4c dinh lugng CO, trong dd voi, bing cdch phan huy d4 voi véi axit.

CaCO; +2H' = Ca® +CO, + H,0

MaAu nay dugc phan huy trong thi€t bi dic biét, kin d€ khong cho thodt khi
CO, ra ngoai. Dan toan bd CO, suc vao binh dung hdn hgp voi xiit (CaO + NaOH).

Bing cdch i@nh do ting cia binh dung (CaO + NaOH) ta tinh dudc lugng
CO.,.

*Phuong phdp gidu1iép: Phuong phdp nay ngudi ta xdc dinh khdi lugng clia
cin con lai sau khi cho bay, hdi, tf d6 suy ra khdi lugng clia chat di bay hoi.
Phuong phdp nay thudng dugeding dé xdc dinh do Am, xdc dinh lugng nuSc két
tinh...

Vi du: Tinh s6 phan tt H,O kéttinh trong BaCl,.nH,O bing cach sdy kho.

BaCl.nH,0 —-<5  BaCl%+nH,O

Sdy dé&n khdi lugng khong ddi ta sé tinh duge thanh phan ciia H,O trong
BaClz

3. Phuong phdp két tiia

Nguyén tic clia phuong phip nay 13, ngudi ta lam két tda ciu tif cin xdc
dinh bing phuong phdp héa hoc dusi dang hgp chit it tan c¢6 thanh phan xdc dinh
nghiém ngat.

Pé€ x4c dinh khéi lugng clia ciu tf M c6 trong ddi tugng phan tich X, ngudi
ta tich M ra khdi cdu tif khac dudi dang hgp chit it tan bing mot thudc thi R thich
hdp, ti€n hanh loc, rira, siy hoic nung két tia d€n khdi lugng khong ddi. Rdi dem
cAn trén can phan tich va tién hanh tinh to4n.

Vi dul: P& xdc dinh ham lugng Ba c6 trong miu phan tich ngudi ta xit 1y nhu
sau:

~ oa H,S0,loang,du’ )
MAu (chda Ba) —=22% 5 Ba? e > BaSO. loc, rira thu dudc

0 A
BaSO,.nH,O(tinh khi€t) ———> BaSO, khan —“ 5 x4c dinh ham lugng Ba.

Vi du 2: P& xdc dinh ham lugng Fe trong miu thép
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~ HNO |
Miu thép (c6 chita Fe) ————> Fe** —b% 5 RoOH) loc, rita duge

Fe(OH); sach L) Fe,0; can va xdc dinh dugc ham lugng.

Phuong phdp phan tich két tlia déng mot vai trd quan trong va c6 tng dung
rong rai nhi't. C4c giai doan cla qud trinh phan tich bao gdm:

- LAy lugng cAn miu (cin chinh x4c trén cin phan tich) va chuyén vao dung
dich bing dung mdi thich hgp.

- Lam k&t tda ciu tf cAn xdc dinh biing thudc thit thich hop.

- Loc rira két tia

- Sdy hoic nung (néu can thi€t) d€ chuyén dang két tiia thanh dang can.

- Can sdn phdm & dang khd, ngudi.

- Tinh todn k&t qud phan tich.

Trong cédc Bude trén thi budc lam k&t tha chi't can phan tich déng vai tro
quan trong nhat.

Sau day ta chi nghi€n cdu phudng phdp chinh 12 phuong phdp két tia.

IL.2. CO SG LY THUYET CUAPHUONG PHAP KET TUA

Nhu da néi & trén, trong cac phyong phap ctia phan tich trong lugng, phudng
phép két tlia 1a phuong phdp quan trongya c¢6 dng dung rong rdi nhat. Vi vay viéc
nim vitng phuong phuong phap nay, nghiét.citu k§ d€n cdc qud trinh tao thanh két
tia 1a khau quan trong nhat, quyé&t dinh do chinh xdc clia phép phan tich.

I1.2.1. Sy tao thanh két tua
I1.2.1. 1. Nhdc lai mét s6 khdi ni¢m

Chdt dién ly manh it tan: La nhitng chat rat it tan, nhung tan bao nhiéu déu
phan ly thanh ion biy nhiéu.

Dung dich bdo hoa: La dung dich trong d6 qué trinh hoa tan hoic két tda da
dat trang thdi cin bing, chit tan khong thé tan thém dudc nita (n€u ti€n hanh qua
trinh hoa tan), chit két tia khong thé két tia thém dudc nita (néu ti€n hanh két
tda)

Trong dung dich bdo hoa chit dién ly manh it tan dang tdng quat A, B, c6
cin bang: AB, 5 mA™ + nB™

N6i cdch khac: dung dich bao hoa 1a dung dich trong d6 ¢6 su cAn bing gitta
k&t tha va ion tan trong dung dich.

Tich s6 tan (T (iong/l)): & nhiét dd khong ddi trong dung dich bdo hoa cia
mdt chat dién ly it tan, tich s6 nong dd cla cdc ion clda né(vdi luy thira bing hé so
clia ion trong phuong trinh dién ly) 12 mot hiing s& goi 1a tich s& tan.
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Vidu: A,B, S mA™ + nB™

TAmMn = [A’H}m [Bm_ ]n = const

D6 hoa tan (S mol/l): PO hoa tan clia mot chat 1a s6 phan tif chat d6 c6 trong
mot lit dung dich bao hoa. N6i cdch khdc: Nong do dung dich bdo hoa 1a dd hoa tan
clia chat tan. Do hoa tan ky hiéu 1a S, don vi 1a mol/I.

Quan hé gita dé tan va tich sé tan: Tich s6 tan 1a tich s6 ion trong dung dich
bdo hoa. P hoa tan 1a s& mol chit tan c6 trong mot lit dung dich bdo hdoa. Vay T
va S 12 hai dai lugng dic trung ctia dung dich bdo hoa, do d6 n6 c6 moi quan hé véi
nhau. C6 thé tinh dugc S khi biét T va ngudc lai. Ta s€ lap bi€u thic lién hé gitta S
va T.

Gia st hdp chat khé tan A, B, c¢6 dd hoa tan 1a S mol/l, c6 tich s6 tan la
Ta,B, iong/l. Trong dung dich bdo hda c6 cin bing:
ABioS  mA™ + nB™
Theo phan tng t4thay:
1 mol A,,B, hoa tan trong dung dich s& c6 m ion A" va n ion B™
S mol A,,B, hoa tan trong.dung dich s& c6 mS ion A™ va nS ion B™
Vay ndong d6 cic ion trong dilng dich bio hoa
[A™] = mS: [B™] = nS
& nhiét @6 nhat dinh ta c6: TA,B, = [AM]™[B™]"
Thay ndng do cdc ion vao: T4,B, = [mS]"[18]" = m™n"S™"

T4,B,=m™n"S™" : phuong trinh ndy dugc it dung dé tinh T khi biét S

m™n" : Tinh S khi bi€t T

Vi dy 1: Tinh d6 hoa tan clia Ag,CrO, biét 7, ., =4.10"

Truong hgpnaym=2,n=1

Vi du 2: Tinh tich s6 tan cia Mg(OH), & 20°C biét ring & nhiét d6 d6 d6 hoa
tan cia Mg(OH), 1a 1,44.10™ mol/l

nSm+n

T, 1, = m™

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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T Mg(om), = 17.2%(1,44 .10 = 41,44 .10*)° = 12 .10 iong/l

Piéu kién dé tao thanh két tiia: Piéu kién d€ tao thanh k&t tia cia mot chat
dién ly manh it tan 12 tich s6 ndng dd ion clia chit d6 trong dung dich phai 16n hon
tich s& tan.

Vi du 3: Tron hai dung dich Pb(NO3), 0,1 M + NaCl 0,1M theo ty 1& 1:1 vé
thé tich thi k&t tia PbCl, c6 xudt hién khong? Bigt L pycy, = 2,4 .10™ iong/.

Giai: vi tron hai thé tich bing nhau nén thé tich ting 1én gdp ddi do d6 ndng
dd cac chat gidm di 2 1an.

[Pb(NO;),] = 0,05 M — [Pb**] = 0,05 ion/l = 5.10ion/1

[NaCl] = 0,05 M — [CI'] = 0,05 ion/l = 5.10%ion/Il

PbCl, < Pb*™ + 2CI

[Pb**][CI>=2 0,05 = 1,25.10* < 2,4.10™* vay khong két tda.

Vi du 4: tuong t@nhu vi du 3, nhung thay ndng d6 NaCl 1a 1M

[Pb**] = 0,05 ion/l =45.10%ion/1

[CI]=0,5 ion/l = 5.10 ‘ion/1

[Pb**][CIT* =5.10%(5.10" )%= [25.10" > 2,4.10* vay c6 két ta.

11.2.1.2. Cdc giai doan ctia qud trinh taothanh két tua
1. Sy xud't hién mam két tinh (su tao thanh k&t iia so cap).

Qua4 trinh k&t tinh dugc dic trung bdi hai grai doan: Sy tao mam k&t tinh va
su trudng 16n cda ching. Tic 1 qué trinh tao hat s c4p sang tao hat thit cAp

[N ‘A R A LA A WMo on
biéu ki€n d€ xuat hi€én mam két tinh

- Phai c6 du s6 ion clia ciu tif can xdc dinh ciia thudc thit mdi c6 thé xay dung
dugc mang tinh thé cla két tia

- Theo 1y thuy€t cia Christiansen s ion ¢ trong tim két tinh t6i han cla
BaSO,, Ag,CrO, va CaF, tuong tng biing 8,6 vd 9. Nhung theo Johnson thi tim két
tinh t&i han cia BaSO, 12 4. Nhu vay cdc tdc gid da khong thong nhit vé s6 ion can
thi€t cho su tao mam k&t tinh d6i véi mot loai két tha. Tuy nhién cdc tdc gid déu
thong nhat y ki€n 12 can phai cé dd s6 ion d€ hinh thinh mam k&t tinh va giai doan
nay la giai doan cd ban.

Thoi di€m d€ tinh giai doan nay Ia tir khi bit diu cho thudc thi vao dung
dich chtra thudc thlt cAn xdc dinh cho dén khi thdy van duc. Giai doan nay phu
thudc vao nhiéu y&u t& nhu: s6 lugng mam k&t tinh, ndng do clia thudc thit, toc do
cho thudc thit, sy khudy tron, nhiét do clia dung dich...
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2. Su trudng 16n (su tao thanh két tia thi cap).

Sau khi xu&t hién mam k€t tinh thi ndng dd cla cdc ion xung quanh mam két
tinh s& gidm xudng tao nén sy chénh léch ndng do tai cdc vi tri trong dung dich.
K&t qud c6 su khuéch tidn cdc ion d&€n sdt mam k&t tinh va chiing lai tic dung vdi
nhau d€ tao thanh két tia bam 1én mam k&t tinh 1am k&t tda 16n dan.

3. Su lam muoi két tia.

LA qud trinh chuyén cdc hat két tda c6 kich thuc nhd sang két tia c6 kich
thu6c 16n hon. Qu4 trinh ndy con goi 12 qud trinh hoan thién cédc hat tinh thé két
tia.

Mic dit d3 c6 nhuéu bién phap d€ 1am ting d6 16n cla cic tinh thé nhung
van tdn tai cdc hat nhd, diéu nay s& khong c6 1di cho qua trinh loc két tda.

C6 hai cdch 1am mudi: hoic 1a d€ két tha mot thdi gian nhim muc dich c6 su
sip x€p lai mang tinh thé c6 ciu tric bén vitng hon, hoic 1am mudi bing nhiét titc
1a dun néng dung dich chita két tda.

Thong thudng ngudi ta 1am mudi bing thdi gian, bdi vi phuong phdp nay thu
dugc két tda chic hat hon:

Ly thuy&t vé sy lam mudi theo thdi gian dugc gidi thich nhu sau: trong dung
dich, do tan k&t tlia phu thudc vite kich thudc cia tinh thé két tda. Kich thudc clia
céc hat k€t tha cang nhd thi do tan cfia ching cang 16n. Vi thé sau khi lam k&t tia,
dung dich s& khong bao hoa vdi loai kétila c6 kich thuéc bé nhung lai bio hoa vé6i
loai két tlia ¢ kich thudc 16n. K&t qua 1270 sy xudt hién k&t tha bam 1én két tha
c6 kich thu6c 16n 1am cho két tda to din va tr&nén chic hat hon. Qud trinh nay x4y
ra ti€p tuc 1am dung dich trd lai khong bao hoa d6i véi két tia cé kich thude bé dan
dén nhitng k€t tda c6 kich bé lai tan ra. Cudi cingtheo thdi gian dung dich khong
con két tlia c6 kich thuéc bé.

I1.2.2. Dung dich keo

Khi loc k&t tda cAn phai gidi quy&t mot s6 van dé dit ra khd phitc tap, d6 1a
can phai lam dong tu hodc lam két tha & dang bong mot s6 hat chit rin & dang
phan tdn nhd, nhitng hat chat rin nay dudc goi 1a nhitng hat keo. Ngoai hién tugng
nay con c6 hién tugng pepti héa trong qué trinh rira két tia.
11.2.2.1. Dic diém ciia hat keo

Dung dich keo 12 dung dich ¢6 chita nhitng két tia c6 kich thudc bé phan tdn
va bén, nhitng hat keo ndy giy trd ngai rit 16n vi ching khong loc dugc va dé bi
nhi€m ban. Sau day 1a mot sd dic di€ém cta dung dich keo.

- Dung dich keo c6 kha niing khu€ch tdn chat rin.

- Kich thudc ciia hat keo ra't nhd khodng tir 10”7 d&n 10™* cm nhung lai tip
hop mot s6 16n nguyén t, phan ti (tir 10° — 10° ti€u phén).
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- Hat keo chuyén dong khong ngirng, hdn loan nhung sy chuyén dong d6
khong 1am cho chiing dong tu lai d€ 1am k&t tda to hat va ling xudng.

Pé€ hi€u r6 ban chit clia dung dich keo nhim muc dich x& 1y ching trong
qud trinh phan tich trong luong, ching ta ciAn phdi nghién ctu 1y thuyét vé dung
dich keo.

Tru6c hét cin phai nghién ctu ring: hé keo ton tai 1a do cdc tiéu phadn mang
dién d4y nhau. Vi du:xét qué trinh tao k&t tda AgCl tir dung dich AgNOs vé6i dung
dich NaCl. Khi c6 sy tao thanh hat keo AgCl, hat keo 13 hat c¢6 khdi Iugng nén né
ton tai ning lugng ty do din dé€n cé sy hap thu bé mit, sy hap thu nay x3y ra vu
tién doi vdi ion dong dang ctia két tda.

Né&u ban dau khi méi cho dung dich NaCl vao dung dich AgNO; thi trong
dung dich dang du Ag® vi th€ dung dich keo uu tién hip thu ion Ag" va tao nén
phan tif mang dién dudng va né s& hit nhitng ion d6i mang dién Am, két tla hinh
thanh mdt 16p di€én kép xung quanh hat keo.

CKpNa* va bi€u dién gon:
Na':CI' AgCl Cl :Na" n AgCl.mAg" :mNO;’
Na™: CI CI': Na: hat keo 16p dién kép

Né&u sau khi cho du NaCl,thi trong ldc nay dung dich du ion CI" dan dén hat
keo s& hap thu ion CI' va mang di¢n'am, né s& hit ion doi Na* va tao nén mot 16p
dién kép.

Ag": NOy v bi€u dién gon:
NO; : Ag" AgCl Ag': NOj 0. AgCl.m ClI':mNa"
NO; : Ag®  Ag':NOs hatkeo 16p dién kép

Nhu vay trong cd hai trudng hgp: khi ¢ du Ag®va CI hat keo déu mang
dién va bao boc bdi mot 16p ion cling ddu va tao ra tuong tic day. T d6 ta thiy
ring: hat keo 1a hat c¢6 khoi lugng va mang dién nén né chiu dnh hudng ctia hai lyc.

- Lyc hiit giita cdc hat c6 khoi lugng.

- Luc ddy clia cdc hat mang dién cing dau.

- N€&u khodng cich giita hai hat keo gidm xudng thi luc hit s& thing luc ddy
trc 12 hat keo c6 kha niing dong tu, day 1a diéu c6 1gi cho phan tich.

Bing phuong phip phan tich trong lugng, ngudi ta c¢6 thé tinh todn dé c6
dudc khodng cdch can thi€t lam cho hat keo ddng tu, bing cdch gidm chiéu day
clia 16p dién kép véi viéc ting ndong do cia chat dién ly manh.
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11.2.2.2. Su pepty héa

Hién tugng nay thudng tha'y khi rita mot két tlia & dang keo da dudc dong tu
bing nudc cat thi dung dich keo c6 kha ning tdi tao lai dang keo ban diu nhu khi
chua lam dong ty, hién tugng nhu vay goi 1a hién tugng pepty hoa.

Nguyén nhan la do khi rira két tlia bing nudc da 1am cho ndng d6 dung dich
chat dién ly manh gidm xuéng & bé mit clia hat keo dong tu kéo theo sy ting
khodng cdch va lam cho hé keo da dong tu bi tdch ra § trang thdi clia cdc hat keo
ban diu.

P& ngin cin hién tugng pepty héa ngudi ta rifa két tiia bing dung dich nu6c
c6 pha chit dién ly manh, thudng diing cdc mudi c6 mit ion dong dang véi két tda.
Vi du rita két tia AgCl bing dung dich nu6c ¢6 hoa tan NH,CI ...

I1.2.3. Sy nhiém ban

Van dé nhiém ban két tia 12 mot van dé giy trd ngai rat 16n cho qud trinh
phan tich trong lugngz Sy nhiém bin c6 ra't nhiéu nguyén nhan khdch quan va chi
quan. Trong d6 ching ta‘nghién citu k§ nguyén nhan khach quan din d€n sy nhi€ém
ban k&t tha. PE gidi quyétvan dé ndy cian phdi c6 mot hé thong cic dinh nghia 16
rang chd y€u dva trén hién widng thuc nghiém, trong d6 ngudi ta phan biét hai loai
nhi€m ban 16n d6 1a su cong két Vi sif két tia theo.

11.2.3.1. Su cong két
Hién tugng ndy xay ra khi két tlia chinhva tap chat cing két tia dong thoi.
Hién tuong cong k&t dugc chia 1am hailoai:
a) Su cong két do hdp thu bé mdt. Nguyén ahin clia hién tugng nay do két

tda c6 ning luong tw do nén né c6 kha ning hap thu chat “ban” 1én bé mit. Sy hap
thu bé mit nay thudng chia lam hai loai:

+ Sy hdp thu cédc ion ¢6 chita trong cdc dung dich cling tén véi ion ¢6 trong
thanh phin clia k&t tia. Nguyén nhan nay 13 do cdc ion nim trén bé mit clia két
tda chua dude cin bing vé trudng luc, nén chiing ¢6 khuynh huéng tic dung véi ion
ngugc dau.

Vi du: K&t tha BaSO, uu tién hap thu ion Ba** néu trong dung dich c¢6 du
BaCl, va k&t qud két tla sé tich dién va dan dén cé sy tuong tac tinh dién véi ion
ddi dau 1am cho k&t tda d6 bi nhi€ém ban.

+ Su hap thu trao ddi ion: 12 sy trao ddi gitta ion cia ludi tinh thé vdi cdc ion
la c6 trong dung dich.

Chéng han: khi lic k&t tia BaSO, v6i dung dich Pb(ClO,), thi c6 thé x4y ra
sy hap thu trao d8i ion Pb** vao tuéng rin.

BaSO, + Pb*" +2C10,7 = PbSO, + Ba*' + 2ClO,
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Sy hdp thu nay xdy ra do ion Pb** c¢6 kha ning tao két tha PbSO, tuong tu
nhu BaSO,4

b) Su cong két do hdp tang: hién tugng nay xay ra do cdc chat ban c6 thé
thAm nhap vao bén trong két tda trong sudt qud trinh 1am két tda.

Hién tugng ndy thudng gip theo hai co ché:

+ Sy tao thanh dung dich rin: 1a hién tugng cdc ion ciia k&t tda c6 thé bi thay
thé& bdi cdc ion la cung dién tich va kich thudc giong nhau.

+ Su doat ion: d6 1a qu4 trinh 16n 1én clia két tlia dd bao boc vao bén trong
tinh thé c4c ion kh4c.

11.2.3.2. Su két tiia theo

Con c6 thé goi lasy két tlia sau. La hién twgng khi dung dich chita hai ion c6
thé bi két tda cling vdi mot thudc thit, nhung ion X3y ra vdi téc dd nhanh va ion x3y
ra v6i tdc do cham khi 1am két tda riéng ré tirng ion. Trong trudng hgp cé hai ion
cling ¢6 mit thi vieelam két tha ching v6i mot thudc thit bao gid cling xdy ra hién
tugng két tha thit nhat <& bi nhiém ban bdi két tha thit hai.

T nhitng van dé 1¥7thuyét néu & trén chiing ta c6 nhan xét ring: Moi qud
trinh x3y ra trong phuong phdp, phan tich trong lugng déu 1a rdt quan trong. Pic
biét mot s6 khadu nhu 1am kéi tia, rira k€t tia va quan trong 1a 1am th€ nao thu
dugc k&t tha chic hat, sach, dé loc.¢B& 1am dugc diéu d6 can phdi nim vitng cic
ly thuy€&t nhu: chon dung mdi thich hdp, thudc thit dic trung, ndng do ciia dung
dich, pH thich hop va di€u dic biét 1a phdehi&t xi 1y cdc hién tugng nhu: tao dung
dich keo, su pepti héa trong @6 vin dé nhiém bAn 12 mot trong nhitng khau quan
trong vi n6 4nh hudng dén két qud clia qué trinh phin tich.

IL3. CAC THAO TAC CO BAN VA PIEU KIEN BFf TIEN HANH PHAN
TiCH THEO PHUONG PHAP KET TUA

I1.3.1. Cac thao tiac co ban

Qud trinh x4dc dinh mot chit theo phuong phap két tda cé thé chia thanh cdc
giai doan sau.

1.Hoa tan (thuong goi la giai doan phd méu)

LA mdt giai doan quan trong, vi ¢6 hoa tan dugc tit cd chat rin cAn phin tich
c6 trong mau hay khong thi sau d6 ta méi két tia né hoan toan dudc.

Pé€ hoa tan cin phdi chon dung mdi thich hdp: nhu H,0, acid, kiém ..hoic
tan mau bing cich cho tao phifc, hoic diung phdn tng oxi héa khir d€ hoa tan miu.

Tém lai phadi tim moi cdach dé€ chuyén chat rin thanh dung dich rdi ding
thudc thir thich hop dé€ 1am két tha ciu tif can xdc dinh.
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2. Két tua.

La khau quyé&t dinh d&€n k&t qui clia phép phan tich. P& c6 két qua chinh
x4c cin phdi nghién cttu d€ chon cic diéu kién t8i wvu nhim muc dich ngin ngira
dé&n mic thap nhit cdc hién tugng nhu nhiém ban, tao dung dich keo.. 1am anh
hudng dén k€t qua phan tich

3. Loc két tia.

Thudng loc két tha qua gidy loc khong tin hoic qua phéu x6p. Gidy loc
khong tan 13 gidy loc da 1am sach hé&t phan 16n cdc chit vo co bing cdch rira véi
HCI va HF. Khi chdy chiing chi d€ lai lugng tro khong ddng k€, lugng nay da ghi &
v boc cdc gidy loc khong tan. Gidy loc khong tan c6 nhiéu loai day, méng khic
nhau, ¥ng v&i kich thudc ctia phan ti két tda can loc. Vi du, mudn loc nhitng két
tha keo vO dinh hinh rat khé loc thi ta nén dung gidy loc mdng nhat, nhdy nhanh
nhu gidy bing dé hoic den. Mudn loc da sd cdc két tiia khdc thi dung gidy loc loai
trung binh (bidng tring) va mudn loc nhitng két tha rdt bé hat nhu BaSO, hoic
CaC,0, thi nén ding loai gidy loc day nhat (bing xanh).

4. Rita két tia.

Muc dich rita k&t tiada dudi hét chat ban, k€ ci dung dich nu6c cdi dinh &
két tha, d€ 1am sach két tha dong thdi ngin chin cdc hién tugng nhu sy pepti hda,
su tao thanh dung dich keo, ngudi.ta phai pha dung dich rira thich hgp d6 1a dung
dich nu6c c6 pha thém céc chit dién g manh.

Thanh phan nu6c ria: c6 4 trudng fiep.

- Rira biing dung dich thudc két tia: chi'cé nhitng trudng hdp dd hoq tan cia
két tha 12 rat bé, ta mGi c6 thé bd qua bién phdp nay. Khi rira két tha ta can cho
thém vao nuSc rifa mot ion clia chat két tha, vi duding mot dung dich lodng cla
thudc két tda d€ rira. Vi tich s6 ndng do clia cac ion I3 hing s&, nén khi ting ndng
dd cia mot ion trong dung dich thi do hoa tan ctia k&t tia sé& gidm di dé€n mic c6
thé bd qua dugc. TAt nhién 1a chi't két tda thém vao dé (hoic mot chit dién gidi
nio khic c6 chira ion ctia két tda) phai 13 mot chat dé bay hoi, d€ khi nung ta c6
thé dudi n6 ra h&t khoi két tha.

- Rtra bing dung dich chat dién gidi: mudn ngin ngira hién tugng hda keo, ta
khong nén rita két tha bing nudc cit, ma nén dung mot dung dich lodng cla chat
dién gidi nao d6. Lic bdy git cdc ion bi hap phu trudc s& dudc rira sach va két tha
s& lai hdp phu cdc ion clia chat dién gidi da dung d€ rira: § diy c6 sy hap phu thay
th&, chat dién gidi phdi 1a chat dé bay hoi ( axit d& bay hoi hay mudi amoni).

Rira bing cdc chit ngin dudc k&t tla khdi bi thuy phan: vi du két tla
MgNH,4PO, 12 mot chat c6 sdn phaAm thuy phan 13 NH,OH:

MgNH,PO, + H,0 == MgHPO, + NH,OH

Nén s& dudc rita bing mdt dung dich amoniac lodng.
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- Rita bing nudc: trong nhitng trudng hop két tha khong bi mat do bi hoa tan,
ciing khong tao dudc dung dich keo va khong bi thuy phan thi c6 thé ding nu6c cat
dé rira két ta. Trong da s6 trudng hop, nuc rira can phai dun néng vi nhu vay sé
lam gidm dudc hé s& nhét va cdc dung dich néng sé& loc dude nhanh hon.

K§ thuit rira: trudc hét rita bing cdch ling va sau khi gan sach ta méi rira
két tia trén gidy loc. C4i Igi clia k&t tha nay 1a két tha d€ tron 14n v6i nude ria va
ddng thdi cdc phan tir két tha lai khong 1am bit 18 gidy loc. Thudng ta rifa bing
cich ling dd vai lan rdi méi chuyén toan bo két tia 1én gidy loc. Pay 1a lic quan
trong nhat, n€u dinh mat mot giot chat 1dng 13 k&t qua phan tich c6 thé bi sai.

5. Sdy va nung két tiia

Sau khi rita, dy phéu bing mot t& gidy loc d€ gitt cho két tda tranh bi bui
va tranh su chuyén dong ctia khong khi, dit phéu vio td say khodng 20 -30 phiit &
nhiét do khodng 90 — 105°C. Sau d6 dem nung trong chén st hodc chén bach kim
dén trong lugng khong ddi.

K§ thuat nung; diing dda thuy tinh c6 dau nhon kéo gidy loc ra khdi phéu,
gdp mép gidy loc lai th&nio d6 dé két tha tdn ra xung quanh gidy rdi dem bd vio
chén nung, cho dinh nhon'quay Ién trén va nung cho dén khi c¢6 khdi lugng khdng
ddi. Néu dung 10 dién thi e hét phai dot gidy loc & den (hoic & bép dién) va
sau khi hé&t khéi méi bd chén vie.nung. Sau khi nung xong (khodng 30 phiit), cho
chén va binh 1am khd (binh hiit 4m).d€ chén khdi hap thu hdi nuSc trong khong khi
va khéi ting trong lugng. Khong nén @y binh ngay ma phai d€ sau vai phiit roi
day, vi n€u khong thi khi chén ngudi, trong binh sé c¢6 khodng chan khong va ta
kh6é md ndp binh.

Can phdi loc rat c4n than cho hét nudc rdi¢ho vao chén nung (d3 duge nung
dé&n khoi lugng khong ddi), Méi diu dung nhiét do thip dé sdy cho kho roi sau dé
mdi nang nhiét do d&€n gi4 tri thich hop.

6. Cin

Trong phan tich ngudi ta st dung hai loai cin d6 1a cin k¥ thudt va can phan
tich

Can ky thudt: La loai can c¢6 dd chinh x4dc khong cao. Trong phan tich, can
ky thuat dudc dung d€ cAn nhitng vat khong can chinh xdc cao, dung d€ cin so bo
trudce khi can trén can phan tich.

Cén phdn tich: La mot dung cu vat 1y chinh xdc doi hoi phai s dung mot
cach cin than. Hién nay c6 rat nhiéu loai cAn phan tich, mdi mot loai cAn déu cé
nhitng yéu cau khac nhau khi st dung, vi vy can thuc hién day di cic quy tic khi
stt dung bat k¥ mot loai cAn phan tich ndo. Trong gido trinh nay chiing ta khong dé
cAp d€n cdch st dung cédc loai cAn phan tich ma chi luu § mot s& quy tic chung doi
vGi viéc st dung cin phén tich:

4 ~ X+ 1A A . s R N A
- Tru6c hét moi lan cin phai ki€m tra tinh trang ctia cin.
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- Tuyét doi khong dudc dung cham vao cin khi cin & trang thdi hoat dong.
- Khong dwa vat can c6 khoi lugng vugt qud gidi han cho phép.

- Khéng dit 1én dia cAn nhitng vat gdy ban, 4m, d€ hd, cdc chit 16ng, cic
chat d& bay hdi..can phdi cin trong chén cin c6 nit nham.

- Khong cian nhitng vat qué lanh hodc qua néng.

- Khong dung tay d€ 14y qua cAn ma phai dung cip cé6 mé bing nhua
hay sirng.

II. 3.2. Piéu kién d€ ti€n hanh phan tich theo phuong phap két tia
I1.3.2.1. Thuéc két tiia

Thudc két tda dung trong phin tich khdi lugng c6 thé 13 thudc thit hitu co
hay vd cd. Trong qud trinh tao két tlia, hién tugng cong k€t x4y ra rit manh. Trong
s6 cdc ion bi cOng.ké&t, ¢6 céd ion cia thudc két tlia ma khi rita cling khong sach
hoan toan dugc. Vi Vdy can chon thudc thit dé bay hdi hodc dé bi phan hiy trong
qud trinh nung, siy. Vitdu, khi k&t tia Fe** dudi dang Fe(OH); thi ding NH,OH
cht khong diing NaOH hiay KOH, két tia Ba** thi dung H,SO, cht khong ding
Na,SO, hay K,SO,, Ag* thi dilng HCI chit khong diing NaCl. Nhung nguyén tic nay
khong phai dung lic nao ciing dugc. Vi du két tia Cu(OH), ngudi ta khong dung
NH,OH, bdi néu thita NH,OH sé tao, Cu(NH;),** ma phai ding KOH hay NaOH.
Trong trudng hop nay phai rita két tia ¢an than.

Thudc két tla cang c6 dd chon loccao cang tdt. Vi nhu vdy sé trdnh dudc
hién tugng cdc két tia khdc ciing k&t tha thed k€t tlia chinh. Vi du, khi x4c dinh ion
A’ bing NH,OH va cin duéi dang ALOs. Néu éé mit Fe* thi ciing tao Fe,0;. Do
do trong trudng hgp nay ngudi ta dung Na,S,0s.

2AI + 38,05 +3H,0 © 2A1(0H); + 38 +3S0,

Loc va rira k&t tia (AI(OH); + S) roi nung thi lvu huynh chdy hét con AlLO;.
Ton Fe’* trong trudng hdp nay khong két tia ma bi khit t6i Fe**.

Lugng thudc két tha cling déng vai trd rdt quan trong trong phudng phdp
khoi lugng. Thuc t€ cho thdy ring, khong ton tai két tla ndo ma lai hoan toan
khong tan trong nudc. Do vay, tich s& tan ludn ludn 16n hon khong. Tir d6, ta thiy
ring khong thé két tia dugc hoan toan bit ky mot chit it tan nio tir dung dich.
Trong phan tich dinh tinh, ngudi ta thdy ring qud trinh két tha dugc coi 12 hoan
toan khi ham lugng ion cin xdc dinh con lai trong dung dich it d&n mitc ma khong
thé dung phin tng nio d€ nhan ra dudc. Tuong tu nhu vay, trong phuong phép
phan tich khdi lugng, qud trinh k&t tha dugc coi 1a hoan toan khi ham lugng chat
cin xdc dinh con lai trong dung dich khong vudt qud 0.0002g. Thong thudng, doi
v6i két tha c6 dd tan bé, chi can lugng thudc két tha twong duong vé6i lugng tinh
theo phuong trinh phin ng 13 dd dé thu dudc két tia hoan toan. Khi két tda cé do
tan khong di nhd, hoic chat phan tich & trong dung dich kha lodng, d€ ddm bio két
tha hoan todn, ta can ting lugng thudc két tia d€ 1am gidm do tan cla két tia. C6

has yiae Trarowrr BE Ca nhons B thabs T8 BN
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nhiéu trudng hop, viéc ting lugng thudc két tia khong nhitng khong lam gidm tinh
tan ma trai lai lam ting tinh tan do hiéu ¥ng mudi, su tao phitc, mudi axit tan, do
k&t tia 12 ludng tinh. . . Thudng ngudi ta dung lugng thudc thir du gap 1,5 1an lugng
can thiét tinh theo phudng trinh phan tng.

11.3.2.2. Luong chdt phén tich

Ludng can chat 1y dé phan tich phdi khong qud nhd va qué 16n. Lugng cin
qud 16n s& thu dudc qua nhiéu chi't k&t tha va gay khé khin cho viéc loc, rifa,
nung. Trdi lai, lugng cin nhd thi dung dich sau khi phd miu kha lodng va c6 thé
khé tdch hoan toan chit cAn phan tich. Do d6, k&t qud phan tich sé khé chinh x4c.
Theo Tanamaep, lugng cAn chit phan tich phai 14y th€ nao dé€ cho lugng can két
qué phan tich vao khodng 0,01 duong lugng gam d6i v6i két tia tinh thé va 0,001
duong lugng gam doi véi két tha vod dinh hinh.

11.3.2.3. Nong dp thubc thir

Da&i v6i két.alia 12 dang tinh thé hay vo dinh hinh ta c6 yéu ciu vé nong dd
khéc nhau.

Két tia vo dinh hingi: v6i két tia vo dinh hinh thi t6t nhat 12 k€&t tda tir dung
dich dic, néng. Khi lam két tia vo dinh hinh ta cAn chd y d&én xu huéng dé tao
thanh dung dich keo ctia ching/Mudn lam déng tu keo thi ngudi ta cho thém chat
dién ly nao d6 c6 ion khdc ddu v@i ion bi hdp phu: cdc mudi amoni hoidc cic axit
(néu axit khong lam ting d6 hoa tan¢ia két tia). Sau khi k&t tia xong, d€ dé loc
va gidm sy nhi€m ban do hap phu, ta plia. lodng dung dich gdp ddi bing nudc cit,
néng. Lic ndy can bing hdp phu s& bi pha ¥ mdt phan ion bi hap phu sé lai rdi bé
mit két tha dé€ di vao dung dich. K&t tia thu dugc sé chic hat, it bi nhiém ban. Sau
khi 1am k&t tda phdi loc va rifa ngay chit khong én dé 1au, néu d€ 1au két tia sé
dic quanh lai khong rita sach dugc. Ngoai ra khi lam két tla vo dinh hinh ta thudng
diing cdc dung dich kiém nén két tia sé& nhiém ban cac ¢hi't khé bay hdi, vi du SiO,
tlr thuy tinh 14n vao.

K&t tiia tinh thé: v6i két tda tinh thé, d€ c6 két tlia 16n hat ta phdi lam gidm
dd qud bdo hoa cia dung dich biing cdch k&t tda tir dung dich lodng. P€ ting dd tan
S clia 1€t tia trong qud trinh k&t tlia, ngudi ta ting nhiét do hay thém chit nao dé
dé 1am ting do tan. Sau khi k&t tia xong, can 1am mudi k&t tia bing cdch ngim
két tha trong nudc cdi mot thdi gian d€ thu duge két tda 16n dong déu, dé loc, dé
ria.

I1.3.3. Dang k&t ta va dang can

D€ x4c dinh ham lugng cla cdc cAu tif can phdi c6 két tda chita thanh phan
chat nghién ctfu va déng thdi phdi c6 dang cin chinh x4c sau khi nung két tda. Tuy
nhién dang k&t tda va dang cin c6 thé€ c6 thanh phan héa hoc gidng nhau, chi khic
nhau & sy ¢6 mit cia H,O,(vi du BaSO,, AgCl), nhung ciing c6 thé c6é thanh phan
khéc nhau, vi du nhu khi xdc dinh ham lugng Fe’* va AI’* ngudi ta cho mudi cla
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ching tdc dung véi dung dich NH4OH. Dang két tia sé& 1a Fe(OH); va AI(OH); con
dang cin sé& 1a Fe,0; va Al,Os. nhung diéu co bdn 1a ciu t can xdc dinh vin ton
tai 3 ca 2 dang.

Sau diy 12 mot s& yéu cau co ban ddi v6i dang két tda va dang cAn ma
ngudi phan tich cAn phdi nim vitng.
I1.3.3.1. Yéu cdu ciia dang két tia

- K&t tda phai thuc t€ khong tan hay néi chinh x4c hon d6 1a két tla phdi c6
dd tan bé nhat, thich &ng v6i yéu cau cta phép phan tich. Thyc t& cho thdy ring,
d6i véi cac két tia loai AB nhu BaSO,, AgCl . . . thi tich s6 tan phai bé hon 10
mdi st dung dugc, con tich s6 tan 16n hon 10 thi khong st dung dugc. Thda man
di€u kién nay s& 1am cho viéc tdch cdc ion hay chat can x4c dinh dugc hoan toan.

- K&t tha phdi c6 do tinh khi€t cao hoic chi chita nhitng tap chit c¢6 thé dudi
dé dang khi sdy va nung.

- K&t tha tad thanh phdi dé xi 1y tic 1a k€t tia c6 ciu tao hat sao cho dé€ loc,
dé rira. Mot s6 két tita, hat rdt nhé nhu CaC,04, BaSO;, . . . cling khong thuin tién
st dung trong phuong phip két tha. K&t tha v dinh hinh va dic biét 1a loai dong tu
nhu AI(OH); ¢6 bé mit tiépxiic 16n nén hién tuong cong két & day rat 16n, khé rira
va loc rdt cham. Trong mot so-frudng hop, ngudi ta ¢ thé tao diéu kién thich hgp
dé thu dugc két tia tinh thé hat 15w

- Chon diéu kién t8i wu d€ tranhicdc hién tuong gy can trd trong qud trinh
phén tich.

- K&t tha phai d& dang chuyén thanh dang can khi sy, nung.
11.3.3.2. Yéu cdu ciia dang cin

- C6 thanh phan héa hoc tng ding vdi cong thifc,hdéa hoc da dinh trude, néu
khong, két tha sé& sai. Trong thuc t&€, c6 nhiéu két tia khi chuyén sang dang cin
khong ttng ding v4i cong thic héa hoc da dinh trudc.

Vi du: khi nung Fe(OH);

- Khi nung & nhiét d6 900-1000°C, k&t tia chuyén thanh dang cin c6 cong
thac FeZO3.

2 FG(OH)3 —> Fe,O5 + 3H,0

Lugng sit chi€ém 70%

+ Khi nung & nhiét d6 cao hon 1000°C, mot phin két tia chuyé&n thanh
Fe304.

Lugng sit chi€m 72%.

+ Phai bén vé phuong dién héa hoc nghia 12 khong bi thay ddi trong qud
trinh thao tdc (khong bi phan hdy, khong hit 4m, khong bi oxi héa bdi khong khi,
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khong bi bay hdi..). Vi du két tha CaO dé dang hap thu H,O va CO, trong khong
khi, thudng ngudi ta chuyén sang dang CaSO,.

- Ty 1& nguyén t6 can tim trong dang cAn cang thip cing tot. Piéu nay nhim
muc dich gidm dén mic thAp nhit 4nh hudng cda cdc sai sd trong qud trinh thuc
nghiém dén két qua phan tich cudi clng.

Vi du: khi dinh lugng crom dudi dang Cr,Oj; thi sai s6 do mat 1 mg chit rin
khi phin tich sé& tuong ng v4i sy mat:

20r . 2.52

1
Cro, 152

=0,7mg

Nhung néu xéc dinh crom duéi dang BaCrQ, thi khi mit 1 mg tuong tng mat
Cr - 52
BaCrO, 2533

=0.2mg

IL4. CAC PHEP EINH TOAN TRONG PHAN TiCH TRONG LUQONG

Viéc tinh todnedc két qud phan tich dua trén cdc dit kién do dugc 1a mot
phan khong thé tich roi ¢a bat ky mot phép dinh lugng nao. Vi vay khong chi ti€n
hanh x4c dinh cin thin ma &4, viéc tinh todn chinh xdc 13 diéu hét sitc quan trong.

I1.4.1. Miu & dang rin

Can a gam mau, bing PPPT khéi lugng thu dugc m(g) cau t dudi dang don
chit hodc hop chat:

a) N&u dang cén ciing 1a dang can tintuham lugng:

% X = 2.100
Vi dul: tir 0,3200 ¢ miu dat, bing phuong phap phan tich khdi Iugng thu
dugc 0,1200g Si0;:
%S10, = (0, 1200:0, 3200) x100 = 37, 50%
b) N&u dang cAn khac dang cAn tinh ham luong, sit dung hé s& chuyén F dé
chuyén khéi lugng dang can sang dang can tinh:
F = 'A4>dqngtfnh
M x hé s& thich hgp

dangcdn

Hé s6 chuyén la dai lugng can phdi nhdn vdi khoi luong ciia dang cén dé
dugc khéi lugng ciia dang cdn xdc dinh.

Vi dy 2: Xéc dinh ham lugng Si trong miu dat & vi du trén, v6i dang cin 1a:
Si0, = 0,1200¢g ta c6
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60,08 *

mg, = F.mg, =5-—mg, =ags-0,1200=0,561
%Si = 28 100 =17,53%

10,3200 °
Vi du 2: Dang can Mg,P,07, dang tinh Mg, MgO, MgCOs:

F . ZMMg F . 2MMg0 . . 2MMgC03
Mg MMg2P207 >" MgO MMg2P207 > " MgCO; MMg2P207

Vi du 3: Dang can la Fe,03, dang tinh 1a Fe, Fe;0,:

F _ 2MFe . F _ 2A4Fe304
Fe MF6203 ? F€304 3MF€203
2- Can a(g) mau, hoa tan thanh V(ml) dung dich. Tt Vx(ml) dung dich mau,
bing phudng phip khdi lugng thu dude m(g) ciu ti dudi dang don chit hodc hgp
chat:
0 _ mi |4
o X =2-.100.5~

I1.4.2. Mau ¢ dang dung dich
1- T Vx (ml) mAu, bangphrong phdp phan tich khdi Iugng thu dude m(g)
dang can:

Cx(g/l)=mF.3%

2- L4y V(ml) dung dich mAu dem phé lodng thanh V,(ml) dung dich. L&y
Vx(ml) DD dem phan tich khéi lugng, thu dugc m(g) dang cin:

Cx(g/l)= mF%‘—?—O‘—’

N6i chung phuong phdp phan tich khdi lugng cho k&€t qué khd tin cdy va
chinh x4c khi xdc dinh cdc cau tf lugng 16n va trung binh. P6i v6i cdc phuwong phdp
trong ludng sai sd thudng dao dong trong gidi han tir 0,2 — 0,4 %.

Nhudc diém ctia phuong phap nay 1a thdi gian phan tich qua dai, khong thich
hdp khi can phan tich nhanh.

Vi vy, phan tich trong lugng chi dung khi yéu ciu vé dd chinh x4c cao ma
khong chid y dén y€u t6 thdi gian.

IL5. PHAM VI AP DUNG
Khi Iugng chat phan tich di 16n thi phuong phip khoi lugng 12 phuong phap

tin cdy va chinh xdc. Phuong phdp nay cho phép xdc dinh hau hét cic nguyén to

cAn gip trong thién nhién. Nhuge di€m cla phuong phdp nay 12 mit nhiéu thdi
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gian, nhiéu khi khong ddp tng dudc yéu ciu kiém tra nhanh trong nhgién cttu va
san xuat. Tuy vy vi c6 dd tin cdy cao va do chinh x4c cao cho nén d€n nay phuong
phdp niy van dugc coi 12 phuong phdp trong tii, d€ dinh gia tinh ding din cla cic
ké&t qua phan tich theo cdc phuong phdp khdc nhau.

IL.6. UNG DUNG
I1.6.1. Pinh d¢ 4m, nuéc két tinh, chat dé bay hoi, d§ tro va chat mat khi
nung

Ngoai viéc st dung PPPT khéi lugng d€ xdc dinh ham lugng cdc khodng san
trong céc loai quing, dat, di.. Ngudi ta thudng dung PPPT kh&i lugng d€ xdc dinh
dd 4m hodc nudc két tinh, Xdc dinh chit bay hoi, dinh d6 tro hay chdt mat khi
nung.

Xdc dinh dé dm hodc nudc két tinh.

Nguyén tic xdc dinh do 4m hodc nu6c két tinh 13 siy miu & nhiét do thich
hop (100-110°C d&%4c dinh do 4m; 120-200°C néu mudn xdc dinh nudc két tinh)
dé€ dudi nudc ra khéithau cho dé€n khi phan con lai ciia miu c6 khéi lugng khong
ddi. Céach thuc hién nhu sau:

1 - SAy chén & nhiét dd:thich hgp d&€n khdi lugng khdng ddi, cAn dudc gid tri
m(g).

2 - Cho lugng mau vao chén'vgi khdi lugng tir 1-10g, can dugc khoi lugng
ml(g) m; = Mg + M méu

3 — SAYy chén va miu dé&n khoi lugng khong d6i, can duge khdi lugng m,(g):
m, = my + m’ (m’: khéi lugng miu kho, (g))

dm="2"" 100=2"2 100

I’I’lmau I’I’ll _n70

Xdc dinh chdt bay hoi

Thuc hién tuong tu nhu cdch x4dc dinh dd 4m nhung & nhiét d6 cao. Vi du dé
xédc dinh CO, trong miu d4 voi, nung miu & 500-600°c d€ dudi CO, d&€n khdi lugng
khong ddi:

Khéi lugng bi: mg (g)
Khoi lugng bi + miu: m;(g) = my + m miu

Sau khi dudi CO, can lai: m, (g) = mg + m’

%CO0, 100— 100

Q)

23 Thar vidn 1 '_=_*!_c_'_:_'1_>_-._.:_ BH S pham Ky thudt TP.HM
n:m vww. thuvienspkt.ediu. va




Dinh dj tro hay chdt mat khi nung (MKN)

Thuc hién tuong ty nhu ciach x4dc dinh chit bay hdi nhung & nhiét do 600 —
800°C va do tro hay chdt MKN dudc tinh trén miu da sﬁ’y kho:

%dotro::;_mo 100 %MKN 100

(m; = my + M miu V6i M miuda siy kho)
I1.6.2.Pinh lugng biing cich tao tia

Ngudi ta ¢6 thé st dung thudc thi¥ vo cd, hitu cd hoic diing phuong phép tao
anion trong moi trudng dong tudng dé két tlia cac ciu tif can xdc dinh.

Thuéc thit vé co

Mot s6 thudc thit vo cd thong dung ding d€ xac dinh cic ion Ag*, halogenur,
kim loai kiém thé ..dudc néu trong bing 2.1.

Béing 2.1. Mot s6 thudc thit vo co thong dung

Ion x4c dinh | Thuoc thir Ghi chd
Ag* CI', Br, I “{ Thudc thir du c6 thé tao phiic(nhu: AgCl,..)
[am tan tda

ClI,Br, T Ag"
Fe'* NH,OH Két tia vo dinh hinh, d& nhiém ban

Sr**, Ba* SO~ Dé bithién tugng ndi cong két
Ca™* C,0,”

Thuéc thit hitu co.

Thudc thit hitu co c6 thé duge ding trong PPPT khdi lugng d€ dinh lugng céc
ion kim loai bing céch tao két tia thong thudng, vi du két tlia oxalat ho#ic két tia
natri tetraphynylbrom nhung phd bi€n nhat 12 tao cdc hgp chat ndi phiic vé6i cdc ion
kim loai. Nhin chung, thudc thir hitu co c6 kha ning tao véi cdc ion can xdc dinh
cdc hgp chit c6 khdi lugng phan tir 16n, 1am ting dd nhay clia phép xdc dinh. Mot
s6 thudc thit hitu co thong dung dudc trinh bay trong bang 2.2.
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Bdng 2.2. Mot s6 thudc thit hitu co thong dung

Ion x4c dinh Thuoc thi
Ni* Dimetylglyoxim

A13+ Bi3+ Cu2+ Mg2+
Hg2+, Mn2+, Cu2+, C02+, Cd2+, Ni2+, Pb2+, Zn2+
Ag+, Au3+, Bi3+, Cd2+, Cu2+, Pb2+, Ti3+

8-hidroxyquinolin

Anthranilic acid

Mercaptobenzothiazole

Tao anion trong moi truong dong tudng

Phuong phdp phan tich khéi lugng st dung mdi trudng dong tuéng dugc st
dung ngay cang rong rii. Mot s6 héa chit thong dung st dung cho phuong phdp
nay dudc gidi thiéu trong bang 2.3

Bdng 2.3. Mot s6" héa chdt thong dung ding dé tao moi truong dong tudng

Ion xdc dinh | Ion ¢an dung Ho4 chat st Phan ng tao anion
dung
Al**, Fe™, Zr*, OH Urea (NH,),CO + 3H,0
Ga™*_ 5CO, +2H," +2HO
Zr*, HE™ PO,* Trietylphosphat (C,H50);PO, + 3H,0
$3C,H50H + H;PO,
Mg**, Zn*™*, C,0,” Etyloxalat (C,H50),C,0, + 2H,0
Ca” 52C,HsOH + H,C,0,
Sr**, Ba**, Ca®™* SO,* Dimetylsulfat (CH;0),S0, + 2H,0
S2CH;0H + SO, +2H*
La**, Pr** COy> AXit HC,C1,0, +20H
trichloroacetic SCHCIL; +CO5* + H,0
IL.7.BAI TAP

1. Khi xdc dinh ph6t pho dudi Mg,P,0; va dudi dang (NH,)sPO,.12MoO;
ma néu ta lam mat di cing mot lugng két tia thi § trudng hdp ndo két qud phin
tich bi 4nh hudng nhi€u hon? Thi tinh xem né€u mit 1 ml gam dang cén thi k&t qué
s€ ra sao.

2. Tai sao trong phan tich trong lugng ngudi ta lai lam k&t tha Canxi bing
(NH,),C,0, ma khong dung Na,C,0,? Lam két tia Ag” bing NaCl t6t hon hay
bing HCI t6t hon. Trong trudng hgp nao sau diy thi sy mat mat khi rira két tia
CaC,04 12 16n nhat va trong trudng hgp nao thi nhd nhat:
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a. 100 ml nuGc.
b. 100 ml (NH,4),C,0,4 0,1M.
c. 500 ml nuéc.

3. P& xdc dinh lugng CaCOs trong dd voi, ngudi ta 0,4821 g miu, hoa tan
vao dung dich va két tda ion Ca®* dudi dang CaC,04(canxi 6xalat). Sau khi loc rira
va nung két tda dé thu dude 0,261 gCaO. Tinh ham lugng CaCO; trong miu ? Biét
Ca=40,0=16,C=12.

4. P& xdc dinh MgO trong ximing. Ngudi ta cAn 1,8610 g miu, dem phin
huy thanh dung dich, tdich Ca va ch& hod thu dugc 250 ml, 14y 100ml két tia ion
Mg®* du6i dang MgNH,PO,. Sau khi loc, ri¥a va nung két ta ta thu dugc 0,2516 g
Mg,P,0. Tinh ham lugng MgO trong miu. Bi€t Mg,P,0, = 222,55 g. MgO = 40,3g.

5. P€ xac dinh Ni trong thép, ngudi ta 1dy 1,0860 g mau. Sau khi hoa tan
hoan toan va ch&€ héa nd, dem két tha Ni dudi dang NiCgH,O4N, (di métyl
glydximat), loc rifa; sAy r6i dem nung két tda can duge 0,2136 g. Tinh %Ni trong
mau thép. Bi€t Ni= 5%, C=12,0=16,N=14, H =I.

6. Ngudi ta k&t tha Fe’ bing amifc tir dung dich Fe,(SO.); dudi dang
Fe(OH); va nung. Trong luong clia két tlia sau khi nung (Fe,O3) 1a 0,3288g. Hay
viét cdc phuong trinh phdn ng X4y ra va tinh:

- Ham lugng Fe’* trong dung dich

- Ham lugng Fe,(SO,); trong dung dich

7. D€ x4c dinh lvu huynh trong gang neuvi ta cin 5,904 g, sau d6 hoa tan né
vao HCI, khi H,S bay ra ngudi ta cho hip thu bing dung dich mudi chita ion Cd*,
ti€p theo két tlia CdS hoa tan bing dung dich du €SO, thi thu dudc két tha CusS,
dem nung va can dugc 0,0732g CuO. Hay tinh ham ludag % S trong gang.

8. Khi phan tich m6t miu BaCl,. Ngudi ta tim thAy ham lugng cia Ba la
56,22%, cua nudc két tinh 1214,73%. Tinh TP% cta Ba trong BaCl, khan.

9. Khi phan tich 2 miu quing chi ngudi ta thu dudc k&t qua nhu sau:

Maiu 1: dd 4m: 1,56%, %Pb = 24,02%

M3au 2: 36 4m: 0,58%, %Pb = 24,26%

Tinh him lugng % Pb trong mau kho va rit ra k&t luan. (BS. 24,4%).

10. Trong dong thau chi c6 dong, thi€c va k&m, dem phan tich 0,8325g dong
thau, thi thu dugc 0,6729 g két tia CuSCN va 0,0432g SnO,. Hiy tinh TP% ctia loai
dﬁng thau nay. (Sn: 118,71).Ds. %Cu =42,23, %Sn = 4,0, %Zn = 53,77,

11. Tinh ham lugng Al,O; trong cao lanh, n€u 14y 1,0000 ¢ mau dem phan
huy chuyén thanh dung dich , sau khi tich silicat, két tia AI(OH); bing dung dich
NHj3;, dem nung két tda dé can dudc 0,1561g AlL,O;.

26 Thie v tén Tieonge BH :_E.; rbar | thudt TP H ;
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Chuong I11
CAC PHUONG PHAP PHAN TiCH THF, TICH
( PHUONG PHAP PHAN TiCH CHUAN PO )

IIL.1. NGUYEN TAC VA MOT SO KHAI NIEM
II1.1.1. Nguyén tic

Phuong phdp phén tich dinh luong dua trén viéc do lugng thudc thi cdn
diing (thuong tinh theo thé tich) dé phdn ving véi mét lugng da cho ciia chdt rdn
cdn xdc dinh goi la phuong phdp phén tich thé tich hay con goi la phép chudn dp.

C6 thé bi€u dién qua trinh phan tich thé tich nhu sau:

D€ phan tich mot chit A ngudi ta chuyén né vao dung dich bing mot dung
mdi thich hop (nudc, axit, kiém, chat oxy héa khit...) sau d6, dung pipet 14y chinh
x4dc mot thé tich (ml) dung dich thu dugc cho vao binh tam gidc(erlen) va thém din
thudc thit R (thudng duce chita trong buret) vao dung dich cin phan tich. Qué trinh
trén dugc goi 1a sy dink.phdn hay phép chudn dj. Qua trinh chudn d6 sé& cham dut
khi c6 tin hiéu cho biét ph#n 1'ng da két thiic. Tir thé tich thudc thit R ghi nhan dudc
va thé tich clia chit A ta dé dang xdc dinh dugc him lugng hodc ndng dod cla chat
A theo quy tic duong lugng

Dung dich A cin xdc dinh hantdirong hay ndng dd dugc goi la dung dich can
chuin. Dung dich R d3 bi€t ndng @6 chinh xdc va dudc diing d€ xdc dinh néng dd
ctia dung dich A dudc goi 12 dung dich ti¢w.chuidn. Qué trinh thém din thudc thi R
vao dung dich cAn chudn A goi la qué trinh chuin do.

II1.1.2. Cac khai niém

Diém tuong duong: 13 thdi diém tai d6 thudc (hé R tic dung vira dd vdi dung
dich cAn chuidn A. Cé nghia 13 thdi di€m ma A tic dung vé6i R tuong duong vé mit
héa hoc. Nhu vay, d€ phép chuin dd chinh xdc diéu quan trong 1a phai bi€t dudc
ldc nao phan tng giita A va R x4y ra hoan toan, tic 1a bi€t dugc di€m tuong duong.
Tuy nhién di€m tuong duong hoan toan mang y nghia Iy thuyét, bdi vi trong thuc t&
rat khé bi€t dudc thdi di€m nay.

Viéc sit dung chat chi thi chi c6 thé xdc dinh dugc thdi di€m sit di€m tuong
duong.

Trong phdn tich thé tich, con cé thé xdc dinh dugc diém tuong duong thong
qua phép do mét s6 dai lugng hod 1y nhu dién thé, do dan dién, mdt do dong...Cdc
phuiong phdp nay dugc xép vao nhém PPPT dung cu.

Chi thi: da s6 1a nhitng chat cho vao dung dich chuidn dd d€ nhim muc dich
bdo cho ta biét thdi di€m dirng chudn dd. Chi thi s& phdt tin hiéu bing su thay ddi
mau sic, trang thdi..clia dung dich. Tuy nhién trong thuc t&€ chi thi chi ph4t tin hiéu
tai thoi diém sdt truSc va sau di€m tuong duong.
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Diém cuéi chudn dj: I3 thdi di€m tai d6 ta dirng chudn dd hay ngirng cho
thudc thit R. Viéc dirng chudn do 12 dua vao sy phdt tin hiéu cta chi thi. Nhu da néi
§ trén chi thi phat tin hiéu c6 thé trudc va sau diém tuong duong. Vi vdy, diém cudi
chdn dd c6 thé trudc hoic sau di€m tuong, tic 1a phép chuin d6 da gip phai sai so.

Sai 56 chudn dp: Vi diém tuong duong mang tinh chi't 1y thuyét. Trong khi
d6 do chi thi phat tin hiéu khong tring v6i di€m tuong duong nén di€m cudi chuin
do sé& l1éch so v6i di€m tuong duong. Tic 1a s6 duong lugng gam clia chi't can xdc
dinh chi x4p xi biing s6 duong lugng gam cla thudc thit R ( Sg~ Sa ) nhu vy phép
chuin do da gip phai sai s0.

Biéu thifc tinh sai s6 dugc bi€u dién: V.

q%=-~"< 100

Via

Trong d6: - Vy: Thé tich dung dich chudn dd tai thdi di€m tuong duong.

- V. Thé tich dung dich chu&n d6 tai thdi di€m chi thi phdt tin hiéu (tdc
12 di€m cudi chudn d&).

Nhu vay do V. ¢o th¢ tich 16n hon hoic bé hon V4 nén sai sd sé ¢6 gia tri
duong hodc am.

Khi gid tri sai s6 duong ti*¢la cho ta biét sai s6 gidp phai khi xdc dinh 16n hon
so v6i ly thuyét, ngudc lai khi saisé c6 gid tri Am tic 1a sai s6 gip phai khi xdc
dinh bé hon so véi ly thuyét. Ty vaelyéu ciu clia phép xdc dinh ma sai s6 gip
phdi c6 thé nim trong pham vi cho phép 1.+ 0,1% hoic + 0,2%.

DPuong cong chudn dj: 13 @b thi bicu dicn thé tich thudc thi hay nong do
thudc thit, thong thudng 12 bi€u dién sy phu thudcicria thé tich thudc thi cho vio va
mot dai lugng c6 lién quan d&€n ndng d6 hay ham {ligng cda chat nghién ctu nhu
pH (trong chuidn do axit bazo); th& dién cuc E (trong chuin d6 oxyhda-khi)..Dua
vao dudng cong chuin dd cho phép ta chon chi thi thich hgp d€ nhim muc dich gip
sai s0 12 nhd nha't.

Budc nhdy chudn dp: khi bi€u dién sy phu thudc cia R theo A qua cic dai
lugng lién quan nhu d3 néi & phdn dudng cong chudn do, ta s& thay trén do thi xuat
hién mot doan thing gan nhu song song véi truc tung. Tai thdi diém dé ta thay
rang: c6 su thay ddi rat bé thé tich ciia thudc thi R hay néng do thudc thir R nhung
cO sy thay doi 16n (dot ngdt ) cdc gid tri lién quan dén chit phan tich A. Pié€m
tuong dudng bao gid ciing nim trong budc nhdy nay, vi th€ dya vao budc nhdy cho
phép chiing ta chon chi thi mot cdch rong rdi hon nhung vin bdo ddm tinh chinh
xdc bdi vi budc nhdy phu thudc vao sai sd cho phép.

I11.2. PHAN LOAI CAC PHUGNG PHAP PHAN TiCH THE TiCH
Co s& d€ phan loai cdc phuong phdp phan tich thé tich 13 phan Gng héa hoc
x4y ra giita chat xdc dinh A véi thudc thir R thudc loai phan tng gi ? T d6 ngudi ta
chia phuong phdp phan tich thé tich theo cic loai phan ting.
28 Thie vign Triegng BH Swe pham Ky thudt TP.HM
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I11.2.1. Phuong phap axit bazo
La phuong phap dua trén phan ng trung hoa giita axit va bazg
H" + OH = H,0
Phuong phép axit bazd cho phép xdc dinh dudc lugng cdc axit (bing phép do
kiém) hoidc lugng cdc bazo (bing phép do axit), ngodi ra né con cho phép gidi
quyé&t hang loat cdc van dé c6 lién quan d&€n phan ng axit bazo.

I11.2.2. Phuong phap oxy héa Khnt

Phuong phdp nay dugc chia thanh tirng phuong phap khdc nhau dva trén cac
dung dich tiéu chudn.

a. Phuong phdp pemanganat: La phuong phdp duing chait KMnO,4 lam chit
oxy héa.

b. Phuong phdp di cromat: La phudng phdp ding chat K,Cr,O; lam chat oxy
hoa.

c. Phuong phép 161.

d. Phuong phap Ceri.

Ngoai ra con c6 mdt s§ cacphuong phap khic nhu: phuong phdp bromat (BrOs),
phuong phdp vanadi (VOy)...

I11.2.3. Phuong phap chuin do tao phiftc

La phuong phdp chii y€u nhami dinh lugng cdc kim loai bang thudc thi 1a
dang axit amino polycacboxilic do tao phtc chat. Trong d6 c6 thudc thit quan trong
la étylen diamin tetra axetic (EDTA).

I11.2.4. Phuong phap chuin do k&t tia

Phuong phdp nay dua trén sy tuong tidc cta chat xdc dinh A vdéi thudc thir R
ma phdn ng xdy ra la phdn ng tao hop chit it tan. CAn phdi phan biét phuong
phdp nay véi phuong phap phan tich trong lugng, phuong phdp nay la phuong phdp
chuin d6 két tia. Mot trong nhitng phuong phdp quan trong d6 1a phuong phap do
bac tic 1a dung dung dich AgNO; 1am thudc thit d€ tao két tda véi cdc ion halogen
va mot sd anion khic.

Du x4c dinh theo phudng phdp nao thi ciing phdi ddp tng diy di mot s6 yéu
cau sau day:

- T6c dd phan ¢ng phai du 16n.

- Phdn ¢ng phdi x4y ra theo ding hé s6 ty lugng (hé s& hgp thic).

- Phai chon dudc chi thi thich hop d€ xdc dinh di€m tuong duong.

DP6i v6i mdi mdt phuong phdp tiy thudc vao nhiéu yé&u td (dung dich chuin,
toc do phan tng, cdc diéu kién dnh hudng ... ) ma ngudi ta s& chon mot trong ba
phép chuin dd sau day:

+ Chuén d6 tryc ti€p

+ Chuén d6 gidn ti€p

dhuvienspki.edi. v
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+ Chuin d6 ngudc

Noi dung cta titng phuong phap s& dudc trinh bay cu thé khi xét dén tirng
phuong phip chuin do.

IL.3. MOT SO PHEP TINH CAN THIET TRONG PHAN TiCH THE TiCH
I11.3.1. Puong lugng (D)

Puong luong: duong lugng ctia mdt nguyén td hay mot hdp chat 1a s& phan
kh&i lugng clia nguyén t6 hay hop chat két hop hay thay thé vira di véi mot don vi
duong luong (c6 gid tri bing 1,008 phan khdi lugng clia H, hay 8 phan khdi lugng
ctia O, ), hodc mdt duong lugng cia mot nguyén t6 hay hgp chit khéc.

Puong lugng ciia mot nguyén t6: Nguyén t6 X (Khoi lugng nguyén tir My)
trong cdc hdp chat sé c6 dudng luong gam Dy = My : n véin la héa tri clia X trong
hop chat. Vi du nguyén t8 N ¢6 duong lugng Dy biang 14 : 1 trong N,O, bing 14 : 2
trong NO, biang 14 : 3 trong N,O3, bing 14 : 4 trong NO, va biang 14 : 5 trong
N205.

DPuong lugng ctia mét hop chdt: hgp chat AB (phan tf lugng M) c6 ducng
lugng gam Dyg = My, * 2, v6i z 1a s6 don vi duong lugng (con goi 1a dién tich tac
dung) tham gia phan tng, thay d6i theo tirng phdn tng ma AB tham gia.

Dbién tich tic dung s€ [a7 M6t nguyén ti gam hodc mdt ion gam hidro hodc
mot ion gam OH’, hoic mdt nguyén tf gam hay ion gam hda tri I, hodc 1a s6
electron trao ddi, hoic 1a so lién ket phdi tri.

DPé€ hiéu ding duong lugng gam chiing ta xét ddi vdi loai phan tng AB tham
gia nhu sau:

AB la axit hay bazo: Dién tich tic dung dugc tinh.theo H hodc OH'.

Vidu: HCl + NaOH = NaCl + H,0

bién tich tic dung: z=1

Nén duong ludng Dyc; = Muci;, Dnaon = Mnaos:

Trong cdc phan tng

H3PO4 + NaOH = N3H2PO4 + Hzo ( 1)
H3PO4 + 2NaOH = Na,HPO, + H,O (2)
H;PO, + NaOH = NaPO, + H,O (3)

O phan dng (1) d6i v6i HPO,z=1 —> Dupo, = M =98
O phén dng (2) d6i v6i HPO, z=2 —> Dupo,= M:2 = 49
O phan dng (3) d6i v6i HPO, z=3 —> Dupo,= M:3 = 32,67

AB la chdt oxy héa hay chdt khii: Dién tich tic dung dugc tinh biing s6 electron
trao d6i ciia mot ion.

dhuvienspki.edi. v

30

RITp LA WHH




Phin ing z Das

MnOy +5e + 8H = Mn™* +4H,0 | 5 |Dkmno, = Mkmno,: 5
Dwnct, = Mwinct, @ 5

Cr,07” + 6e = 2Cr™* 6 | DK.Cro, = M:6
Dcrcyy = M:3

S406” + 2e = 28,05” 2 | DN, = M:2
DNa,s,0, = M:1

Fe,(SOy), + 2e = 2FeSOy, 2 | DFeso, = M:2
DrFe,(s0.); = M:2

AB la hop chét ion hay mudi: Dién tich tic dung dudc tinh theo cation hodc anion
tdc dung.

BaCl, + Na,SO, = BaSO, + 2NaCl

Vi ion Ba** ¢6 dién tich (+2) va ion SO4> ¢6 dién tich (-2) nhu vy z = 2 nén:
Dgaciz =M : 2 va Dynaosons M 1 2.0

P& véi phdn ing tao phiic: Viéc xdc dinh dién tich tdc dung sé& rat phic tap
va ¢6 nhiéu mau thuin, vi vdy tfeng da so trudng hop ngudi ta dung ndng dd mol/l
thay cho ndng dd duong lugng.

Nhu vdy duong lugng gam phiisthudc vao phdn tng nén ndéng d6 dudng
lugng ctia mot chit ciing thay d6i theo phin img. Do @6 trong thuc t&€ khi bi€u dién
ndng dd cdc chat thi ngudi ta dung ndng dod ol va chi khi tinh todn k&t qui phan
tich ngudi ta mdi chuyén sang ndng d6 duong ludng.

Ngoai nhitng loai ndng d6 dung dich thong htdéing nhu: ndng do phan trim
(C%), ndng dd phan tir gam (ndng dd6 mol/L; Cyy), trori¢ phan tich dinh lugng néi
chung va phén tich thé tich néi riéng ngudi ta thudng s dung céc loai ndng dd dic
trung sau day:

I11.3.2. Céc cach bi€u dién nong do

Nong do 1a mot dai luong chi ham lugng clia mot cAu tf (phan tf hay ion)
trong dung dich. Hay néi cdch khdc, nong do DD phu thudc vao lugng chit tan cé
trong mot lugng dung mo1 xac dinh.

Nong dd ciia DD thudng dugc biéu dién qua cic dai lugng:

m (g): khdi lugng chit tan (c6 phan tit khdi M)

q(g): khoi lugng dung moi

V,(ml): thé tich chit tan

V(ml): thé tich dung dich nhan dugc khi hoa tan m(g) chit tan hay V,(ml)
chat tan vao q(g) dung moi.

d(g/ml): khéi lugng riéng ctia DD tao b3i m(g) chit tan vao q(g) dung moi.

Trong phan tich, ngudi ta thudng bi€u dién ndng dd theo cic cich sau diy:

Thre a0 3 T i T o TVET ©re b P = ITAA
31 1 nir vien J Fiegrg S 510 prai Sy thalat 150
;
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Néng dp phdn tram: c¢6 3 cich bi€u dién ndng d6 phan trim:
%(khoi lugng/ khoi lugng): biéu dién s6 gam ch't tan/100g DD.

C%(KL/KL)=—"—100

m+q
%(kho'i lugng/ thé tich): bi€u dién s6 gam chat tan/100ml DD.

C%(kl | tt) = %100

Néng dp phdn triéu ppm (part per million): bi€u dién khdi lugng chit tan
chta trong 10° 14n khéi lugng miu c6 ciing don vi:
Ippm = 1 g chat tan / 10° g hay 1000 kg miu
=1 mg chét tan / 10° mg hay 1000 kg mAu

C(ppm) =———10°
I’I’l+q

Ngoai ppm, d&:bi€u dién ndng @6 ciac DD lodng hon, ngudi ta con st dung
ppb (ndng dd phan ty), ppt (phan ngan cda ti).
Néng dé mol (mol/l):>bidu dién s& mol cha't tan/1 lit DD.

m .
g, = W (néu V la lit)

m.10.00
M W (néu V 12 ml)

Néng dé duong lugng: codn goi 1a ndng d6 pguyén chudn, ky hiéu Cy. Biéu
dién s6 duong lugng gam chi't tan trong 1 lit DD.

Pay 12 ndng d6 dugc sit dung nhiéu nhat trong hé@ phin tich d€ tinh todn.

~m 1000
Y DV

Quan hé gita nong do mol va nong do duong luongduogc thé hién nhu sau:

Gid stt ¢c6 m gam chat tan trong 1 lit dung dich thi:

Cyu=m:M vaCy=m:D

ViD=M:z néntac6Cy =z.(m:M)=z.Cy

Hay Cyy= Cy:z

I11.3.3. Pinh luat duong lugng

Trong mdt phan ng hdéa hoc téng s& dudng luong gam (S) clia cdc chit phan
ing phai biing nhau hoic c6 thé phat bi€u: Cic chit tic dung vdi nhau bing nhitng
s6 duong lugng gam biing nhau.

Téng quat: A + B = AB

S6 duong lugng gam A = s§ duong lugng gam B

Viét tit: Syx= Sp

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
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Dé tim s6 duong luong gam c6 thé tién hanh theo hai cdch:
- Nhan ndng d6 duong lugng véi thé tich dung dich tiéu thu trong phin tng.

C V
S6 dudng lugng gam chdt A: %)OA
) . C N (B )VB
S6 duong lug hatB: —————

0 duong lugng gam cha 1000

- Chia s6 gam chat phdn @ng cho duong lugng gam ctia nd

s, =28 g -4
B A DA
Quy tic duong luong duoc viét:
CN(A)VA _ CN(B)VB
1000 1000
Hay Chgy - Vi) = Gy - V)
Hay m(A)z Da = Cyiy - Vi)
Hay Cya). Vig = m(R) : Dy
Vi dul: D€ chuin d¢ 25,00 ml dung dich HCI phai dung hét 15,00 ml dung
dich NaOH 0,02 M. Tinh néng d&“mol ctia dung dich HCI.
Phuong trinh phan ¢ng ¢huin do
HCl + NaOH = NaCl +H,0
Quy tic duong ludng: Syer = Sy.on
25. CN(HC]) =15. CN(NaOH)
Vi trong phan tng dién tich tic dung z = 1 nén D' M tic la Cy = Cy
Nén: Cyucy =(15.0,02) : 25=0,012'N
Va Cy =0,012 M.
Vi du 2: Hoa tan 6,300 g H,C,04.2H,0 thanh 1 lit dung dich. LAy chinh xéc
25,00 ml dung dich vira pha dem chuin d6 bing dung dich NaOH thi thdy h&t 20 ml
dung dich NaOH. Tinh ndng d6 mol/L clia dung dich NaOH (bi€t sdn phdm phan
rng tao mudi trung hoa). Phan &ng chuin do:
H,C,0, + 2NaOH = Na,C,0, , 2H,0
Duco, =M:2=126:2=63
S H,C,0,(trong 25 ml) = Snaon
Hay (6,3 .25):(63.1000) = (20 . Cxxaony) 11000
Suy ra: Cxmvaony = 0,125 Nva Cy=0,125M
D¢ chudn: ky hiéu T
Chia lam hai loai:

a. Do chudn chung: cdn goi 1a @6 chudn theo chit chuin, Ky hiéu Tg.
DPinh nghia: 1a s6 gam chat tan chita trong mdt ml dung dich
Vi du: Ty = 0,03640 di€u nay c6 nghia 1a ct 1ml dung dich HCI chita 0,03640 g
HCI, nhu vay Tg = mg(g) : V(ml).
33 Thie vign Tiwegng BH Sw pham Ky thudt TP.HM
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Y nghia ciia dé chudn: Khi xdc dinh mot chit A néu biét d6 chuén cla thudc
thtr R 12 Ty ta c6 thé d& dang chuyén ddi thanh cic loai ndng dd khic

C,, (mol/l)=-2.1000

Mg ®

Vidu & trén

C ey = 2290 1000 = 0,978 M

36,5

Cy=5-.1000

( Dg: duong lugng gam)
b. D§ chudn theo chdt cdn xdc dinh. Ky hiéu Tga.

Pinh nghia: 13 s& gam chit A cin x4c dinh phdn tng héa hoc vira di vdi 1
ml dung dich chdt chudn R.

Vi dy: TAgNOyCl: dO chudn cda AgNO; dung dé x4c dinh CI thuong dugc
bi€u dién theo CI tic 1a tir do chuin cho ta bi€t 1ml dung dich chuin do tic dung
v6i bao nhiéu gam €Jo.

Nhu vay khi xacdinh Cl trong mot mau phan tich gid st di dung hét Vml
dung dich c6 TagNoycl thi €6 thé tinh dudce khdi lugng clia Clo trong mAu phan tich.
mc; = TagNoycl. V{m))

Tir dd chudn theo chit chudn T va d6 chudn theo chit cAn xdc dinh Tgs c6
thé€ chuyén ddi qua lai vi ¢6 thé chuyén ddi sang cic dang dang ndng dd khéc:

__T,.D _ T,y
Trpn = 224 (% =2224.1000

DA
T =Sl
Hay © R/A 1000
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Chuong IV
PHUONG PHAP CHUAN P(Q AXIT BAZO

(PHUONG PHAP TRUNG HOA)
IV.1. BAN CHAT CUA PHUONG PHAP TRUNG HOA

Mot trong cédc phudng phdp phin tich thé tich quan trong 1a phuong phdp
chuin dd axit bazd. Ban chit cda phuong phdp 1a duva trén sy tuong tdc giita cic
axit va bazd. Phuong trinh hdéa hoc xdy ra trong dung dich 1a twong tdc ctia ion H*
vdiion OH tao thanh H,O.

H" + OH = H,0 hay H30+ + OH = 2H,0

Phuong phdp nay cho phép xdc dinh lugng (khdi lugng, ndng do) cla cic
axit (bing dung dich kiém chuidn) hay cdc dung dich kiém (bing dung dich axit
chuidn) v cdc tuone tic clia cdc chit véi axit hay vdi bazo kiém. Dung dich chuidn
trong phuong phdpaay 1a cdc axit nhu: HCI, H,SOy... hay kiém nhu NaOH, KOH ...
Céc chdt nay khong dip tng dudc cdc nhu ciu cla chat goc nén khong phdi 1a
dung dich chuin gdc. Do-@o ngudi ta chi chudn bi chiing véi ndng do gin diing, sau
d6 xac dinh ndng do chinh Xic cla ching bing cic dung dich gdc khic. Vi du dé
xdc dinh ndng dd cda dung dich axit ta dung borat (Na,B,0;.10H,0) hay Na,COs
khan. C4c chit nay d4p ng dugc c4c yéu cau clia chat gdc.

Vé mit ly thuyé&t khi nghién cifimot phép chuin do tic 12 nghién citu ddy
dd cdc khau: chi thi cho phép chuin d6, ¥4y dung phuong trinh dudng cong chuin
dd d€ dung dudng cong va tir d6 xay dung phireng trinh tinh sai s6.

Nhu di néi mot van dé quan trong trong phan tich thé tich 12 phdi chon chat
chi thi thich hgp sao cho di€m két thic chudn do cing gin sit di€m tuong duong
cang tot. P& 1am dudc diéu d6 can nghién citu ddy di die tinh ctia chat chi thi.

IV.2. CHI THI TRONG PHUONG PHAP CHUAN PO AXIT BAZG
IV.2.1. Khai niém

ChA't chi thi trong phuong phdp trung hoa 12 nhitng chdt ma mau ctia n6 thay
ddi cuing vdi sy thay d6i pH cda dung dich. Mau cda chat chi thi thay ddi mot
khodng gia tri pH hep, khodng pH ndy phu thudc vao tinh chat cia chi thi chd
khong phu thudc vao cic chat phdn ng vSi nhau. Cdc yéu cau ddi vdi chi thi:

- Mau cia chi thi phdi khdc rd trong nhitng gid tri pH gan nhau.

- Sy d6i mau clia chdt chi thi can phdi xdy ra rd rang trong mot khodng pH
nho.

- Mau cta chat chi thi cang ddm cang tot.

- Luong kiém hay axit thém vao dé lam thay ddi mau ctia chi thi cang it
cang tot d€ khdi 4nh hudng k&t qua dinh phan.

dhuvienspki.edi. v
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- Su bi&€n d6i mau phai thuin nghich véi sy bi€n d6i pH trong dung dich
trong qud trinh chudn dd.

Do nhitng yéu ciu trén nén di han ch& viéc st dung chéit chi thi axit bazo,
s6 chat chi thi st dung rong rdi nhat hién nay khong qua 20. Hau hét cdc chi thi 1a
nhitng axit hoic bazo hitu ¢cd y€u va mau cia hai dang axit va bazo lién hdp clia
chat chi thi phdi khdc nhau. Viéc lwa chon ding chAt chi thi c6 y nghia rdt quan
trong trong phép dinh phan. PE lya chon chinh xdc chat chi thi thi ph3i bi&t rd 1y
thuyét vé chat chi thi.

IV.2.2. Ly thuyé&t vé sy déi mau cia chi thi

Thuyét ion: theo thuy€t nay thi cht chi thi trong phuong phdp trung hoa la
nhitng axit hay bazd hitu co y€u c¢6 mau & dang phan tif khdc mau véi dang ion.

Vi du quy dang phin tf ¢c6 mau dd, dang ion ¢6 mau xanh, né 1a mot axit
y&u; gid st moi chi thi axit dang phan t¥ déu hi€u HIn v dang ion clia n6 12 In” ta
c¢6 su phan ly cia quy dugc bi€u dién nhu sau

Hin % H' + In K(I)
Pé Xanh

Khi hoa tan vao trong fivGc thi dang phan tif va dang ion ciing tdn tai cho
nén s& c6 mau tim, n€u thém axit.vdo s& c6 mau dod, ngudc lai thém bazd vao thi
dung dich s& c6 mau xanh. Loai chithi cd hai dang déu c6 mau ngudi ta goi 1a chi
thi hai mau. Metyl dacam ciing 1a chi thhai mau, tromg moéi trudng axit c6 mau do,
trong moi trudng bazd cé mau vang, & pkl =4 c6 mau hdn hgp cla hai dang 1a mau
dd da cam. Ngoai ra con ¢6 chi thi m6t mau tdc chi thi mot trong cac dang ¢ mau
con dang kia khong mau, nhu phenolphtalein trong modi trudng axit khong mau,
trong moi trudng bazd c6 mau do.

Tuong tu nhu vy ngudi ta cling gidi thich cho cd< chi thi 1a nhitng bazg hitu
co y€u biang cdch ky hiéu dang phan t 1a InOH va dang ion 1a In". Trong dung
dich chiing phan ly theo phuong trinh:

InOH = In* + OH

Né&u thém kiém vao dung dich trén thi cAn biing sé chuyén sang trdi va dung
dich s& c6 mau dang phan t. N&u thém axit vao dung dich trén thi cAn bing sé&
chuyén sang phai va dung dich s& c6 mau dang ion.

Tém lai thuy&t ion vé chi thi rit don gidn va gidi thich mot c4ch tryc quan co
ch& clia sy thay ddi mau sic clia ching dudi 4nh hudng clia cdc ion H" va OH tham
gia vao dung dich. Thuy&t nay cho phép gidi thich dinh lugng, nhung né khong cho
mdt quan niém diy dd vé dnh hudng cla ciu tao cdc chit hitu co d6i véi mau sic
ciia chiing. Do d6 xuit hién thuy€t thit hai — Thuy€t nhém mang mau.

Thuyét nhém mang mau: theo thuyét nay thi mau cia chit chi thi axit bazo

dudc quyét dinh bdi s c6 mit trong cdc phin tf clia ching, cdic nhém nguyén t
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dac biét goi la nhitng “nhém mang mau” vi du nhém C = O, nhém nitro O=N— c6
thé€ chuyén thanh nhém nitrozo OH-N=; nhém azo —N=N- bién d6i thanh hydrazo
—N=N-H; nhém benzo (—_)—) chuyén thanh nhém quinoid ( =¢ > = )...

Nhv vAy mau sdc cta chi thi phu thudc khong nhitng vao sy phan ly (ion
héa) cia cdc phan tif chat chi thi ma con phu thudc vao ciu tao clia chiing va su ¢
mit cla cic nhém mang mau. Pay 13 co s& clla quan niém méi vé thuy&t mang
mau cua chi thi.

Theo thuyét nay su thay d6i pH ciia dung dich x3y ra sy chuyén vi clia cdc
nguyén ti bén trong, din tdi sy thay ddi mau sic cia dung dich va nhu vay cic
chat chi thi c6 thé ton tai & hai dang, dang nay c6 thé chuyén d6i sang dang khic
phu thudc vao dai lugng pH.

T nhitng trinh bay § trén thi thuy€&t ion mang mau vé chi thi 12 ding din
hon c&. Theo thuyét nay thi sy thay ddi mau cta chat chi thi dudc gdy nén bdi sy
k&t hop hoiic tich cdc ion H tif cdc phan tif cla ching kém theo sy thay d6i ciu
tao phan tit, diy la Sy thong nhat gifta hai thuyé&t hop thanh thuyé&t ion mang mau.

IV.2.3. Khoing pH chuy&n mau cia chi thi axit — bazo

Khodng pH ma tai d&§ chit chi thi d6i mau dugc goi 1a khodng pH chuyén
mau cua chi thi.

Su thay ddi mau ctia dung dich chat chi thi khi chudn dd, c¢6 lién quan tdi su
ting hodc gidm ndng dd cdc ion H" hay OH, tic 12 phu thudc hoadn toan vao dai
lugng pH clia dung dich chuan d9.

Vi dy: n€u thém 2-3 giot chi thi metylda cam vao dung dich kiém (NaOH,
KOH) thi dung dich c6 mau vang. Khi thém axit vao dung dich nay thi pH cta dung
dich gidm xudng, biing thuc nghiém ngudi ta xdc dinh dudc ring: khi pH = 3,1 thi
dung dich c6 mau héng dam, ngudc lai n€u thém vao dung dich (mau hdong dim)
mdt lugng kiém tir tir thi khi dat dugc gia tri pH bing 4,4 dung dich lai c6 mau
vang. Tir thyc nghiém d6 c6 thé nhan xét dugc ring: trong khodng pH = 3,1 d&n 4,4
c6 su thay ddi mau cia chi thi métyl dacam.

Biing thi nghiém tuong tu v6i phenolphthalein ta thu dugc pH chuyén mau la
8 —10.

Vay khodng giita hai gid tri pH trong d6 x4y ra sy thay ddi mau sic cta chi
thi dugc goi la sy chuyén mau.

Ngudi ta c6 thé x4dc dinh khodng chuyén mau ctia mot chi thi dya vao cin
bing phan ly clia chi thi. Xét chi thi dang HIn.

Hin = H + In K (1)
K.[HIn)
[ ]

LAy logarit cic s6 hang & hai v& cida biéu thic (2)
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lg[H*}—ngﬂg[[[;I ;ditp=-Ig

[fn ]
Hin]

Chd y: [ ]: 1a bi€u dién ndng dd cin bing cla hai dang tifc 13 chip nhan hé
s6 hoat @6 f = 1. Vi K 12 hiing s6 phan ly va 13 gia tri khong d6i d6i véi mdi chi thi
vi th€ mau cla chi thi s& phu thudc vio ty s ndng do clia hai dang c6 mau In va
HIn, va ty s6 nay sé thay ddi theo pH.

]
I

Ta c6: pH=pK + lg

Thyc nghiém cho thady ring khi hai dung dich chita hai dang mau khac nhau
thi mit thudng cla ching ta chi c6 th€ phan biét dudc hai dang mau riéng biét khi
ty 1& nong d6 cda dung dich dang ndy va dang kia 16n hon nhau gip 10 1in. (Tuy
nhién gi4 tri nay 1a gid tri 16n nhat cin c6, trong mdt sd trudng hgp tly thudc mau
ctia hai dang ma ty s6 c6 thé nhd hon)

In” , 0 .
Trong khu vuezl/10 < u < 10 thi mat ching ta c6 thé nhin thdy mau

[HIn]

trung gian ctia cd hai dang ‘wh vay khodng pH chuyén mau sé& 1a:
PK + Igl/10 < pH < pK .4 1210

Hay pK — 1 < pH < pK +1.Vi du d5¢ i chi thi metyl dacam khodng chuyén mau tir
3,1 — 4,4, nghia 1a & khodng gi4 tri pH.>> 4,4, mit ching ta chi th'y mau vang cla
dang bazo (In") va & pH < 3,1 thi chi thay“mau doé clia dang axit (HIn) va di nhién &
khodng giita hai gia tri d6 chiing ta s&€ nhan thily mau trung gian la dacam.

Vay khodng gid tri tir pK — 1 d&€n pK + Lidurde goi 12 khodng chuyén mau
cua chi thi.

PK -1 pK pK+1
| | | »

! ! ! 'PH

Mau ctia HIn Mau tron 1an Mau cta In’

IV.2.4. Chi s& chuin do pT cia chat chi thi

Trong khodng mau cda chi thi c6 mot gid tri pH tai d6 mau thay ddi ro nhat,
tai gid tri pH nay ching ta s& ngirng chudn dd vi vay:

Gi4 tri pH tai d6 phép chuin d6 k&t thic d6i véi mot chi thi dudc goi 1a chi
s6 chudn do. Ky hiéu 1a pT (p = -lg).

Chi s6 chuidn d6 phu thudc vio chat chi thi va ciing phu thudc vao thd tu
chuin d6.

Ching han khi chuin d6 axit HCl bing dung dich NaOH dung
phenolphthalein 1am chi thi, thi mau cia dung dich sé chuyén tir khong mau (pH <
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8) d&€n mau dd (pH > 10), nhung thyc t& thi khi chuidn do d&én pH = 9, chiing ta di
tha'y rd mau hdng va ngiing chuin do. Trudng hop nay pT = 9. Ngugc lai khi chuan
dd dung dich NaOH bing dung HCl ciing ding chi thi 1a phenolphthalein, thi chuin
do tir mau dé (pH > 10) sang mau vang (pH < 8) khong thé dirng & pT = 9 vi tir
mau dé sang mau hong rat khé phin biét, nén trudng hdp nay pT = 8.

Dudi day 12 so liéu cia mdt s6 chi thi axit bazo c6 nhi€u tng dung trong
chuin do dudc trinh bay & bang 4.1.

Bdng 4.1. M{t s6 chi thi axit bazo quan trong

Chuin do axit bing kiém Chuin do bazo biing axit
Chi thi Khoidng pH [Maudiung| pT Khoang pH Mau dirng pT
chuyén mau |chuin do chuyén mau chuin do
Metyl 3,1 - 44 Vang 4.4 44 - 3,1 Vang 4
dacam | 43y “yang) (vang) (ds) | dacam
Metyl 44 - 62 Vang 6,0 6,2 - 44 Vang 5
4 (@)  (vang (vang) (d) | dacam
Phé nol 6,0 - 8,0 Vang 7 80 - 6.0 Vang 6
O | (vang) (g | daci (d8) (vang)
phenolph| 8,0 - 10 hong 9 10 - 8,0 Khong 8
talein |y hong mau) (d6) (d8)(khong mau
mau)

IV.2.5. Nguyén tic chon chi thi
- pH tuong duong nim trong khodng chuyén mau cia chi thi.
- Chi thi ¢6 pT triing véi pH tuong duong hay gan sit véi di€m tuong duong.
- Chi thi c6 khodng chuy&n mau nim trong budc nhdy ctia phép chuin do.
- Chi thi c6 pT niim trong budc nhdy cta phép chuin do.

Nhu vay 12 mitc d6 nghiém ngit clia chi thi s& gidm din theo thit ty chon tir
trén xudng.
IV.3. CACH XAC PINH PIEM TUGNG

Khi dinh phin mudn x4c dinh diém tuong duong phai ding chit chi thi.
Trong trudng hgp ly tudng, khi két thic dinh phan chi't chi thi phdi d6i mau ding &
di€m tuong duong nghia 13 pT clia chi thi phai tring v6i pH clia dung dich & diém
tuong duong. Nhung thuc t& pT khong tring v6i pH & thdi di€m tuong duong, hoic
16n hon, hoic nhd hon. Do d6 ta sé dinh phan thi€u hoic thira va sé& din dén sai so.
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Nhu vy dé phép dinh phan dat k&t qui tot nhat, sai s& nim trong pham vi cho
phép, ngudi ta thudng dung hai phuong phép sau.

-Phuong phdp vé dudng dinh phan (dudng cong chuin d6) hay 13 phuong
phdp do thi.

-Phuong phép tinh sai s6 chi thi ctia phép chdn do.

Khi dinh phin c6 thé ti€n hanh trong dung mdi nudc hay khdong nuéc. 0 day
chiing ta nghi€n cttu cic trudng hgp dinh phin trong dung moi nude.

Sau day ching ta sé nghién citu phuong phdp dung dudng cong chuin do.
IV.4. NGUYEN TAC XAY DUNG PUGNG PINH PHAN AXIT- BAZO

D6i v6i mdi phép chuin dd diéu quan trong nhat d6 13 chon chi thi thich
hdp. P& 1am dugc diéu d6 cin phai xay dung dugc dudng cong chuin do bi€u dién
st phu thudc ctia pH trong dung dich theo lugng dung dich chuén cho vao khi chuidn
dd. Pudng chuin do c6 thé xay dung theo toa do pH vdi P. Trong d6 P 1a ty so giita
s6 dudng lugng chit.chuin véi sd duong lugng chit can chuin. N&éu quy udc ndng
do thé tich cta dung dich chuin 1a C, Vi. Nong do, thé tich clia dung dich can
chuidn 12 Cyva Vythi P =(CV,)/(CyV,). Tai di€m tuong duong ta c6 CV = CoV, nén
P = 1. Trudc di€m tuong dudng khi V; < V4 nén P<1. Sau diém tuong duong Vi >
V¢ nén P > 1. Sau day, d€ don @idn ching ta xay dung dudng cong chuin do phu
thudc vao sy bi€n ddi ctia pH clia ‘DD chuin d va lugng thudc thit cho vao trong
qud trinh chuin dd.

Gia st dung dich chit nghién cifu I52axit hay bazo va dung dich chudn thudc
tht 12 bazd hay axit ¢6 cing mot ndng dd xac dinh. Vi duy, thudng 14y C = 0,1 M va
V = 100 ml. Sau d6 ta s€ tinh dugc cac gid tri pH cda dung dich Gng vdi cdc thoi
di€m dinh phan:

- Trudc dinh phan: Khi chua thém thudc thi.

- Trudc diém tuong duong: giai doan dang dinh phan khi thém thudc thi
chua di mét lugng tuong duong - gia si khi thém 50%, 90%, 99,9% lugng
can thiét.

- Tai di€ém tuong duong: Khi thém ding 100% lugng thudc thif can thiét.

- Sau diém tuong duong: & giai doan thém thira thudc thi: 100,1%, 101%,
110%, 200% ...

- Noi cdc gia tri pH lai ta s& dugc modt dudng cong logarit.

IV.5. CAC TRUONG HQP PINH PHAN

IV.5.1. Pinh phan dung dich axit manh biing bazo manh hay ngudgc lai
Gi4 st dinh phan 100 ml HCI biing dung NaOH c6 cling ndng do 0,1M.
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IV.5.1.1. Khdo sdt duong dinh phin
Khi dinh phian dung dich HCI bing dung dich NaOH ta nhé dan dan dung
dich NaOH vao dung dich HCI, phdn @ng sé xdy ra nhu sau:

HClI + NaOH = NaCl + H,O
Hay: HCI + NaOH = CI'+ Na'.H,O
Ax1 baz2 bazl Ax2

a. Tinh pH ciia dung dich phdn tich trong qud trinh dinh phdn

- DE& don gidn phép tinh ta gid thi€t trong qué trinh dinh phan thé tich clia
dung dich phan tich khong d6i (cdc trudng hdp sau ciing gia thi€t nhu the)

- Vi HCI va NaOH Ia axit va bazd manh nén CI' va Na*. H,O 12 bazd va
axit lién hgp rat y&u c6 thé coi nhu trung tinh vé phuong dién axit — bazo.

- Trudc dinh phan : dung dich phan tich 1a dung dich axit manh, ta c6:

pH = “4gCyc =-1gl0" =1

- Trudc diém tong dwong: & giai doan nay ta chua cho di lugng NaOH nén
dung dich Iiic d6 con lai niét lirong HCI chuta dinh phan, dong thdi c6 mot lugng CI
va Na*. H,O dudc tao thanh. B¢i vay pH cla dung dich dugc tinh theo lugng HCI
con lai

pH =-1gCyc (coOnlai’)

+ Gia st ta cho 90 ml dung dich NaOH 0,1M vao 100ml HCI 0,1M. Nhu vay
ta di trung hoa dugc 90% lugng HCI ban daus Vi khong ké dén sy ting thé tich nén
ta c6 thé xem nong do HCI bay gid con lai 1a 10%

Cuci (con lai) = (0,1x10) : 100 = 10”M

Vay pH = -1g107% =2
+Ciing vay khi trung hoa 99% axit thi
pH=-1g107 =3
+ Khi trung hoa 99,9% axit thi pH = 4.
- J diém tuong duong: khi cho ding mot lugng tuong duong NaOH vao dung

dich HCI thi toan bo HCI bi trung hoa hét tao thanh dung dich CI' va Na*. H,O khi
d6 dung dich 1a trung tinh. Vay pH =7.

- Sau diém tuong duong: & giai doan nay ta cho thira NaOH va dung dich
phan tich lic d6 ¢6 du NaOH khi @6 pH ctia dung dich dugc tinh theo lugng NaOH
du, 4p dung cdng thic pH = 14 + 1gCnaon (thira). Gid st & thdi diém ta da cho dén:

+ 100,1 ml NaOH tdc 1a thtra ra 0,1 ml NaOH nghia 1a thtra ra 0,1% so véi

lugng cAn thi€t. Vi thé tich clia dung dich khong ddi (100ml) nén ndéng do
NaOH thira s& 12 Cy,on (thira) =(0,1. 0,1) : 100 = 10*M, pH = 10.
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+ Né&u cho thira ra 1% NaOH thi pH = 14 +1g107 = 11.
+ N&u thira 10% thi pH = 12.

Néu k€ dén su pha loang dung dich trong qud trinh dinh phén tdc 1a thé tich
dung dich tdng l€n thi gid tri pH tinh c¢6 khéc di chat it. 0 day ching ta khong di
sdu thanh 14p cong thitc tinh pH ma chi dua ra cong thic.

- Trudc va tuong d6i xa diém tuong dudng:

[H']=(1-F)3'5

Vo+V

Trong d6 F=CV : CyV,

CoVy :ndng dd va thé tich cta dung dich axit manh
V,C :thé tich v ndng d6 clia bazd thém vio

F : goi ]4 mifc do clia axit d3 dudce chudn do.

- Tai diém twong duong pH = 7.

- Sau va tuong ddi xa di€m tuong thi:

- [OH] = [Kn,0] : [H= [(F- 1) . (CoVo)l : (Vo+V)

C6 thé tém tit sy bién thién pH.ciia dung dich trong qud trinh dinh phan & bing
4.2.
Bdng 4.2. Pinh phdan 100411 HCIL 0,1N bang NaOH 0,IN

V NaOH thém | Chit quyé&t dinh pH pH’
(ml) pH cua dung
dich
0 HCI 1 1
50 - 1 1,48
90 - 2 2,28
99 - 3 3,30
99,9 - 4 4,3
100 - 7 7
100,1 NaOH 10 9,7
101 - 11 10,7
110 - 12 11,68
200 - 13 12,56

pH” 1a gid tri pH khi k& dén sy pha lodng.

TE.HM
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b. V& dwong dinh phdn: truc tung ta ghi gia tri ciia pH tir 0 d€n 14, con truc
hoanh ghi lugng NaOH thém vao tinh theo ml (hinh 4.1).

14 7

10 —

T — Budc nhay
4 chuén do
1 = |

100 VNaon (ml)
Hinh 4.1. Buong cong chudn dé dung dich HCI 0,1M.

Nhan xét: nhin vie,dudng dinh phan ta thdy:
- Piém tuong duong teiing v6i di€m trung tinh (pH = 7).

- Trong gan sudt qué trirh.dinh phin, tir lic ban dau cho dé&n khi da trung
hoa dudc 99.9% axit, pH cia ding dich chi thay d6i dan din 3 don vi (tir 1 dén
4).

-Nhung & giai doan trung hoa hét 0,1% HCI con lai cho d€n khi thira ra 0,1%
NaOH nghia 14 khi ta thém 0,2 ml NaOH (vai giot) thi pH bi€n d6i 6 don vi (4 —
10). Khi @6 néng @6 H* gidm di 1 triéu 1an, khoing pH bi€n d6i dot ngot d6 goi
12 buSc nhay chuin do pH clia dudng dinh phan.“Vay budc nhdy clia dudng dinh
phan 12 mot khodng gid tri pH trong d6 pH thay ddi ddt ngdt ng v6i khi thi€u
va thira mot it thudc thi (trong trudng hgp nay thuong 1a 0,1%) ding d€ dinh
phan.

- Tir thSi diém cho thira 0,1 ml NaOH (thira 0,1%) trd di thi pH ctia dung dich
ting dan din nhu doan du clia dudng dinh phan.

- Trong thyc t€ ngudi ta it khi dinh phan 100 ml dung dich ma thudng 1a 10
hay 15 ml, nhu vdy budc nhdy xuat hién khi thém thira 0,2 ml ma it hon, tic 1a
0,01 ml hay 0,03 ml NaOH tuong tng v6i 1 — 2 giot dung dich.

- Xuat hién budc nhdy rat c¢6 1di cho qud trinh chuin d9. Vi tif phuong trinh

z In_ < 2.
cd ban cda chat chi thi pH = pK + lg [[HI]] néu pH thay doi dot ngot lic
n

| In” 0.
thém thira 1 — 2 giot dung dich NaOH thi kéo theo ty s6 % thay doi dot
n

ngdt va do d6 mau clia chi thi thay d6i rd rét. Néu khdng c6 budc nhdy thi
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mau clia chi thi s& thay ddi chim va tir tir d€n mic khong biét ro thdi di€m
nao thi can két thic dinh phan. Budc nhdy cang dai phép dinh phin cang
chinh xéc.

IV.5.1.2. Chon chadt chi thi dé xdc dinh diém tuong duong

Nhu da biét, dung chat chi thi axit-bazo dé két thic dinh phan chi thi thay
ddi mau r6 nhat, vay rd rang khi @6 pH cla dung dich biing pT cla chit chi thi.
Né&u két thiic dinh phin tai:

- Piém tuong duong thi pT = pH = 7 1a 1y tudng, k&t qui chinh x4dc 100%

- Pau buéc nhdy: pT =4 trong trudng hdp nay ta dinh phan hoi thi€u 0,1%
thudc thit, nghia 12 da mic sai s6 0,1%.

- Cudi buéc nhdy pT = 10, khi d6 ta da dinh phan thira 0,1% thudc tht mic
sai s& +0,1%.Vay két thiic dinh phan trong khodng 4 — 10 tifc 12 trong khodng d6
chit chi thi d8i mau ro nhat thi k€t qua dinh phan chi mic sai sd tdi da 12 0,1%
(trong pham vi sai'§9 cho phép). Tir d6 ta c6 quy tic sau:

bé xdc dinh diém twrong duong dat d§ chinh xac (thong thudng 1a 0,1%) cho
phép ta chon dugc chi thi‘axit-bazo c¢6 pT ndm trong khodng budc nhdy ctia phép
dinh phan.

Trong trudng hgp dinh HC10, 1N biing NaOH 0,1N c6 budc nhdy pH tir 4 dé€n
10 thi c6 thé€ dung metyl dacam, metyl 33, phenolphtalein, quy v.v..dé 1am chi't chi
thi.

IV.5.1.3. Diéu kié¢n dinh phédn

Mudn xdc dinh chinh xdc di€m tuong diidag thi phai c6 budc nhdy pH. Budc
nhdy pH cang dai cang tot vi s& chon dudc nhi¢¢chit chi thi va dinh phan s& dé
chinh x4c hon.

-N&u dinh phan dung dich dic hon gid st ¢6 nong d6 1M thi bu6c nhdy pH
s& dai hon, pH = 3 — 11, trai lai n€u HCI lodng hon, gid st nong do 0,01M thi buéc
nhdy pH =5 - 9, ndng @6 0,001M thi budc nhidy chuin d6 pH = 6 — 8. Vay rd rang
nong do dung dich cang lodng, buéc nhdy pH cing ngidn va tit nhién dung dich
lodng d&€n mic nao d6 s& khong c6 budc nhdy nira. 0 day ta c6 thé tim dugc ndng
d6 gidi han ctia dung dich phan tich nhu sau:

Goi a 12 ndng d6 ban dau, bing bi€n thién pH & trén cho ta thdy ring § trudc
di€m tuong duong khi con 0,1% axit chura dinh phan thi pH it nhat phdi nhé hon pH
& thdi di€m tuong duong thi méi c6 budc nhdy, nghia 1a:

pH < 7 hay IgCyc, (con lai) < 7 hay Cyc (con lai) > 107
Chc (con lai) =(a.0,1):100 > 107 hay a > 10

Vay mudn dinh phan dugc axit manh bing bazo manh v6i do chinh xdc 0,1%
thi dung dich phai c6 ndng do ban ddu C > 10™M.

dhuvienspki.edi. v
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Nong do thudng diung nhit 1a 0,1M vi n€u dung dung dich dic hon thi buéc
nhay dai nhung k&t quéa dinh phan lai méc sai s6 tuyét doi 16n.
1V.5.1.4. Sai s6 chudn dé

Do viéc ding chit chi thi dé€ x4c dinh di€m tuong duong nhu trén da trinh
bay khé c6 thé 1am tring di€m két thiic dinh phan véi di€m tuong dudng va vi vay
ta thudng mic s6 chuin do. Theo trén ta thira nhian phép chuin d6 mic sai s&
+0,1%. Sau day ta néu cach tinh chinh xdc hon.

Theo dinh nghia sai s6 chuin dd dugc bi€u dién bing hiéu giita thé tich
thudc tht ¢ng véi thdi diém két thic dinh phan (V) va thé tich thudc thl ¢ng véi
thdi di€ém tuong duong (V) chia cho V .

Sai s0 : q=(V-V):V

Vi du: dung metyl dé dé chuin dd 50 ml 0,IN HCI biing dung dich NaOH
0,1N. Sai s& chudn do s& 12 bao nhiéu n€u pH & di€m k&t thic dinh phan 13 5?2

Ta tinh V biug bi€u thic sau:

(H1=0,1.[(50<V): (50 + V)]

ViV =50 nén miu 56 ~ 100 ta c6:

[H'] = [(50 — V) :100] . 05%.= (50 — V):1000 hay 1000.[H*] = 50 - V'

Do d6: V =50 — 10°[H*]; & day[H'] = 107 (di€m k&t thic dinh phan) nén V'
=50 - 107 =49,99. Vay sai s6 chudn di-g = (V - 50) : 50 = -0,02%.

IV.5.2. Pinh phan axit y&u biing bazo manh (hoic ngudc lai)

Axit yéu nhu CH;COOH, C¢HsCOOH, N, (NH,CI) ..Gia st ta dinh phan
100 ml dung dich CH;COOH 0,1M bing dung dich NaOH 0,1M.
1V.5.2.1. Tinh pH ciia dung dich trong qud trinh dinh phéan

1. Trudc khi dinh phdn.

Vi CH3COOH la axit yéu c6 pK, = 4,75, nén trong trudng hdp nay khi tinh
pH khong nén coi ndng @6 H* biing ndng do chung cia axit trong DD, vi da sd axit
& dang phan ti¥ khong phin ly, chi c6 mot phan khong ddng k€& phan ly thanh ion
H" va CH;COO'.

Vi vay mudn tinh pH phdi dya vao phuong trinh phan ly clia axit tuong ¢ng,
nghia la:

| H* ][ CcH,CO0™ | _

K,=10"*7
[CH,COOH ] ‘ (1)

Pau tién, mot phan nhd axit axetic trong DD phan ly theo phuong trinh:
CH;COOH S CH3;COO™ + HY
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Theo phuong trinh nay cho thiytong dung dich, mdi ion H" dugc tao thanh
dong thdi véi mot ion CH;COO', do d6 nong dd cda ching bing nhau, cho nén:

[CH;COO] = [H]
Vi @6 phan ly cdia axit rit bé nén c6 thé chap nhan:
[CH3;COOH ] = Cxit
(Caxit12 ndng do chung cida axit trong DD), Cyyi = 0,1M
Tu phuong trinh (4.1), ching ta c6:
[H'? = Ky . Caui

[H+]: \/Kacaxit lﬁ,y

Hay —1g[H"] =-%2 (1gKuxic + 1gCuxit)
Hay pH = 172 (pKx - 1gCaxi)
O day pKa ==IgKa la chi s& chat chi thi.
Thay cac s6 li¢ v o phuong trinh tinh pH ta dugc:
pH= 1/2 (4,75 logl0™") = 2,875.
2. Truée diém tuong duong
CH;COOH + NaOH =,.CH;COONa + H,0 4.1)

0 giai doan nay chi c6 mdt phan CH;COOH bi dinh phan thanh CH;COO" va
mdt phin axit chua dinh phan con lai trong dung dich, bdi vy ta dugc mot dung
dich hdn hdp gom axit tv do va mudi ctia n6 (CH;COOH va CH;COONa). P€ tinh
pH cia cdc DD, ta gidi phuong trinh hiing s& phinly clia axit axetic ddi véi [H'].
Ta c6:

"=k .[CH3C00H]

[CH,C00" ] (4.2)

Tuy nhién, CH;COOH 13 mdt axit y&u, trong DD né tdn tai chd y&u dudi
dang phan tif khong phan ly. Vi vay c6 thé chdp nhian néng d6 ciia CH;COOH biing
ndng do chung clia axit trong DD va xem nhu sai s6 khong diang ké: [CH;COOH] ~
Caxit.

Mit khdc, vi mudi CH;COONa phan ly hoan toan, con axit axetic phan ly rat
it nén hau hé&t anion CH;COO™ ¢6 trong DD déu do mudi phan ly.

CH;COONa = CH3;COO™ + Na*

Do d6 c6 thé coi ndng dd cla anion nay bing ndng dd chung clia mudi:
[CH;COO] =~ Cy

Thay C,, Ciy Vao phuong trinh trén ta c6:
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+ Caxit
[H ]:Ka’c— (4.3)

m
Diing cong thitc (4.3) nay ta tinh dugc pH tai cdc di€m trung gian clia qué
trinh chudn d6. Trudc hét ta tinh pH lic da chuin d6 hét 50% axit axetic (nghia 1a
mdi thém vao DD mot nita lugng ki€m can thi€t: 50 ml kiém trén 100 ml axit) khi
chuin do.

50.0,1 50.0,1
H = pKa—1 — —=4,75
PE=PRETE 00
0,1 50.0,1
pH = pKa—1g 200, :5?0% =4,75

Nhu vy, tai thdi di€ém khi mot nita lugng axit d3 dudc chudn do thi pH clia
DD biing pKa.

Bu6c nhdy trén, dudng cong chudn do c6 mdt ¥ nghia thyc t& rit quan trong.
Thong thudng budc nhdy ndm trong khodng cdc gid tri ciia pH tng véi cdc thoi
di€m khi con du 0,1 ml axittr do chuwa dugc chudn d6 dén khi cho du 0,1 ml kiém.
Do d6 & diu budc nhdy khi dinh phan dudc 99,9% axit, theo phan tng (4.1) thi sé&
tao ra dudc mot lugng CH;CQO (C,) tuong ung bing 99,9% so vdi lugng
CH;COOH ban diu. B&i vay tai dicwindy:

C, = (0,1.99,9) :100 (N) va con lai 0,1 %eaxit chua dinh phan.
Vay CA,=(0,1.0,1): 100 (N), ta dudc:

0,1.999 0,10,1

pH=pKa +lg % =4,75+1g =475 +1g10° =775

A
Tai diém tuong duong.

Ta dugc modt dung dich chita mudi CH;COONa 1a mudi cla axit cho nén mot
phin mudi nay sé& thuy phin theo phuong trinh.

CH;COO + H,O S CH;COOH + OH
Ap dung dinh luit tic dung kh&i lugng cho phdn ¢ng thuin nghich nay ta cé:
[CH,COOH][OH" |
[cH,co0 |[H,0]

[cH,COOH][OH ]
|CH,CO0" ]

O day tich s6 K.[H,O] 1a mot hiing s6 va dugc goi 1a hiing s6 thuy phan va
dugc ky hiéu bang Kepn.

Hay: = K.[H,0]=K,,, 4.4
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C6 thé tinh d& dang gia tri cla dai lugng nay tir tich s6 ion ctia nudc Kipo va hiing
s0 phan ly clia axit axetic K,.
Tw bi€u thic vé Kio ta c6:
[CH,COOH ].107"

(cH,coo J[H"] ™
~ [cH,coon] , \
Phéan sb [CH COO‘][H+] chinh 1a s6 nghich ddo ctia Ka va bang 1/Ka. Vi vay
3
—14 - B
¢6 thé Vi€t K, = 2 hay [cH.coor][on | 10 4.5)
" Ka [cH,CO0™ ] Ka

Theo phuong trinh ion cia sy thuy phin ta ¢6 [CH;COOH] = [OH']
Mi:t khac CH3COOH lai rat it phan ly, do d6 c6 thé chap nhan
[CH;COO] =~ Cy,.

Thay cdc dariudng nay vao phuong trinh (4.5) ta c6:

[OH_T B 1071
C " Ka

m

[oE~T 10 ) 107*.C
- hay, [OH = — (46

C Ka

LAy logarit clia phuong trinh (4.5) va d8dau ta dugc:
-1g[OH]1=7+%1gKa - 21gC,vapOH=7-Y%2pKa - ¥21gC,
Hay pH=7+%(pKa + IgC,) 4.7)

Cong thitc (4.7) dudc dung d€ tinh pH tai di¢m tuong duong khi chuin do
DD axit y&u bing DD bazd manh.

Vatacé pH =7+ (4,75 +1g10™") = 8,37.
4. Sau diém twong duong (diém cudi chudn do)

La giai doan dinh phan cho thita mot lugng NaOH. Lugng NaOH dv nay tdn
tai trong DD cung véi lugng mudi CH;COONa dudc tao thanh trong phadn &ng. DD
CH;COONa cho phan @ng kiém, do d6 cang 1am ting tic dung ctia NaOH nghia 13
lam ting pH. Thyc t& thi pH ting 1én khong ddng k& va c6 thé bd qua sy thuy phan
cia CH;COONa. Vi vay pH trong DD do lugng du  NaOH quyé&t dinh. NaOH 1a
bazd manh nén ndng d6 cdc ion OH  ¢c6 thé coi nhu biing nong dd chung ctia NaOH
va pH = 14 + 1gCnaon. Tai di€m cudi budc nhdy, luong NaOH du bing 0,1 ml DD
0,1 N. Hay:

Craon (thita) = (0,1 . 0,1) : 100 = 10* N, pOH = 4 hay pH = 14 — 4 = 10. Ta c6 thé
tém tit § bang 4.3.
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Bdng 4.3. pH cia DD trong qud trinh dinh phdn CH;COOH 0,IM

Na(?H thém| Chat quyét c.iinh cia dung Cong thitc tinh pH Cn pH
vao(ml) dich Ca
0 CHsCOOH 0,IN pH = Va(pK 5 — 12C,) 2,875
90 CH;COOH + CH;COO"  |[pH =pK, + 1g(Cm/CA)| 9:1 5,75
99 - - 99:1 6,75
99,9 - - 999:1 | 7,75
100 CHsCOO 0,IN pH = 7 + Va(pK, + 1gC,) 8,87
100,1 NaOH 0,0001N PH = 14 + 1gCnuon 10
101 NaOH 0,00IN - 11
110 NaOH 0,0IN - 12

1V.5.2.2. Duong dinh phan

pH
14 -
10 $ Bu6c niy chudn do
8 —
6 —
4 — .COOH 0,IN
2 HC1 0,1N
100

VNaon (ml)

Hinh 4.2. Puong cong chudn dp DD CH;COOH

Tir @6 thi ta thiy ring:

- Piém tuong duong khong tring vdi di€m trung tinh ma nim trong mién

kiém.

- O gin diém tuong duong ciing ¢6 budc nhdy nhung ngin hon nhiéu (7,75 -
10) so vdi trudng hgp dinh phan axit manh HCI. SG di nhu vay vi CH;COOH 1a axit
y&u nén [H*] cia né nhdé hon [H] cia HCI ¢6 cuing dd v6i CH;COOH. Tir nhian xét
trén ta thdy o rang buéc nhdy pH clia dudng dinh phin axit dai hay ngén phu
thudc vao mitc dd manh hay y&u cia axit ma ta dinh phan nghia 1a phu thudc vao
hiing s6 axit K,. K, cang 16n budc nhiy pH cang dai. K, cang nhé budc nhdy cang
ngén va tat nhién K, nhé d€n mitc dd nao d6 thi khong c6 budc nhdy. Vay ta thit
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tim gid tri giéi han cda K, trong di€u kién dinh phén axit ¢6 C» = 0,IN véi mic do
chinh xdc + 0,1%.

- Mudn c6 buéc nhdy pH trén dudng dinh phan thi pH & dau budc nhdy 16
rang phdi khong tring v6i pH & cudi buéc nhdy va phdi nhd hon.

pH & dau budc nhdy nhu da tinh & trén Ia:
pH = pKA + lg Cm/CA = pKA + 1g99,9/0,1 =~ pKA +3

Con pH & cudi bude nhdy 1a 10. Vay rd rang khi pH = pK, + 3 < 10 hay pK,
<7hay K, > 10".

K&t luan: ta c¢6 thé dinh phan dugc axit yé€u 0,IN bing axit manh 0,1N vdi
d6 chinh xdc + 0,1% chi khi K, > 107 (hinh 4.3).

pH
14

0 100 Viaon (ml)
Hinh 4.3. Puong cong chudn dé DD axit y¢u vdi pKa khdc nhau

- Trong thuc t& ngudi ta ¢ thé ting cudng de axit bing cich cho thém chat
nao dé cé6 kh3 ning tao phitc vé6i axit yéu, vi du nhirHsBO; 1 axit rat yéu cd Ku =
5,8.10"° khong thé dinh phan truc ti€p bing bazd manh dugc. N&€u cho thém
glxerin vao, né sé€ tao phic v6i H;BO; va nhu vay H;BOs tr6 nén manh va ¢6 thé
dinh phan truc ti€p véi chi thi phenolphtalein.

1V.5.2.3. Chon chit chi thi.

Trong trudng hdp nay ta ¢é thé chon dudc nhitng chat chi thi axit - bazd nao
ma c6 7,75 < pT < 1 va phenolphtalein 12 chat chi thi thich hgp nha't trong s6 4 chat
chi thi thudng dung.

IV.5.3. Pinh phin bazo yé&u biing axit manh (hay ngugc lai)

Bazd yé&u c¢6 thé 1a NH,OH, CH;COO', v v...

Gia s dinh phan 100 ml dung dich NH,OH (K = 1,8.107, pK = 4,75) bing
dung dich HC1 c6 ndng dd 0,1N.
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IV.5.3. 1. Tinh pH ciia DD trong qud trinh chudn dp
1.Trudc khi chudn do.
DD chi ¢c6 NH,OH 1a mot bazd y€u, pH ctia DD dudc tinh theo phuong trinh:
| NH; || OH" ]
|[NH,OH |

— K, =1,8.107

Vi {NH,"} = [OH] va coi nhu NH,OH =~ C,, cho nén cé thé viét:

|OH |= K, C,

pOH = 1/2pr - 1/21ng (1)
tr do ta co:

pH=14-pOH = 14 - Ya(pK, + 1gCy)

Hay = pH= 7+ %(pK,4 +1gCp) (4.8)
2.Trudc diém tuong duong.

Tai cic thdi di€m tewdc di€m tuong duong (cdc di€m trung gian cla qué trinh
chuidn do). Cach 1ap luan tréng tu, ta cling ¢ trong qud trinh chuin do, ngoii lugng
bazd tu do chua chuian do (NHQH) con c6 mudi NH,CI dugc tao thanh trong phan
trng theo phuong trinh sau:

NH; + HCI = NH,* +CT
Va vi vy ta cling c6 pOH = pK,, + gt/ Cp,
Nén pH =14 - pK, + 1gC,/C,,
Hay pH =pK, +1g (Cg/ C,) (4.9)
3.Tai diém tuong dwong: Mudi tao thanh trong DD s& bi thuy phan theo phudng
trinh:
NH," + H,0 0 NH,OH + H'
Tu phuong trinh hiing s6 thuy phan:
[NH ,0H ][ H" ]

[NH:] = Ka

Ta cling tinh dugc: pH = Y(pK, - 1gC,) (4.10)

4. Sau diém twong duong. Tuong ty ta ciing c6 pH phu thudc vao lugng du DD axit
HCI.

Hay pH = -1gCyuq

pH tai cdc di€m ctia dudng cong chuidn dd dudc ghi trong bing 4.4, con
dudng cong chuin dd thi trén hinh 4.4.
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Bdng 4.4. pH ciia DD trong qud trinh chudn do NH;

HCl thém | Chitg/dinhpH | Cg/Cy CoOng thuc tinh pH pH
ctia dung dich
0 NH; 0,1N pH = 7 + Ya(pKx + 1gCp) | 11,13
90 NH; + NH,* 1:9 | pH=pKs+lgCy/C) | 33
99 i 1:99 i 7,25
99,9 ; 1:999 ; 6,24
100 NH," 0,IN pH = VA(pK, — 1eC,) | 212
100,1 HCI1 0,0001N pH = -1gChcy 4
101 HCI1 0,001N ; 3
110 HC10,01N ; 2
200 HELO, 1IN ; 1
pH
10 |
6 + BudGc nha v
4 1 chuin d6
.
.

100 VHCl(ml)
Hinh 4.4. duong cong chudn do dung dichNH;

Nhian xét:
- Pi€m tuong duong khong tring véi di€m trung tinh ma nim trong mién axit (hinh
4.5).
-0 gin di€ém tuong duong c6 budc nhdy pH: 6,24 — 4 ngdn hon trudng hgp dinh
phan NaOH bing HCI nguyén nhan 1a do NH; 1a bazd y€u.

- R3 rang dudng dinh phan bazo y€u c6 budc nhdy cang dai khi Ky cang 16n
tiic 1a K, cang nhd va Kgcang bé K, cang 16n thi budc nhdy cang ngin.
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Ciing tuong tu nhu trén ta ching minh dudc ring Kg > 107 nghia 13 Kx<10”
thi trén dudng dinh phan méi cé buge nhay pH.

Cha't chi thi ¢6 thé€ diing nhitng chi't nio c6 4 < pT < 6,24.

Trudng hop dinh phan axit yéu biing bazo yéu hay ngudc lai thi trén dudng
dinh phan khong c6 buéc nhdy pH nén khong chon dudc chi thi axit-bazo d€ xdc
dinh di€m tuong duong dugc chinh xdc, do dé ta khong thé dinh phan axit yéu bing
bazd y€u chinh xédc dudgc.

Vay mudn dinh phin chinh xdc axit hay bazd theo phuong phdp trung hoa
biang chit chi thi axit bazd thi mot trong hai chdt tdc dung phdi 13 axit hay bazd
manbh.

IV.5.4. Pinh phin da axit, da baze. Hon hgp axit, hén hgp bazo
1V.5.4.1. Dinh phdn da axit
1.Piéu kién dinh phawda axit

Céc axit da chiic ¢6 nhiéu nac phan ly khdc nhau ¥ng véi cdc hiing s6 phin
ly khdc nhau, vi vay ma khi¢huAn d6 axit da chitc, phép chuidn do cé thé ti€n hanh
tirng nic riéng 18 hoic khong thé chuin dd riéng, diéu nay phu thudc vao cic hiing
s6 phan ly tirng nic clia axit. Axitida chifc ¢6 thé dudce coi nhu 1a hdn hop nhidu
axit don chidc va vi vy diéu kién d¢ ¢6.th€ chudn do riéng tirng nac 1a cdc hiing s6
phén ly cda tirng nac hon kém nhau 10" Tan. Nghia 1a:

Trong d6: K; 12 hiing s6 phan ly ndc thif i cla da axit

Ki
——2 4

i+1

Xét trudng hgp cu thé: vi du dinh phan 100ml H;PO, 0,1N bing dung dich
NaOH 0,1N. Trong dung dich:

H,PO, = H' + H,PO, K,=102%
H,PO, = H* + HPO,/” K,=10"*
HPO,” = H' + PO, K;=10"%*
2,23 —7,23
5_10 5 &_10 e
K - 10—12,32 -

9

Kz 1 077,23 X

C4 hai ty s6 déu 16n hon 10* vi vy c6 thé chudn do riéng nic 1 va nic 2.
Déi v6i nac thit 3 do K; qua bé khong thod man diéu kién K, > 10 nén khong thé
chuin dd dé&n nic thit 3 ddi véi H;PO,4 vi khong thé xuit hién budc nhay.
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2. Tinh pH cia dung dich trong qud trinh dinh phan.

+ Truéc dinh phan: ta ¢c6 dung dich da axit. Vi K; >> K, >>K; va K,.C >>
W nén pH, dugc tinh dwa vao nic phan ly thit nha't ctia H;PO,.

C6 thé tich gin ding theo cong thifc clia axit y&u.
pHy = Va(pK - 1gCy) = ¥2(2,23 — 1g10°™" = 1,62.

+ Tai di€m tuong duong I: ta dat t6i diém tuong duong thi nhat khi di tiéu
thu hét mot mol NaOH, tng véi sy tao thanh mudi axit NaH,PO,.
_PK +pK, 2234723, .

2 2
+ Tai di€m tuong duong IT: ta dat t6i diém tuong duong thit hai khi di tiéu
thu hé&t hai mol NaOH, t¢ng véi su tao thinh mudi axit Na,HPO,.

PH,

=9,78.

+ Tai diém tiong duong III: ta dat t6i di€m tuong duong thit ba khi di tiéu
thu hé&t ba mol NaOH, (fg v6i su tao thinh mudi trung tinh NasPO,.

pH=7+Y2 (pK;+1gC) = 12,6

Nhu vdy da axit phan I¢.cho n nic va khi dinh phin cho n diém tuong
duong. Trong d6 n — 1 diém twong Guong cda cdc dung dich ludng tinh, di€m tuong
duong cudi cing 12 ciia dung dich da®Bazd, c6 Ky qud bé K, < 10 nén s& khong
c6 budc nhay.

Nhu vy tai diém tuong duong thd I VGi gid tri pH; = 4,73 ¢6 thé chon chi thi
12 metyl dacam (3,1 — 4,4) chudn dd tf mau@> sang mau vang (pT = 4,4). Tai
di€m tuong duong tht II, pHy = 9,78 ¢6 thé chon ¢hi thi 1a phenolphthalein (9,4 -
10,6) chuin dd d&€n mau hdng (hdng dd) (pT = 9). Khong thé dinh phan truc ti€p
H;PO, dé&n nic thit 3 vi khdng c¢6 budc nhdy pH. Puont dinh phin c6é hinh ding
nhu hinh vé 6.

Trong thuc t& c6 thé dinh phan H;PO, d&€n nic thit 3 bing cich gidn ti€p nhu
sau: Cho CaCl, tic dung v6i H;PO,4, mot lugng tuong duong HCI dugc giai phong
ra va ngudi ta dinh phan lugng HCI d6 bing NaOH.

H;PO, + 3Ca** = Ca;(PO,), + 6H*
6H" + 60H = 6H,0

C6 thé bi€u dién qud trinh chudn d6 H;PO, bing dung dich NaOH theo so
dd sau va dung dudng cong chuin do6 theo cic gid tri pHo, pHi, pHy.
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H3PO4 N, pH
10 + :
Phenolphtalein
NaOH Vi Na,HPO,
8 —+
NaH,PO P
V2 6 T
Métyl - NaH,PO,
NaOH dacam
2 4
Na,HPO —— L
0 100 200 VNaOH (ml)

Hinh 4.5. Puong cong chudn dé DD H;PO,

3. Nhin xét:

- Tai diém tuong ductg I: Thé tich dung dich NaOH tiéu ton 12 V| tuong ng
Vi l)H3PO4 =M.

- Tai diém tuong duong II: Thé tich dung dich NaOH tiéu ton 13 Vj; tuong
ing vdi l)H3P04 =M/2.

- V& mit 1y thuyét thi Vi = 2V Tuy‘nhién do chi thi metyl dacam va
phenolphthalein c6 gid tri pT khong tring véi pH urtdng duong vi vay trong thuc t€
gid tri Vi~ 2V, tic 1a ta c6 sai s0.

1V.5.4.2. Dinh phdn da bazo

Céc bazo da chiic trong da s cdc trudng hop hau hét 13 mudi trung hoa dudc
tao ra tf cdc cation cia bazd manh vdi anion gbc axit da chifc nhu Na,COs,
Na2B4O7...

Viéc chuédn dd cdc bazo da chitc bing axit manh don chitc dién ra ngudc lai
vdi qué trinh chudn d6 axit biang kiém. Vi vay kha ning chuin d6 riéng tirng nic
cling phu thudc vao ty s& cdc hing s6 Ky, ( v6i K, = W.K, ") va nhu vy thuc chat
ciing 12 ty sO giita c4dc hiing s6 phan ly k€& ti€p ctia axit lién hgp. Tuong tu ta ciing
c6 diéu kién d€ chudn riéng tirng nac d6i vdi da bazo 1a:

K _ WK, >104
Ky WK,

Thir vign Tiwreme BDEH S ohom Ko thudt TR EM
55 I Hir vien [ Fegrhg S0 S0 pRamt Sy thinat 100

http:/www. thuviensplkt.ediu. va




Xét trudng hgp chudn d6 Na,CO; bing dung dich HCI nhu vdy trong dung
dich ion CO;> déng vai trdo 12 mot bazd da chic 1a gdc axit yéu H,CO; véi
pK.:i(viet gon pK; )= 6,35 va pK,, (viét gon pK, ) = 10,33.
= 14 11033

K, _ WK, _ 107°.10 10
- 14 116,35

K, WK~ 10710

So sanh ta co

Nhu vay c6 thé ti€n hanh chuidn do riéng tirng nic d6i véi CO5™
1. Tinh pH ctia dung dich trong qud trinh dinh phdn.

Qua4 trinh chuidn d6 dudgc tinh theo 3 thdi di€m pH khédc nhau d6 1a pHy, pH;
va pHH.

+Trudc dinh phan: d€ tinh pH, ta dwa vao sy c6 mit clia ion CO>

CO;* + H,0 = HCO; +OH K,=WKa,"'

véi gid thi€t C(Na,CO;3) = 0,1 N ta ¢6 pHy = 14 — Y2(pKy,; — 1gCp) = 11,67
+ O diém tuan g duong I: phdn ng chuin d6 tai di€m tuong duong thit 1.
Na,CO;.+ HCl = NaHCO; + NaCl
Thanh phin dung.dich tai di€ém tuong duong thit nhit 14 NaHCO; nén viéc
tinh pH; cling dua vao cac@ua trinh:
HCO; =€0,> + H' Ka,
HCOy + H™s= H,CO; Ka,"

pH | dugc tinh dua vao biéu thie:

pK, +pK, 6.35+10,33

=8,34

+ G di€m twong ducng II: Phdn ¢ng chuf.do d&n diém tha 1L
Na,CO; + 2HCI = H,CO;3 + 2NaCl

Tai diém tuong duong thd II, thinh phan cta hé ton tai H,CO; nén pHy
dudc tinh dua vao H,CO; véi ndng dd dudc tinh bing Cy/3. P&n diy can phdi so

sanh CH2C03 véi dd tan L002 . Viéc tinh pHy don gidn dva vao biu thic:
[1°]- /Kl% tinh todn ta thu dudc gid tri pHy = 3,91,

Nhu vay tai di€m tuong duong thd I v6i pH; = 8,34 c6 thé chon
phenolphthalein 1am chi thi chudn d6 tir mau d4 sang khong mau pT = 8.

Tai diém tudng duong th hai v6i pHy = 3,91 chi thi chon 1a métyl dacam
(pT =4).

C6 thé biéu dién qud trinh chuin do Na,CO; bing dung dich HCI theo so dd
va c6 thé dung dudng cong theo cic gid tri pHo, pH;, pHy (Hinh 4.6)
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N a2C03

HCl Vi 9 -+ NaHCO;
Phenolphtalein

NaHCO —

HCl V2 4 4
étyl dacam
H,CO; —— | |
0 100 200 Vicr (ml)

Hinh 4.6. Puong cong chudn dé DD Na,COj;

b. Nhin xét

-Tai di€m tuong duditg thit nhit thé tich dung dich HCl tiéu t6n 12 V| Gng véi
Dy,.co,= M va chi thi 12 phenofphthalein.

-Tai diém tuong duong thu ¥ ¢hé tich dung dich HCI tiéu tén 13 Vi Gng véi
Dy,.co,=M/2 va chi thi 12 metyl dacam:

- V& mit ly thuyét ta cling ¢6 Vi = 2¥,. Tuy nhién trong thuc t€ V= 2V vi
khi ti€n hanh chuin d6 chi thi phat tin hiéu (pT) khong trung vé6i pH tai cic diém
tuong duong.

- Trong trudng hgp khi cdc nic phan ly khong thda man diéu kién hon kém
nhau 10" 14n thi phai chon ty 1& nio thod mén tic 1a phép chudn do chi c6 thé ti€n
hanh dugc d€n nic c6 ty 1& thda min.

IV.5.5. CHUAN PO HON HOP CAC PON AXIT VA DPON BAZO
IV.5.5.1. Chudn d¢ hon hop axit manh va axit yéu don chiic

Trudng hgp nay, phép chudn do riéng tirng axit hay chung cho ca 2 axit phu
thudc vao mifc dd manh, yé&u clia axit don chat.

- Khi hiing s& phin ly cda axit y&u di 16n, thi méi dau khi cho dung dich
kiém vao, chii y&u axit manh bi trung hoa trudc bdi sy ¢ mit clia lugng 16n ion H
do axit manh phan ly 1am han ch& qud trinh phan ly cla axit yéu, nhung do K ctia
axit y&€u dd 16n nén khi H® clia axit manh chua bi trung hoa hét thi H" cda axit yéu
da bi trung hoa. Nhu viy khong thé ti€n hanh chuin do riéng (cho nén khong thé
chuin dd riéng hdn hgp cdc axit manh hoic bazo manh). Phép chuin do nay la
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chuin do tdng s6 axit trong hdn hdp. pH tai di€m tuong duong dudc tinh dua vao
cin biing thuy phan clia gbc axit clia axit yéu .

- Trong trudng hop khi K cta axit yéu khong 16n nhung phai thod min diéu
kién C.K> 10® thi c6 thé ti€n hanh chufin do riéng tiing axit, tic 12 trén dudng
cong s& xudt hién hai budc nhdy chuin dd. Tai di€m tuong duong thé nhat pHq
dudc tinh dya vao cin bing phan ly clia axit manh.

- Piém tuong duong thit hai dudc tinh dya vao cin bing thuy phin goc axit
clia axit yéu

Viéc xdy dung dudng cong chuin d6 trong trudng hop nay 1a khd ric roi,
bdi vi trong dung dich tai cdc-di€m tuong duong ddng thdi c6 mit ciia nhiéu qua
trinh, viéc t8 hgp s& dua d&€n nhiéu phuong trinh bic cao.
1V.5.5.2. Hon hop hai axit yéu don chiic

Xét trudsng hdp chudn @6 hdn hop gdm HA c6 ndng dd Cos va HB c6 ndng
do Cyp chuidn do bihg dung dich NaOH c¢6 ndng dd Cy.

V6i hdon hgp niyy tuy thudc vao hing s6 phan ly Ka cia 2 axit ma phép
chuin do c6 thé ti€n hank#iéng tirng axit hodc phdi chuian d6 chung.

Piéu kién d€ c6 chuindd riéng ting axit Kya/Kyg hon kém nhau 10* 1an.
Chi khi thod man diéu kién nay én dudng cong chuin d6 méi xuit hién hai budc
nhdy dé€ chon chi thi.

Tuy nhién nhu dd néu dit phép chién do ti€n hanh chung hay riéng tirng axit
thi viéc xdy dung dudng cong chuin do ciing Ja rit phifc tap.

IV.5.6. Chudn do hén hgp gom axit manh don chic véi axit da chide va bazo
manh don chie véi bazo da chic
1V.5.6.1. Chudn dé hén hop axit manh don chiic va axit'da chiic

Vi hon hdp nay thudng gip khi hiing s6 phan ly nic tht nhat clia axit da
chic 12 dd 16n nén khong thé chuin do riéng axit manh don chic, vi vdy phép
chuin do trude hét 1a chuidn d6 axit manh don chdc va nic thd nhit cda axit da
chitc. Sau d6 mdi ti€p tuc chudn d6 nic thit hai. Tuy nhién diéu nay chi thod man
khi ty 1& cdc hiing s6 phan ly axit cia axit da chitc phai hon kém nhau 10" 1dn. Xét
chuin d@6 hdn hdp gdbm HCI va H;PO,. Do K, = 10%% da manh nén phép chuén do
trudc hét dugce ti€n hanh ddi véi HCI va nac thi nhat cia H;PO,.

- Tai diém tuong duong thif I:

HClI + NaOH = NaCl + H,O
H3PO4 + NaOH = NaH2PO4 + HzO

pH; dugc tinh dwa vao sy c¢6 mit cia H,PO, va vi vy hoan toan gidng véi
chuin do riéng H;PO, tic 1a:
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- Tai diém tuwong duong ti II: hodn toan gidng nhu nic thi 2 ca chuin do
riéng H;PO,
pH, = % ~9,78 va chi thi dugc chon 1a phenolphthalein.

C6 thé bi€u dién qud trinh chuin dd hdn hgp HCI + H;PO, bing so dd va
dudng cong dudc vé nhu hinh 4.7.

HCI + H;PO,
NaOH Vi NaCl + Na,HPO,
g |
NaCl + NaH2P04 —
NaOH V2 4 T NaCl + NaH,PO,
| |
NaCl + NEQHPOz T X¢ 0 V1 V2 VNaOH(ml)

Hinh 4.7.Puong congzchudn dé hén hop HCl + H;PO,

Nhian xét:

- Tai di€m tuong duong thit I thé tich dung dich NaOH tiéu ton 1a Vi, thé tich
nay da ding d€ chuan do HCI va nic thi nhat ¢ia HyPO,.

- Tai di€m tuong duong thit II thé tich dungdich NaOH tiéu tdn 13 Vy, thé
tich nay dung d€ chuin do HCl va 2 nic ctia H;PO,.

Trudng hgp nay bao gid ta cling c6 Vi < 2V va

Vnaon chudn dd riéng HC1 = 2V, - Vy

VNaOH Chuéfn dé mC)t nﬁ/c H3PO4 = VH - VI

Viéc x4c dinh khdi lugng hay ndng do ctia HCI va H;PO, ciin ctt vao viéc do
thé tich V; va V. Luu y khi tinh thé tich dung dich NaOH chuin dd 1 ndc H5PO,
(tic 12 Vi - Vy) thi Digpo, =M

H3POy

1V.5.6.2. Chudn dé hon hop bazo manh don chiic véi bazo da chiic

DP4i véi trudng hgp nay ciing tuong ty nhu da xét ddi véi hdn hgp axit manh
don chic va axit da chitc. Tic 14 thudng gip Ky, di 16n nén khong thé chuin do
riéng bazo manh khdi bazo da chitc ma phép chuin do tién hanh trudc hét 1a chuin
dd bazo manh don chiic véi nic thit nhat clia bazo da chiic. Phép chuin do ti€p
theo 1a chuan dd dén nic thit hai cla bazd da chic.
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Xét trudng hdp chudn d6 hdn hgp gobm NaOH va Na,CO:s.

Do Ky = WKa," = 10", 10" = 107 ciing dd 16n nén khong thé chuin
dd rieng NaOH. Vi Ka,/Ka, d6i vdi axit lién hdp ciing thod man diéu kién chuin
dd riéng nén phép chudn dd hdn hop nay bao gdm hai diém tuong duong.

- Piém tuong duong th nha't phép chuin d6 gom:
NaOH + HCI = NaCl + H,0
Na,CO; + HCI = NaHCO; + NaCl

- Tai diém tuong duong I ta c6 pH; dudc tinh dua vao sy tdn tai cia NaHCO;
va vi th€ ¢6 thé tinh:

_ Pk, + Pk,

pH, =8,34 chi thi dugc chon 1a phenolphthalein.

- Tai di€m tuong duong 11, phan ng chuin do sau.
Na,CO;3; + 2HCI = 2NaCl + H,0 + CO,
va pHy; cling dudc tinh x&p, xi bing 4 va chi thi dugc chon 1a metyl dacam.

C6 thé bi€u dién so dd phépchuin dd va dang dudng cong nhu hinh 4.8.

pH
NaOH +
HCl1 A\

9 NaCl + NaHCO;
NaC(Cl + —

HCl1 5 7T NaCl+ H,COs
2 T .
NaCl + WY i i
0 Vi V2 VHC] (ml)

Hinh 4.8.Puong cong chudn dé hon hop HCl +Na;CO;
Nhan xét:
- Tai diém tuong duong thit I thé tich HCI tiéu ton 13 V, thé tich nay dung
dé chuidn @6 NaOH va mot nic cia Na,COs.

- Tai di€m tuong duong thit II thé tich HCI tiéu ton 1a Vy;, thé tich nay ding
dé chudn ¢ NaOH va 2 nic clia Na,CO; vi vay Vi < 2 VL.
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- Thé tich chuin @6 riéng NaOH = 2V, - Vy
- Thé tich chuin d6 riéng 1 nac Na,CO;= Vy; - V;

Viéc tinh ham lugng hay néng dd cla tirng cAu ti phdi cin c vio thé tich
dung dich HCI tiéu t&n danh riéng cho tirng ciu ti do.

K&t luan chung d6i véi hdn hop axit manh va axit da chic cling tuong ty nhu
bazo manh va bazd da chic.

Hon hdp & hai trudng hgp nay dugc xem nhu 1a hdn hgp cia cdc axit don
chifc va cdc bazo don chifc ¢6 hiing s6 phan ly K, va K, khdc nhau.

Trong da so trudng hop thudng gip phép chuin dd thi nhat tic 1a Gng véi
di€m pH; dugc ti€n hanh bdi chdt manh va 1 nic cla chit da chic con phép chuin
do ti€p theo 1a phép chuin dd thém mdt nic thi hai.

Khi cin x4c dinh riéng tirng cAu t cAn phdi ti€n hanh c4 hai nic va tinh thé
tich tiéu t6n d6i v6i mdi chat.

Viéc danh gidsai s6 trong trudng hop nay 1a khd rdc rdi v mang tinh chat
ly thuyét.

IV.6. UNG DUNG CUA PHUONG PHAP CHUAN PO AXIT BAZO

N6i chung phép chuin dd axie bazd rit cin thi€t cho bt ky mdt phuong
phdp phan tich nao trong héa hoc, b&i ¥i phai néi ring khi ti€n hanh mot nghién
cttu nao theo linh vyc héa hoc, déu khong:th& khong xdc dinh néng do cic dung
dich axit, bazd ma trong nhiéu linh vuc khoa hoe c6 lién quan d€n hod hoc.

IV.6.1. Piéu ché& dung dich tiéu chuin cic axit bazo

- T4t cd cdc axit bazd manh khong bao git cdthé pha ché€ ndng do chinh
xdc di tir lugng can hay di tir thé tich cia dung dich dam dic, bdi vi ban than cic
axit bazo manh déu bi 4nh hudng cta nhiéu y&u t6 din d&€n ham lugng va ndng do
ban diu thay ddi trong qud trinh bdo quan. Vi th€ chi c6 thé dua vao phép chuin
dd axit bazo dé xdc dinh lai chinh xdc néng d6 ciia cic chit dé. Nguyén tic cia
mot phép chuin do 1a:

- Né&u axit va bazo ban dau 1a chi't 18ng thi ta phdi do khdi lugng riéng, tir d6
dua vao bang tra cttu d€ xdc dinh ndng d6. Ti€p d6 1a tinh todn dé cé thé 1dy thé
tich can thi€t dung dich ban ddu va dem pha loing d€ dudc mot thé tich can thiét
v6i nong dd gin ding. Cudi cling ti€n hanh mdt phép chuin dd axit bazo dé c6
ndng d6 chinh x4c, duong nhién phai dua vio mot chi't chudn axit hay bazd.

- N&u axit, bazd 12 nhitng chit rin (khong tinh khiét) thi c¢6 thé tinh todn
lugng cAn can thi€t d€ hoa tan vao nudc dugc mot dung dich c6 ndng dd gin ding
rdi dem ti€n hanh chudn dd axit bazg.
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IV.6.2. Cac chat goc (Con goi la cha't khéi dau)
Nhitng chat nay can phdi thod man mot s6 yéu ciu sau:
- C6 do tinh khiét cao.
- Khéng bi phan huy hay bi thay d8i thanh phan trong qué trinh bdo quan.
- C6 khoi lugng phan tif cang 16n cang tot.
- C6 khoi lugng tng ding véi cong thitc phan ti.
- Phén tng phdi xy ra ding theo hé sd ty lugng.

Ngudi ta c6 thé dung cdc chat sau ddy lam chit goc dé xdc dinh axit:
Na,B,0,.10H,0; Na,CO; khan; Na,C,0,. Cic chit goc dé xdc dinh dung dich
kiém: H,C,04.2H,0; CcHsCOOH; KHCsH,O.....

P& v6i cac chit goc, ndng dd tiéu chuin cla ching dudc pha ché di tir
lugng cAn chinh x4c pha biing nudc trong mot thé tich chinh x4c.

IV.7. BAI TAP

1. Nong d6 Cy, Cy ciia dung dich H,SO4 13 bao nhiéu? néu dung dich c6
T(H,SO,) = 0,005122 g/ml. Bict4,SO, tham gia phdn (fng nhu sau:

HzSO4 + 2KOH = KzSO4

2. Pinh phin 15 ml dung dich HE} t6n 3 ml dung dich NH,OH = 0,0175
g/ml. Tinh néng do chat can xdc dinh ra C.’Cy;, T, T thudc thi/ cha't cin xdc dinh.

3. C6 bao nhiéu gam H,SO, chita trong dung dich n€u trung hoa dung dich
H,SO, nay t6n mat 20 ml NaOH ¢ T n,on = 0,004614 g/ml.

4. Pinh phan 10 ml dung dich HCI t&n 0,04 g NaOH. Tinh néng dd chit can
xac dlnh ra CN, CM, T. Blé,t dHCl = 1,1 g/ml

5. Ngudi ta k&t tia Brom tir dung dich NaBr du6i dang AgBr. Sau khi sdy
nung trong lugng két tia duge 0,2510g. Hay tinh ham Iugng NaBr trong dung dich.

6. Can gao nhiéu gam Na,COj3, n€u nhu hoa tan né trong binh dinh mitc 250
ml va nu6c cit d&€n vach dinh mifc. Ding pipet 14y 25 ml d€ chuin dd thi tdn hét
20,20 ml dung dich HC1 0,101 N.

7. Binh phan 15 ml CH;COOH c6 Ka = 1,8.10"5, pKa =47 ton 3 ml NaOH
0,05M, coi V 12 hiing s6.

a. Hiy tinh nong d6 chit cAn xdc dinh ra Cy, Cy, T, T thudc thi¥/ chit can
xac dinh.

b. Tinh pH trudc lic dinh phin va tai di€m tudng duong.
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8. P€ trung hoa hét 21,4 ml dung dich Ba(OH), can 20 ml dung dich HCI
0,2215 N va dé trung hoa hé&t 22,55 ml dd Ba(OH), trén cin 25 ml dd CH;COOH.
Tinh ndng d6 Cycla dung dich CH;COOH.

9. b€ xdc dinh ham lugng clia dung dich CH;COOH trong mdt loai axit dic
ban trén thi trudng, ngudi ta cAn vao chén cin ¢6 ndp 4 gam axid d6, dung binh
dinh mifc va nudc cAt hoa tan lugng can thanh 200 ml dung dich va chuin do bing
dung dich chuAn NaOH 0,5 M. K&t qua trung binh sau ba 1an chuidn d9 1a 32,70 ml
NaOH. Tinh ham lugng (theo % khdi lugng ctia CH;COOH)

10. Chudn d6 50 ml hdn hgp NaOH 1.10°M va Ca(OH), 2.10°M biing dung
dich HCI 5.10°M. Tinh pH ctia dung dich sau khi da thém:

- 49,95 ml HCI
- 50,03 ml HCI

11. Tinh sai s6 khi chudn dd 50 ml HC1 0,05M biing dung dich NaOH 0,01 M
néu chuin do dé&n kui't hién mau vang cda métyl dacam (pT = 4,4).

12. Chuén d6 ding dich HC1 0,1M bing dung dich NaOH ciing ndng d9. Tinh
sai s6 chudn d6 né€u két thiic chuin d6 ddi mau tir mau hong sang vang cla chi thi
métyl dé (pT = 6).

13. Thém 20 ml dung dich.FICI 0,01M vao 100 ml Ba(OH), chuin do hdn
hgp thu dudce bang dung dich NaOM §,02M dung phenolphtalein 1am chi thi thi phai
diing h&ét 8ml dd NaOH. Tinh chinh xdchong d6 cia Ba(OH),.

14. Thém 40 ml HCI vao 50 ml dung dich NaOH thi pH thu dudc bang 10.
Né&u thém ti€p 5 ml nita thi pH = 3. Tinh ndng d6 HCI va NaOH,

15. Thém 40 ml dung dich HCI 0,01M vaos/100ml dd NaOH thi pH thu dugc
bing 10. Tinh s6 ml dung dich HC1 0,01 M phai cho vao dung dich NaOH & trén dé
pH ctia dung dich thu dugc bing 4.

16. Chuin dd 25 ml dung dich HCOOH 0,05M bing dung dich NaOH 0,1M.
Tinh pH clia dung dich tru6c khi chudn do va sau khi di thém: 10 ml; 12,5 ml; 13
ml dd NaOH.

17. N&u thém 25 ml dung dich NaOH 0,1N vao 50 ml dung dich HA thi pH
clia dung dich thu dugc bing 4,76. Néu chudn do 25 ml dung dich axit trén d&€n pH
= 10 thi phéi ding 50,1 ml NaOH. Tinh ndng d6 va sai s& ctia dung dich HA.

18. Chuin d6 400ml NH; v6i HCI 0,25N d€ dat dé€n diém duong duong cin
40 ml HCL. Tinh pH clia dung dich truéc khi chudn do mot nita va tai di€m tuong
duong. C6 thé dung chi thi gi cho phép chuidn do6 trén va tinh sai s6 chuin do.

19. P€ trung hoa 0,5 g hdn hgp Na,CO; va K,CO5 t6i CO, can 39,5 ml dung
dich HCI 0,2N. X4c dinh % Na,CO; trong hdon hgp. Biét ring trong hdn hgp do6
khong chita cdc chat khic nita.

20. Trung hoa 0,2 g axit hitu co & thé rin cin 31,7 ml dung dich KOH 0,1N.
Tinh duong lugng ctia axit d6 va x4c dinh d6 1a chit gi.
63 Thr 1 r 3 T eTerrr o I F

dhuvienspki.edi. v

RITp LA WHH




21. P& x4c dinh N trong bot dn. Ngudi ta can 0,8880 g bodt va ché€ héa né
bing H,SO, dic (khi d6 bié€n thanh NH,HSO,). Cho kiém vao dé tich NH; ra va
lugng NH; thodt ra dugc cho vao 20 ml dung dich HC1 ¢c6 THCI/NH; = 0,003. Tinh
% ctia N trong bot. Biét ring dinh phan lugng axit du t6n mat 5,50 ml dung dich
NaOH 0,1962N.

22. Tinh sai s& chuin d6 khi ding métyl dacam c6 pT = 4, chuin d6 dung
dich HC10,1M bing dung dich chudn NaOH 0,1M.

23. P& chuin dd cac dung dich HCI ¢6 ndng dd sau diy:

a/ 1M, b/ 0,1M, c/0,01M, d/ 0,001M bf?mg dung dich NaOH cung n6ng do,
véi sai s& khong vugt qud 0,2%, thi can chon chat ndo trong nhitng chat chi thi sau
day: métyl dacam pT = 4; métyl d6 pT = 5; bromphenol dé pT = 6,5; dd trung tinh
pT= 7 va phénolphtaléin pT =9 lam chi thi.

24. Tinh sai s& chi thi khi dung phénolphtaléin pT = 9 vad métyl db pT =5
1am chi thi khi chuédn d6 dung dich NaOH 0,1M bing dung dich HCI cting ndng do.
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Chuong V
CHUAN PO OXYHOA - KHU

V.1. KHAI QUAT PHUOGNG PHAP CHUAN PO OXY HOA - KHU

Céc phuong phdp oxy héa khit 12 phuong phap thé tich, phan ng héa hoc
x4y ra trong qud trinh chuin dd 1a phdn &ng oxy héa khir. Ttc 12 phin tng c6
kém theo sy trao ddi electron. Cdc dung dich chuin & day c6 thé 1a cdc dung
dich chat oxy hod nhu KMnO,, I,, K,Cr,0;, Ce(SO,),, KBrO;, NH,VOs,. . . cic
chat khitr nhu TiCl;, VSO,, FeSO,, SnCl, ... Trong qué trinh chudn dd theo
phuong phdp oxy héa khit ta quan sat dudc sy thay d6i thé oxy hod khir clia cdc
hé tic dung tuong hd nhau. M&i quan hé dinh lugng giita th€ oxy héa khi cla
hé véi ndng dd (hoat dd) clia cdc chit phdn ng dugc bi€u dién theo phudng
trinh (goi la phuong trinh Nernst ):

RT . a

E=E,+—In—=
nk' a,

0] day Eo: Th& oxy ho4 tiéu chudn cda cip da cho.

R: Hiing s6 khi(bing 8,314 jun/mol.dd)

T: nhiét do tuy¢tdai.

F: s6 faraday (96500 culong)

n: sd electron bi mat dithoic thu vao.

aox, ain: hoat dO cla hai dafig oxy hda va khu.

Trong hoa phan tich, DD thuttag diing c6 nong dd nhd nén hé s6 hoat
dd gan bing 1, do d6 c6 thé thay hoat d6 bing ndng do.

Né&u thay cdc gié tri hing s& va dorlogarit ty nhién thanh logarit thap
phan thi & nhiét d6 25°C ta c6:

0,059 [Ox]
In
n [Kh]

Né&u ty sd ndng @6 (hay hoat do) clia chat oxy hod va chit khit thay d6i sé&
thay ddi theo gid tri th& oxy héa khif cia hé. Sy thay ddi thé oxy héa khir c6 thé
dua d&n sy thay ddi chiéu clia phin tng oxy héa khi.

Chii y:

- N€&u trong phudng trinh ion elecron clia mdi cip, hé s dang oxy héa va
dang khit khac 1, thi trong phuong trinh Nernst hoat d6 (hay néng dd) cic dang
c6 s6 mii bang hé s6 tuong Gng.

Vi du: BR, + 2E = 2BR’

0,059 Br.
E=E, , + Ig [ 2]2
2 2 —
2Br ':Br i|
- N&u mdt trong hai dang 12 chat rin khong tan trong nudc thi hoat do (hay
ndng d6) dang dé bing 1.

E=FE,+
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- N&u chit oxy héa 13 anion c6 chita oxy thi qua trinh trao ddi electron c6 su
tham gia cia H".
MnO, + 8H* + 5e = Mn™* + 4H,0
Trong trudng hop nay, E phu thudc vao cid ndng do ciia ion H+, phuong trinh
Nernst c6 dang:

ol p L0059 [MnO [ ]

Ty TS 8 [Mn2+]

B 8
L0059 [MnO, || H"

MnO%anr 5 [Mn2+ ]

- N€u cdc dang oxy hoa khit 1a chat khi it tan trong nuéc thi trong phuong trinh

Nernst phai thay ndng do dang dé bing 4p suit riéng phan (p).
Vi du: CL + 2e = 2CI

E=F

PAES Eo 0’059 lg PCIZ

Chy + > [Cl_]z

V.2. CAC PHAN UNG DUNG TRONG PHUGNG PHAP OXY HOA KHU

Trong thuc t€ s6 cdc phdn tng oxy*hoa khit 1a rat phong phi nhung do tinh
phtic tap ctia phdn tng oxy hdéa — khit ma sé phin ng dudc sit dung trong phan tich
thé tich twong d6i han ché&. B4i vi cdc phan tng d6.phai thda min cic yéu cau sau:

- Phén tng x4y ra theo chiéu huéng dinh trudc,dhdng ¢6 phdn tng phu.

- Phdn &ng phdi thuc t& hoan toan.

- Phdn ¢ng x3y ra phdi theo ding hé s6 ty 1€.

- T6c dd phan ng xdy ra phdi dd nhanh.

- Phin ng x4y ra phdi c6 kha ning xic dinh dugc di€m tuong duong.

Mic du cdc phan ng oxy hda khit dugc chon trong phuong phdp phan tich
thé tich phai thda min cdc diu kién trén, nhung trong thuc t& phan &ng oxy hda
khit bao gid ciing rat phifc tap, vi phan Gng phu thudc viao nhiéu yéu td. Vi thé
trong qué trinh chuidn d6 can phdi nghién citu d€ chon dudc cic diéu kién tdi vu.
Trong mdi chat nhu th€ lién quan d€n mot s& chat khit va chit oxy héa dic trung
dugc diing 1am dung dich chuin va ngudi ta 14y cdc dung dich chuin dé dé€ dit tén
cho phuong phép.
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V.2.1. Phuong phap pemanganat

Phuong phdp nay dua trén tic dung oxy héa cia dung dich KMnO,. Phuong
phdp nay cho phép xdc dinh nhiéu chit khir vo c¢d va hitu co hoiic c6 thé xdc dinh
céc chat oxy héa biing phuong phdp gidn tiép.

Phuong phdp pemanganat, ding KMnO, 1am chat chudn, thudng thuc hién
khdng can chi thi.

MnO, + 8H' + 5e = Mn™* + 4H,0
V.2.2. Phuong phap dicromat

Phuong phdp nay ding dung dich K,Cr,0; lam dung dich tiéu chuin d€ oxy
héa cdc chat khir va k€ cd cdc chit oxy hda.

Cr,0> + 14H' + 6e = 2Cr’* + 7H,0

N6i chung phudng phip nay gin gidng vdi phuong phdp pemanganat nhung
n6é c6 mot sd uu diém: dung dich tiéu chuin c6 thé dugce pha ché tir lugng cin chinh
xdc, dung dich sau kifpha ch& bén theo thdi gian, c6 thé ti€n hanh chuin do trong
mdi trudng HCI trong kHi khong thé thuc hién ddi vdi phuong phidp pemanganat.
Nhudc di€m cta phuong phiap nay 13 do tinh chit oxy héa cta K,Cr,0; yéu hon
KMnO, nén tdc dd phan tng x4y ra c6 phan chAm hon va chi thi phai dua tir ngoai
vao.

V.2.3. Phuong phap iot

La phuong phdp st dung dung dich ¥, (thuc chat 1a 13) hodc dung dich I' 1am
dung dich chuin d€ ti€n hanh chuin do tryc tiép hay gidn ti€p cdc chat khit va chat
oxy héa. Trong phuong phdp ndy cé mot chdt h&ird quan trong 13 natri thiosunfat
(Na,SOs3), chi thi diing trong phuong phdp nay 1a hotinh bot.

I, + 2e = 2T

Ngoai ba phuong phdp né€u trén con cé cac phuong phdp khiac nhu phuong
phdp xeri (ding dung dich Ce(SO,4), 1am chit oxy héa, phuong phdp bromat,
phuong phdap vanadat. . .

V.3. CACH XAC PINH PIEM TUGNG PUONG TRONG PHUGNG PHAP
OXY HOA KHU.

DPé€ xdc dinh diém tuong duong trong chuin dd oxy hod khtt, ngudi ta thudng
dung cdc loai chat chi thi sau day.
V.3.1. Khong dung chit chi thi ti ngoai vao

Chi thi 12 bdn than chat oxy hod hodc chit khit vi mot dang clia né ¢c6 mau
khéc véi dang lién hgp mot cach rd rét, va ta s& két thic dinh phan khi dung dich
ddi mau.

Vi du: trong phép chuin dd cdc chat khit véi dung dich kalipemanganat
thudng khong dung chi thi, vi chinh lugng du rt it cia ion MnO,” sau di€m tuong
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duong da 1am cho ca dung dich c6 mau tim hong rd rét. Loai phin (ng ndy ngudi ta
goi la phan ¢ng ty chi thi.

MnO; + C,0,” = Mn® + CO, + H,0
Tim Khoéng mau Khoéng mau
V.3.2. Dung chat chi thi tir ngoai dua vao
V.3.2.1. Chdt chi thi ddc bi¢t

ChAt chi thi nay dic biét phdn ¢ng chon loc v6i modt dang nao d6 cla cip
oxy héa khit va giy ra sy d6i mau khi lugng thudc thit thira ra mot it trong qué trinh
dinh phan. Tuy nhién s6 chit chi thi thudc loai nay khong nhiéu.

Vi du: trong phuong phdp idt, HTB 13 chat chi thi d€ nhan ra i6t khi c6 mot lugng
nho i6t trong dung dich, do né tao dugc phiic véi I, va ¢6 mau xanh, hodc dung dich
s€ m4t mau xanh khi 16t bi tdc dung hét.

Chéng han khi dinh phan dung dich i6t bing Na,S,05 c6 ho tinh bot lam chi
thi: I, + 2 Na,S,0;2= 2Nal + Na,S,0¢. Pé&n di€m tuong duong vira hét i6t thi
dung dich mat mau xank

- Hay ion SCN' 1a chf‘thi trong phép chuin dd Fe, vi chi thi nay tao dugc vdi
Fe’* phic mau d3.

V.3.2.2. Chi thi bat thu@n nghich

Loai chi thi nay c6 dic tinh 1a 2°dang oxy héa — khit ctia né ¢6 mau khéc
nhau nhung khong bi€n ddi thuin nghich dtigc. Vi du: metyl dacam hay metyl dd
trong moi trudng axit c6 mau dé, Khi bi oxy Héa ching s& chuyén thanh oxy hda
khong mau, nhung dang oxy héa nay khong thé bikh d€ trd lai dang khit ban diu
dudc. Gia st ta dinh phan dung dich Sb>* biing dung dich KBrO; trong moi trudng
axit c6 metyl dacam hay metyl d6 1am chi thi va dung dich s& c6 mau dé.

3 Sb*™* +BrO; + 6H' = 3Sb™* + Br + 3H,0O
Né&u cho thira 1 — 2 giot KBrOs ¢6 phin ting ti€p theo:
BrOs;” +5Br + 6H" = 3Br, + 3H,0

Lic d6 Br, dugc tao ra s€ oxy héa metyl dacam hay metyl dé tao thanh mot
hop chat khong mau, ta két thic dinh phan.
V.3.2.3. Chdt chi thi oxy héa khit

Loai chi thi ndy ban than ching n6 1a chit oxy héa khir vd mau dang oxy
héa khdc mau cia dang khi¥. Mau clia hai dang thay ddi phu thudc vao thé cida
chit chi thi va thé clia hé chuin d6. Loai nay rit quan trong vi sd lugng ciia ching
rat 16n va pham vi st dung qué rong. Ta c6 thé bi€u dién tdng quat loai chi thi oxy
héa khit nay dudi dang Inox (chi thi dang oxy héa) va phan tng oxy héa khit ctia
chi thi 1a phan &ng thuin nghich:

Inox + ne = Inkh
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Inox ¢6 mau khic v6i mau dang Inkh. Mau ctia dung dich chuin do khi c¢6 chi thi
oxy héa khit phu thudc ti s6 ndng do cda hai dang [Inox]/[Inkh] ma ty s6 nay phu
thudc vao phuong trinh Nec:
0 1
E=E, + 0’059lg[ ad
n [Inkh]

Né&u cudng dd mau cia hai dang xap xi nhu nhau thi thuc t&€ khodng chuyén mau
cia chat chi thi nim trong khu vuc c6 ty s6 nong do Inox:Inkh giao dong tir 1/10
dén 10 tifc 12 trong pham vi d6 mit thudng chiing ta rat khé phan biét. Nhu vay:

1 < [Inox]glo
10 [Inkh]

0,059
O + 2 < 0
EMn(H])Mn([I) B 2 o EI%I

Ti d6 khodng thé ciiachi thi dugc tinh:
0,059

0
E=E, *

Hay khodng gi6i han E’ ~20.059/n <E <E" + 0,059/n goi 1a khoing d8i mau
clia chat chi thi oxy héa khi.

Vay khodng d6i mau cta chat chithi oxy héa khit 14 khodng gid tri dién th&
E ma trong khodng d6 khi E ctia DD thay d6i thi mau ctia chat chi thi thay ddi (mit
ta c6 thé nhan thi'y dugc ).

Vi gid tri +0,059/n rdt nhd nén khodng doi‘man thuc t€ dao dong rat gin véi
E’ ciia chit chi thi, cho nén thudng ngudi ta chi quan thm dé&n gid tri E® cda chi thi.
Vi du: Chi thi diphenylamin 12 ch4't chi thi oxy héa khtr

Inox + 2¢ = Inkh E’=0,76V
Tim khong mau

0,059

- Khoang mau s€ 1a: 0,76 + . biéu d6 c6 nghia Ia khi E > 0,79 dung

dich c6 mau tim. Piéu kién d€ chon chi thi oxy héa khit cho phép chuin do oxy héa
khi 1a:
- Khodng th& chuyén mau cda chi thi nim trong budc nhdy thé

- Hoic it nhAt mot dang mau cia chi thi phdi nim trong buéc nhay thé
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Bdng 5.1. Mot sé& chdt chi thi oxy héa khie

Chi thi Mau dang Ox | Mau dang kh E’ khi [H']=1
Diphenyl amin Xanh tim Khéng mau + 0,76
Axit diphenyl- bo tim - + 0,84
azosunphonic

Tranilic bo tim -- + 1,08

Phérdin Xanh nhat bé + 1,06
Axit o,0'diphenyl- Xanh tim Khéng mau + 1,26
amin dicacbonic

Chat chi thi oxy héa khit thudng cé nhude di€m 1a khi pH cia DD thay ddi,
thi gid tri E thay d8i va chi thi s& d6i mau. Mit khic sy thay d6i mau & mot s§ chi
thi xdy ra chAm va thudng 12 tao nén nhitng hgp chat trung gian.

V.4. PUONG CHUAN PO CUA PHUGNG PHAP OXY HOA — KHU

Khi chuidn do thée phuong phap oxy héa khit ndng dd ctia cdc chi't hodc cic
ion tham gia phan ng ludh ludn bi€n ddi. Do d6, trong qud trinh chuin dd, thé clia
dung dich (E) ciing phai bic¢w ddi, giong nhu pH cda DD trong phuong phdp trung
hoa. N&u bi€u dién cic gid tri thé oxy héa khit cia DD ting vdi cdc thdi di€ém khic
nhau trong qud trinh chuin d6 1éndd thi ta s& nhian dudc dudng cong chuidn do
gidng v4i dudng cong nhan dudc trons phuong phdp trung hoa.

Khi cho mot thé tich xdc dinh dun@.dich chuin ciia chit oxy héa hoic khit
vao dung dich cin chuin dd (chita chat khif hoic chit oxy héa), thi xdy ra phdn
ing oxy héa khit. Phdn 'ng nay lam thay ddi ndng do clia cdc chat phin ng sao
cho khi cin bing, thé oxy héa ciia hai cip oxy hoa < 'khit tr§ nén biing nhau tai moi
thdi diém cta dudng cong. P& tinh th€ tai cdc thdi di€m chuin dd cé thé st dung
phuong trinh Nernst 4p dung cho cdc hé oxy héa khi bat ky tham gia phdn tng
chuén dd.

Ox1 + ne — Khl (Ox: Vi€t tit chat oxy hoa; Kh: Viét tit chat khit)

Kh2 - me — Ox2

Phén @ng c6 thé viét tong quat

aOx1 + bKh2 = cKhl + dOx2

Nhu vay trong qué trinh chuin d9, trong dung dich ludn ton tai hai cip oxy
héa khit lién hgp Ox1/Kh1 va Ox2/Kh2. Viéc xay dung dudng cong chuin do trong
phuong phap oxy héa khir ciing dudc chia thanh ba ving:

- Viing trudc diém tuong duong.

- Viing tai di€m tuong dudng.

- Viing sau di€m tuong duong.
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Ngoai trir di€ém dau khi chua chuin do, trong dung dich chi tén tai mot
cip oxy héa khir cida dung dich cin xdc dinh, con & moi thdi diém clia phép
chuin dd trong dung dich déu tdn tai hai cip oxy héa khir: mot ciia chat phan
tich, mot cta thudc thi.

Tuy nhién:
* Trude diém tuong duong: do ndng dd chat phan tich con du so véi ndng do

cia thudc tht, vi vay ciip oxy héa khit cia chit phan tich 13 cidp dién hoat (tic 1a
viéc tinh th€ tai thdi di€m nay dua vao cip ciia oxy héa khit clia chat phan tich).

* Tai di€m tuong duong: khi ma cd ndng d6 clia chit phan tich va thudc thi
déu ra't bé, viéc tinh th€ dya vio sy t& hgp cdc bi€u thitc tinh thé cho ca hai cip
oxy héa khit cia thudc thit va cia chit phan tich. Gi4 tri nay 1a gi4 tri ly thuyé&t, bdi
vi & thdi diém nay ca hai cip déu 12 khong dién hoat va th€ & day 1a th& “hdn
hop”.

* Sau di€m.4uong duong: khi ndng d6 clia chit phan tich 1a v6 cling bé va
ldc nay da cho du thudc thit do d6 th€ dién cuc dugc tinh theo cip oxy héa cia
thudce thi.

Dua vao dic di€m cta phdn tng oxy héa khit ma ngudi ta chia hai trudng
hop.

1. Trudng hgp khong c¢6 sy tham gia cia moi trudng

Trong qud trinh dinh phan, E cfa dung dich thay d6i theo lugng thudc thi
thém vao ta xét mot trudng hdp cu thé rovsuy ra trudng hop chung: chuian dd 100
ml dung dich FeSO, 0,1N bing dung dich Ce(S0,), 0,1N.

E° Fe*/Fe** = 0,77V; E'ce?/ce* = 1,44V
Phan tng chuin do:

Fe™ + Ce™ = Fe™* + Ce’ (1)

Fe** - le —» Fe’*

Ce* +1e » Ce**

Céc chat chi trao ddi mot electron nén duong lugng gam clia cdc chat bing
phin t& gam: D =M va Cy.-Cy,.

Hiing s6 can bing K¢, = 10""*° khd 16n nén phan ng x4y ra hoan toan. O
mdi mot thdi di€m dinh phan phin ng s& dat d&€n mot trang thdi cAn bing mdi, khi
d6 van tc phan @ng cla hai chiéu nhu nhau va dién thé giira hai cip Fe’*/ Fe** va
Ce™/ Ce’* bing nhau va biing chinh thé€ cta dung dich tai thdi diém d6.

Euq= E ce*/ce* = E Fe*/Fe™*, ta c6 thé viét

Eq=E ce*7ce = E? ce*/ce’ + 0,0591g [Ce* /[ Ce™]
Egq = E Fe/ Fe* = E “re/ e + 0,0591g [Fe®*]/ [Fe*']
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B&i vy mudn tinh dién thé Eyq ta ¢ thé tinh theo dién thé E clia mot trong
hai cidp. Tuy nhién d€ dé tinh ndng d6 clia cic dang, & tru6c diém tuong duong
ngudi ta thudng tinh E clia dung dich theo cip chit cAn xdc dinh (E pesss pens), Saul
diém tuong duong E tinh theo cip chit 1am dung dich chun (E cesss cess). DE don
gidn trong tinh todn ta gi3 thié€t thé tich cia dung dich trong qud trinh dinh phin vain
gilt nguyén.

b€ xay dung dudng cong chuin dd can phai bi€u dién sy phu thudc ctia E —
V tai 3 thoi diém.
1.Trude diém tuong duong.

-Gi4 st cho dudc 50 ml (hay 50%) dung dich Ce(SO4), 0,1N thi [Fe®*]/ [Fe™*]
=1 nén:

Eg = 0,77 + 0,0591gl =,77 V

-Khi d3 cho 90% lugng Ce(SO,), cAn thiét thi [Fe**]/ [Fe*] = 9/1 nén:
Eqq = 077 + 0,0591g9 = 0,829 V

- Khi dd cho 99% ducong Ce(SO4), cin thiét thi [Fe’*]/ [Fe**] = 99/1 nén:
Eg = 0,77 + 0,0591299 = 0,889 V

- Khi d3 cho 99,9% lugns €e(SO,), cin thiét thi [Fe**]/ [Fe**] = 99,9/0,1 nén:
Egq = 0,77 + 0,0591g999. = 0,947 V
2. Tai diém twong duong.
Tic 1a khi da cho du 100% lugng Ce(S0Oy4), vao dung dich FeSO, 0,1N thi

toan bd Fe®* thanh Fe’* va toan bd Ce™ thanh4 e’ nén ta khong thé tinh Eyq theo
Ece*/ce* hay E Fe/ Fe* dugc. Khi phdn tng dat dé edn bing, ta ¢6 thé viét:

Fe3+
Egy = Ez%e2+ + O: 059lg %Fg%

[ Ce” ]

Eygq= 47 +0059lg|_ _I

J{ce" ]
[Fez+].[Ce3+]

F 3+
2Edd = El?e3+ + Ez)e473 + 0,059lg|: ¢
et

Fe2+

Theo phuong trinh phan &ng (1), & diém tuong duong khi dat d&€n cin bing thi:
[Fe™] = [Ce™] va [Fe**] = [Ce™*] nén
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Efesy +E,
_ Fe2+
Edd -

47
ce3t

2
Thay gid tri vaotacd Eg=1,105V.
3. Sau diém tuwong duong.

Khi dung dich di c6 du thudc thir va vi viy dién th€ tai thdi di€m tinh theo
E ciia cip Ce*"/ Ce’*.Ta sé& tinh E  mot s6 diém.

- Khi da cho du 0,1 % dung dich Ce(SO.), 0,1 N vao thi ty s& [Ce*] / [ Ce’'] =
0,1/100 = 10~

Eq= 1,44 +0,0591g10” = 1,263 V
- Khi dé cho du 1% dung dich Ce(SO4), 0,1 N vao, ty s6 [Ce*"]/[ Ce**] =1/100=0"
Eq= 1,44 + 0,0591g10? = 1,322V

- Khi da cho du 10% dung dich Ce(SO.), 0,1 N vao, ty s6 [Ce*™]/[ Ce™] = 10/100 =
107,

Eq= 1,44 + 00591g10" = 1,381 V

Ta c6 thé tém tit trong bang 5.2

Bding 5.2. Thé oxy héa khit chudn dé dung dich Fe**

\Y %Fe” |%Ce* du| [Fe**)/ [Fe .. [Ce*)/[Ce®] | ThéE (V)
Ce(SO,), | du
thém (ml)
10 90 10/90 ~ 10 0,712
50 50 50/50 = 1 0,771
90 10 90/10 ~ 10 0,830
99 1 99/1 ~ 10° 0,889
99,9 0,1 99,9/0,1 ~ 10° 0,948
100 0 1,105
100,1 0,1 0,1/100,1 =107 | 1,263
101 1 1/101 = 10 1,322
110 10 10/110 ~ 10™ 1,381

Pudng dinh phan dudc biéu dién & hinh 5.1.
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1,263 + BuGc nhay
0,889 | $ chuin do
!
0 100 Ve t(ml)

Hinh 5.1.Puong cong chudn dé Fe**
Nhan xét:
- Pudng chuin dd c6 dang ddi xitng qua di€m tuong duong.

- Tuong tu nhu phuong phdp trung hoa, khi thira 0,1% Fe** dén ldc thira 0,1%
Ce™ dudng dinh phin c6 dang nhu gin thing ding, Ey thay d6i dot ngodt tir 0,948
V dén 1,273 V tic 13 ddy c6 budc nhdy th€ trén duong dinh phan. Ngoai khodng
d6 ra thi E4qbi€n d6i tirtir,

- Tit c4ch tinh Egq 6 d4u va cudi budc nhdy, trong trudng hgp chung ngudi ta
nhan thiy ring AE’ ciia 2 cip oxy/hod khit cang 16n thi budc nhiy E cang dai.

- Trong mot s& trudng hop t2:co thé kéo dai buoc nhdy E biing cdch gidm Eyq
& dau budc nhdy hay ting Egq & cudi bitde nhdy.

Khéc v6i phuong phdp trung hoa duong dinh phan trong trudng hdp nay
khong phu thudc vao su pha lodng dung dich. véi diéu kién gia tri pH clia moi
trudng khong d6i, hé sd clia hai dang oxy hod khiciia 2 cip bing nhau, trdi lai n€u
hé s6 cda hai dang oxy héa khi¥ ctia 2 ciip khdc nhait thi sy pha lodng cda dung dich
c6 d4nh hudng d€n do dai clia budc nhay.

- Trong trudng hgp téng quét ta c6 phdn Gng:
n;0x; + n, Kh, =n; Kh; + n, Ox,
thi ta tinh dién th€ § di€ém tuong duong nhu sau:

0 0
mE, ., +n,E, .,
E = i 2
td n+n,

Vi du phan @ng: 5Fe** + MnO, + 8H" = Fe’* + Mn** + 4H,0

- 0,77+5.1,51

=1,387(V
= @

0
E i/, =0TV E” MnO,/Mn**= 1,51V
Fe
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4. Chon chdt chi thi dé xdc dinh diém tuong.

Pé€ xic dinh diém tuong duong vdi dd chinh x4c (thudng 1a + 0,1%), ta chon
chét chi thi oxy hod kh& nao c6 khodng d8i mau (hay thudng 13 E’Indox/Indkh) nim
trong budc nhay E ctia dudng dinh phan.

Nhu trudng hdp trén ta ding axit phenylantranilic ¢c6 E® = + 1,08V 1am chi
thi. Néu kéo dai buéc nhdy bang cdch thém H;PO, hay NaF thi ta dung dudc
diphenyl amin.

5.4.2. Truong hop ¢é sy tham gia cua moi trudng

Vi du dinh phan mudi Fe** bing KMnO,. Pinh phan 100 ml dung dich mu&i
Fe’ 0,1N bing dung dich KMnO, 0,1N trong moi trudng H,SO, vdi gid thiét [H'] =
1 ion/l.

5Fe** + MnO, + 8H' = Fe** + Mn*" + 4H,0

+ Trude diém twong duong:

Thé ciia dung dich tinh theo th€ ctia cap Fe’*/Fe**( ciing twong ty nhu
trudng hgp khong co s tham gia cia moi trudng.

3+
0,059 lg [Fe’']

E=0,77+ o
} [Fe ]

+ Tai diém tuong dvong:

E, - 0,77 +65.1,51 “L33707)

+ Sau diém tuong duong:
Thé ciia dung dich dugc tinh theo th& cia cip Mn, /Mn**.

0,059, [MnO,J[H+]
8 [ Mn®']

E=1,51+

Budc nhdy th& bit dau tir ldc thém 99,9 ml KMnO,4 cho dé&n khi thém 100,1 ml
KMnO, tirc 13 tir 0,94V — 1,47V. Pudng dinh phin c¢6 dang nhu Hinh 5.2. C4c s&
liéu tinh dugc trinh bay & Bang 5.3.
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Bdng 5.3. Thé oxy héa khit chudn do dung dich Fe** bing KMnO,

Vivnos | Fe?* thira | MnO, thira Fe’*/Fe** MnO,/Mn>* E(V)
thém (ml) (ml) (ml)
50 50 - 50:50 =1 - 0,771
90 9 - 91:9 ~ 10 - 0,828
99 1 - 99:1 ~ 100 - 0,886
99,9 0,1 - 99,9:0,1~1000 - 0,944
100 B - B - 1,387
100,1 B 0.1 B 0,1:100 =107 1,475
101 B 1,0 B 1:100 =107 1,487
110 & 10 B 10:100 =10 1,498
E(V)
1,475 +
1,387 + IBu’(’ic nlidy chuidn do
0,994
0 100 Vkmnoa (M)

Hinh 5.2.Puong cong chudn d Fe**

(khi c6 su tham gia ciia moi truong)

v.5. MOT SO PHUGNG PHAP CHUAN PO OXY HOA KHU

Mit dii cdc phdn ng oxy héa khit 1a rat phong phi nhung do nhitng yéu cau
nghiém ngit cla cdc phan tng ding trong phuong phdp phan tich thé tich nén trong
phuong phdp dinh lugng oxy héa khit chi dung han ch€ mot s thudc thit. Cin cd
vao thudc thit ¢ ding ma ngudi ta phan loai thanh cdc phuong phdp cu thé.
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V.5.1. Phuong phap pemanganat

Tinh chit oxy héa clia pemanganat: 1 chit oxy hod manh. Sdn phdm ctlia su
oxy hoa phu thudc vao moi trudng.

Trong mdi trudng oxy héa manh: ion MnO,” bi kht thanh Mn** khong mau.

0
MnO, + 8H" +5e = Mn** 4H,0 EMnO% =1.51V
Mn2+

Trong mdi trudng trung tinh: ion MnOy4 bi khit thanh Mn** (MnO,)

0
MnO4 8¢ + 2H,0 = MnO, + 40H EMnOV =0,588V
MnOj

Trong mdi trudng bazo kiém: ion MnO,” bi khit thinh MnO,>.

EO
MnO; +le = MnO,” an/ , =0,564V
MnOj~

B&i vi trong phin ('ng khit ion MnO, ¢6 khd ning trao ddi v6i mot s 16n
electron (n < 5e) nén phiw.ing khit ion MnO,” thudng dién qua céc giai doan trung
gian: Mn(VI), Mn(IV), Mn(I11); Mn(II). Trong d6 dang Mn(III) 12 chit oxy héa rat

E,

manh ( W(ﬂl/ww)) = 1,5V nhung frang thdi nay khong bén.

1. Piéu ché dung dich KMnOy,.

Dung dich KMNO; dic, tinh khi€t ¢5°d0 bén kha cao nhung dung dich lodng
lai c6 dd bén thap.

Do KMnO, 1a chit oxy héa manh nén qua {finh bdo quin phii hét sitc cin
than, tranh bui bam, tranh dnh sdng, dic biét tranh sy <6, mat cua Mn** va MnO,.

Vi nhitng 1y do d6 nén dung dich KMnO, tiéu chuin cin phai doi héi thuc
hi€n ding cac thao tdc nhu sau:

- Khong pha ch€ dung dich tif lugng cAn chinh xdc vi ngay cd KMnQO, néi 1a
nguyén chat cling chita lugng vét MnO, 1a chit xic tdc cho qud trinh phan huy
MnO,". Mit khic trong nudc cit bao gid ciing c¢6 cdc chat khit c6 thé khit ion MnO,
thanh MnQO,.

- Pha ch& dung dich c¢6 ndng dd gin diing biing cdch hoa tan KMnO, vao
H,0, dun sdi dung dich mdt thdi gian sau d6 1am lanh va loc hét v&t MnO, (bing
phéu thuy tinh, hoic phéu cit) réi bdo quin dung dich trong binh thuy tinh mau nau
nut nham.

- Chuén héa dung dich KMnO, bing cic chat goc: Na,C,04, H,C,0,.2H,0
va mot sd chat khiac. Thudng chi thi 13 lugng du rit bé KMnO, sau di€m tuong
duong.
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2 N A A A s A ~ A A A X X ~ .
Quaé trinh chuin dd can chd y mdt s6 nguyén nhan sau diy dé dan dén sai

- Su oxy héa cdm tng ion C,0,” bdi khong khi.
C,0,5 + 0, + 2H' = 2H,0 + 2CO,

(tuy nhién do H,O, ciing 12 chit khit n6 s& bi MnO,4 oxy héa nén ciing bi tiéu thu
mot s8 duong luong gam MnO, nhu C,0,” néu khong c6 su phan huy H,0,)

- Su phan huy chim KMnO, xay ra khi dun néng.
- Su ¢6 mat cia HCL bi oxy héa cam tng bdi ion MnO,.
2. M{t 56 ving dung:

N6i chung phuong phip pemanganat dugc dung dé dinh lugng cdc chat khi,
vi du:

+ DPinh lugng Fe**: Fe c6 trong tu nhién thudng ton tai dang Fe(IIl) hoic
Fe(II). Khi chuy&ri'yio dung dich thi sit & dudi dang Fe** hoic Fe* hodc c6 mit
ddng thdi ci Fe’* va Be’* vi vay phai khit Fe’* thanh Fe” rdi chuin do bing dung
dich KMnOy.

5Fe’* + MnOy. +8H" = 5Fe’* + Mn*" + 4H,0

P& khit Fe’* thanh Fe”" &6 thé ding kim loai dic biét thudng ding nhu
SnCl,, vi trong dung dich néng SnCls’khi hoan toan Fe’* thanh Fe?*,

Sn** + 2Fe*" = 2Fe® + Su

CAn phai ding du SnCl, d€ khit hoan t6an Fe’ nén lugng du SnCl, dugc oxy
héa biang HgCl,.

SHC12 + ch12 = SHC14 + Hg2C12

Tuy nhién cin tranh ding du nhiéu SnCl, vi n6é ¢5 khd ning khit ti€p Hg,Cl,
thanh thuy ngan kim loai 1a chdt phdn ¢ng manh véi MnOy.

Trong phéan ng chuin d6 Fe* bing dung dich MnO, ngudi ta ding H,SO,
va c6 mit chat bdo vé gdbm MnSO, + H,SO, + H;PO,.

+ Pinh lugng H,0,.
Trong dung dich axit, H,O, khit MnOy4
5H,0, +2MnO, + 6H' = 2Mn** +50, + 8H,0

Phan tng xdy ra cling c6 giai doan cam Gng tuong ty nhu phan ng gitra
MnO; véi C,0,”.

+ Pinh lugng nitrit: ion NO, kndng tic dung v6i MnO, trong dung dich trung
tinh hodc ki€ém. Chi trong dung dich axit, dun néng né bi oxi héa hoan toan.

5NO, +2MnO, + 8H' =5NO; 2Mn** +50, + 3H,0O
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Do mdi trudng axit ¢ kha ning tao HNO, dé bay hdi nén qu4 trinh chuin do
sé& thu dugc k&t qui thap va vi viy phép tinh thudng c6é thé thuc hanh theo hai
cach:

-Thém chinh xdc tur tir dung dich NO," tit buret vao dung dich MnO," da dudc
oxy héa cho d&€n khi mat mau dung dich KMnO,.

T&t hon hét 1a cho du dung dich KMnO, vao dung dich NO,™ va sau d6 chuin

do lugng duw KMnO, bing phuong phép iot.

V.5.2. Phuong phap dicromat

1. Dung dich K,Cr,0;: La chit oxy ho4 trong mdi trudng axit
Cr,0;” + 6e + 14H' = 2Cr’" + 7H,0

Dung dich K,Cr,O; rat bén, Phin tng chuidn dd c6 thé ti€n hanh trong moi
truong axit: H,SO,4, HCIO, va HCI.

Chi thi dung trong phudng phdp dicrommat c6 thé diing cic chi thi oxy héa
khit nhu: diphenylamin, diphenylbenzidin, t6t hon ¢4 13 natri diphenylsunfonat.

K,Cr,0; ddp tng-diy dd yéu cdu clia chit goc vi vay c6 thé pha ché dung
dich tiéu chuén di tir lugng cén chinh xéc.

Ung dung: quan trong nhit]a chuin do Fe™.

Viéc dung Fe(I) ¢6 nhiéu thitan 1di chang han: Khi can chuin dd cdc chat
oxy hoéa thi ngudi ta cho lugng du chinh%dc Fe(Il) sau d6 chuin do ngudc Fe(Il) du
bing K,Cr,05, con d€ dinh lugng cdc chatkh® thi cho mudi Fe(IIl) du vao va sau
d6 chuin dod Fe(Il) tao ra bing dung dich K,€,0,. Hodc chit khit phdn ng chim
vGi Fe(IIl) thi c6 thé thém du K,Cr,O; rbi chudn,do ngugc lugng K,Cr,0; bing
Fe(ID).

Uu di€m cta phuong phdp dicromat 13 mit du phin @ng cé su thay ddi 16n s&
electron nhung khong qua nhiéu giai doan va dic biét 1a khong ¢ sy oxy hod cdm
ting v6i ion C1' nén phéan tng c6 thé ti€n hanh trong mdi trudng HCI.

V.5.3. Phuong phap iot
1. Tinh chdt oxy hod khi cia iot.

I6t 1a chat oxy hda y&u va iodua 1a chat khit y&u
0
Lean + 26 = 217 £, 0 =0,5345V

Vivay I, co thé oxy héa dudc cdc chat khtt trung binh (H,S, H,SO3, Sn(1l)...)
va iodua c6 thé khit dudc céc chit oxy héa trung binh trd 1én (Fe’*, H,0,, Cr,0,%,
MIIO4_...).

Phuong phép i6t dude ding dé€ dinh lugng ca cdc chit oxy héa va cdc chat khi.
- Cé4c chat khtr c6 thé dudc chudn do truc ti€p bing idt hodc tic dung véi I,
14y du va sau d6 chudn do lugng du idt bing bing dung dich (Na,S,03).
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Nhu vay trong phuong phdp i6t phdn ¢ng quan trong nhat 1a phdn @ng gitta
10t va Na28203.

L + 28,05" = 2I' +S,0¢"
2. Cdc phép tién hanh doi véi phuong phdp iot.

Chuén d6 truc ti€p: D€ ti€n hanh chuidn dd truc ti€p can phai diéu ch€ dung
dich tiéu chudn I, bing cich hoa tan I, rin trong dung dich KI va nhu vay dung
dich I, tdn tai dang phic I5".

L+T =15

D€ xdc dinh do chuin clia dung dich I, ngudi ta ti€n hanh chuin dd bing
dung dich Na,S,0; vdi chi thi hd tinh bot. Phép chudn dd truc ti€p dugc dung dé
dinh lugng cdc chat khit c6 thé nhd hon so véi thé clia E,Oy

21

Chudn d6 gidn ti€p: vi hau hét cac phin Gng gita I, v6i cdc chat khit x4y ra
chAm nén phai ti€whinh chuin d6 gidn ti€p hay chuin do ngugc.

Nguyén tic:
Khl + I, (déchinh xdc) = ox1 + 2I (1)
L(dw) + 2S,0:% = 21 + S404”

hodc:
oxl +2I' (dv) = Khl + 1, (2)
L(taora) + 28,05 = 21 #8,06

3. Cdc ngudn géc gay sai s6 khi chudn do iot.

Su oxy héa I bdi oxi khong khi.

A + O, + 4H" = 2, + 2H,O

Su mAt mat I, do sy thing hoa, dic biét & nhiét dd cao vi thé can chuin d6
nhiét do thap.

Phdn tng xdy ra trong moi trudng axit yéu hodc bazd y€u bdi vi néu trong
moi truéng axit manh xay ra:

$,05° + H' = HS,0y
HS,0; — HSO5 + SY
Con trong moi trudng bazd manh:
L + OH = HOI + I
va néu ¢6 kiém du thi: HIO" + OH" —» H,O + OI'
Do chi thi hd tinh bot tao phic véi I, kha bén trong mot lugng I, ding ké tdn
tai nén sé& gy sai s8. Vi vay chi cho ho tinh bot khi chuian dd gin dén di€m tuong
duong.
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4. Ung dung ciia phiong phdp iot.

Pinh lugng chat khit: vi du dinh lugng asen. Phuong phdp nay dua trén viéc
chuin d dung dich asen(IIl) biing i6t vdi chi thi hd tinh bot. Phin ¢ng ti€n hanh
trong moi trudng pH tu 4 — 9 thudng dung NaHCO;.

H;AsO; + I; + 40HY = H,SO,* + 31 + H,0

Pinh lugng chdt oxy héa: ching han dinh lugng Cu®*: cho Cu®* phin tng véi
I' du. Phan ing xay ra thanh I, va sau d6 chuin do I, bing dung dich Na,S,05. Phan
ng xay ra thanh I, va sau d6 chuidn d6 I, bing dung dich Na,S,0;. Phdn ting xay
ra:

2Cu™ + le » Cu*
A - 2e > |
2Cu’ 41 - Cul
L «I >I35

2Cu* #50 = Iy + 2Culd K=10""

Hing s6 can biing [Gn, phdn ¢ng thuc t€ xdy ra hoan toan. Mot s6 yé&u to anh
hudng dén phdn tng:

Do axit: N€u pH > 4 thi €4™" ¢6 kha niing tao phic hidroxo, phin @ng x4y
ra chim, di€m cudi chuin do khong 6, n€u pH < 5 thi x4y ra sy oxy hod ion I bdi
oxy khong khi. Diéu kién pH t8i uu la 3.

- K&t tia Cul c6 kha ning hap thu 1% trén bé mit, lam cho phan @ng cda I,
v6i Na,S,05 khé khiin va 1am két tda ¢6 mau thdm khé xdc dinh diém tuong duong.
D€ han ch& kha ning hap thu cda Cul ngudi ta dZcho thém KSCN vao dung dich
chuin d6.

V.6. BAI TAP

1. Tinh néng dd N cda dung dich KMnOy, khi dinh phian trong mdi trudng
kiém (Khir t6i MnO,). N&u khi xdc dinh dung dich clia né ngudi ta ti€n hanh trong
mdi trudng axit va bi€t dude ndng dd cla né bing 0,1M.

2. Ngudi ta trOn 300ml dung dich K,Cr,07 ¢ chia trong d6 1,56 g K,Cr,04
v6i 400 ml dung dich K,Cr,07 0,0365 M va250 ml dung dich K,Cr,07 0,213N . Sau
khi pha loding dung dich bing nuoc cit d&€n 1 lit. Tinh néng dd duong lugng gam
cta dung dich K,Cr,0O; thu dugc trong phdn ng oxy hod khi.

3. Khi dinh phan 0,1133g Na,C,O4 sach trong mdi trudng axit thi ton mat
20,75 ml dung dich KMnO,. Tinh néng do N va T KMnO,/ Na,C,0,.

4. Cho 25 ml dung dich KMnO, c6 T(KMnO4fFez+) = 0,0003112 vao dung
dich chita lugng du KI va axit. Pinh phan iot tao ra ton mat 24,14 ml dung dich
Na,S,0;. Tinh dd chuidn theo chit can xdc dinh 12 i6t ciia dung dich Na,S,0; § trén.
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5. Nong d6 dung dich Na,S,05 dugc xdc dinh theo phuong trinh sau: Cu —
Cu*; 2Cu* + 41 > 2L, + Cwly; L + $,055 — 2T + S,047. B€ thuc hién
thi nghiém ngudi ta da 18y 0,125 g Cu tinh khi€t va khi dinh phan lugng I, tao ra
trong phdn tng & trén thi ton mat 21,1 ml dung dich Na,S,0;. Tinh TNa.s,0;;
TNa,$,04/1,; TNa,S,05/Cu ?

6. Can bao nhiéu gam quing chita gan 70% Fe,0O; d€ sau khi ché€ héa rdi
dem dinh phan Fe** tao ra thi t6n mat 20 — 30 ml dung dich KMnO, 0,1N.

7. Lugng Pb § trong 5 gam hgp kim dugc bi€n thanh PbCrO,. Cho axit va KI
vao k&t tha PbCrO,. Khi dinh phan i6t(I,) tao ra thi t6n mat 10,2 ml dung dich
Na,S,0;5 0,103N. Tinh % Pb trong hgp kim.

8. Hoa tan 0,16 gam d4 voi trong HCI, Sau d6 két tiia Ca du6i dang CaC,0,.
Sao d6 hoa tan k&t tia da dugc rira sach trong dung dich H,SO, lodng va dinh phan
dung dich thu dugc bing KMnO, ¢6 T kMnoycaco; = 0,006. Tinh % CaCOj; trong d4
voi bi€t ring lugng, KMnO, tiéu ton trong dinh phan 1a 20,75 ml.

9. Pinh phan dung dich Fe** thu dugc tir 0.2 g quing Fe bing dung dich
chuin K,Cr,0, 0,02 M. tuong K,Cr,O; tdn trong lic dinh phan 1a 20,5 ml. Mo t3
qud trinh xdc dinh biing cacphin &ng héa hoc va tinh phan trim Fe trong quing.

10. Hoa tan 2 gam quang'¢o chia Cr trong axit. Sau d6 oxy héa Cr c6 trong
d6 bing (NH,4),S,05 d&€n Cr,0,° . Sau khi phan thuy lugng du (NH,),S,05 bing cich
dun s6i. Pha lodng dung dich d&€n 100°inl. D€ xdc dinh 14y 20 ml vira thu dugc cho
vao dé 25ml FeSO,. Pinh phan lugng d@4'eSO, ton mat 15 ml dung dich KMnO,
0,045N. Tinh % Cr trong quing biét ring khii.dinh phan 25 ml dung dich FeSO, thi
tdn mat 35 ml dung dich KMnO,.
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Chuong VI

PHUGNG PHAP CHUAN PO TAO PHUC
(COMPLEXON)

VL1. PHUC CHAT

Phitc chat 1a nhitng hdp chit dudc cau tao tir sy k€t hgp giira:

- Ion trung tAm thudng 14 ion kim loai ma phu tin d con trong (thudng thudc
nhém kim loai chuyén ti€p).

- Ligand hay phoi t 1a nhitng phan ti hay ion clia nguyén t6 hay nhém
nguyén t& v4i nguyén td con dién tif ty do n.

Ion trung tAm va ligand ndi v6i nhau biing lién k&t cdng hda tri hay lién két
phdi tri. Phitc chat c6 thé dang ion hay phin tt. M&i hdp chat phifc ¢6 thé gdm mot
(goi la phitc don nhian) hay nhiéu ion kim loai trung tAm (goi 1a phitc da nhan) két
hdp v6i mdt ligand (goi 1a phitc don cang) hodc nhiéu ligand (phifc da cang).

VL.2. NOI DUNG CUA PHUGNG PHAP CHUAN PO TAO PHUC

Phuong phdp chiéin do tao phitc 13 phudng phdp phan tich thé tich dua vao
phan tng tao phitc bén. Phuong phdp chuin dd duva trén cdc phin tng tuong tic
gifta c4c ion x4c dinh (da so liion kim loai) v6i mot sd thudc thit hitu cd thudc loai
céc axit amino policacboxilic. S\4uong tdc ndy tao thanh cdc hgp chat khong tan, it
phan ly va c6 thanh phin khong doi.

Yéu cau ddi véi phan @ng tao phic dithg trong phan tich thé tich
- Phén tng x4y ra phai c6 toc dod 16n Va hoan toan.
- Phén tng xdy ra phai theo ding hé so t¥dudng.
- Phai c¢6 kha ning xdc dinh dugc diém tuong
- Han ch€& dén mdc t6i da cdc qua trinh phu
Trong thuc t€ ngudi ta nhan thdy ring: bén canh sy tao phifc chinh (ion kim

loai véi thudc tht EDTA ching han).Thudng c¢é su kém theo cdc qud trinh phu
khéc nhu:

+ Su tao phic hidroxo ctia ion kim loai.

+ Su proton héa (qué trinh ndy din d€n sy pha huy phic).

+ Su tao phic phu (phtc clia ion kim loai v6i phdi t la nao dé c6 trong
dung dich chuin d6).

Vi phdi thod méin cdc yéu cAu néu trén nén chi c6 mot sd phuong phap sau.
VI1.2.1. Phuong Phap Thuy Ngin

Dua vao phin @ng tao phic chat gitta Hg** v6i cdc anim halogenua, CN,
SCN' v.v..v6i chi thi diphenylcacbazit hay diphenylcacbazon trong mdi truéng c6
pH thich hgp.
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Hg” + CI' = HgCl' K,;=5,5.10°
Hg”* + HgCl' = HgCl, K,=3,0.10°
HgCl, + CI' = HgCly K; =7
HeCly + CI' = HgCL> K, =10

Hai phdn @ng sau khong c6 gid tri dinh lugng vi y€u ma thuc t€ chi dua vao
hai phdn tng dau
VI.2.2. Phuong Phap Xyanua

Duya vao sy dinh phan dung dich xyanua bang dung dich AgNOs tao ra phic
chat Ag(CN),":

2CN + Ag" == Ag(CN),
Né&u thém nhiéu Ag* hon thi lai tao két tia AgCN
Ag(CN), + Ag" == AgCN

Nhu vy ta sé& két thic dinh phan khi bt dau thd'y dung dich vin duc két tia
AgCN.

C6 thé dung’phuong phdp nay d€ dinh phan gidn ti€p mot sd ion kim loai
dic biét 1a Ni**, Co " Cu** va Zn® vi chiing c6 thé tao dugc véi CN™ nhitng phifc
chat bén hon Ag(CN), vi‘phain ng x3y ra theo mdt quan hé ty lugng xdc dinh. Vi
du néu cho du CN" vao dung.dich Ni** trong amoniac thi toan bd Ni** s& & dang
phitc chat [Ni(CN)4]2' bén hon'Ag(CN), do d6 c6 thé dinh lugng thira CN™ biang
phuong phédp trén.

VI.2.3. Phuong Phap Complexon

Dya vao phdn ng tao mudi ndi’phitc goi 12 complexonat xdy ra giita
complexon va hiu hét cdc ion kim loai. Phttong phdp nay c6 pham vi tng dung
rong rii, c6 dd nhay va dd chinh xdc rat cao, hién nay né 1a phuong phdp phd bién
nhat.

VI.3. PHUGNG PHAP CHUAN PO COMPLEXON
VI.3.1. Khai niém vé complexon
VI1.3.1.1. Pinh nghia va cdu tao ciia complexon

D6 1a nhitng axit hitu c¢d hodc 12 din xuat clia cdc axit hitu c6 amino
polycdcbaxilic. Cé 3 complexon quan trong thuéng dung la:

Complexon I: axit nitrolotriaxetic (NTA), ky hi€u H5Y con goi l1a trilon A (M
=191,1)

_ CH, - COOH
HOOC - CH, - N
™ CH, - COOH

Complexon II: 1a axit etylen diamin tetraaxetic (EDTA) ky hiéu la H,Y (M =
292,1)
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HOOC - CH, CH, - COOH

/
N-CHy- CH, - N {

HOOC - CHZ/ CH, - COOH

Complexon III (Trilon B): 12 mudi dinatri ctia axit etylen diamin tetraaxetic ky hiéu
la Na,H,Y, tén k¥ thuat la trilon B c6 M = 336,2.

HOOC - CH, Y CH, — COONa
/N—CHZ—CHZ - N ~
NaOOC - CH, CH, - COOH

Trong phan tif complexon déu c6 nhi€u nhém —COOH c6 tinh axit nén cdc
complexon 13 cdc da axit. C4c hiing so axit K, clia chiing § nic dau thudng 16n va
gin biing nhau nén dung dich clia chiing cé tinh axit manh. Con cdc K, clia cdc nic
sau nhé nén tronglung dich thudng ¢ pH cao mdi ton tai dugc cdc dang ion hda
cudi. Vi du EDTA ¢6pK, =2,0; pK, =2,67; pK; = 6,16 va pK, = 10,26. o} pH =22
ton tai dang HyY", pH=4,3 - H,Y>, pH=83 - HY”,pH=12,4- Y*.

Trong phan tif compléxon mdt s§ nhém chic ¢6 kha ning dong thoi lién két
vdéi nguyén tif trung tAm bing mot sd lién k&t phdi tri. Ching dudc tao thanh bing
con dudng thay th€ cdc nguyén & hidro clia cdc nhém chitc cacboxyl bdi ion kim
loai va tuong tdc cation v4i cac ngiiyén tlf nitd ciia cdc nhém amin. Nguyén t& O
trong nhém COOH c6 kha ning tao liéfr k&t hod tri v6i ion kim loai. Nguyén tif N
trong nhém amin ¢6 khd niing tao li€n“kéEt phoi tri v6i ion kim loai. Do d6
complexon c6 khd ning tao mudi ndi phitc voi hiu hét cdc ion kim loai.

Chflng han tudng tidc cda trilon B vGi ionkim loai dién tich 27 ¢6 thé trinh
bay nhu sau:

HOOC - CH, CH, - COONa
N-CH,- CH~N + Me* =
NaOOC - CH, ~ \.CH, - COOH
Me -
(Soc -CHy _CH, - COONa )
N- CH, - CH, - N + 2H
NaOOC - CHZ/ }Hz — COO

EDTA tao phiic bén v6i nhiéu ion kim loai. Phiic s& c6 mau né&u ion kim loai
c6 mau, phic ion kim loai khong mau né€u ion kim loai khong mau.
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VI1.3.1.2. Su tao thanh complexondt
1. Phan ting.

Thudc thit EDTA 1a mot axit 4 nic viét tic 1a HyY v6i cdc hiing s6 phan ly
pK; =2,0; pK, =2,67; pK3 = 6,16 va pK4 = 10,26. Vi du phan Gng giita complexon
III va ion kim loai Me"".Qud trinh tao phitc xay ra nhu sau:

Na,H,Y — 2Ha" + H,Y*

H,Y* = H'+ HY> K,
HYY = H'+ HY' K,
Me™ + Y" = MY®™ B

T8 hgp H,Y> + Me™ =MeY™" + 2H', K=K;K)K;

Tir cdc phdn ng trén ta thdy: Hau hét trudng hgp phin ng tao phic x3y ra
theo ty 1& 1 :1 tdc 1a 1 ion kim loai (bat ky hod tri may) k€t hgp mot ion gam
complexon dé€ tao r | ion gam complexonat nhat dinh, di€éu nay rat dic biét khic
véi phan 16n cdc phitaiing tao phitc chit khdc. Ty 1& 1:1 cho phép ta xdc dinh
lugng ion kim loai 1 cdch ¢hinh x4c.

Trong phdn (ng trén, ta.thAy ludn ludn gidi phéng ra H' nén sé& 1am cho moi
trudng thanh axit manh, dnh hiténg d€n dd bén clia complexonat dugc tao ra, vi
vay phan tng phu thudc vao pH. Do d6 ta phdi duy tri phan ¢ng trong moi truong
dung dich dém.

EDTA it tan trong nu6c vi vay thit@@ng dung dugi dang mudi natri Na,H,Y
goi 1a complexon III (hay trilon B) nhung ¢4 khi vAn quen goi 1a EDTA).

2. Tinh chdt ciia complexonat

Tinh chat quy gid nhat cia complexon 13 kha niihg tao complexonat ngay cd
vdi kim loai kiém thd. Cac kim loai nay nhu ta da bi€t rit khé (hoic khong cé thé)
chuyén thanh hgp chit phiic bing cic cich khic duge. Phin 16n cdc complexonat
kim loai thudng rat bén, tic 1a hing s§ tao thanh kh4 16n. Thudng do bén cla
complexonat ting theo dién tich cia ion kim loai Me* < Me** < Me** < Me** thé
hién & chd Me** ¢6 thé ton tai & pH = 1, con Me™* tdn tai & pH = 1-2, con Me?* chi
ton tai & mdi trudng ki€ém. N6i chung cdc complexonat thudng bén trong moi
trudng ¢6 pH cao va xdc dinh, nhung v6i pH qué cao thi complexonat bi phdn huy
tao thanh hydroxyt it tan.

Me™ nOH == Me(OH),

B4&i vay phdi ti€n hanh phin ng trong moi trudng dém.

Céc complexonat déu d& tan trong nu6c hon complexon tuong ng, trong cic
complexonat kim loai thi Na,CaY la it tan nhAt.
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VI.3.2. Dinh phan biing complexon
VI1.3.2.1. Cdch xdc dinh diém tuong duong

b€ xdc dinh diém cudi trong phép chudn d6 complexon ngudi ta thudng
dung cac loai chi thi sau day:
1..Chi thi la thudc thit ddc trung riéng cua ion kim logi.

Ching han ion SCN 12 chi thi ciia phép chudn do Fe** bing EDTA vi Fe** tao phtc
vG6i SCN phic ¢6 mau dd mau:
Fe** + SCN = FeSCN*
Chi thi dudc cho tir ban ddu nén dung dich trudc chudn dd c6 mau hdng. Qu4
trinh chuin d6 x3y ra trudc hét 1a:
Fe** + H,Y* = FeY + 2H'
Cho dén khi xdy ra phdn ¢ng canh tranh
FeSCN** + H,Y” = FeY + SCN™ + 2H*

Nhu vay khi phiic mat mau ta ditng chuén do.

Piéu kién dé c6 thé st dung loai chi thi nay 13 hiing s6 bén ctia phic chat
gitta kim loai véi EDTA phdi 16n hon so v6i hiing s& bén clia phifc chit giita kim
loai v&i chi thi. Tuy nhi€n lirgng chi thi cho vao phai vira phai.

2. Chi thi kim loai

La nhitng chat hitu co'¢6. mau c¢6 kha ning tao phitc mau (hay su bi€n ddi
mau) v6i ion kim loai trong nhitng khodng néng dd ion kim loai nhat dinh, tao
thanh mudi ndi phitc khd bén, tan trehig nudc. C6 mau khic véi mau clia chi thi kim
loai & dang ty do. Céc chat chi thi kim f@ai phdi dat dugc cdc di€u kién sau:

- Ndng dd ctia chi thi bé nhung c6 da.nhay cao d€ c6 thé dé quan st sy ddi
mau.

- Hiing s6 bén cia ion kim loai vé6i chi thi (M-In) mic du phdi c6 dd bén
nhung phdi kém bén hon so véi phitc clia ion kim lodi v§i EDTA (M-EDTA).

- Phin ng tao phic gifta ion kim loai va chat chi thi phdi nhanh va thuan
nghich.

- Su d8i mau cda chat chi thi phai kha r6 d€ nhan dudc bing mit

Co ché tdc dung ciia chi thi kim loai nhu sau:

Gia st ta c6 chi thi thong dung 13 Eriocrom den T (viét tic ErioT hay ETOO)) dudc
vi€t dudi dang don gidn HyIn
Trong dung dich chi thi xay ra qua trinh:

H,In = H + Hin> = H" + In”

7 < pH < 11

mau do mau xanh  mau da cam

+ trudc khi chuin d6: ta cho vira di mot lugng chi thi vao vao dung dich
chtta ion kim loai( vi du chudn do Mg2+) thi dung dich s€ c6 mat Mg2+ va phic cua
Mg”* v6i chi thi. Hiu hét cdc kim loai déu tao phitc véi ETOO mau dé man, vi vay
dung dich khi chua chuin d6 c6 mau dé man.

Mg* + In> = MgIn’ B Mg
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+ Khi chuén do: Mg**(tu do) s& k&t hgp hét véi thude tht H,Y”, phan tng
chuin do x4y ra nhu sau:

Mg™ + HyY” = MgY”™ + 2H' By

+ K&t thic dinh phan: sau khi toan bd Mg** da tao phitc v6i H,Y* va khi
nhd mot giot du thudc thit H,Y” thi xdy ra phin ¢ng canh tranh:

MgIn™ + H,Y* = MgY” + 2H' + In”

Nhu vdy tai di€m cudi chudn @6 chi thi s& ton tai trang thdi khong tao phic,
trang thdi nay s& c6 dang HyIn', Hin> hay In mang mau sic khic nhau phu thudc
vao pH cia dung dich. Gi4 s& phép chudn do Mg bing EDTA & pH = 10 thi diém
cudi chudn dd chi thi ton tai dang Hin nén né ¢6 mau xanh.

3. Mét s6 chi thi kim loai théng dung.

*Eriocrom den T: vi€t tit 12 12 ErioT hay EDT hay ETOO c6 tinh chat nhu 1a
chi thi axit bazo, dugc tng dung nhiéu nhat, vi né c6 thé xéc dinh tryc ti€p phan 16n
céc cation thong thudng va mot s6 anion. Pay 1a chdt mau azd, 12 mudi natri cla
axit HsInd.

OH OH

NaO;S O N—N OO

NO3

vi€t tit 1a NaH,In
ETOO c6 tinh chat ciia mot chat chi thi axit — bazd 3 mau theo sd dd sau

H,In" VAN HIn* P In*

bo xanh da cam
NaH,In - Na" + H,In

H,In" = H* + HIn* pK, =6,3

HIn* = H' + In” pK,=115

Nhu vay chi thi s& ¢6 mau phu thudc vao pH.

pH < 7 chi thi ton tai dang HoIn c¢6 mau dd

pH > 11 chi thi ton tai dang In* ¢6 mau da cam

7 < pH < 11 chi thi ton tai dang HIn> ¢6 mau xanh

ErioT c6 kh4 ning tao phic v6i nhiéu ion kim loai: Mg**, Ca**, Zn**, Cd*,
Hg** AI’*, Ga’" ... da sd phitc ¢6 ty 18 1:1 va ¢6 mau dé man (hoidc tim)

Chd §: - mot s6 ion kim loai nhu Co**, Ni**, Cu**, Al**v.v..ké&t hop v6i ETOO
tao phifc chat bén hgn complexonat tuong ng nén khong dinh phan tryc ti€p dudc.
Sy c6 mit cla ching s& 1Am cdn trd viéc dinh phan truc tiép cdc ion khdc, chi ¢
Fe’*, Ca™, In™*, Se**, Zn**, Th** dugc dinh phan trong moi trudng axit vi tao phiic
bén véi complexon.

- M6t s& ion kim loai nhu Pb, Hg, In, Ga ... k€t hgp v6i ETOO tao phifc chit
mau qué nhat nén ciing khong dinh phan tryc tiép dugc.
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- Ton Fe* 1am c4n tr§ phép dinh phan biing complexon

Ton Mn** trong méi trudng kiém d& bi oxy héa thanh Mn®* va Mn* s& phan
huy chi' chi thi, tuy nhién c6 thé thém chat khit thich hgp ( axit ascocbit, hydrroxul-
amin) d€ ngin su oxy héa cia Mn** va c6 thé dinh phan gidn ti€p dugc.

- Murexit: 12 mudi amoni cia axit purpuric CsHsOgN5 Viét tic 1a: NH4HyIn

ONHy

(/NH - C\ /CHZ—NH\C .

0= C-N-C

\\NH-—(ﬁg \}3——-NH//

|
O

PH < 9 chi thi ton tai dang HyIn" ¢6 mau dé tim.

PH > 11 chi.thi ton tai dang HoIn> ¢6 mau tim xanh.

9 < PH < 11 chi thi tdn tai dang HsIn® ¢6 mau tim.

Loai nay ciing c6 kh3 ning tao phic véi nhiéu kim loai. Ching han véi Ca**
tao phifc mau dd, véi Ni’",€o™*, Cu®* tao phic mau vang.

Chd y: Murexit 1a chi thi kim loai thudng diing dé€ xdc ding Ca®* trong dung
dich NaOH, x4c dinh Cu**, Ni""%C€0** trong mdi trudng amonidc. Con cic ion kim
loai kh4c tao v6i murexit thanh nhithg phitc chat khong bén nén khong cé gid tri
trong phan tich. Sr**, Ba**, Mg”* ciing tic dung y&u v6i murexit do d6 c6 thé xac
dinh dugc Ca”* trong dung dich hdn hop Ca?l, Sr**, Ba™, Mg™".

VI.3.2.2. Cdc phuong phdp chudn dj compiexon
1.Phuwong phdp chudn do truc tiép.

La phép chuin do don gidn nhat. Phuong phdp nay dugc dung khi bi€t chat
chi thi c¢6 st chuyén mau rd rét & di€m cudi. Trong phueng phdp nay ngudi ta dicu
chinh pH ctia DD phan tich dén gid tri x4c dinh d6 bing mdt hé dém, rdi cho chi thi
vao dung dich ion kim loai can xdc dinh. Sau dé thém tir tir dung dich complexon
chuin, thudng 13 dung dich EDTA vao dung dich can xdc dinh ndng d6 cho dén khi
c6 su d8i mau cia chi thi.

bé ngidn ngira sy tao phic hidroxo (thAm chi tao hidroxit) cia ion kim loai &
pH chuén do, ngudi ta thudng duing cdc hé dém ma sy c6 mit clia cdac chit trong hé
dém d6 khong, hoic c6 su tao phic, nhung rat yéu véi ion kim loai. Vi du dinh
phan dung dich Mg** biing dung dich chuin trilon B trong dung dich dém NH; +
NH,CI ¢6 pH ~ 9-10 véi chi thi ETOO.

Mg + ETOO = [Mg-ETOO]
P4 min (d6 nho)
Mg* + H,Y* = MgY” + 2H'
(Ty do)
[Mg-ETOO] +H,Y> =MgY> + 2H' + ETOO
(xanh bié&c)
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2. Chudn d¢ nguoc

Phép chuin dd truc ti€p tat nhién c6 vu thé hon so vdi phép chuin dd ngudc.
Nhung trong mot s6 trudng hgp khong thé chuan do truc ti€p dugc, vi du khong thé
c6 chat chi thi thich hgp cho kim loai x4c dinh, ho#c khi phdn tng tao phifc giita ion
kim loai vd EDTA x3y ra qud chdm, hoic & pH chuin dd kim loai bi k&t tia dudi
dang hidroxit, thi phdi sit dung phuong phdp chuidn d6 ngudc. Trong phudng phip
nay ngudi ta thém vao dung dich ciAn chudn d6 mot lugng chinh xdc EDTA 14y du
va thi€t 1ap diéu kién t8i vu ( pH, nhiét do) d€ ion kim loai M) phan ng hoan toan
véi EDTA. Sau d6 chudn d6 luong du EDTA bing mdt dung dich chuén ion kim
loai (M,) 14y tit buret cho dén khi d8i mau cha' chi thi chuyén tir mau ctia dang chi
thi khong tao phifc sang mau cla phidc cta chi thi véi ion kim loai M,.

Trong trudng hgp khi phan @ng tao phic gitta M; — EDTA xdy ra khong
cham thi phai chon kim loai chuin d6 ngudc M, sao cho hiing s6 bén di€u kién cla
phitc M, — EDTA bé hon hiing s6 bén di€u kién ctia phitc M;- EDTA nhung khong
dugc nhd hon 107,

Trong da s trudng hgp ngudi ta chon Mg** d€ chuin do ngudc vi phin 16n
cdc ion kim loai tao phit¢ v6i EDTA bén hon phtc ciia Mg** véi EDTA.

Mt khdc Ericrom den T 1a chat chi thi t6t v6i Mg™*.

3. Chudn dj thé

Khi khong thé chuin do teuc ti€p ion kim loai M, véi EDTA thi c6 thé thay
th&€ M, biing mot lugng tuong duong ion kim loai M, ¢6 thé chudn do tryc ti€p bing
EDTA.

Muén vay ngudi ta cho mot lugng dir dung dich complexonat M, (M,Y) vao
dung dich chuin d6 va sau khi phan ng trao4idi tao phic xay ra:

MY + M| = MY+ M,
thi chuin d6 M, biing EDTA.

Piéu kién d€ phin @ng trao ddi tao phic xay ri-hoin toan thi phai chon phic
M,Y c6 hiing s& bén diéu kién nhd hon so vdi hiing 50 bén diéu kién cla phic
M,Y nhung phai 16n hon 107 1an d€ bido ddm do chinh xdc ctia phép chudn do.

Trong thuc t€ thudng thém phic cia Mg®* - EDTA (MgY) vao dung dich
phan tich va sau d6 chudn do Mg** bing EDTA.

4. Chudn d¢ gidn tiép
Né&u chat phan tich khong tham gia phan tng truc tiép véi complexon thi c6 thé
dinh lugng biing cdch chuin do gidn ti€p véi EDTA.

Vi du: c6 thé xdc dinh sunfat bing cich cho vao dung dich phin tich mot
lugng du chinh xéc Ba”* va sau khi tich toan bo k&t tia BaSO,. Roi chuin do
lugng du Ba** bing EDTA.

VI1.3.2.3. Cdc cdch chudn dé khdc
1. Chudn dé vdi chi thi axit bazo:

Trong phdn dng complexonat ludn ludn gidi phéng ra mot lugng H' xdc
dinh. N&u dinh phan lugng H* d6 theo phudng phdp trung hoa sé tinh dugc lugng
ion kim loai tuong tng.
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Vi du: xdc dinh lugng CaCly: CaCl, + H,Y = CaY>+ 2HCL.

Pinh phan lugng HCI thodt ra bing NaOH v4éi chi thi metyl dacam hay metyl
dd. Cin cit vao lugng NaOH duge dung, dé dang tinh ra lugng CaCl,. Cach dinh
phian nay c6é nhudc di€m 1a truSc khi dinh phin phdi trung hoa moi trudng that
chinh x4c.

2. Chudn dé chi thi oxi héa khit.

Phuong phap nay dua vao su thay ddi dién thé ctia mot hé oxi héa khit, sy
bi€n d6i d6 dudc thuc hién bing cdch lam thay ddi ndng dd cla cdc dang oxi hda
hodc khr khi cho tdc dung complexon. Vi du trong hé feri/fero: [Fe(CN)6]3'
/[Fe(CN)¢]* va chi thi oxy héa khir 1 3,3’ dimetylnaptidin. N€u c6 mit Zn®* thi s&
tao két tha Zn;K,[Fe(CN)g 1am gidm ndng dd ion [Fe(CN)s]4 do d6 dién thé dung
dich ting 1én, chat chi thi sé¢ ddi mau tir khong mau sang dé tim. Sau d6 néu thém
trilon B vao thi dung dich Na, H,Y sé& tic dung v6i Zn** va gidi phéng [Fe(CN)e]*
ra khdi két tia. E cda dung dich gidm, chi thi tré lai khong mau ta két thic dinh
phan.
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Chuong VII
PHUONG PHAP CHUAN PO KET TUA

VIL1. BAN CHAT CUA PHUGNG PHAP CHUAN PQ KET TUA

Phuong phdp chuidn do k&t tlia 13 mot phuong phap phin tich dua trén viéc
chuyén hoan toan chit xdc dinh (ion) vao két tia. Nhung khdc v6i phuong phdp
phan tich trong lugng 13 ngudi ta suy ra lugng chat dua vao viéc do thé tich tiéu thu
ctia dung dich chuin.

Miic du ¢6 vd s6 phan tng tao thanh hgp chat it tan, song s6 phdn tng dung
dugc trong phan tich chuin do két tda thi hét sitc han ché. S§ di nhu vay 1a do trong
cic dung dich lodng nhiéu phadn tng k&t tia xdy ra rat cham. Pic biét & khu vuc
gin diém tuong duong, Khi ndng dd cic chit phan dng rat bé thi tdc do phan tng
thap, khong thé thod min dugc yéu cau clia phan tich thé tich. Mic khdc cdc phin
tng tao k€&t tha ciing thudng kém theo cdc qud trinh phu 1am sai I&ch tinh hgp thitc
ctiia phan Ung.

Vi nhitng 1y dé.néu & trén ma cdc phdn ¢ng tao hop chat it tan dugc dung
trong phin tich thé tich phdi thod man cdc diéu kién sau:

1. T6c d6 phan tng phdi x4y ra di 16n

2. Phdn tng phdi thuc &€ khdng tan va ling nhanh

3. Phdi c6 khd ning loai bd eic y&u t6 dnh hudng

4. C6 kha ning xdc dinh dugcdi€ m tuong duong

Vi nhitng 1y do d6 ma trong thyc €, tny thudc vao dung dich chuin dugc
ding ma cdc phuong phap két tia c6 nhiingi4én goi sau day:

Phuiong phdp do bac: dung dung dich AgNO; lam dung dich chuén.

Ag" + X = AgX;(X:Cl,Br, I, CNS)

Phuiong phdp mecuro: dung dung dich mudi thuy ngan (I) lam dung dich
chuén.

Phuong phdp mecuri: duing dung dich mu6i thuy ngan (II) lam dung dich
chuén.

Chudn chi bing cromat: Pb> + CrO,> = PbCrO,, ding Ag* lam chi thi. O
diém tuong duong s& xui't hién mau dé gach do Ab" + CrO,> = AgCrO,

Chudn ion Ba** bing sunfat: Ba>* + SO,~ = BaSO,, ding rodizonat lam
chi thi khi ¢6 niat Ba** thi dung dich nhdm mau dé, khi gin diém tuong duong mau
do s& mat.

Chudn Zn’* bing feroxyanua (II) : dua vao phin dng:

3Zn*" + 2[Fe(CN)¢]* + 2K* = Zn;K,[Fe(CN)gl, chi thi 12 diphenylamin

Trong s6 cic phuong phiap néu & trén thi phuong phdp do bac dic biét quan
trong. Phuong phap nay cho phép dinh luong dudc nhiéu chat nhu: cic halogennua,
SCN’, C,0,7...

Khi chuin d6 theo phuong phap két tda, ngudi ta 14y chat 1am két tia theo ty
1é duong lugng. ngudi ta suy ra luong cda mot chat cin ci vio thé tich dung dich
chuin dudc tiéu phi cho chuin do. 0 day két tda tao thanh khong cin nghién citu.
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Tuy nhién tinh chinh xdc ctia phép chuin do sé& lién quan chit ché dén rat
nhiéu y€&u 3, trong d6 ban chit cla két tla, cidc y&u td nhiém ban, cdc diéu kién
khac nhu: nhiét dd, ndng @6, pH déu c6 thé din dén su sai 1éch k&t qua phan tich.

Piéu d6 d€ néi ring phuong phap trong lugng ciing nhu phuong phap chuin
do k&t tha déu xud't phat tir nhitng co s& 1y thuyé&t chung (xem phan phan tich trong
lugng).

VIL2. PUGNG CHUAN PO

Trong qud trinh dinh phan dung dich cdc chit tao k&t tda, ndng d6 cda ion
tao k&t tiia sé& thay ddi . Né&u ta biéu dién sy bié€n thién chi s6 ndng do6 ion tao két
tia p(ion) = - Ig[ion] (ion c6 thé€ 1a cation c6 thé 1a anion) trén truc tung theo lugng
thudc thit thém vao (trén truc hoanh) thi ta s& dugc dudng cong dinh phan. Ta khdo
sdt qua trinh dinh phan dung dich NaCl biing dung dich AgNO;.

AgNO; +NaCl =AgCl + Na* + NOy

Tagct = [Ag'I[CI]. Trong qud trinh dinh phan nong dd CI” s& gidm. N&u ta
nghién cdu su bién thién ctia pCl = -Ig[CI] va pAg = -1Ag"] theo lugng thudc thit
thém vao thi ta s¢ duoc dudng dinh phan. Gia si chuian @6 100 (ml) dung dich NaCl
bing dung dich AgNO%.ciing ndng d6 0,1N. Gia thi€t thé tich cia dung dich phan
tich trong qud trinh dinh Phin khong ddi, biét Tagc1 = 10", pAg + pCl = PTacci =
10.

VIL.2.1. Tinh pAg va pCl trong qua trinh dinh phan
1. Truédc diém tuong duong.

Gia st khi thém 90 ml AgNO; (5IN tic 1a da két tha hét 90% luong CI” va
con 10% luong CI” chua két tda (tinh gan‘diing) do dé [CI'] = 0,1.10/100 = 10 vay
pCl =2.

Tuong ty nhu vy ta tinh cho nhitng thé ti¢h thudc thit thém viao khic.

2. Tai diém tuong duong.

Khi cho 100 kl dung dich AgNO; vao thi toan bd Cl” di dugc két tia hét

thanh AgCl va [Ag'] = [CI'] = 107 vay pAg = pCl = 5.

3. Sau diém tuong duong.

Khi cho thira thudc thit AgNOs theo lugng tuong duong. Gia st cho 100,1ml AgNO;
thi thira 0,1 ml AgNO; titc 12 thira ra 0,1% Ag" . Khi d6 : [Ag'] = 0,1.0,1/100 = 10
do d6 pAg =4 va pCl = 6. Céc s06 liéu thu dudc trinh bay & Badng 7.1.
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Bdng 7.1. pCl, pAg trong qud trinh chudn dé dung dich NaCl

Vagno,thém | NaCl con [CI] pCl [Ag"] pAg
vao (ml) lai (%)
0 100 10 1

50 50 5.107 1,3 2.107 8,7
90 10 10 2 10® 8
99 1 107 3 107 7
99,9 0,1 10* 4 10°® 6
100 0 107 5 107 5
100,1 6 10 4
101 7 107 3
110 8 107 2

VIL.2.2. Vé duong dinh phin va nhan xét
1. Puong dinh phéan doixitng qua diém tuong dvong.

Phép chuin do s€ d6i xitng khi hé sd ty lugng cdc chdt phdn Gng bing nhau.
Né&u hé s6 ty lugng khdc nhaw thl ta c6 phép chudn do 1a bat d6i xitng.

D&i v6i phdp chuin do niy R gan di€m tuong duong khi thira 0,1% luong CI
dé&n khi thira 0,1% lugng Ag* thi pClhay pAg thay d6i dot ngdt (6 — 4) tao ra mot
budc nhdy pCl hay pAg cho ta kha nisg chon mdt chi thi tuong tng dé€ xdc dinh
di€m tuong duong vdi sai s& khong qua 05¥%.

pAg (pCl)
8 | pCl PAg
6
41 i Bu6c nhdy chuin do
2 —

%NaCl thtta 100 %AgNO; thira
Hinh 7.1. Puong chudn do DD NaCl bing AgNO; va nguoc lai

2. Budc nhdy chudn dp phu thujc vao nong do cdc chdt tham gia phdn iing

Cu thé khi ndng do céc chat bé (dung dich qua lodng). Thé tich 16n thi budc
nhdy ctia phép chidn dd rit hep, 1am cho viéc xdc dinh di€m twong duong khé khiin
din dé&n k&t qua khdng chinh xdc. Vi du: khi ndng d6 dung dich NaCl 1a 0,1N thi
budc nhay la pCl=4 - 6.
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Né&u ndng d6 NaCl 1a 0,01 thi budc nhdy 4,73 — 5,04, néu 1a IN thi budc
nhdy la 3 — 7. Vay ndng dd cang 16n thi bitdc nhdy cang dai. Di nhién n€u ndong do
qué nhd thi s& c6 bitoc nhiy, cu thé n€u ndng do NaCl = 10™N thi khong c6é budc
nhay.

3. BuGc nhay p ion phu thudc vao gia tri tich sé tan ciia két tua.

Vi du: dinh phan dung dich NaI 0,IN bing AgNO; 0,1N c6 Tagr = 107 thi ¢6
buGc nhdy pl = 4 — 12. Tich s& tan cang nhd thi budc nhdy p ion cang dai va T cang
16n budc nhdy cang ngin. T ddy ngudi ta chitng minh dugc ring: khi dinh phin
mot dung dich mudi muén c¢é bude nhay p ion thi két tia tuong ng phai cé T< 107"°
(d61 v6i k€t tha dang MA).

Chii §:

- C4c phép tinh & day chi 1a gan ding, thuc ra con phai chiu 4nh huéng cla
hién tugng cong két phitc tap hon nhiéu.

- Pudng dinh phan cia mot hdn hgp anion hay cation s& c6 nhiéu budc nhiy
tuong tng néu tich s6 tan clia cdc két tda tuong ¢ng khdc nhau dd 16n thi cho ta kha
ning dinh phan lié.tuc dung dich hdn hgp dé véi chat chi thi tdng hdp ma khong
can tich riéng tirng ion/mot.

VIL3. CHUAN PO HONHOP

Xét cu thé chuin do hon hdp gdm cdc halogen CI', Br, I bing dung dich
Ag", véi cdc ndng dd bing nhaiyd bing 0,1 N .Van dé dit ra cho phép chuin do
nay 13 c6 thé ti€n hanh chuin do riéng tirng halogen dudc khong ?

Tir cdc gid tri tich s8 tan Ttage; = 407" Ttage, = 10777 Tty = 1070%;

So s4anh 3 gi4 tri tich s6 tan: Ttaecr >Flanr > Ttag n€n ban diu mdi cho dung
dich AgNOs vao hdn hgp, két tlia Agl s& xuit hién trudc roi dén roi d€n két tda
AgBr va sau d6 12 AgCl. Diéu kién dé€ ti€n hanh chuin do riéng tirng halogen 1a
khi k&t tda thit nhi't hoan toan (tic 12 khi néng dd clia cdc két tha do6 trong dung
dich khodng 10°-10°) thi k&t tda thi hai hdu nhu'¢hira xudt hién. Tuong tu nhu
vay khi k&t tlia thit hai hoan toan thi thi k&t tda thd 3 xut hién.

Cu thé: Khi k&t tda Agl hoan toan chdp nhén trong dung dich [I] = 10° —
[Ag*]dd = 1079107 = 10", V6i ndng d6 cia Ag* tai thoi diém nay ta xét xem
da c6 két tha AgBr xuat hién hay chua.

Piéu kién d€ két tia AgBr xuat hién khi
[Ag'l[Br]>Tt; 10"%.10" = 10"%% = Tt s,

nhu vy chdp nhin chua xuit hién két tia AgBr, tic 12 c6 thé ti€n hanh chuidn do
riéng I ra khdi hdn hgp gdom CI', Br', I".

Dé& chuin d6 riéng Br ta ciing xét tuong ty nhu vay.

Diéu kién d€ k&t tha hoan toan AgBr tic 1a khi trong dung dich [Br] = 107
thi [Ag*itong dd = 10"%% /107 = 107, Véi [Ag'] = 107 thi:

[Ag[CIT=107%.10" = 10%% > Ttpge = 10"
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di€u nay néi 1én ring khi két tha AgBr chua hoan toan thi két tia AgCl da xuat
hi€én nhu vy khong thé chuan do riéng Br” khdi CI” vé6i di€u kién ndng do cla hai
ciu tif nay nhu da cho & trén 1a biang 0,1 iong/l.

Nhdn xét:

- C6 thé chuin do riéng tiing ciu t trong hdn hdp khi théa min dicu kién
tich s6 tan clia tirng k&t tha phai hon kém nhau it nha't 10" 1dn véi ndng d6 cdc ciu
t bing nhau va x4p xi biang 0,1 M va duong nhién chi thda méan khi phép chuin do
d6 1a doi xdng.

VIL4. CAC PHUONG PHAP XA C PINH PIEM TUONG PUONG

Viéc thi€t 1ap phuong trinh dudng cong chuin dd va dung dudng cong chuin
dd nhu di trinh bay & trén chi c6 ¥ nghia 1y thuyé&t. Pic biét né khong thé 4p dung
chung cho moi trudng hdp ddi véi phuong phap chuidn do két tda vi 1& dé nén trong
phuong phdp chuidn d6 két tha viéc xdc dinh di€ém tuong duong khong mang tinh
tdng quit ma tuy thudc vao tirng phép chuin do di€m tuong duong s& dudc xic
dinh dya vao kinh nghiém thuc t& cho mdi phép chuin do.

Trong phép do bac di€m tuong duong dugce xdc dinh theo 3 phuong phdp sau
day.

VIIL.4.1. Phuong phap Mohr
1.Nguyén tdc: Dung K,CrO, lanvchi thi @€ xdc dinh halogenua bing dung dich
AgNOs;. Tai diém cudi chudn do c6 xuat hién mau dé niu ciia Ag,CrO,.

Ag' + CI' = AgCly

2Ag" + CrO,~ = Agy,CrOyy

Do nhay cla chat chi thi phu thudc vao nfiicu y€u td, trong d6 quan trong 1a
ndng do clia chat chi thi phdi thi€t 1ap nhu thé na0 d€ két tia Ag,CrO, chi xuat
hién khi dat di€m tuong duong, ngoii ra con phu thudc vio pH cia dung dich va
nhiét do.

C6 thé tinh ndng d6 ion CrO,> dé€ két tha Ag,CrO, xudt hién ding di€ém
tuong duong ctia phép chuin do.

Chéng han khi chuian @6 NaCl thi két tia Ag,CrO, bit diu xui't hién ta c6:

Ti tAgCl Ti tAgZCrO4

P=Tar] \[cror]

-12 -10
Tai diém tuong duong ta c6 [Cl] = 10 nén ndng do [Cr042'] = % =

2.10°M.

Tuy nhién & ndng d6 nay mau vang dam clia ion cromat s& can trd viéc nhin
ra mau dé nau ctia Ag,CrO,. Trong thuc t& thudng diing dung dich K,CrO, 5.10° M
(@0 1 — 2 ml dung dich K,CrO, 5% trong 100 ml hdn hgp chuin do).
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V6i ndng do nay clia ion CrO,> thi do nhay clia ion Ag* can d€ xudt hién
mau db nau dé cua két tha Ag,CrO, 1a:
Tt,, :
[Ag+]: —% =10 jong/l
5.10
Véi ndng d6 nay chi cin du mot giot AgNO; sau di€m tuong duong sé& xuit
hién két tia Ag,CrO,.

2. Mt 56 diéu ki¢n.

- P chinh x4c clia phép chuin dd phu thudc vao pH clia dung dich. Khi ting
pH qud cao thi nguy hi€m la xud't hién két tia Ag,0, & pH thap thi dd nhay cia chi
thi gidm vi d6 tan ctia Ag,CrO, ting. Do d6 trong thyc t&€ dé ddm bio dd chinh xdc
can ti€n hanh chuin do & khu vuc pH tor 8 — 10.

- Cin phéi loai cdc ion can trd nhu: Ba®*, Pb**, Bi’*v.v..vi ching tao két tia
v6i CrO,” va S*, SO, PbO,*, C,0,* v.v..vi chiing két hdp véi Ag® tao ra két
tua.

- Dung dich chuin AgNO; bao gid ciing dung trong buret chit khong dung
trong binh tam giéc.

Phuong phdp Mohr 12, mot phuong phiap don gidn chi yé&u dudc dung dé
chuin do clorua, mic dit vé nouyén tic c6 thé dugc dung d€ xdc dinh chinh xdc ca
bromua. Nhung d6i véi xdc dinh'iotdua hodc mot s6 ion khdc thi k€t qua khong
chinh xéc.

VII1.4.2.Phuong phap Volhand
1. Nguyén tdc: Dua vao phan tng chudn do'ion Ag® bing ion thioxyanat (SCN™ )
diing ion Fe™* 1am chi thi

Tai di€m tuong duong cé sy xuit hién mau dd hong cia phitc FeSCN**.

Phuong phdp nay ding dé chuin d6 truc tiép‘io SCN bing dung dich
AgNOs. Hoic chuidn dd cdc halogen biing cich cho du dung dich AgNO; vao dung
dich c6 chita halogen r6i chuin @6 AgNO; du biing dung dich SCN".

Chit chi thi dugc dung 1a dung dich bdo hoa phén Fe(Ill)
(Fe(NH,4)(S0,),.12H,0) tuong ng vdi ndng d6 1 mol/l. Khi chuin dod thudng diing
1-2ml phén Fe(I1I) trong 100ml hdn hgp chuin do.

- Quad trinh dinh phan nhu sau:

+ nhd dan din dung dich NH; SCN chuin vao dung dich AgNO;, phin tng
s€ la: Ag" + SCN” = AgSCN,

+ & gin di€m tuong duong hay tai di€m tuong duong khi ta nhé giot cudi
cuing thd'y dung dich nhom dd hong ta sé& két thic dinh phan vi lic d6

Fe’* + SCN = FeSCN*

Bu6c nhdy p SCN = 8 — 4 va diém tuong duong p SCN=p Ag=6
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2. Mét s6 diéu kién.
Khi chudn do Ag® bing SCN’ thi trudc di€m tuong dudng k&t tia hip thuy
AgSCN.Ag": NOy
Nén mau dé cia phitc FeSCN** s& xudt hién trudc di€m tuong duong. PE tranh sai
s6 nay can lic manh dung dich khi chuin d6 d€ chong dat trang thai cAn bing.

Khi chuidn d6 ion Cl" ngudi ta théem AgNO; du dé két tda hét ion CI' dudi
dang AgCl. Sau d6 chuin d6 Ag" du bing SCN". Khi két thic chuin do thi lugng
du SCN tic dung véi Fe® cho mau dd cia phiic FeSCN**. Tuy vay do do tan cda
AgCl 16n hon do tan ctia AgSCN nén tai diém cudi chudn d6 sé& xdy ra phan tng
giita AgCl va SCN.

AgCl = Agt + CI K=10"
Ag" + SCN" = AgSCN K=10"
AgClo4 SCN = AgSCN + CI K = 10?

Va do d6 mudilam xud't hién mau dd cta phitc FeSCN?* thi phai thém mot
lugng thudc thir SCN™ 1Gnhon lugng cAn thi€t. Piu nay giy ra sai s6 chuin do. P&
tranh sai s6 ndy ngudi ta ti€it hanh bing nhiéu cdch khic nhau:

Loc k&t tia AgCl sau khizdun s6i huyén phi trong vai phit nhim dong tu
keo AgCl va gidi hap hétion Ag’.

Thém mdt lugng dung mdi hitu ¢¢ khdng tron 1an v6i H,O nhu nitro benzen
vao hdn hgp trudc khi chudn d6 Ag”™ du Hiang SCN™ nhim ngin chiin tic dung clia
AgCl v61 SCN'.

Uu diém ctia phuong phdp

- C6 thé dinh phan trong mdi trudng axit vif AZSCN khong tan trong axit, do
d6 c6 thé dung phuong phdp nay dé xdc dinh lugng Ag itong hdp kim khi phd miu
bing axit manh.

- Ba*, Pb** khong 1am cdn trd trong phuong phdp

- C4c chit ¢6 khad ning cdn tr§: mudi cia thuy ngin tao két tha véi SCN',
cdc chit oxy hod SCN', cht ¢6 kha ning tao phic véi Fe’* nhu F, PO,

VIL.4.3. Phuong phap Fajans (phuong phdp dung chi thi hap phu)

Chi thi thi hAp phu: 12 nhitng chAt hitu co dién ly y€u, do d6 trong dung dich
ching phin ly y€u thanh ion, ion cia chat chi thi & trang trdi tw do trong dung dich
va khi bi k&t tda hap phu sé& c6 mau khic hin nhau.
1.Nguyén tdc.

Dua trén viéc st dung chi thi hAp phu. Loai chi thi nay c6 sy bi€n ddi mau
khi bi hap phu vao bé mit ciia k&t tda tich dién.
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Ching han khi thém chi thi Fluoretxein vao dung dich AgNOs thi khong c6
sy thay d6i mau sic. Nhung khi thém vao ddy mot giot NaCl thi trén bé mit clia
k&t tia AgCl xuat hién mau hdng.

Céc chi thi loai nay 13 nhitng axit hoic bazd y&u ching han Fluoretxein va
cdc din xuat clia né 1a nhirng axit yéu.

Khi chudn d6 dung dich NaCl biing dung dich AgNOs thi tai di€m cudi chuin
dd c6 su thay ddi dién tich clia két tiia.

Tru6c di€ém tuong duong két tda tich dién Am do c6é du CI

AgCl.CI':Na*
Sau di€ém tuong duong két tda tich dién duong do c6 du Ag*
AgClLAg"NO5

Tru6c diém tuong duong chi thi khong bi hap phu vao két tia, ngugc lai sau

di€m tuong duong khi cé du Ag* thi c6 cAn biing trao ddi ion ddi.
AgCI A NOy + FI' = AgCLAg"Fl + NO5

Su hap phu ion Fi 1&n bé mit k&t tha va dudi tic dung cia ion tao th€ Ag* bi
phin cuc va bi€n dang, din d&n sy thay d6i mau sic.
2. Mt s6 diéu kién.

Trudng hop 1y tudng nhat Ta.chi thi phdi ddi mau ngay sau diém tuong duong
khi dién tich k&t tia vira d6i ddu. Nhung diéu nay con tuy thudc vao quan hé giita
lyc hdp phu clia anion chdt mau va aniot,mdi. Sy hdp phu khong chi phu thudc vao
su tudng tdc tinh dién ma con phu thudc vaw.tinh chit phin cuc clia cdc chat.

Anh hudng clda pH: Chat mau bi hdp phuwchd y&éu & dang anion, ma nong do
cia n6 phu thudc vao pH. Vi vay khi chuin dé phai duy tri pH thich hop sao cho
ndng dd anion mau di 16n d€ ddm bdo can bing hip ghu va sy ddi mau 6.

Chﬁng han Fluoretxein 1a axit rat yéu (K = 107y do dé khong thé chuin do &
pH < 7 vi khi 4y chi thi tdn tai chii y€u & dang khong phan ly va kh3 ning hdp phu
bi han ché.

Phuong phdp nay dugc st dung chii y&u khi xdc dinh cdc clorua trong cic
san pham tu nhién va cong nghiép khac nhau.

VIL5.BAI TAP

1. Nong d6 ctia dung dich chuén trilon B dudc xdc dinh theo dung dich c6
chita trong 1 lit dung dich gdm 24 g Fe(NH,)(SO,),.12H,0. Ct¢ 10 ml dung dich
trén thi dinh phan dén hét 10,3 ml dung dich trilon B. Hay tinh Cn(Na,H,Y),
T(Na,H,Y), T(Na,H,Y)/(Fe,O5) va T(Na,H,Y)/(CaO).

2. Tinh lugng miu phan tich c¢6 chita 60%NaCl va 57% KCI can phai 18y dé
khi cho tdc dung vGi 25 ml dung dich AgNO; 0,1N va sau d6 dinh phan lugng du
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Ag" ton mat Sml dung dich NH,SCN . Bi€t ring 1 ml dung dich NH,SCN tic dung
vira h€t véi 1,1 ml dung dich AgNOs.

3. Hiy tinh ndng d6 Ca** va Mg** (mDg/l) trong dung dich theo cdc sd liéu
sau. P& xdc dinh t6ng lugng Ca** va Mg”*, ngudi ta dinh phan 20 ml dung dich c¢6
chita Ca®* va Mg véi chi thi ETOO biing Na,H,Y hét 18,15 ml, d€ xdc ding riéng
Ca ngudi ta thém vao 20 ml dung dich 19 ml 1,112N dung dich Na,H,Y, lugng du
Na,H,Y dinh phin bing dung dich CaCl, 0,1021N thi hé&t 12 ml.

4. Hoa tan 0,125 g mAu phan tich (chi chita K,COs, Na,COs, SiO,) vao trong
axit HCI. C6 can dung dich sau khi da loc hét SiO, thi thu dudc 0,1282g hdn hop
NaCl va KCIl. Pinh phan CI" trong dich thi ton hét 19,7 ml dung chuin AgNO;
0,1003 N. Tinh thanh phﬁn trim K,COj3, Na,COj3, va SiO, trong mau phan tich.

5.Tinh lugng AI’* ¢6 trong dung dich né€u cho vio dung dich d6 15 ml dung
dich complexon III du thi t6n mAt 3 ml dung dich ZnSO, 0,101N.

6.Tinh pAg¥a pCl sau khi thém 49,5; 50,5 ml dung dich AgNO; 0,02M vao
50ml dung dich NaC19,02M, Tagcr = 1,1.10"°.DS: (5,95;4,0);(4;5,95).

7. Tinh budc nha ywpAg khi dinh phan dung dich K,CrO, 0,05M bing dung
dich AgNO; 0,1M. T(Ag,CrQy) = 1,6.10™"2.(ds: 3,6 — 4,3).

8. Chudn dd 30 ml dung dich ZnSO, 0,100M thi phai dung hét bao nhiéu ml
dung dich K4Fe(CN)g 0,05M, (BS: 30:ml).

9. Tinh ham lugng ZnO c¢6 trong i4u phan tich, n€u 14y 0,380 mAu hoa tan
thanh dung dich, thém vao d6 24,30 mi dung dich K,Fe(CN)s 0,05M 16i chuin
lugng K,Fe(CN)g du thi t6n mat 8,40 ml dung dich 0,104M.(DS: 24,5%).

10. Can bao nhiéu ml dung dich K,Fe(CN);0,0510M d€ chuin d6 25 ml
dung dich ZnSO,4 0,100M theo phuong trinh phan tng: (BS: 32,7ml)

K4Fe(CN)g + 3Zn*" = K,Zn;[Fe(CN)gl, + 6K

11. Tinh ndng @6 duong luong va ndng d6 chuin theo Clo ciia dung dich
AgNOs , biét riing thém 0,1173g NaCl vao 30 ml dung dich AgNOs, sau d6 chuin
lugng bac du thi tdn mat 3,20 ml dung dich NH,SCN. Chuin 10 ml dung dich
AgNOj; thi t6n mat 9,7 ml dung dich NH,SCN.(PS: 0,0747N, T= 0,002645).

12. Hoa tan 0,1250g mot hdn hgp chi c6 K,COs, Na,COs va SiO, bing HCL
Loc bé bd khong tan, lam bay hoi phan nudc loc thu duge 0,1282 g hdn hgp NaCl
va KCI. Hoa tan hdn hgp niy vio nuc rdéi chudn do6 bing dung dich AgNOs;
0,1003M thi hé&t 19,70 ml. Tinh ham ludng % cédc chit c6 trong hdn hgp phan
tich.(BS: 44%,50%, 6%).

13. Hoa tan 0,3074 g hdn hdp chi ¢c6 KBr va KCI vao nudc rdi chudn dd dung
dich AgNO; 0,1007M hét 30,98 ml. Tinh %KCI c6 trong hdn hgp.(DS:34,85).
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14. Hoa tan 0,3236g mot hon hdp halogenua bac trong 50,00 ml dung dich
KSCN 0,18180M. Sau dé chuin d6 lugng du bing dung dich AgNO; 0,1010Mthi
ton mat 28,14ml. Tinh % bac c6 trong hdn hdp phan tich.(DS: 56,13).

15. Xéc dinh ham lugng % cia KCI trong d4 xivinit, bi€t ring néu ldy
0,9320g d4, hoa tan thinh250 ml, 14y 25 ml dem chuin d9 thi t6n hét 21,30 ml dung
dich AgNO; 0,0514M. (DS: 87,6).

16. C6 mdt mau mudi clorua, 1dy 0,7400g, hoa tan than 250 ml dung dich.
Thém 40 ml dung dich AgNO; vao 50 ml dung dich vira pha ch& d€ két tiia hét ion
CI'. Sao d6 chuin dd lugng AgNO; du thi ton hét 19,35ml dung dich NH,SCN
1,050M. Tinh ham lugng % CI ¢6 trong mudi clorua.(DS: 42,7).

17. Lay 1,9788g hop kim bac, hoa tan biing axit nitrit rdi dinh mic thanh 250
ml dung dich. Chuin do 25 ml dung dich 4y thi t6n mat 27,2 ml dung dich NH,SCN
0,0529M. Tinh ham hiong %bac c6 trong hdn hgp.(DS:76,2).
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Chuong VIII
SAI SO VA CACH XU LY SO LIEU THUC NGHIEM TRONG
PHAN TICH PINH LUGNG

VIIL1. SAI SO TRONG PHAN TiCH PINH LUGNG
VIIL.1.1. C4c loai sai s6

Trong qud trinh phén tich dinh ludgng, du ta ti€n hanh hét sic than trong thi
k&t qud ciing khong cho ta mot gid tri thuc, nghia 1a k&€t qua khong ding hoan toan
véi ham lugng thuc clia chit can xdc dinh. Hay néi cdach khéc, khi ti€n hanh phan
tich bao gid ta cling pham sai s6. Xdc dinh sai s6 nay thudng phitc tap, doi hdi
nhiéu né luc, sdng tao va ca truc gidc. Nhitng két qua phan tich dugc hoan thanh
vdi do tin ciy chua bi€t s& khong c6 gid tri khoa hoc. Ngugc lai, nhitng k&t qud
phan tich khong rat chinh xdc ciing ¢6 thé rat quan trong néu c6 thé x4c dinh dudc
gidi han sai s6 v§idd tin cdy cao.

Khong c6 motphuong phdp tdng quat, don gidn va chinh xdc nio d€ ddnh
gid cho du 12 dinh tinh thiing k&t qua thyc nghiém. Vi vay x& 1y k&t qua thudng 1a
mot nhiém vu khdng kém phan phic tap so véi viéc thu dude nhitng két qua dé.

Cin cif vao nguyén nhinia ¢ 3 loai sai s8:

1. Sai s6 hé thong

Do nhitng nguyén nhan c6 dinh Iip di lip lai trong moi l1in thi nghiém
khong phu thudc vao cdc y&u t6 ngiu nhién. Sai s hé thong 1a mot dai lugng
khong d6i, luon luén theo mot chiu (cé dautrlr hay cOng) nghia la cac gia tri thuc
nghiém thu dugc nim vé mdt phia so vdi gid tri thuc.

Sai s6 hé thong c6 thé loai trir dugc bing ¢ich dua vao cdc sd han hiéu
chinh. Vi du nhu duing c4c thi nghiém tring. Cac nguyén nhan cé thé la.

- Do phuong phdp: sai s6 ndy phu thudc vao dic di€m clia phuong phdp dem
dung. Vi du: do phdn ¢ng khong hoan toan, do két tia khong hét, do cong két, do
dic tinh clia chit chi thi dudc dung..PAay 1 nguyén nhin quan trong nhit lam két
qua phan tich bi sai.

- Do céng cu va thudc thit: vi du can kém nhay, binh do sai, thudc thit ¢6 1an
tap chat,...

Do thao tdc: vi du rira két tiia khong sach, cdch chuyén két tda tir cdc vao
chén nung khong hét, ciach 14y dung dich vao dng hit khdng ding vach...

- Do cd biét: sai s6 cling con phu thudc vao cd tinh clia ngudi phan tich, do
khong hiéu biét, do cdu th3, do dinh ki€n hoic do khuy&t tit vé siic khoé clia ngudi
thuc nghiém. Vi du do van chuyén miu khong ding cdch, do bd qua bd chinh vé
nhiét do d6i véi thi€t bi do, do rira két tiia hoic do ghi khong chinh xdc chi s6 cua
thi€t bi. Ngoai ra con do “ sai sd tim ly ”, nghia 12 do dinh kié€n clia ngudi phin
tich, vi du cdc 1an dinh phin cd tinh do ding nhu thé tich 1an trudc hodc lip lai
phép cin 1an sau tuong ty nhu 1an trudc.
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2. Sai s6 ngiu nhién

La sai s6 xuat hién trong két qud ctia nhitng phép do lip lai nhiéu l1an.
Ngudn gdc cda loai sai s6 nay khong rd, con gid tri thuc nghiém xdc dinh dudc thi
dao dong tuy y, lic 16n hon, lic nhd hon gid tri thuc va khong thé do duge. Su tin
man cla két qud gan gia trung binh 12 hé qud truc ti€p clia sai s6 ngiu nhién. Do
nhitng nguyén nhan khong c6 dinh, khong biét tru6c, xdy ra ngay khi ti€n hanh
phan tich cing m6t phuong phdp. Do dic tinh cia né nhu viy ma viéc x 1y va
ddnh gi4 sai s6 ngidu nhién cia moi phép phan tich 1a rit quan trong. N6 cho phép
xdc dinh gid tri cia phuong phdp phén tich, dinh gid chat lugng clia ngudi phin
tich, dinh gid so sdnh cdng viéc phan tich cia cidc phong thi nghiém khéc
nhau,v.v...

Nhitng sai s6 ngiu nhién khong thé loai trir dudc, nhung c6 thé gidm dén
mitc thap nhat bing cdch ting s& 1an thi nghiém Ién va c6 thé xit 1y dudc theo
phuong phép thong ké todn hoc.

3. Sai so tho bao

Ngoai 2 loai‘sai s trén, doi khi ta con gip loai sai s6 thd bao. Sai so loai
nay lam sai hin k&t qui phan tich. C6 thé do c4u tha, vi du doc sai qui cin, doc sai
vach do thé tich, Jam d6 qué nhiéu dung dich, dung cu do bi hdng bat thudng, tinh
todn nham...sai s6 nay nhiéu khi khong phdt hién dudc.

Trong tinh todn, di nhién phdi loai trir cdc k€t qué thi nghiém ndo mic sai s6
thd bao. Phuong phdp thong ké todndoc s& gitp ta ddnh gid xem gid tri sai s& thuc
nghiém nao pham sai s6 tho bao.

VIIL.1.2. P$ tin cay, P chinh xdc cua ¢ic két qua phan tich
1. b0 tin cay

Pugc dic trung bdi dd 1éch clia k&t qud phin.iich so vé6i gid tri thuc, diéu
nay néi 1én mic dd ding din clia phudng phdp, chinli-12 bi€u thi cla sai s& hé
thong, k€t qua cang ding, sai s6 hé thdng mic phdi cang nhd.

2. P§ chinh xac.

Chi mitc d6 14dp lai hay mdc dd phan tdn ciia cidc k&t qué phan tich, dugc dic
trung bdi dd 1éch cla cdc két qud phan tich quanh gi4 tri trung binh véi cdc 1an thi
nghiém ciing mot phuong phdp. P chinh x4c chinh 13 bi€u thi cdc sai sd ngiu
nhién. C4c k&t qud thi nghiém cang chinh xdc néu cédc 1an thi nghiém c6 k&t qui do
dudc khic nhau cang it. CAn phan biét riing dd chinh xdc cao khdng c6 nghia 13 két
qua phin tich ding ma chi néi 1én cdch thuc hién phan tich t6t. Vi du két qua cia
nhiéu 1an phan tich theo phuong phdp phan tich khdi lugng ddi véi mot chi't cé thé
rat gin nhau (dd lip lai rat tot) nhung két qud d6 khong hoan toan ding vi trong
phuong phdp nay ta di tidch chat ciAn phan tich dusi dang két tlia chua duge hoan
toan.
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VIIL2. CACH XU LY SO LIEU THUC NGHIEM TRONG PHAN TiCH PINH
LUQONG

VIIL.2.1. Mét s6 dai lugng thong ké toan hoc
1. Gia tri trung binh cong

Gid st ta ti€n hanh do mdt mau vdi n 1an do cho n két qua riéng biét Xi:
X1, X2, X3, ..Xn.
Gia tri trung binh cong sé€ la:

> Xi
Y_X1+X2+X3+...+Xn Py

= . = (7.1)

12 gi4 tri gin ding véi gid tri thuc clia dai lugng can do véi xdc xuit cao nhat trong
s0 céc gid tri do dudc.

2.. Phuong sai (S°) va sai sé’ binh phuong trung binh
Phuong sai cita_ phép do phdn 4nh do phan tdn clia k€t qua do, dugc d4nh gid
bing:
n —\2
> (xi-x)
X i=1
S % i (7.2)

k: s6 bac tu do. N&u chi c6 mot dai luigrig cAn do X thik=n— 1.
Gid tri cin bac hai clia phuong sai goi 12 sai s0 binh phuong trung binh cong cia

tirng phép xdc dinh riéng 1& hay con goi 1a d¢ léch tiéu chudn. (S).

n | 2
> (xi- X))
i=1
k
3. Dj léch tiéu chudn ciia gid tri trung binh cdng hay goi tit 1a do 1éch tiéu chuin

trung binh ( Sj( ).

S =

e
G ;(XI—X)
Yo 7_ n(n—l) (7.3)

Su khédc nhau giita do l1&éch tiéu chuin va do léch tiéu chudn trung binh 13
chd, mot cdi thyc hién mot két qui don doc con cdi kia thyc hién két qua trung
binh.
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Do 1&ch tiéu chudn dic trung cho do chinh xdc cho mot k&t qua don doc, con
do 1éch tiéu chuin trung binh dic trung cho d6 chinh xdc clia mot phuon phap phan
tich.

VIIL.2.2. Bién gidi tin cay

Pé€ danh gia @6 chinh xdc cia k&t qua phan tich dinh lugng ta di tim khodng
bi€n gidi tin cay.

Gid st qua n 1an phan tich hAm lugng chi't X ndo dé va ta thu dugc n két qud
do la: X1, X2, X3, ..Xn. Va sy khdc nhau giita cac gia tri nay chi do ngdu nhién
(khong c6 sai s& hé thong) thi gid tri trung binh:

=1 . N A P ., .
= n = - N dudc coi la gan v4i gia tri thyc

> Xi
}_X1+X2+X3+...+Xn B

( M) nha't. Va phép phan tich cho k&t qui X s& mic sai s6.
E=X—Uhy u=X=*e,

Ta khong biét dige gid tri thue () ma chi u6c lugng gid tri thye (A) cda

dai luong cin do nim tron¥khodng:

XN—e<u<X+e¢
véi xdc suadt p 12 95% hay 99% hay 1299,9%.
Khodng d6 goi 1a khodng bién gidi tie.cAy. Viy d6i v6i mot phép phan tich bt
ky, 1am th& nao d6 d€ & cang nhd cang thevd X cang ti€n dén K.

Theo 1y thuy&t todn thong ké, néu n voeing I6n thi X — 4 . Tuy nhién
trong thuc t& khong thé 1am mot s 1an thi nghié m.qua 16n nhu vay vi ton kém thdi
gian va vat tu va chi 1am dudc mot s& 1an hitu han, «&i tir cdc s6 liéu thyc nghiém
thu dugc ma udc lugng khodng gié tri cia A véi xdc suif da chon.

Theo mdt quy ludt rat gan vdi dinh luat chudn (ma s6 phép do 1a 16n), ta c6
thé xdc dinh dugc bién gidi tin cdy tifc 14 d6 chinh xdc clia k€t qui phan tich nhu
sau:

t.S

Jn

— t.§
Hay # = X * —— (4)
n
Né&u biéu dién &€ theo don vi tuong d6i (phan trim), hay sai s tuong ddi sé Ia:
t.§.100
s =+ L2120
X ~/n
va phuong trinh (4) c6 dang:
— , t.5.100
X ~/n
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t: 1a do tin cay, gid tri t s& xdc dinh dugc bing cdch tra bing v6i mot xdc suat da

chon p (thudng p=95% va bactudok=n- 1), (Bang 7.1) .

Bdng 7.1. Gid tri t kng vdi dé tin cdy p va sé bdac tu dok =n— 1

k P=095 | P=0,99 k P=095 | P=0,99
1 12,706 63,657 14 2,145 2,977
2 4,303 9,925 15 2,131 2,947
3 3,182 5,841 16 2,120 2,921
4 2,776 4,604 17 2,110 2,898
5 2,571 4,032 18 2,103 2,878
6 2,447 3,707 19 2,093 2,861
7 2,365 3,499 20 2,086 2,845
8 2,306 3,355 21 2,060 2,707
9 2,262 3,250 22 2,042 2,750
10 2,228 3,169 23 2,021 2.704
11 2201 3,106 24 2,000 2,660
12 2,19 3,055 25 1,980 2,671
13 2,160 3,012

Vi du: chuan do dung dich HCLbing Na,CO; v6i chi thi métyl dacam, thuc
hién 18 1an phén tich, ta tinh dugc 18 @id tri ciia Nyc (ndng dd duong ludng cla

dung dich HCI) nhu sau:
N 1 2 3 4 5 6 7 8 9
Nua | 1,142 | 1,132 | 1,135 | 1,144 | 1,135 | 1,142 | 1,136 | 1,145 | 1,132
N 10 11 12 13 14 15 16 17 18
Nua | 1,139 | 1,138 | 1,134 | 1,133 | 1,137 | 1,138 | 1,139 | 1,132 | 1,142

18
> xi
20,475

X = = =1,1375~1,38
n
S?=0,000018
S =+ 0,0042
S +0,0042
S_ = = — =0,001
xdn V18

V6ip=95%,k=18-1=17,thit=2,110. Vay gid tri trung binh thuc c6 95%

xdc sudt nim trong gidi han Ia:
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Ny =X +8.4=1,1375+0,001.2,11=1,375+0,0021
nghia la: 1,375 - 0,0021 < Ny < 1,375 + 0,0021 Hay 1,375 < Ny < 1,375 va

sai s& tuong d6i clia Ny 1a:

5 _ 4 55100

X ~/n

Nghia la ta da xdc dinh dugc Ny = 1,1375 v6i do chinh xdc + 0,18%.

=x0,18%

VIIIL.2.3. Loai trif cdc két qua sai

Trong mot diy phép do c6 thé thu dugc mot s6 két qui sai 1dm, cé hai
truong hgp.

- Nguyén nhan cia sai sét dugc bi€t 10, trong trudng hgp nay su loai trir két
qua d6 12 hop 1y.

- K&t qua bat thudng ma khong phat hién dugc, do d6 khong cho phép ta loai
trir 1 k&€t qud nao va khi d6 phai sit dung dén két qua thdong ké. Cdch lam nhu sau:

Gia st tacé mot diy n phép do, tuong ng cho n k&t qua riéng biét, ta tinh
X, S va tim dudc t (tra Bang, véi xdc sudt 95% ching han), rdi tinh X * S} z.

Theo quy luit thi tit ¢4 cdc phép do cé xdc sudt p déu phdi nim trong gidi
han X 85, N&u két qui nib.nim ngodi gisi han trén dudc coi 1a sai lAm va
phdi loai ra.

Vi du: xdc dinh % nito trong boaig, tit ¢ cdc lan phan tich déu dugc thuc
hién trong cing mot diéu kién va cling ngifisi, ta c6 cdc k&t qua phan tich sau:

N 1 2 3 4 5 6 7
%N 13,520 | 13,505 | 13,500 | 13,490 | 13,513 | 13,510 | 13,445
N 8 9 10 11 12 13 14
%N 13,513 | 13,530 | 13,550 | 13,485 | 13,520 | 13,515 | 13,560

- K&t qua s6 7 phai loai trir vi 1an phan tich d6 nhan thdy khi ti€n hanh phin
ng chua hoan toan va dung dihc bi rdi vai mét it.

- Ap dung todn thdng ké cho 13 k&t qud con lai ta c6:n =13, X = 13,511, S
= 0,017 v6i p = 95%, tra bang ta dugc t = 2,179. Vay X+ S}-t = 13,511 = 0,037.
Do d6 phai loai trir cdc k€t qua ndm ngoai gidi han 13,475 < Xi <13,548, nghia 1a
phai loai k&t qué s6 10 va chi con 12 phép do 1a ddng tin ciy.
VIIIL.2.3. P4anh gia do diing din cia phueng phap (sai s6 hé thong)

Gij st ta xdc dinh lugng thanh phan trong mot mau clia mdt sdn phdm theo

mot phuong phip méi, ma thanh phin clia miu phin tich dé da biét trudce (c6 thé
biét dudc nhd vao mdt phuong phap chuin nio d6 c6 do chinh xdc cao va hau nhu
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khong bi sai s& hé thong, hoic miu phan tich 12 miu chuin). D€ bi€t phuong phap
mdi c6 mic sai s6 hé thong hay khong ta ti€n hanh nhu sau:
Gia str X 1a gid tri ding ctia thanh phan cAn xdc dinh. Dya vao phuong phap
mdi, ta ti€n hanh n 1an x4c dinh, cho ta k&t qua trung binh X va do 1éch tiéu chuin
S, ta tinh dugc hiéud =X - X va dd tin cay thuc nghiém.
d
Ly = o vGi xdc sudt p, tra bang biét dugc t. Theo quy luat thong ké todn

hoc:
- Né&u t,, < t thi cho phép ta két ludn ring phuong mdi nay 13 chinh va c6 thé
khéo sét tiép.

S
- Tinh @6 1&ch tiéu chuin trung binh S} = \/’ va tlr S} ta tinh dugc mot
n
. . ./ . ' d
gia tri méi t'y, khdc vdi t,, trude nhu sau: Z,, = 5
X

- Né&u t, < t'thi hiéu d d6 khong phai 12 do sai s6 hé thdng ma chi 1a do sai
s6 ngiu nhién, va cho phép ta k&t luan ring phuong phdp mdi cho két qui dong
nhA't (v6i phuong phdp chitan hay véi mau chuin).

- N&u t,, > t c6 nghia (& hai phuong phip (mdi va chuin) cho két qui khic
nhau. Vay s& c¢6 mot sai s6 h¢ thong € =d =X - X. Va phai ké dén viéc biéu
dién ké&t qua phan tich.

Vi du 1: Phin tich Mn trong m{tiniu nudc c6 ham lugng Mn da biét trude X
= 13,370. Ta 4p dung mot phuong phap phin tich mdi d€ x4ac dinh ham lugng ciia
Mn trong miu nuéc d6, gid s thyc hién 7 131 phan tich cho ta cdc két qui sau: n =
7; X = 13,343; S = 0,031.

D = 13,37 - 13,343 = 0,027; t,, = 0,027 / 0,031 = 0,87; tra bang v6i p = 95%,
k=7—-1=6tacot=245. Vayrdorangt, < t.

K&t luan: phuong phdp mdéi 1a chinh (hdp 1y).

. 0,032
Ta khdo sit ti€p Sy = Nl =0,0117 , ¢, =0,027/0,0117 = 2,31.

t, < t nén c4 hai phuong phdap déu cho k&t qui ddng nhat, do d6 khong cé
sai s0 hé thong, con su khic nhau d = X - X 14 chi do sai s6 nhAu nhién.

Vi du 2: Mot mau chudn ctia mot san phdm cé6 X = 55,3. Theo mdt phuong
phép méi, ti€n hanh mot diy 5 14n thi nghiém cho ta cdc két qui: n=5; X =53,7; S
=(0,74. Ta tinh dugc d =X - X = 1,6.

tw=1,6/0,74 = 2,16. Tra bdng ta c6 t = 2,78. Ta thiy t, < t, vy coi phudng

P e < N « A 0774 /
phdp méi 1a chinh va ti€p tuc tinh Sy = NG =0,33 ¢, =1,6/0,33 =4,85, 10

rang t', > t. Vay k&t ludn ring 2 phuong phdp cho 2 k&t qui khdc nhau, do d6 két
qua méi c6 mot sai s hé thong d = 1,6 va phdi ké dé€n trong viéc bi€u dién cic két
qua phén tich.
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VIIIL.2.4. C4ch bi€u dién ké&t qua phén tich

Sau khi da danh gid dudc cdc két qui phan tich dinh lugng thi ta cAn phdi
vi€t k&t qua nhu thé nio cho hgp 1y va c¢é y nghia? Thudng cé thé theo quy tic sau:

1. Tri s6 clia k&t qua phan tich X chi chira lugng s& c6 nghia thé nao d€ cho
s6 cudi cling nim trong cling bac vdi sd cudi cia tri s6 sai s0.

Thuong la:

- N&u s c6 nghia ddu tién cla sai s6 € 16n hon 3 thi € dugc biéu dién
bdi s6 € c6 mdt sd c¢6 nghia. Vidu: &€ = +0,072%, sd c6 nghia dau tién 1a 7 (>
3). Vay c6 thé vit gon & = +0,07%.

- N&u s ¢6 nghia dau tién trong tri s6 cia € nhd hon 3 thi € duoc viét v6i
2 58 ¢6 nghia. Vidu: € =+ 2,2%, s6 c¢6 nghia diu tién 12 2 (< 3) . Vay &€ dugc
vi€t hai s& c6 nghia: € =+22%. Hay & =+ 14 mg/l, s6 dau tién c6 nghia la 1 (<
3), viy € == 14 mg/l.

- Vay gid st k&t qua phan tich c6 cdc gia tri sau: X = 34,284% véi & =+
0,07% thi phai viétla: X = 34,28% = 0.07% vi 0,08 (bac phan trim) cling bac vé6i
0,07%. Hay X = 10,94% v6i € = +2,2% thi phdi viét X = 10,9% =+ 2,2%. Hoic 768
mg/l + 14 mg/l thi du satisd 8 (bac don vi) con sd 1é ciing phdi bd di va két qua ghi
1a 768 mg/l + 14 mg/l1.

2. Sau khi xédc dinh Iugng s& c¢6 nghia ta phdi lam tron k€t qué theo nguyén
tic chung:

Vidu: € = +0,07% va X = 34,284 thi k&€t qua ghi 12 34,28% =+ 0,07%.

Né&u X = 34,287% thi ghi 1a 34,29%. + 0,07%.

3. Tuy nhién néu ham lugng X < 1%thi sai s6 bi€u dién bing con sd chi c6
mot sd c6 nghia.

Vidu: X =0,3423% c6 € = +0,0238%

X =0,00635% c6 & = +0,00128%

Thi s& bi€u dién: 0,34% =+ 0,02%.
0,006% + 0,001%

4. Mot s6 quy tdc viét s6 cé nghia trong viéc tinh todn.

a. Khi cdng hoic trir trong s6 d6 v6i do chinh x4c thdp nhat c6 bao nhiéu con
s6 c6 nghia, thi ta giif ngin Ay con s& c6 nghia sau ddu phay trong sd thanh.

Vi du: Khi cdng cic s6 0,284; 25,86; 3,5894 thi trong mdi sO chi giit lai 2
con s6 thip phan sau ddu phay.

0,28 + 25,86 + 3,59 =29,73.

b. Khi nhan hay chia trong s6 d6 véi do chinh xdc thap nhdt ¢6 bao nhiéu

con sd c6 nghia ta ciing giff lai ngan Ay con s& c6 nghia trong s& thanh.

Vi du: xdc dinh ty trong: p =m / V = 28,34 / 8,4 trong k€t qua tinh chi nén
giff lai hai con s6 c6 nghiap=m/V =28,34/8,4 =337.
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c. Khi nang 1én Iuy thua hoic Idy ciin s6, trong d6 sd phdi nang 1én luy thira
hoéic con s6 & dudi cidn sd c6 bao nhi€u s6 c¢6 nghia thi ta ciing gilit nguyén bay
nhiéu con s6 ¢6 nghia trong k&t qui. Vi du: 0,25 = 0,0626 = 0,062.

d. Khi 14y logarit, trong s6 14y logarit c6 bao nhiéu con s6 c6 nghia thi trong
k&t qué thu dugc cling chi giit nguyén by nhiéu con s& c¢é nghia trong phin 1é cla
logarit.

Vidu: p=28/84hay lg p = 1228 — 128,4 = 1,45 — 0,92 = 0,53
lgp = 0,53 hay p=3.4.
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PHAN 2
GIOI THIEU CAC PHUONG PHAP PHAN TICH
POI TUGNG MOI TRUONG

Chuong I

NHUNG YEU CAU CAN THIET TRONG PHAN TiCH MOI TRUONG
L1. TINH PAI DIEN CUA MAU

Pay 1a mot trong nhitng y€u t6 hét stic quan trong trong phin tich moi trudng,
né quyét dinh dén tinh chinh xdc cda k&t qua phan tich, do vy cin phdi xem xét
tinh dai dién clia mAu, doi khi viéc thu thAp miu khong thda min dugc tinh bién
dong ctia mdi trudng va sy nhiém ban cé thé ddi véi mau phan tich. Vi du, hai sinh
vit sdng trong moi trudng bi 6 nhiém va chiu mot liéu nhu nhau chit 6 nhiém
nhung c6 thé cho nong do khac nhau trong cd thé sinh vat. Nong do dong thai cling
bi thay d6i n€u nhirnha may khong hoat dong vao ban dém hoic nhitng ngay cudi
tudn hoic trong qua trinh sdn xuat, chat thai thdi ra khong lién tuc. Nong do chat 6
nhiém ciing c6 thé khac ntau thim chi § trong cdc miu dudc 14y ngay tai vi tri gin
d6. Vé6i cdc miu nuée va miw khong khi, ndng d6 chi't 6 nhiém ciing c6 thé thay
ddi tirng gid, tiing ngay hoidc thng miua. Hinh 1.1 minh hoa sy thay d6i dién hinh
nong dd nitrat § mot vi tri trong ddug, song theo chu trinh clia cdc mia trong nim.
Céc chat 6 nhiém c6 thé tim thdy vai ki phia dudi dong chdy vi sy vin chuyén cic
thanh phan & nhiém vao va ra sdng va ci¢ phan tng sinh hoc, héa hoc trong nudc
song. Ro rang ring can phai hiu bi€t chiiet va c6 mot chién luge 14y miu &
nhitng thdi gian khdc nhau va tir nhitng vi tri khic nhau dé tinh dén sy thay ddi
nong do chi't 6 nhiém.
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Hinh 1.1. Sy thay doi ham lugng NOj trong nudc séng theo ting mia
1.2. LUU GIU MAU
Cédc miu phan tich sau khi 14y cin phdi dudc luu giit sao cho ndng dd chit can
phan tich khong bi thay ddi trong qud trinh van chuyén va bio quin. Nhiéu van dé
c6 thé ndy sinh né€u nhu chi't phan tich 1a chi't d& bay hoi, d& phan huy va tham gia
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phdn tng véi cdc chat khdc trong miu hoic c6 thé ling dong vao thanh binh dung
mau. MAu phan tich cling c6 thé bi nhiém bin do cdc nguyén t& tir thanh binh hoa
tan vao (cdc kim loai tir binh chifa biing thdy tinh va cdc hgp chat hitu cd tir binh
bing plastic). Quy trinh cit gilt miu ciing s& khdc nhau d6i véi mdi mot loai miu
va hdp chit can phan tich.

I.3. CON PUONG TOI HAN VA NHOM TOI HAN

Pay 1a van dé cAn phdi lam sdng té d€ tim ra mot gidi phap tot nhat trong phin
tich mdi trudng. TruSc khi thyc hién phin tich moi trudng cin phdi phdn dodn
nhitng con dudng chit 6 nhiém c6 thé di chuyén trong hé thdng moi trudng, phan
dodn sinh vat & dang nao bi 4nh hudng nhi€u nhat. Pay 12 nhitng bu6c ban dau can
thi€t cho bat ki mot chuong trinh quan tric d€ bido quin miu. Khi chuong trinh
quan tric mdi trudng da dudc xéc 1ap, st dung dudng t6i han hodc nhém t6i han c6
thé 1am gidm nhe nhiém vu phan tich. Puong téi han la con duong theo dé nong
do I6n nhdt chdt 6 nhiém cé thé tim thdy va nhém téi han la nhém sinh vat (hodc
con nguoi) bi nguy hai nhiéu nhdt & diém cudi duong té6i han. N&éu nhu ndng do
cda hop chat trong miu dudc 14y tif nhém t6i han bén trong viing cho phép thi nong
dd do6 sé khong cao hon fiong do clia hop chat trong cdc nhém khic.

1.4. CAC PHUONG PHAP PHAN TiCH MOI TRUONG

Chiing ta di bi€t cdc ion va hdp cha't chdt 6 nhiém lam thé ndo cé thé tip trung
trong cd thé sinh vt thAim chi ndng@od nén chi trong khodng pg/l. Mot s céc kim
loai va hgp chat hitu cd c¢6 ddc tinh rit’cao chong lai sy phan huy sinh hoc va dé
dang dugc tich lily sinh hoc tir ndng d6 ratthap vi du hdp chit dioxin va nhém cic
hdp chit PCB. Chiing thudng dudc quan tric thiuong xuyén & mitc ndng do pg/l.

Mot s6 phuong phdp phan tich xdc dinh kim lodiva hgp chdt hitu co thuong dugc
st dung trong phan tich moi truong:

a. Cdc phuong phdp cé dién: phuong phap thé tich, phudng phdp trong luong

Phan tich thé tich (chuin d6) 12 mot trong nhitng phudng phap phan tich ¢ dién
véi tdc nhanh, chinh x4c va st dung cdc thi€t bi don gidn, khong dit tién. Phuong
phdp nay c6 thé xdc dinh tryc ti€p dic tinh chung nhat cia miu vi duy nhu d6 citng
ctia nudc. Tuy nhién gidi han phan tich cia phuong phap thé tich lai bi han ch&. Ky
thuat phan tich trong ludgng c6 thé rat chinh xdc nhung rit d& bi 4nh hudng bdi cic
chat khac. Ngudi phin tich cin phii c6 tay nghé cao. Phin tich trong Iugng tiéu ton
nhiéu thdi gian vi sit dung qud nhiéu thao tdc nhu k&t tda, loc va 1am kho. K§ thuat
phén tich trong lugng dudc sit dung dé€ ki€m tra k§ thuat phin tich thé tich.

b. Cdc phuong phdp dung cu

Céc phuong phdp phan tich dung cu thich hgp cho phan tich cdc chit cé ndng
dd thap. Vung lam viéc tuyén tinh (nghia 13 viing trong d6 sd ghi cia thiét bi ty 1€
thuan véi ndng dd) clia cdc thi€t bi § mic mg/l, thudng twong Gng rat gin véi nong
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do clia moi trudng. Phan tich dung cu dugc st dung trong phan tich moi trudng gdm
cdc phuong phép:

mCic phuong phap do sic ky

mC4ic phudng phap do phd

BCic phuong phap di€n hoa

Trong da s6 trudng hop khi phin tich cic miu moi trudng, cdc phuong phip
phan tich néu trén c6 thé ddm bio dugc dd nhay phan tich va it mat thdi gian chuin
bi miu. Qu4 trinh 1Am gidu hoidc phan tdch chit gdy dnh hudng chit phan tich trong
mau ciing ¢ thé dugc thuc hién d€ 1am gidm d6 nhay phan tich. Sd dd chung (Hinh
1.2) cho phin tich mau mdi trudng bing phuong phap phan tich dung cu nhu sau:

Chiét mau
v

TAch cac chat anh huéng

Lam-gidu dich chiét

Phan tich

v

Tinh két qua va ddnh gia

Hinh 1.2. So do tién trinh phdan 1{¢h mdu moi truong

1.5. LUA CHON PHONG THI NGHIEM HOAC PHAN TICH TAI HIEN
TRUONG

Phan 16n phép phan tich cdc chi tiéu trong miu nudc hodc trong miu rin (dat,
dd, sinh hoc) dugc ti€n hanh trong phong thi nghiém. Tuy nhién cé nhitng tinh
hudng phai ti€n hanh phan tich ngoai hién trudng, vi du phan tich khong khi thudng
ti€n hanh ngay tai di€m thu miu.

C6 nhitng sy khic biét vé qud trinh ti€n hanh phan tich cling nhu thdi gian, chat
lugng phan tich trong phong thi nghi€ém va ngoai hién trudng. Trong phong thi
nghiém, phép phan tich dudc tié€n hanh & di€u kién t6i wu va di€u nay sé cho nhitng
két qua chinh x4dc hon. Vi phép phan tich ti€n hanh § mot ndi, trén cing mot thi€t
bi phan tich cho nén céc két qua thu dudc dat do tin cdy cao hon. Mot trong nhitng
han ch€ cta phan tich tai phong thi nghiém 13 qué trinh thu miu va van chuyén
mAu tr dia di€ém xa phong thi nghiém nén viéc cho nhitng k&t qua khong kip thdi,
k&t qua nhiu khi bi sai s& vi nhitng bi€n ddi hoic nhiém ban trong thdi gian vin
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chuyén va luu giit. Piéu hét sitc dic biét 13 gid thanh phin tich trong phong thi
nghiém rit cao.

Phan tich hién trudng sé cho két qua ngay lap tifc mic du diéu kién phan tich
khong dugc t6i wu. P chinh xdc va tin cy clia phép phan tich sé thap hon cdc két
qua trong phong thi nghiém nhung 4nh hudng giy ra sai s6 clia qud trinh van
chuyén va cit giit mau bi loai trir.

Phan tich ngoai hién trudng c6 thé st dung cdc thiét bi sau diy:

mThié€t bi ki€m tra x4ch tay ddi vdi cdc ion hodc hdp chit dic biét, nhitng thiét
bi ndy thudng stt dung d€ phan tich nhanh céc chi tiéu trong nuéc.

mC4c thi€t bi quan tric phic tap c6 thé di dong (Phong thi nghiém di dong) dé
phan tich va ddnh gid chat ludng khong khi, chit lugng nudc hoic cic chat
phong xa.

mThiét bi ki€m tra ty dong hoat dong lién tuc dé phan tich khi thi tir cdc ngudn
ong thai va c6%thé c6 hé thdng bdo dong khi nong @6 chat 6 nhiém vugt qua
muc cho phép.

1.6. BAO HANH CHA T ¥A/ONG PHAN TiCH

Chiing ta biét riing chat 6 1hi®m c6 thé ton tai trong moi trudng véi ndng do <
ng/l va c6 thé thay d6i nhanh chéng & mitc ndng d6 nay. Miu phan tich c6 thé 1a
mau nudc, miu khong khi, chat ranheic sinh vat song. Do vdy, mot diéu hét sic
quan trong 12 phuong phdp phan tich vi“k&t qua phan tich phai dudc tin ciy, nghia
la:

- Phuong phép st dung phai dugc cong nhéan trudc khi nghién ctu phan tich,
nghia 1a cdc thi nghiém phéan tich da dugc thyc hién mot cich hoan hao va
cho nhitng k&t qud chinh xdc ddi véi loai mau ¢an phan tich.

- C6 modt s6 chi din sai s6 cd hitu (titc 12 sai s& hé thdng hay khach quan) clia
phuong phép.

N&u chiing ta quan tAim dén sy chinh xdc cia két qua phan tich thu dugc thi 1o
rang ring su quan tAm d6 phdi lién tuc sudt cd qud trinh tir Iic thu miu cho dé&n khi
cong bd k&t qud phan tich. Su chinh xdc clia cdc két qud phu thudc vao nhitng yé&u
td sau day:

- Quy trinh 14y mau phdi thu dugc miu c6 tinh dai dién.

- MAu khong bi nhiém ban hoic bi thay ddi thinh phan trong qu4 trinh cit giit.

- Khong c6 sy nhiém bdn miu bén trong phong thi nghiém hoic trong thdi
gian phan tich.

- Han ché t¢i mic thap nhit mAt mat trong qué trinh chuin bi miu (phan huy,
tdch héa hoc, lam giau...).
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- Khdng c6 su ngin cdn trong budc phin tich sau cling tif cdc thanh phan khic
trong mau.

- Céc két qud dugc tinh todn mdt cdch chinh xdc va dude luu trit cho sy tham
khéo trong tuong lai.

Pam bao chit lugng (quality Assurance — QA) va ki€m tra chit lugng (Quality
Control — QC) 1 hai kh4i niém ludn gin lién véi nhau va ludn dude thuc hién & tat
c4 cdc phong thi nghiém phan tich mdi trudng trén th€ gidi. Mic du ¢6 nhitng dinh
nghia khac nhau vé QA va QC giita cic td chtic va cic nudc, nhung déu phai tudn
theo nhitng chap nhin chung sau day vé QA, QC:

- QA 1a toan bd phuong luan can thi€t d€ tdi thi€u cdc sai sd tiém tang. (cdc vi
du vé QA dua ra trong Bing 2.1)

- QC Ia cdc phép do dugc st dung d€ ddm bdo tinh gid tri clia cdc k&t qua
riéng biét.

Bdng 1.1. Mot s6'vi du vé quy trinh ddm bdo chdt luong

e Ciéc quy trinh 14y mAd v cat giit mau phdi ddm bdo ring d6 12 miu ¢
tinh dai dién, khong thay d6i vé thanh phan khi chuyén t6i phong thi
nghiém.

e Liplaivailan viéc 14y miu v phan tich.

e Ghi 1d dic di€m chi ti€t trong s @6 phan tich d&i véi dd sach cda tic
nhan va tinh trang sach clia thiét bi.

e Kiém tra nhiéu 1an vé hoat dong clia thi€t bi.

e Do vét trong dung dich chuin bat ky dugc sif dung. Piéu nay c6 nghia
ring ndng dd dua ra trong dung dich chuin nhat thi€t phai dudc ki€m tra
lai cdc chudn goc cia Qudc t€.

e Trong mdi mdt mé phan tich cin dua vao mot vai lan chit phan tich da
bi€t trudc ndng d6 (phuong phdp thém) dé xdc nhan do tin cdy cia
phuong phdp va cin phin tich miu tring trong mé phan tich ndy. Miu
tring 12 miu dudc tao ra c6 thanh phan gin nhu miu phén tich ngoai trir
chat can phan tich.

1.7. LUA CHON PHUONG PHAP PHAN TiCH THICH HQP

DP&i v6i cong viée quan tric moi trudng thudng xuyén, can phdi lya chon céc
phudng phdp chuin cé sin trong nu6c hoic cic t6 chitfc Qudc t€. Cic phuong phap
ndy khong chi dua ra quy trinh phan tich mot cdch chi ti€t ma pham vi 4p dung
(khodng ndng do va loai miu), gidi han x4c dinh va nhitng sai s& thudng gip phai.
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Mot s6 cdc t6 chic thudng dua ra cidc phuong phdp phan tich chudn sau day:
mHiép hoi ki€m tra va cdc vat liéu clia My

BVién tiéu chuin cia Anh

BCJ quan bao v&€ mdi trudng cia My

mCd quan tiéu chuin Qudc t&

D&i v6i cong viéc ki€m tra it thudng xuyén hon, cidc phudng phdp phin tich c6
thé tim thdy trong cdc cong trinh khoa hoc tuong tu nhu cdng viéc dang ti€n hanh.
C4c k§ thuat phan tich doi khi ciing phdi dudc cdi ti€n. Vi du, mot k§ thuit dudc
phdt minh ma ky thuit dé da dugc 4p dung va cdng nhan cho phin tich nu6c bién
c6 thé dp dung d€ kiém sodt nuSc ngot. TAt nhién s& phdi xdc nhan lai do tin cAy
va do chinh xdc ctia phuong phdp cho loai miu méi trude khi 4p dung.

1.8. CAC TIEU CHUAN PHONG THi NGHIEM

Cong viéc phAg tich vAn hoan toan chua két thiic khi chua thyc hién dudce toan
bd cdc van dé da a¢ ¢p t6i & trén. Mot sd cdc y€u to khac nita cling can phdi quan
tam:

- Su sach sé ctia phong'thi nghiém

- Nhiém ban céc thi€t bi phong thi nghiém va khong khi tir cdc cong viéce
phén tich trudc do.

- Huan luyén doi ngii nhan vién

- Thudng xuyén bdo quan va chudn hoathi&t bi.
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Chuong I1

CAC PHUONG PHAP PHAN TiCH NUGC
I1.1. CO SG CUA CAC PHUGNG PHAP PHAN TiCH NUGC

Nu6c duge st dung vao nhiéu muc dich khdc nhau, do vay chit lugng nuSc st
dung ciing rat khdc nhau. Nudc dudc sit dung trong céc linh vuc nhu sau:

- Nu6c cung cap cho sinh hoat

- Nu6c cung cap cho cong nghiép.

- Nudc thai va chon 14p chit thdi

- Nu6c st dung d€ nuoi trong hai san

- Nudc tuéi

- Nud6c phuc vu cho hang hai

- Nu6c phuc vieho sdn xuat dién

- Nu6c phuc vu giaf gi

M&i mdt linh vyc ¢6 nhu ¢au vé nude déu yéu cau chit lugng, thinh phan va do
sach khdc nhau cda nudc nén cian phai phan tich d€ xdc dinh thanh phan cdc chat
trong nu6c phit hgp cho muc dich 5& dung. Qué trinh phan tich s& dugc ti€n hanh tr
nhitng phép thit don gidn nhat d&€n ciciphan tich phic tap & ngoai hién trudng va
trong phong thi nghiém. Céc ngudn nuéctfong tw nhién dugc tim thdy & nhiéu dang
khac nhau: nu6c sdng, nuéc hd, nuéc ngdm, wirdc bi€n va nudc mua. Nudc tdn tai &
thé rdn nhu biang tuyét va thé hoi trong khons khi. C4c tap chit trong nudc ciing
thay d6i va rat khdc biét phu thudc vao ciu tao dichidt ma dong nuSc chiy qua,
phu thudc vdo cdc hoat dong cla con ngudi va sinh vit. Mot sd cdc thanh phan
chinh thudng tim thdy trong nuéc ty nhién Ia:

Céc ion c6 ngudn gdc tir cdc mudi v cd khd phd bién trong tu nhién (Na®,
CI, Ca**, S0,” ..).

- Cécion (chd y&u la cdc ion ctia kim loai chuyén ti€p) bit ngudn tir cic mudi
vd cd it phd bi€n hon, c6 thé do qud trinh trich ly tir cdc khodng vat.

- C4c vat liéu rdn khong tan hodic 1a tir sy phan huy ctia thyc vat hodc cdc
phan t& vd co tir tram tich hodc d4 bi phong héda.

- Céc hgp chat tan hodc keo ¢6 ngudn goc tir su phan huy cda thuc vat.

Cac khi hoa tan.

Khi hoa tan xdy ra qua sy ti€p xidc cia nuéc véi khong khi va qua sy hd hép,
téng hdp quang héa cla rong tdo. Song c6 dong nudc chdy manh va hdn loan
thudng dudc bao hoa khong khi. Sy hé hdp cda dong vat thuy sinh gidi phong ra
ning lugng tif thu'c phdm, tiéu thu oxi va sinh ra khi Cacbonic theo sd d6:
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C6H1206 + 60, — 6CO,+ 6H,0 + néng ILI'QI’lg

Phin ng tong hdp quang héa bdi thuc vat chuyén d6i qud trinh ndy va tao ra
céc hop chat hitu cd va oxi tir CO, biing cdch st dung 4nh sdng mit trdi nhu 12 mot
ngudn ning luong:

6C02 + 6H20 +hv — CgH,0¢ + 602

Miic oxi trong nuéc bi thi€u hut bdi sy oxi héa chdm clia hitu cd va trong mot
s6 trudng hgp, cdc vat liéu vo co. Su ¢c6 mit mot lugng 16n cac chat hitu co c¢6 kha
ning oxi héa (nuéc thdi) 12 mdt dang nguy hai clia chat 6 nhiém trong nudc song.

Céc ion thong thudng trong nudc ty nhién c6 ndng do trong khodng mg/l (Bing
3.1), cdc ion khic (nhu ion F') c6 khodng ndng d6 thay ddi rat rong va phu thuodc
vao cdc khodng chat ling dong cla tirng ving.

Ton NH," trong nudc ¢6 nong do nim trong khodng tir 0 — 2 mg/l va khong bao
gid vugt qua midc ndng dd 2 mg/l vi NH,* nhanh chéng bi oxi héa thanh nitrat
(NO3). Ion NH," d&¢ v6i ca ddc biét khi § dang phan tf trung hoa (NHj).

Céc két qua phan tich thanh phan cdc ion thong thudng trong nudc mua, nudc
song va nude bién dua rateong Bang 2.1.

Bdng 2.1-Nong do cdc ion trong nudc tu nhién

Khodng nong dé (mg/l) Catien Anion
0- 100 Ca **, N& CI, SO,*, HCO5
0—25 Mg ** K* NOy
0—1 Fe **, Mn **, Zn *" PO,
0-0.1 Céac ion kim loai khac NO;

Nong dd ion trong nudc song ludn ludn thay d6i do sy tuong tic clia nudc vdi
khi quyén va v trdi dit, cdc qud trinh sinh hoc va héa hoc x3y ra lién tuc trong
nudc d6 1a chua k€ bi 6 nhiém tir cdc ngudn thai. Cdc qud trinh ty nhién dnh hudng
dé&n thanh phin cla nudc sdng la:

- Phong héa cdc logi dd lam ting ham lugng mudi vo co. Thanh phin nay
cling bi dnh hudng bdi sy tuong tic vdi cic vat liéu ¢ dudi ddy song. Cac
loai da't sét thudng dugc tim thd'y & ddy song 1a chat trao d6i ion ty nhién.

- Trdm tich héa cdc vt liéu lo litng qud trinh nay thudng x4y ra phia dugi
dong chay.

- Anh huéng ciia su séng thity sinh, tiéu thu va sin sinh ra oxi, cacbonic bdi
thuc vat. Thuc vat song ciing hdp thu chit bd dudng (bao gdm nitrat va
phosphat) cin thi€t d€ phat trién.
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Suc khi sy tao ra oxi bdi thuc vat khong chi 1a phuong phdp lam cho khi di
vao trong nuc. C6 sy truyén khi lién tuc gitta khi quyén va nudc c6 thé bd
sung lugng oxi bi 14y di bdi sy oxi hda clia cdc chit hitu co.

Héa hoi va bay hoi cidc hgp chit hitu ¢d c6 khdi lugng phan tif tuong doi thap
c6 4p sudt hoi cao va dé bi thodt ra khéi nuSc. Ban than nudc ciling bi bay
hoi (t6c do bay hdi phu thudc vao nhiét do chung quanh). Nudc bi mit do
bay hoi dd 1am ting thém ndng do tit cd cdc chat hoa tan trong nuéc.

Mot trong nhitng ngudn nudc hién nay dang dugc khai thic st dung kha phd
bi€n d6 12 nu6c ngdm. NuSc ngdm cé thé c6 ndng d6 mudi 16n hon nudc bé mit do
cdc khodng chat bi hoa tan. Trong qud trinh di chuyén trong 1ong di't, nudc sé tiép
xdc v6i cdc vat liéu hitu cd ¢6 kha ning phian huy 1am gidm ham lugng oxi trong

nudc.

I1.1.1. LAy miu nuéc

Miu dudc 18y £thudng chi tir 250 — 500 ml) nhung phdi dai dién cho toan bd
lugng nuSc quan tiicrya dude bido quan sao cho khong bi thay ddi trong thdi gian
van chuyén va lvu giii.

Trudce khi bit dau chitong trinh 14y mAu phai dua ra quyé&t dinh cin phan tich
cdi gi. K§ thuat phan tich st dung c6 dnh hudng d&n thé tich, kich thudc
mau, dang binh dung miu V& phuong phép lvu gitt miu.

Quyé&t dinh vé chuong trinh iy mAu theo ngay, mia vi ndng do cdc thanh
phan thay ddi lién tuc.

Theo mita — nébng dd chat 6 nhiém bi 4nh hudng bdi cdc qud trinh phat trién tu

nhién.

Theo tudn — chat 6 nhi€m c6 thé chi thdi ra tif ¢de.co s sdn xuit trong nhitng

ngay lam viéc trong tuan.

Theo ngay — ndng d6 clia mot s6 thanh phan c6 thé bi thay ddi vi cdc qud trinh
sinh hoc cAn sy ¢6 mit 4nh sdng mit troi.

Quyét dinh tong s6 miu cin phai Iy, cAn nhd ring mdi mot vi tri phdi 14y
mau kép. Can phdi xem xét va di€u chinh s6 lugng miu 1ay phan tich vdi
kha ndng va thdi gian phan tich cia phong thi nghiém.

Quyét dinh vi tri 14y miu va dung cu 14y miu. LAy miu nudc bé mit doi hdi
dung cu don gidn (Idy truc ti€p trong lo hodc thiing) nhung nudc bé mit
khong phdi 13 vi tri t6t cho 14y mau vi n6 khong mang tinh dai dién cao va
ciing c6 thé bi 6 nhiém bdi chat 6 nhiém bé mit. PE tranh sy 6 nhiém bé
mit c6 thé st dung dung cu 14y miu mo td trong Hinh 2.1. Miu nu6c dugc
14y & dudi bé mit trong dong chdy chinh va ciing mot do sau.
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- Néu nhu quan tric 4nh hudng thdi chit thdi vao sdng, miu nén dugc 14y du
xa & phia dugi dong chdy dé cho chit thdi di thdi gian hoa tron hoan toan
v6i nuSe sdng.

- Quyét dinh vé thé tich miu s& 14y vé phong thi nghiém va binh luu giif miu.
Binh luu giit mAu thong thudng bing thuy tinh n€u bing vat liéu hitu co rat
dé 1am nhiém ban miu do cdc vi lugng tir thanh binh. Lugng miu chia trong
binh nhu th€ nao ciing 12 diéu hét sitc quan trong. N&u phan tich cdc chat
hitu c6 dé bay hoi hoic khi hoa tan thi miu phai ludn ludn d6 day binh. Poi
vdi cdc chat khac thi khong can d6 ddy hoan toan va cé thé dé dang lic tron
trude khi phan tich. Trong giai doan ndy ciing can phai ki€m tra ti't cd cic
dung cu va thi€t bi 14y miu dé ddm bdo ring miu khong bi nhiém bin tir
ching.

- Quyét dinh phuong phap luu giit mau. Cac phuong phdp tiéu chuin cé sin
cho hdu hét cic chat d€ han ch€ t6i mic tdi thi€u sy mat chit phan tich.
Phuong phifi.thay ddi tuong ng véi cdc tinh chat vat 1y va héa hoc clia cic
chat.

- Nitrat — giit § 4 °C d€ lam cham sy phan huy sinh hoc.
- Thudc bio vé thyc vat — giittrong béng toi d€ tranh phan huy quang héa.

- Céc ion kim loai — axit héa miun d€ ngin cdn sy hdp phu ion kim loai 1én
thanh binh.

- Phenol — thém hydroxit dé 1am cham su'bay hoi.

D&i v6i mot s& chat phan tich nhu nhu cau oxi&inh hda thi phan tich cang nhanh
cang tot sau khi 14y mAu va cin giit mAu ndi mat trongqud trinh van chuyén.

C4c nha nghién cifu mdi trudng mong mudn quan tric su dao dong cé tinh quy
luat vé ndng dd chit 6 nhiém trong cdc thdi gian khdc nhau. N&u nhu can phai
quan tric trong thdi gian dai, chuong trinh 14y nhiéu maiu cin phdi dudgc thyc hién &
cling mot giai doan ctia mdi mot chu ky. Ngudc lai, quan tric sy thay ddi trong thdi
gian ngin chi can 14y mot s§ it mau & mdi chu ky.

Vi du, d€ quan tric sy thay ddi c6 tinh quy luat clia hai chat:

- Ox1 hoa tan;

- Nitrat;

Oxi dudc tao ra bdi su tdng hop quang héa vao ban ngay nhung bi tiéu thu bdi
ho hap hoic bdi oxi hda cdc chat hitu cd mdt cdch lién tuc vao cd ban ngay va ban
dém. Nhu vay, lugng oxi can thi€t cho cdc dong thuc vat thuy sinh sé& bi thi€u hut.
Ludng oxi thi€u hut s& dugc bd sung tir khong khi.

Su thay d6i ndng dd nitrat tuong d6i phic tap. Nitrat 12 chat bd dudng can thiét
cho su phat trién clia thuc vat va n€u nhu khong cé bd sung thi ham luogng nitrat s&
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gidm xudng vao mia xuin va ting Ién vao mua dong. Tuy nhién, n€u nhu ndng
dan st dung qud nhiéu phin bén chita nitrat § canh dong gan ké v6i dong nuée thi
nitrat tr§ thanh thanh phan chinh trong nuéc song.

Tin hiéu phdt ra tir b& mit khi thi€t bi 14y mAiu dat
dén do6 sau yéu ciu

D

|
E_]_J C S¢i day giit thi€t bi 14y miu & vi
' ' \ tri m& cho dé&n khi thodt ra ,

D4i cao su kéo ciang § vi tri md

se——
T Thodt cd hoc dugce kich hoat bdi
[N\ ——— . A
tin hiéu
\

TS,
@ Sau khiftho4t ra, binh chda miu

dudc ginldibing su kéo cing
cla gidi cao su

Hinh 2.1. Dung cu &y mdu nudc

I1.2. XAC PINH CHAT LUGNG NUGC
I1.2.1. Chit rin 1o hing

B4t ky mot loai nudc ty nhién nao ciing chita mot sd chit rin 16 ling nhung
thudng 13 nhitng hat c6 kich thudc rat bé nén khong thé dé dang nhin thdy (trir
trudng hgp nuéc chita qud nhi€u chit rin 10 Irng va mau tr§ nén duc va hau nhu
khong c6 su song nhin thdy dudc c6 thé tdn tai). Cc hat 10 liing s& giy ra nhitng
phién todi v€ tinh chat vat 1y clia nuéc:

- Hat 1o litng 1am gidm sy truyén 4nh sdng trong nudc din dén 1am chim qué
trinh tdng hdp quang héa trong thuc vat.
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- Trong nhitng doan song, dong nudc chdy it hdn don, cdc hat 16 lting c6 thé bi
sa ling 1am ngat thS cdc dong vat sdng & viing ddy.

I1.2.2. Nhu cAu oxi va oxi hoa tan

TAt cd su song clia dong vat & dudi sdng déu phu thudc vio sy ¢ mit clia oxi.
Chiing ta da biét ring sy c6 mit cda cdc hgp chit hitu cd c¢6 thé gidm lugng oxi
trong nudc bdi qué trinh oxi héa. Thyc chit diy 12 mot qud trinh cla vi sinh vat goi
12 phan rd wa khi. Su chuyén ddi cdc nguyén t& da lugng c6 mit trong thuc vat (C,
H, N, S) thanh CO,, H,0O, NO5" va SO42' tuong ung.

Khi khong c6 mit oxi trong nudc, cdc vat liéu hitu cd vin bi phan huy d6 la
nhitng vat liéu khir va qua trinh nay la qua trinh cda vi sinh vat phan huy ky khi.
Trong trudng hdp nay sdn pham cudi ciing 13 CH,, NH; va H,S.

Do tan cla oxi trong nudc rit thap. Nudc bio hoa & 25°C va 1 atm chia 8.54
mg/l oxi. PO nhay cdm clia c4 v6i ndng d6 thap clia oxi phu thudc vao tirng loai.
C4 trich chi s6ng dudc trong diéu kién nudc bdo hoa oxi, cd hdi khodng 1,5 mg/l,
trong khi d6, cd chépco thé séng dugc & mic 0,3mg/l oxi. Sy thi€u hut oxi trong
nudc khong nhitng do ¢é mit cdc hdp chat hitu co ma con su ton tai clia sit dusi
dang ion Fe** lam gidm luting oxi bdi qua trinh oxi héa thanh Fe™.

C6 hai cach kiém tra tronaphAn tich c¢6 thé st dung dé€ quan tric moi trudng
nudc doi véi oxi:
1. Po tryc ti€p ndng dd oxi trong rwiu. Cac s6 lidu thu dugc cé tinh chi thi cho
sy 1anh manh ctia dong song & vi ti4dic biét va & thdi diém 14y miu.

2. Po lugng vat chit & thdi gian di cho bicu hién sy thi€u hut mic oxi trong
nudc, nhu cau oxi, va cho chi thi khd ning thi€u hut oxi s& x3y ra néu nhu
lugng oxi khong dudc b sung.

I1.2.3. Oxi hoa tan (DO)

Xdc dinh oxi hoa tan c6 thé sit dung hai phuong phdp hoic 13 phuong phip
chuin dd (phuong phap Winkler) hoic biing cich st dung dién cuc nhay vdi oxi
hoa tan. K&t qud cta oxi hoa tan dugc bi€u dién theo nong @6 (mg/l) hoic phan
trdm cua oxi bao hoa hoan toan.

Trong phuong phap Winkler, oxi dugc giit lai ngay 1ap tifc sau khi 14y miu bdi
phan ng v6i Mn>*. Thém Mn (II) sulphat ciing véi hdn hgp natri iodit/ azide:

Mn > +20H + 1/20, —>  MnO, (s) + H,0 (2.1)

Su ¢6 mit clia azide 13 d€ ngin cidn dnh hudng ciia ion nitrit c6 thé oxi héa ion
Mn **. Binh dung miu nudc phai dugc d6 diy d€ ddm bio khong c6 su bd sung cla
oxi khong khi. Sau khi vin chuyén d&€n phong thi nghiém, miu dudc axit héa véi
axit H,SO,4 hodc axit H;PO,.

Phuong trinh phan @ng xdc dinh oxi hoa tan nhu sau:
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MnO, + 2T +4H* — Mn** +1,+2H,0 (2.2)

Luong iot gidi phéng dudce chuian dd vdi dung dich thiosulphat stt dung hd tinh
bot lam chi thi:

[,+2S5,0;7 —  S,067+21° (2.3)
Phuong trinh day di:
28,0;7 +2H " +% 0, —  S406% + H,0 (2.4)

Theo phuong trinh (2.4) thi cit 4 mol thiosulphat tuong dugng v6i 1 mol oxi trong
mau.

Phuong phap dién cuc dugc st dung dé do oxi hoa tan ngoai hi€n trudng ciing
c6 thé st dung & trong phong thi nghiém dé x4c dinh nhu ciu oxi sinh ho4 bing
thi€t bi pin Mackereth (Hinh 2.2) duéi day:

Anode chi

1| /1

L | Catode bac

] [ =" Mang ban thim - Oxi

-..._l:__.-"'
Dung dich KOH bao hoa  ~=="" | [
véi K2C03 |
'b QI'
\ Vong chit O

Hinh 2.2 So dé ciia pin Mackereth

Cd ché& hoat dong clia pin Mackerth 1a dong dién sinh ra ty 1& véi toc do khuéch
tdn cla oxi qua mang, hay ty 1& véi nong dd cla oxi trong miu. Cdc phdn tng x4y
ra trong pin nhu sau:

G Catot 120, +H,0+2e — 20H (2.5)

G Anot  Pb+20H — PbO + H,0 +2e (2.6)
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Dung cu thudng doc ham lugng oxi truc ti€p theo thang do tir 0 — 100% bdo hoa
va dugc chuin bing cdch do 100 % nu6c dugc suc khi hoan toan va 0% nudc khong
chifa oxi (natri sunphit dugc thém vao nudc). Chuin thi€t bi phai dudc ti€n hanh
truSc mdi 1an st dung dién cuc.

I1.2.4. Nhu cAu oxi sinh héa

Nhu ciu oxi sinh héa (BOD). Phuong phap st dung do nhu ciu oxi sinh héa dé
cO ging sao chép lai diéu kién oxi héa xdy ra trong moi trudng (Iudng oxi do vi
sinh vat st dung). Qu4 trinh x4c dinh BOD gdm cic budc sau: budc mot 1a xdc dinh
mifc oxi hoa tan clia miu nudc di dugc lam thodng khi hoan toan bing cdc phudng
phdp da gidi thiéu & phan trén. Phép do dugc lip lai 8 miu d6 sau nim ngay dé
mau trong béng tdi trong binh chita dy miu & mot diéu kién tiéu chuin t8i vu dé&
lam gia ting hoat dong cda vi sinh vat (nhiét do 20°C, pH trong khoédng 6,5 — 8,5)
va thém vao cdc mudi khodng 1am ch4't bd dudng nhu 12 mudi cia Ca, Mg, Fe (II)
va phosphat). D€ loai trir khi clo c6 trong mau (12 chi't khif tring 1am gidm sy phat
tri€n cda vi sinh vty mot lugng natri bisulphit s€ dudc thém vao.

Né&u nhu miu c6 nhi cAu oxi cao, can phdi pha lodng véi nuSc di dugc lam
thodng khi (bi€t ham lugng oxi hoa tan). Mot cdch 1y tudng 1a 30% hoidc nhiéu hon
lugng oxi con lai trong mau phin tich. Dung dich pha lodng ciing chita dong thdi
cdc mudi khodng giong nhu ban dau.

Né&u miu phan tich khong bi phadoing thi BOD sé dudc tinh nhu sau:
BOD = (nong dé oxi ban dau — nong do oxi cudi) mg/l.

Nhu cau oxi héa hoc (COD), xic dinh ntia cAu oxi héa hoc, lién quan dén céc
k¥ thuat bao gdm phdn ¢ng cia miu vdi lugng du tdc nhan oxi héa. Sau thdi gian
mAiu bi phd hity hoan toan, ndng d6 clia tdc nhiw’oxi héa dugc phan tich bing
phuong phdp do phd hoic bing phuong phap chuin.

Do gia tri dicromat hai gio. 0] diy miu dugc hdi luu v6i lugng du kali dicromat
trong axit H,SO,4 dic trong thdi gian hai gio:

Cr,0; > + 14H + 6e > 2Cr>* +7H,0 (2.7)

Bac sulphat c6 thé dugc thém vao d€ xic tic qua trinh oxi hda cua cdc rugu va
céc axit trong luong phan tit thap.

Ion clo gdy anh hudng hiéu ting dudng bdi phan Gng:
Cr,0;> +6CI' + 14H* — 2Cr** +3Cl,+7H,0 (2.8)

D€ loai trir 4nh hudng clia ion clo cAn phai thém thuy ngin (II) sulphat d€ tao
phtic cloro thuy ngén.

Chuén lugng du dicromat c6 thé si dung dung dich chuén sit (II) amonisulphat.
Phén ting xdy ra nhu sau:

6Fe™ + Cr,0; > + 14H" — 6Fe ** +2Cr** + TH,0 (2.9)
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Phuong trinh oxi hda bdi oxi nhu sau:
0O, +4H"+4e —» 2H,0 (2.10)

TU phuong trinh (2.10) va (2.7) ¢6 thé thay ring mot mol Cr,0;  tiéu thu 6 mol
electron d€ tao ra 2 mol Cr. Mot mol O, tiéu thu 4 mol electron d€ tao ra H,0, do
vay mot mol Cr,04 > tuong duong véi 1,5 mol O, .

Phuong phdp xdc dinh bang Permanganat Trong phudng phip permanganat,
lugng du kali permamganat dudc thém vao & diéu kién dic biét. Qud trinh thém
trong khodng vai phit khi miu dang dun trén b&p cach thuy hoic c6 khi vai gid &
nhiét do phong. Pemanganta khong phdn @ng hét cé thé dugc xdc dinh bing
phuong phip chuin dd vi du chuin dd bing dung dich thiosulphat sau khi mot
lugng I, gidi phong ra trong phan ng clia pemanganat vSi KI:

2MnO, + 16H" + 10IT — 2Mn ** + 8H,0 + 51, (2.11)
L+280;7 = S,067+2I (2.12)

Méi quan hé ciiw nhu cdu oxi véi cdc nong do ddc trung. Néu nhu chi mot hgp
chat hitu co c6 mit (rorig nude va cdc phdn tng oxi héa xdy ra hoan toan, céc
phuong phép trén sé& cho‘phép do chinh x4c ndng dd clia oxi. Xdc dinh lugng da
bi€t ctia mot chi't don ddc co’thé st dung trong phong thi nghiém dé€ ki€m tra quy
trinh thuc nghiém. Kali hydrogenphthalate thudng dugc st dung. Hgp chit nay bi
0xi héa tuong tng theo phuong trink:

CsHsO.K + 15/20, — % 8C0O, +2H,0 + K" + OH’
I1.2.5. Téng cacbon hitu co

Phuong phdp xdc dinh nhu ciu oxi khong thé.dinh gid chinh xdc tdng cdc chat
hitu cd (TOC) trong nu6c. Tuy nhién, c¢é thé x4dc dinh TOC bing cich oxi hda vat
liéu hitu co thanh CO, sau khi trudc d6 da axit hoa dé loai trir Anh hudng cia
carbonat:

(1) Bom mot lugng nhé nudc vao dong khi di qua dng duge dun néng dé
ti€n hanh oxi héa. Phép do st dung ky thudt ndy c6 thé xdc dinh &
muc mg/l.

(ii)  Oxi héa u6t bang cach s dung potasium peroxydisulpfate & nhiét do
phong hoic nhiét d6 cao. Phuong phdp nay c6 dd nhay 100 lan 16n
hon do nhay oxi héa bing 6ng nhiét.

Carbondioxit c6 thé do bing cich cho hip thu trong dung dich va do d6 din
dién ctia nd, hoic bing khit thinh methan va phan tich khi nay bing do ion héa
ngon ltta. Hodc bing do tryc ti€p bing phd hdng ngoai.

Hién nay ngudi ta dang st dung viéc do TOD d€ thay thé do BOD va cic nhu
cAu oxi khdc vi n6 c6 nhitng vu diém:

- KV thudt phin tich nhanh
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- Co do lap lai cao

- Dé dang tv dong héa hoic 1a trong phong thi nghiém hoic I1a quan tric

lién tuc ciia dong thai.

11.2.6. pH, do axit va do kiém
pH lién quan véi s6 ion hydro trong dung dich b&i mdi lién hé sau:
pH = - log pa(H") (2.13)
Trong d6 a(H") 1a hoat do ctia ion Hydro.

Khi ndng d6 ion Hydro thdp va hoat do ion nhd, hoat dd ion Hydro xap xi tuong
duong v6i ndng dd ion Hydro. Mot s& gia tri pH tim dudc trong miu nudc moi
truong dua ra trong Hinh 2.3.

Diéu kién trung tinh

Dbiéu kién axit biéu kién bazd

pH 0 1 2 3 4 &5 @ ¥ 8 & 10 11 12 13

[H*] 10t 10 q0% od o8 g
/ / . Nudc ciing
carbonat
Nudc bi dnh Nudc me€m _—

vy . Nuéc bién

hudng bdi cac

chi't 6 nhiém T

axit )
PH 1y thuyét ctia nudc
(5,6) khi can bing véi
khi quyén

Hinh 2.3 Viing pH ddic trung cua cdc loai nudc moi truong

Nudc mua ty nhién khong bi 6 nhi€ém hoi cé tinh axit vi sy ¢c6 miit cia CO, hoa
tan:

H,0+CO, (k) < H,0.CO,(s) & H'+HCO; < 2H'+CO;”

Do cling ciia nudc 1 do sy ¢6 mit cdc ion kim loai da héa tri nhu 1a Ca**, Mg,
XuAt hién tr sy hoda tan cdc khodng chit. Vi du sy hoa tan ctia d4 voi va lam cho
nudc c6 tinh ki€ém nhe:
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CaCO; < Ca**+C03% (2.14)
CO;*+H,0 < HCO; +OH (2.15)

Anh hudng sinh hoc khi thay ddi pH hau nhu c6 thé dé dang nhan thdy bdi su
nhay cdm clia cdc loai cd nudc ngot vdi diéu kién axit. Luong c4 hdi s& gidm
xudng khi pH dudi 6,5; c4d chinh dudi 5,5. Su sdng bi tiéu diét din din c6 thé 1a vi
thay ddi pH trong khodng nhé hon mot don vi.

Quy trinh dién hinh dé do pH bao gém chuin vdi hai dung dich dém trong
khodng pH mong dgdi ciia miu, sau d6 13 do pH clia mAiu.

Do kiém va do axit clia nudc dugc xdc dinh bing phuong phap chuidn do va
bing lugng axit hoic bazd tiéu ton d€ 1am thay ddi pH ctia miu tdi pH = 4,5 tuong
tng &i di€m cudi clia methyl da cam. Po dd axit hodc dd bazd clia nudc theo quan
di€m héa hoc 1a do dung dich dém (chdng lai sy thay ddi pH) ctia nugc. Chong lai
thay d6i pH 1 k&t qué clia sy c6 mit ion carbonat hoic hydrogencarbonat. Pon vi
ctia do ki€ém va dd.axit bi€u dién theo mg/l cia CaCOs.

CO;*+H" < HCO; (2.16)
HCO; + H H,0.CO, <& H,;0+CO, (2.17)
I1.2.7. P9 ciing cua micc
C6 thé nhan biét khi nudc c6 d§-citng cao:

- Ling dong chat rin mau tring khi nude dude dun sdi trong binh dun. Sy ling
dong c6 thé giy ra tic dng din nuSénéng va lam gidm hiéu qua din nhiét.

- Tao thanh cin ba khi bdt xa phong cho viio nude. Poi khi ¢é nhitng vét ban
tao ra khi giit quin d40. X2 phong khong ¢¢ tic dung tiy ria vdi nudc cé dd
cung.

Do ciing cta nudc 1 do su déng gép chd y&u céc ion kim loai Ca®*, Mg”*. Cic
ion kim loai khdc nhu AI’**, Fe**, Mn®* va Zn** ciing déng gép lam ting do cing
cho nudc nhu chi 13 mot phan rat nhé. Cic ion kim loai nhém chuyén ti€p tao ra
cdc v&t mau doi véi quan do. C4c khodng chit sinh ra do citng 1 cdc khodng chat
carbonat nhu la da v6i (CaCOs;) va dolomite (CaCO;. MgCO;) hodc sulphat, thach
cao (CaSOy). PO citng ¢6 ngudn gdc tir carbonat sinh ra ling dong chit rin goi 1a
dd citng carbonat hodc dd citng “tam thoi”. PO cing khong tao ra hi€u ttng nay goi
la d6 ciing “khodng carbonat” hodc do ciing “vinh cttu”.

Né&u nudc c¢6 dd ciing thap s& c6é nhitng hiéu tng c6 1i. Vi du, do kiém lam
cham tinh tan cua cdac kim loai ddc, trong khi d6 phan dng dém cua dd cing
carbonat 1am gidm di 4nh hudng chat 6 nhiém c6 tinh axit. Hiéu ¢ng dém nay ting
1én v6i su ting ndng d6 do clng trong nudc. Thém vao d6 nuSc ciing ciing ¢6 1gi
cho stic khde dic biét lam gidm bénh tim.
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Xdc dinh @6 cting cla nu6c thudng dudc ti€n hanh bing phudng phdp chuin do
phitc chi't (complexon) st dung mudi Na EDTA. EDTA tao phtc véi ion hod tri hai
thanh phin phic (1: 1) theo phuong trinh:

M* + HLEDTA* < M (EDTA)” +2H*

Pé€ xdc dinh dong thdi cd Ca vi Mg bing phuong phap chuin. Truéc hét pH
phdi dudc diéu chinh bing dung dich dém & pH = 10 d€ xdc dinh Mg. Pi€m tuong
duong tai pH = 10 dudc nhin biét tuong ng vdi sy ddi mau cla Erichrome T den.
Ca chi chuén d6 & gid tri pH cao hon, § diéu kién d6 Mg két tia & dang Mg(OH),.

I1.2.8. Po din dién

Po6 din dién 1a mot dai lugng dic trung cé tdng cdc chiat mudi hod tan trong
mau nudc. Dung cu do dd din dién cla nudc dudc minh hoa trén Hinh 3.10. Dong
dién xoay chiéu thé& thip dugc 4p qua cdc dién cuc. Pién trd clia chit 18ng giita cic
dién cuc dugc do va chuyén d6i thanh @6 din dién tuong ung v4i cong thuc:

L
K=— 2.16
R (2.16)

Trong d6: K =d6 din dién
L= khodng cach gitra cdc dié€n cuc (cm)
A= dién tich bé mat ¢la cdc dién cuc (cm?)
R = dién trd (ohm = siemens (S ™)
(Siemen 1a don vi SI cia chatdan dién)

Pon vi din dién dp dung cho miu moi trudngdd pS ecm™, véi gid tri dic trung
khodng bing 200 uS cm™ 12 nudc mém chita mot ludng cé ¥ nghia cdc ion. Dung
cu do dudc chudn biing dung dich di biét @6 din dién. D6 din dién phu thudc rat
16n vao nhiét do do vay khi chuidn phai chd y ti€n hanh & ciing nhiét d6 véi mau
ciAn do. Mdi quan hé giita 46 din dién va tdng ham lugng mudi kha phic tap. Tat
cd cdc ion c6 cung dién tich c6 d6 din dién gan giong nhau. P&i v6i miu moi
trudng thi phan 16n 1a hdn hgp clia nhiéu ion mang dién va c6 ndng do khic nhau.
Né&u nhu cdc miu nudc thudng xuyén c¢é thanh phan giong nhau thi ¢é thé chuyén
ddi gan ding tir dd din dién ra tdng ndng d6 mudi trong mau theo cong thifc:

Téng ndng dd mudi = A * @6 din dién (mg/l)

Trong d6: Al hiing s6 trong khodng tir 0,55 — 0,80.
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IL3. CAC KY THUAT PHAN TIiCH ION KIM LOAI THONG THUONG
TRONG NUGC

I1.3.1 Phan tich biing quang phé tid ngoai va kha kién (UV-VIS)

Dinh luit co bdn dugc st dung trong quang phd t ngoai va kha ki€n 1a dinh
luat Beer — Lambert:

A =¢gcl (2.1)

Trong d6: A = dd hdp thu bitc xa § budc séng riéng biét (= log(Iy/D), I 1a
cudng do clia birc xa t6i, I 13 cudng do cla bic xa truyén qua.

& = hiing s6 ty 1& (46 hap thu mol (Imol” cm™).
¢ =nodng do clia chat hap thu (mol/l)

1 = d6 dai quang duGng cla tia sdng (cm)

Phuong phap phis, tich cdc ion bing quang phd UV-VIS dugc sit dung khd phd
bi&n trong quan tric md: trudng. K&t hdp véi cdc k§ thuadt 1am gidu héa hoc chat
can phan tich, tao phifc miu gifta cdc ion hoic anion véi cdc hgp chat hitu cd hoic
vd cd ¢ thé xdc dinh dugc khd nhiéu nguyén t6 kim loai va anion ton tai trong moi
trudng. N6i chung khong ¢6 motion nao trong nudc hap thu dnh sidng trong ving
nhin thdy cho nén ching ta ludn cdnv'nhin nude khong mau. Tuy nhién céc ion nhu
ion nitrat (NOy), nitrit (NO,") trong niéc hip thu bifc xa 4nh sdng trong ving tk
ngoai trong vung trén 200 nm.

Mot s6 4p dung phd bié€n clia k§ thuat UV-VALS trong quan tric moi trudng :
- Phin tich bang cdch do hap thu truc ti€p
- Nitrat (NO3y)

- Phin tich sau khi tao cdc din sudt : Clorit, Florit, Nitrat, Nitrit, Phosphat

II. 3.2. Quang phd phat xa (Quang ké& ngon hia)

Quang phé phat xa dua trén nguyén tic ddi véi mot s6 kim loai & ndng do thap,
cudng dd 4nh sdng phdt ra tif nguyén t dugc kich thich dién t (tao ra bing cdch
duwa miu vdo ngon I¥a) ty 1& vdi ndng do clia nguyén td bi kich thich. Thiét bi
khong dit tién va khd thong dung 12 quang k€ ngon 1a.

Quang k& ngon Itra 12 phuong phéap phan tich khd chinh x4c d6i vé6i cdc ion kim
loai nhu Na, K va Ca. Khodng ndng do tuyén tinh tir 0 — 10 mg/l ddi v6i Na va K
va tir 0 — 50 mg/l d6i véi Ca.
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I1.3.3. Sic ky ion

Téch cdc anion bing cdch st dung cot trao d6i ion (c6 chiéu dai cot tir 10 — 25
cm, dudng kinh cot tir 3 — 4,6 mm), chat trao d6i ion trén cd s poly (styrene —
divinylbenzene) hodc polymer hitu cd khac, v6i dung dich rira diac biét chita NaOH
ho#ic dém natri carbonat hodc dém natri carbonat/hydro carbonat. Nhan biét c4c ion
chat phan tich dat dugc bing cdach quan sit sy ting 1én vé d6 din dién cla nudc
rita chita cdc ion khi di qua detector. TAt cd cdc ion cia dung dich dém phai dugc
tdch khdi nudc rira néu khong chiing sé déng gép do dan dién nén. Ion Na* dudc
thay th& bing ion H', ion OH" s& phdn tng v6i ion H tao thanh nu6c. Carbonat va
hydro carbonat phan tng véi ion H* tao thanh khi CO,, c4dc hgp chit nay c¢6 do din
dién rat nhé trong dung dich.

Nudc rita hydtoxit: OH +H" < H,0
NuGc ria carbonat/hydrogencarbonat:
HCO; +H" < H,0+CO,
CO;* +2H" < H,0 +CO;

Bo triét cung cap sO proton 116t cdch chinh x4c va lién tuc d6i véi sy trung hoa.
Sd db hé thong triét lién tuc dua ra ttong Hinh 2.4 va Hinh 2.5. nuéc rira di qua giita
cdc mang trao ddi cation, qua t&€ bao dolyi cudi cling vong lai bén ngoai mang. Ion
H* can phdi thay th€ ion Na* trong nu6c ¥Ga ban dau va dudc tao ra bdi su dién ly
clia nudc rira 1an true. Ton HY dugc tao ra & catot.

Hé thong bom

Binh dyng l Co ] .
. —p] Bom ot Mdy trigt Pau do
nugce rira A oo N
phén tich ion dd dan

Hinh 2.4. Cdc b phdn chinh ciia hé sdc ky triét ion
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rua tu
cht
H,O +0O , NaOH + H,
H"+ 0O, H, + OH
RS
H,0 H*S Na® H,0O Catode
Anode ? : N
S\
H"* dugc tao t hanh Mang trao Mang trao
do di€én phan ddi cation ddi cation
Nudc rira chi chiua cdc ion
cia mau + nude
Nudc ria DPAu do d¢ din dién 5 ;
dé tao dung dich
mdéi
Hinh 2.5. So do hé théng triét ion ciia nudc rita lién tuc
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C6 thé do dd din dién truc ti€p trong nudc rira, khdng cé may triét, nhung do
nhay clia phuong phdp s€ bi gidm va ngudng phat hién ndng do & mic 1mg/l. Thi€t
bi khong c6 hé thong triét s& don gidn hon nhiéu va khong dit tién.

IL4. PHAN TiCH LUGNG VET CHAT O NHIEM TRONG NUGC

Ngudi ta cho ring ham lugng vé&t chdt 6 nhi€ém trong nudc c¢6 nong dd khodng
ug/l s& gy anh hudng khong 16n cho moi trudng. Tuy nhién mdt s6 cidc hgp chat
hitu co, ion kim loai c6 nhitng 4nh hudng ra't 16n & mitc ndng dd thap. Cdc hgp chat
nay d& dang tich lily sinh hoc va nhu viy dudc tdn dong trong cd thé sinh vt &
ndng d6 vugt qua mitc phdng cao hon nhiéu 1an.

Nguyén nhin quan tim chinh khéc 1a sy c6 mit trong nuéc mdt s6 cdc hdp chat
hitu co khong bi tich lily sinh hoc véi tinh chi't doc hai. Trong nhiéu nim, nhiéu hgp
chit nhu vdy dugc xem 13 nhitng tic nhian giy ung thu. Mot vi du dién hinh 12
chloroform c6 thé ducc tao ra & mot lugng vEt trong qua trinh tiét truing nudc bing
clo héa va chloroformeddc & ndng dd pg/l. Gan diy ngudi ta quan tim dén mot sd
16n hgp chat dude xem fachit phd huy tuyén noi ti€t. Cdc hgp chat nay dudc x&p
loai tir thudc bdo vé thuc vt qua cdc thanh phan cla chit déo thong dung t6i cdc
hdp phan hoat dong trong vién ¢hudc tranh thai.

I1.4.1. Cac chat 6 nhiém hitu co

Céc loai hdp chit hitu co ¢ thé tint'thdy trong mdi trudng nudc cé ngudn goc
sau day:

C4c hop chat trong tu nhién tif phan huy @ic vat chit hitu co

ChA't 6 nhiém thai ra hodc thodt ra moi truong

Su phan rd va phdn @ng ndi sinh ra chat 6 nhiéni

C4c chit dua vao trong qué trinh x& 1y

Phén tich dic thi c6 thé 1a:

Phan tich cdc hgp chat riéng biét hodc nhém céc hdp chit quan tAm clia moi
truong.

Phan tich todn bd tit cd cdc thanh phan hitu co nim trén gidi han x4c dinh.

Che chin ngoai hién trudng doi chat & nhiém dic biét truSc khi phan tich
trong phong thi nghiém.

Nhin bi€t dinh tinh cdc sdn pham bi thdi ra
I1.4.2. Luu giit miu

Da&i véi hgp chat hitu ¢d can lvu y cdc diém sau khi luu giit mau:
a. D¢ bay hoi ciia cdc hop chdt hitu co
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Tham chi cdc hdp chdt c6 khdi lugng phan tif twong doi cao (thudc trir sdu) c6
4p sudt bay hdi ddng k& & nhiét do phong. Binh dung miu nén ddy va giit & nhiét
do thap.

b. Su phdn huy sinh hoc.

P& miu & 4 °C s& 1am chiam lai hoat ddng sinh hoc; @€ miu dudi 0°C (1am dong
sau) s& 1am cham lai qud trinh ti€p theo.
c. Phdn hity quang hoa

Nhiéu chat phan tich (thudc bdo vé thuc vat chita clo) nhay véi 4nh sidng trong
dung dich lodng. Do vdy, miu nén gitt § noi t3i.
d. Nhiém bdn tir binh chita mdu.

Céc lo thuy tinh dudc st dung d€ chita mau, khong nén ding cic lo chit déo vi
cdc hop chat hitu co c6 thé tir vat liéu ché tao binh lam nhiém bin mau.
e. Hdp phu chdt phan tich lén thanh binh

Céc hgp chat hitu‘eg c6 thé bi hap phu trén thanh binh chita miu. P& gidi quyét
van dé nay can phan tich miu cing nhanh cang t8t néu cé thé.

Thé tich miu 1dy dé phin.tich phu thudc vao néng do6 chit phan tich. Mic du
nhi€u k§ thuit phin tich rat nhiy. vSi cdc hdp chit hitu co nhung doi khi ciing phai
qua céc giai doan tdch chi€t dé€ 14ai bd cdc chdt dnh hudng hodc lam gidu chit
phin tich nén thé tich miu phai di che tAt cd cdc giai doan trong quy trinh phan
tich.

Khi phan tich cdc hgp chit c6 ndng @6 rit'thdp trong moi trudng nudc can phai
hét sitc cdn than chid y cdc di€m sau:

- Phan tich phédi dugc ti€n hanh trong phong thi-nghiém sach khong c6 chat
dang dugc phan tich trong tat cd cdc dung cu va t4¢ nhan st dung trong phin
tich.

- Dung mdi dy trit nén dudc bdo quan cin than, han ché ti€p xic v6i khong
khi va cin thian khi st dung pipet hozc xi lanh d€ 14y dung moi.

- MaAu phén tich va miu chuin lam viéc phai d€ cich xa cic dung dich dim
dac hon hodc cac dung moi duy trix.

- Luong vét clia thudc bdo vé thuc vat thudng dudc tim thiy trong cdc dung
mdi cla phong thi nghiém. Do vAy nén st dung dung moi khong chira thudc
bdo vé thuc vat cho phan tich.

Céc dung cu thuy tinh cin phdi dugc ri¥a sach hoic mdi khi st dung.
I1.4.3. Ky thuat tach chi€t cho phan tich sic ky

Chi€t cdc hdp chat 6 nhiém tf mAu nuéc vao dung moi hitu c¢d 1a di€u binh
thudng trude khi phan tich sdc ky khi v6i muc dich:
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- Téch c4c thanh phan khong mong mudn c¢6 mit mot lugng 16n.

- Téch cdc thanh phan nhd hon c6 thé giy su che phii pich clia chat cAn

phén tich
- Lam giau thanh phan chat phan tich.

11.4.3.1. Chiét dung moi

Trong phudng phdp chi€t dung mé6i, miu nuéc dudc lic v6i dung modi hitu co
khong tron 14n ma chi't phan tich c¢6 thé€ hoa tan trong dung modi d6. Hexane va
ether ddu md 13 cdc dung moi stt dung phd bién nhat. LSp hitu co dugc tich ra va
sau khi 1am khd dugc bom vao cot sic ky. Chiét c6 thé dugc ti€n hanh mot cich
chon loc theo cdc thanh phin ba zo hoic axit bdi thay ddi pH cta 16p nudc. N&u
nhu miu dugc axit ha, cdc thainh phan bazd s& khong bi chiét. Vi du:

RNH, + HCl — RNH;" + CI

- Amine: tan'trong cdc dung mdi khong phan cuc
- Amine hydrochlenide: it tan trong cdc dung moi khong phin cyc

Tuong tw, né€u nhu miu dugc t20.bazo, cdc thanh phan axit s& khong bi chiét:
RCO,H + NaOH - RCO, + Na*

Axit carboxylic, tan trong cdc dung méi khong phan cyc. Mudi carboxylate, it
tan trong cdc dung moi khong phin cuc

Khi Iya chon dung dich chiét, sy ddp tng clid detector sic ky cling dudc xem
xét. Hexane va ether diu md s& xuat hién mot dinh'chi€m wu th€ trong phd sic ky
n&u nhu sic ky khi vd diu do ion héa ngon lita dugc it dung. S& c¢6 nhitng dnh
hudng khong t6t d€n k&t qua n€u nhu dinh ctia dung moi xudt hién trudc pic cla
chat phan tich va céc dinh khdc cla tap chat c6 trong dung moi. Do vay, cdc dung
mdi tinh khi€t phan tich ciing c¢6 thé phai chung cit lai trudc khi sit dung.

Né&u nhu detector sic ky chon loc dudc st dung c6 thé ding cdc dung mdi chiét
nhu hecxane va do bing cdc detector c6 dd nhay thdp hoic ether diu mé cho
detector bt electron véi sic ky khi. Cdc dung moi mach vong thdm nén trdnh néu
nhu sic ky dugc st dung bing dau do tif ngoai.

Néu nhu khong thé tranh dudc viéc st dung cdc dung mdi khong thich hop (nhu
12 dung mdi clo héa, hoic oxi héa thudng dugc phat hién bing diu do chi€ém
electron sau nay) va chit phan tich c6 do bay hdi thdp, c6 thé bay hoi dich chi&t
cho d&€n kho va hoa tan lai cin trong mdt dung mdi thich hdp khdc. Nhung t6t nhat
la khéng nén st dung loai dung méi nay.
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Chiét 16ng — 16ng d3 dugc xem la phuong phap chiét chuin, nhung gan day
phuong phdp nay da dudc thay th€ bing k§ thuit chi€t pha — rin. Ky thuat nay
dudc thuc hién véi thoi gian ngdn va dé dang ty dong hoa.

11.4.3.2. Chiét pha - rdn

Ky thuit nay dudc s dung va phdt trién nhanh chéng trong vai nim gin
day. Chi€t pha — rin dudc ti€n hanh trong cdt thuy tinh chita 100 — 500 mg vat liéu
hap phu (chat trao d6i ion, hgp chit c6 nhém octadecylsilane lién k&t vdi silicagel
lam gid dd..).

Trudce khi st dung, cot can phdi dudce diéu kién truSc bing cach cho qua cot
mdt lugng thé tich nhd metanol, sau d6 cho miu nuc qua cdt biing cich hit nhe
hoic biing nén 4p suit. cdc thanh phan hitu co clia miu giit lai trén cot. Sau khi két
thic, rira cot biing nuc cit hoic dung moi thich hgp d€ loai bd cic hdp chit dnh
hudng va lam kho bing khong khi n€u nhu dung moi rira khong tron 1an. Hgp chat
cAn phan tich sau d6 dugc rira ra khdi cot bing vai ml dung moi thich hdp. Thé tich
mau phan tich c¢6 thé dé&n vai trim ml, hé s6 lam gidu trong k§ thuat chi&t pha —
rin khodng 100 I1an 12 Binh thudng.

Nhiéu loai dung mdic6 thé st dung, chit chiét t5t nhit thudng st dung khi
dd phan cuc clia dung moi ngwoc vdi chit chiét, nhu 13 hecxane c6 thé st dung cho
céc hgp chat bdo vé thuc vat chifa.clo khong phan cuc. Giai doan sau clia quy trinh
phén tich c6 thé ciing 4nh hudng sittita chon dung moi. Methanol hodc acetonitrile
thudng dugc sit dung néu 1a sic ky i0ng st dung nhuv phuong phdp tach. Quy trinh
chiét pha — rin dudc tong két trong Bang 2:2.

Bdng 2.2 Cdc budc trong qui trinh chiét pha — rdn

e Diéu kién cot véi methanol

e Cho miu qua cdt

e Riura cOt vGi nuGce

e Cho dong khong khi qua cot dé loai nudc

e Rita ¢t v6i dung moi hitu cd thich hgp.

11.4.3.3. Phédn tich ddu khodng trong

Trong k§ thuit nay miu nudc dude dung trong binh v§i mdt mang gin trong cdi
nip va c6 mot khodng khong & trén mau. Quy trinh don gidn nhi't 1a sau khi dé€ cho
khong khi dat cAn biing v6i nude. LAy mAu khi bén trén bé mit miu bing xi lanh
hoiic cdc dung cu dic biét (Hinh 2.7 va Hinh 2.8). Puva miu khong khi (chita cdc
thanh phan hitu co bay hdi vao thi€t bi sic ky khi. K§ thuit nay da vudt qua dudc
céc trd ngai trong chi€t 1dng — 1dng do bi 4nh hudng bdi dung moi. P nhay cda
phuong phdp phu thudc vao cdc chat riéng biét va dd bay hoi clia né. K§ thuat
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phan tich dau khodng trong thich hdp cho cdc hdp chit c6 khdi lugng phan tk thip,
cdc hgp chat trung tinh. P nhay c6 thé ting 1én néu nhu dun néng mau, trong
trudng hgp nay hdi nu6c ciing sé ting 1én vi ting 4p sudt hoi cda nudc nén can phai
ki€m tra tinh tuong hdp nudc clia cot sic ky.

TR RN
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—

Hinh 2.6. Céde dung cu tdch mau khi

Chithap L
phu

7
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Chan
khong

Hinh 2.7. Dung cu lam giau mau
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11.4.3.4. Sdc Ky Khi

Téch sidc ky khi cia hdn hgp xdy ra bdi sy phan chia khac nhau cda cdc cau t
gilta pha tinh va pha dong. Trong sic ky khi — 186ng, pha dong 1a chat khi va pha
tinh 13 chdt 1dng hap phu trén pha ran hoic lién két héa hoc véi pha rin. So do
mdy sidc ky khi dua ra trong Hinh 2.9.

Piéu khién Bom
dong Pau do

v

Khuyé&ch dai

Bo tich hgp
hodc mdy tinh

Binh cap khi

™
Lo nung / Cot phan tich

Hinh 2.8. Cdc by phan clitnh ciia mot mdy sdc ky khi

1. Detector

Ciéc detector st dung phd bi€n nha't d€ phan tich widn moi trudng dugc liét ké
trong Bang 2.3.

2. Cét sdc ky va pha tinh

Céc cot sic ky hién nay c6 thé chia thinh nhém theo trinh ty gidm hiéu suit
tadch dudi day:
a. Cot mao ddin 16 hep

Kich thudc dién hinh : chiéu dai: 30 —60m: dudng kinh bén trong: 0,2 mm;
dong 0,4 ml/ phit He.

b. Cdc cét mao qudn 16 rong

Kich thu6c dic trung: chiéu dai : 15 — 30 m; dudng kinh bén trong: 0,53 mm;
dong 2.5 ml/phit He

c. Cdc cotnén

Kich thudc dic trung: dai 2m; dudng kinh trong 2mm; dong chay 20 ml/ phuit.
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Céc phuéng phip phan tich nuSc phd bi€n gan diy st dung hai ki€u cot mao

quan 16 hep va mao qudn 10 rong.

Céc cOt mao quan 16 hep c6 d6 nhay xdc dinh 16n nhat va dugc st dung dé
phan tich gan vdi gidi han xdc dinh. Tdc dd dong khi mang thap thich hdp d€ xic
dinh ctia khdi phd k&. Tuy nhién, bom miu tryc ti€p vao cot bing xi lanh rat khé.
Do vay thiét bi phan tich dugc trang bi d€ dwa maiu vao cot.

Bdng 2.3. Cdc logi detector sit dung trong sdc ky khi

Detector

Ap dung

Detector ion hoa ngon Ira

Detector bit electron

Detector dd din chit dién ly

Detector dién ti&

Detector quang k& ngon Itta

Detector quang ion hod

Detector khdi phd k&

Detector nhay vdi tit cd cdc hgp chat hitu
CO.

Detector ddc trung, do chon loc cao ddp tng
cho cdc nguyén ti véi di luc

Electron cao nhu 1a clo. Phan tich dic thu:
thudc trir sdu clo héa va dung moi clo héa.

Detector dac trung, do nhay cao cho
halogen, nitd va luu huynh.

Phan tich dic thi cho thudc trir sdu va
trihalomethane.

Detéctor dic trung cho cdc hdp chit chita
nitd va phospho. C4c chat. Phan tich dic biét
bao gdm ci'thudc trir sau.

Detector dic trithg cho cdc hgp chdt chita luu
huynh va phospho. ¢hit phan. Pic biét bao
gdm c4 thudc trir sau.

Dic thit cho cdc hgp chdt vdi vong thom
hoic lién k&t d6i. Pic biét bao gdm cédc
dung mdi cong nghi€p

Detector d6 nhay va do dic trung cao doi
vdi tit cd cdc chat hitu cd. C6 thé st dung d€
nhin dang dinh.

Céc cdt mao quan 18 rong c6 dung tich miu 16n va c¢6 thé bom miu tryc ti€p
vio cot. Mot dung tich miu 16n hon ciing c6 thé st dung néu nhu detector c6 dd
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nhay thdp. Cdc cot mao quan 16 rong it bi 4nh hudng chi't nhiém bin tir cdc thanh
phan bay hoi trong miu va dudc st dung cdc miu nude bi 6 nhiém cao nhu 12 miu
nudc thai.

Nhiéu cdc hdp chit hitu cd trong mdi trudng cé khdi lugng phan ti tuong ddi
cao va do bay hdi thap, nén trong qud trinh tdch thudng phdi trong moi trudng nhiét
dd cao. Do vdy, cdc polymer silicon thudng dudc Iya chon d€ 1am pha tinh hoic
poly(ethylene glycol). Trong sic ky khi, hi€u suat tich t6t nhit dat dugc khi pha
tinh c6 d6 phan cuc tuong tu véi chat phan tich. Vi du, ddu d6t dudc tach trén cot
khong phan cuc (nhu dimethylsilicone), thudc trir sdu va cdc dung modi clo héa
thudng dugc tdch trén c6t c6 dd phan cuc trung binh nhu diphenyl/dimethyl
silicone), ngudc lai 2,3,7,8-tetrachlorodibenzo-p-dioxin c6 thé tich tir cdc ddng
phan clia n6 bing cdch st dung cdc cot c6 dO phan cuc cao (nhu cyanopropyl
silicone).

Pha tinh c6 thé dugc hap phu hoic lién k&t héa hoc trén thanh mao quin va cot
16 rong, hodc mang.irén cdc vt liéu trong cot nhdi. PE phan tich gin vé6i gidi han
xdc dinh va & nhiét @, cao, su 11 clia cdt c6 thé trd nén mot hé sd c¢é y nghia. S&
dung cOt mang thap (do day 16p mdng khodng 0.1 — 0.25 um), hoiic cdc pha lién
k&t héa hoc c6 thé 1am gifm inh hudng nay. Khi cot mang cao (d6 day 1 — 5 um)
dé phan tich cac hgp chat bay hui & nhiét dd thap. L6p mdéng day hon c6 dung tich
mAiu cao hon cho cdc thanh phan'd@m dic, nhung s& gidm tuong ng hiéu suit cla
cdt so v6i 16p mdng hon

3. Cdc phuong phdp bom méu

Né&u nhu st dung mao quan 186 hep, thi thi€t bi cin thi€t d€ gidm thé tich
microlit dugc bom bing xi lanh vio mot thé tickinanolit, v6i thé tich d6 cot c6 thé
chdp nhidn ma khong bi trin ra ngoai. Mot s6 k§ thwdt bom miu dude tong k&t dusi
day.

Phun phdn chia: miu tif xi lanh dua vao budng bay hoi & d6 duy tri mot nhiét
dd cao va c6 mot dong khi bén canh di qua. Chi c6 mot phan nhd cia miu di vao
cOt, phan miu con lai thodt ra ngoai khong khi qua mot cdi van.

Phun it phén chia: toan bd mau dugc héa hdi trude khi dwa vao cot, § day nhiét
do dugc gilt dudi di€m so6i clia dung moi. Sy 1am giau (tip trung) cla miu trong
phan nhd clia mao quén sao cho khi chuong trinh nhiét d6 bit dau ri¥a dung moi &
mdt ddi hep ma khong 4nh hudng dé&€n dinh clia chi't phan tich. Mot phan khi thodt
ra tif mot 16 nhdé & cudi dudng di chuyén trén cdt. Toan bd miu dugc dua vao. Do
vay, k¥ thudt nay c6 do nhay hon k§ thudt phun phan chia.

K3 thudt phun thé tich lén: dugc st dung dé phan tich vét va & giai doan lam
giau. Thé tich cia miu t6i 250 um dugc phun chdm vio mot cdt ngin ngudi tai dé
c6 thé 1a bé cdc mao quan hodc vt liéu nhdi. Hiu hét hoic tit cd dung mdi dan
dan bi bay hdi (20+30s) trudc khi nung néng nhanh dé chuyén mau dam dic vao
cOt.
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11.4.3.5. Sdc ky long

Trong nhiéu nidm, sic ky 18ng (LC) c6 vai trd tdch cdc loai hop chi't khé dude
thyc hién bing phuong phap sic ky khi. Ngay ndy LC dugc 4p dung rong rai vi
duoc thi€t k& ché€ tao LC-MS d€ ban va ting su st dung cta chi€t pha — rin dic
biét thich hgp giao dién vdi thi€t bi LC.

LC dugc st dung kha rong rai dé phét hién do din dién d6i vé6i cdc ion vo co,
céc axit carbonxylic ¢6 khoi lugng phan tir thap (axit formic va axit acetic) c6 dic
tinh ri't gidng cdc axit vo cd.

Mot nhém hop chat cé thé phat hién biing huynh quang c6 d6 nhay cao 1a cic
hydrocarbon thom da nhian (PAHs). C4c hdp chit nay la nhitng hdp chit gy ung
thu cao dugc tao ra mot lugng vEt khi d6t chdy nguyén liéu héa thach.

11.4.3.6. Phuong phdp trdc quang

Thong thudng, k¥ thuit doi héi do tdng ndng dd clia nhédm cdc hdp chat trong
mAiu phin tich honda xdc dinh cdc chat riéng biét. Sy xdc dinh nhu vy bao gdm
phan tich sau:

- Téng phenol

- Chat hoat dong bé mit (¢ic chit hoat ddong bé mit tdng cong, anion, cation
va trung tinh)

- Téng cic hydrocarbon.

Phép do phé viing nhin thdy thudng dwgc st dung d€ phan tich phenol va chat
hoat dong bé miit sau khi tao thanh cdc din sudt,

Tinh don gidn clia phudng phap c6 thé thdy b&iphan tich chdt hoat dong bé miit
anion st dung “ methylene — blue”. O diéu kicnibazd, mudi tao thinh gilta
methylene — blue va chat hoat dong bé mit. Mudi nay dugc chi€t vao dung moi
CHCI;. o hap thu cta chat chi€t dugc do trong viing nhin thdy (652 nm) va ndng
do chat hoat dong bé mit dugc x4dc dinh bing phuong phdp so sinh véi dudng
chuén.

Po phd hdng ngoai dudc sit dung d€ xac dinh tdng ham lugng hydrocarbon dugc
chiét tir mau nudc da axit héa trong dung mdi hydrocarbon khong phan cuc (CCly)
va do do hap thu & 2920 cm™ tudng tng vdi tan s6 ciia lién két C — H.

I1.4.4. X4c dinh vét ion kim loai

Céc ion kim loai c6 thé tim thdy trong tu nhién tir sy chi€t ra clia mé quing va
ciing tif cdc ngudn nhin tao (con ngudi tao ra) nhu cdc qué trinh luyén kim, nudc
thdi cong nghiép, chon 1ap chat thai rin...) Nhi¢u chA't thdi rin bao gdm tro dot cda
nha may nhiét dién, bun nudc cong, bin nao vét cing chita mot lugng 16n kim loai.
Céc kim loai nay c6 thé bi hoa tan khi ti€p xiic v6i nudc.
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P& phan tich cdc ion kim loai, cdc k¥ thuit chii y&u sau day thudng dugc si
dung:

- Phd& hdp thu nguyén ti ngon ltra (FAAS)

- Phd& hdp thu nguyén t 16 graphi (GFAAS)

- Phé phit xa quang ghép plasma cdm tng (ICP — OES)

- Khdi phd k€& ghép plasma cam tng (ICP —MS)
I1.4.4.1. Luu giit mdu cho phén tich cdc ion kim loai

- St dung cdc lo chita mAu bing polyethylene vi vat liéu ndy khong chita vét
kim loai c6 thé gdy nhiém bin cho mAu. Nhung nén st dung lo bing thuy
tinh dé dung mau khi phan tich Hg va Hg dé phan ng vdi nhiéu hdp chat
hitu cd.

- Dung dich miu dugc axit héa d€ gidm thi€u k&t tia ion kim loai. Quy trinh
dién hinh 13.4h&m 2 ml axit HCI c6 néng @6 5M cho mdi 1 lit miu.

- Lam sach chailp tru6c khi dung mau.
I1.4.4.2. Xit I§ 50 bo

HAau hét cac phép phan tich doi hdi xdc dinh tdng ham lugng kim loai clia miu,
khong k€ dé&n ban chit héa hoc clid.né. X Iy so bd c6 thé 1a bay hdi cho dén kho
va hoa tan lai trong axit, bay hoi tirng phan vdi axit hodc phan huy véi axit & nhiét
do thich hop trong vai gid d€ hoa tan cac'¢hi't 10 ltng va ddm bao ring kim loai ton
tai ¢ trang thdi ion tu do. Nhiéu k¥ thudt phén tich c6 d6 nhay dd 16n nén khong
can phai x Iy miu trudc.

HAau hét cdc ky thuat phan tich doi hdi phai lam gia v trude khi phan tich nhu k§
thuat phan tich FAAS hoic phd kh3 kién.... cdc giai doat tich/ 1am gidu da loai bd
nhitng ngin cdn c6 thé tdn tai lugng 16n trong mau.

Phuong phdp thong dung nhit dudc ti€n hanh vdi sy tao thanh phifc trung tinh
v6i ion hitu ¢o va dugc chi€t phitc ndy vao dung mdi hitu co. Bing phuong phdp
nay c6 th€ lam gidu tdi vai chuc 1an chi trong mot giai doan chi€t. Tdc nhan tao
phiic st dung phu thudc vao quy trinh phin tich sau d6. Cac phuong phdp chi€t/lam
giau bao gém st dung cot trao ddi ion hoic nhua chelat. Cédc ion kim loai gilt trén
cOt hoiic 1a tao phifc vdi vat liéu nhdi trong cdt (cot chelat) hodc bing trao ddi ion.
Sau d6 cédc ion kim loai dudc rira nhu 1a chiét tip trung v6i dung moi thich hop,
thong thuong la dung dich dém.

Lam gidu v&t ion kim loai bao hAm hai qué trinh: d6 13 qud trinh tach kim loai
khéi cdc thanh phan khic c6 mit trong miu va ting ham lugng clia kim loai d6
trong mot don vi thé tich. RS rang ring qué trinh 1am gidu sé& cai thién dugc do
nhay va d6 chon loc cia phudng phdp phén tich.

Lam gidu miu c6 thé dugc dinh nghia theo cic tiéu chuin sau day:
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- Hé s6 ndng do

- Hé s6 khit nhiém

- Thu hdi
a. Heé s6' lam giau

Quy trinh 1am gidu 1am gidm thé tich V, hoic khdi lugng Gy miu ban dau thanh
cdc gid tri m&i V; va G, & diéu kién dinh lugng cao nhat clia chat phan tich. N&u
gidi han x4c dinh clia phuong phép 12 (LQ),,. Trong trudng hdp miu khong dugc
lam giau thi:

V1.C,> (Lo)m
Hoic G, - C, > (Lo)m

Do vay: X.V; - a) = Vla > (Lo)m
Hoic X.G. C, =G, C, > (Lo)n

Trong d6 X chuin‘cho hé s6 néng d6 va C, chuéin cho ndng do trung binh trong
phin lam giau.

Nong d6 thuc clia cic miu riéng biét sé thay ddi xung quanh gid tri xdc dinh
trung binh. Néu nhu sy thay do@nly tudn theo phan bd Poisson, o(C,) =./C, va
99% mau s& dugc thu hdi bing phantich n€u nhu dugc duy tri:

XV (Cy =254 = (L),
X.G(Cy 25 &AL,
b. H¢ s6 khit nhiém
Han ch€ cédc chat 4nh huéng giy ra trong qud trinh1am gidu c6 thé bi€u dién

qua hé s& khtt nhiém Y nhu sau:

Noéng d6 nguyén t& phan tich _ _
Y= _ — - Trudc / sau khi lam giau
NoOng d6 nguyén t6 anh hudng

c. Thu hoi
Thu hdi R dugc dinh nghia 1a 100 [ lugng thu lai] / [lugng cé mit]. NEu ty 1é p =
[ khoi lugng clia tdc nhan ]/ [ khoi lugng chdt phan tich] thi trong trudng hgp 1y
tudng phan Gng xdy ra hoan toan va vdi ty 1€ ty lugng a, ta c6:
100
= —.p
a

R
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Céc phuong phap lam gidu c6 thé 1a ddng két tda v&t kim loai v6i cdc tdc nhian
két tlia clia mot nguyén t6 ¢6 ham lugng 16n hon. Chiét vEt ion kim loai trong céc
dung mdi chiét § khoang pH thich hop hoic bing sic ky trao ddi ion....

11.4.4.3 Po Phé nguyén tir
1. Phé hép thu nguyén ti ngon liia

Hinh 2.10 dua ra sd dd phd hap thu nguyén ti ngon l¥a. Trong k¥ thuit nay tia
sdng c6 budc séng chinh x4c dic trung cho kim loai riéng biét dugc hudng truc ti€p
qua ngon ltta. Ngon Itta nguyén tif héa miu, tao ra nguyén tif trong trang thdi ning
lugng co ban (ndng lugng thap nhat). Cdc nguyén tif nay c¢6 kha ning hip thu bic
xa tu den.

Mic du thiét bi xuat hién c6 cdc dang khac nhau ctia phd hap thu, nhung tit c3
déu tuan theo dinh luat hap thu 4nh sdng va mdi lién quan giita ndng dd chat phan
tich va do hap thu.

Ving ndng d6 tuit.theo dinh ludt Beer — Lambert d6i véi pho hdp thu nguyén tir
ngon Ita thudng tir 05 mg/l.

ben catod 16 dic Ngon
thit cho nguyén t& It
I
] — Don ning Detector
Pau Acety] Kho
t +
bumer Mia cetylen ong

khi hoic ocit nitc

Hinh 2.9. So do thiét bi hdp thu nguyén i

2.Hdp thu nguyén tit khong ngon lita

Thay thé ngon Itta biing cdc phuong phap khac d€ nguyén tir héa miu, d6 nhay
c6 thé ting 1én va c6 thé khong cAn phdi 1am gidu trude khi phin tich. P&i v6i hau
hét cdc nguyén td, phuong phap nay cé thé sit dung 10 graphic d€ nguyén ti hda
(Hinh 2.11)
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Mau

Pién cuc
Tia sdng tir [——= 3 = =] B§ don nang
~ n ra 1
den catode 16 » — TP = ¥ ya detector
X
/ X
Khi argon

Hinh 2.10. So do 1o grahite

PhS hap thu nguyén ti 10 graphit lién quan d&n sy phun miu (t6i 25 pl) vao
trong mot cdi 6ng graphit nhd (2-3 cm x 5-10 mm) dugc nung néng theo chuong
trinh dat trugc:

- Lamkho
- Phén huy
- Nguyén tr hoa.

D6 hap thu cia tia sdng chi€u'qua cell dugc do trong giai doan nguyén tif hda.
Nhiét do t6i vu va khodng thdi gian ctia mdi mot giai doan phu thudc vao kim loai
v6i sy hoan tat cda chuong trinh tir 2 — 3 phiit.

Su tdn xa phu thudc cao vao bugc song, theo biéu thic:
. 1
Tan xa a?

Trong d6 A la budc séng cta bic xa.

Budc séng phan tich st dung cho Pb va Cd c¢6 khuynh huéng & cudi ving tk
ngoai xa. Bu6c song phan tich 283.3 nm thich hgp cho Pb chon loc hon budc s6ng
217 nm, it anh hudng su tin xa dnh sang.

Anh hudng ciia nén ciing ¢6 thé x4y ra tir cdc ngudn khdc tuong dng véi chat
phan tich bao gdm sy ¢6 mit clia cdc ion phan t bén nhiét.

Ky thuit nguyén tir héa ngon Ia khic c6 thé dugc st dung cho mdt sd nguyén
t6 riéng biét. Cdc mudi vo cd clia thuy ngan c6 thé bi khir héa hoc bing cdch ding
thi€c (Sn (II) clorit hodc natri borohydrit. Nguyén t6 Hg tao thanh dugc kéo theo
dong nito hoic dong khong khi vao cuvet khi d€ do hip thu trong mdt mdy do phd
cai ti€n. Sn, Pb va mot s6 4 kim khdc (As, Se..) c¢6 thé khi¥ bing natriborohydrit
thanh hydrit bay hdi va dugc cudn theo dong khi. Sy dot néng vira phdi phan huy
hydrit @€ tao thanh nguyén t& & trang thdi co ban thich hgp d€ do d6 hap thu. Su
khdc biét vé AAS khong ngon Iifa va ngon Iita dudc t8 két trong bang 2.4 va 2.5.
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Bdng 2.4. So sdnh nhitng wu diém ciia phd hdp thu nguyén tit khong ngon lita
va co ngon lia

Uu di€m cia chi€t dung moi / ngon Ira AAS ~ Uu diém ciia 16 graphite

® Ky thuit don gian ® D) nhay ting Ién

® Giai doan chi€t dung mdi c6 thé ® Gidm toan bd thdi gian phan
tich st dung d€ loai bé 4nh hudng nhu giai doan chi€t d6i khi khong
can thi€t

® Thi€t bi dé tim ®Doi hdéi mau nhd hon

® Thdi gian cung cAp dung ® Han ch€ sy ¢d 6 nhi€m miu

® Gid thanh thap

Bang2,5. Cdc phuong phdp hiéu chinh phong thong thuong

Phuong phdp DPiém dic trung
bén deuteri Po d) tidp thu thit cap trén toan bd viing bude séng

(phuong phdp lién tuc) 16n hon budc séng nguyén t hap
thu cho s6 do phong

Zeeman Trudng dién tir phay chia sy hap thu thanh c4c thinh
phan tir & budc séng khi¢.nhau. Po d6 hap thu vdi va
khong vdi trudng tif ¢6 thé ti€n hanh d€ hiéu chinh

phong.

Smith — hieftie Su ting xung trong dong cla dén loai bd hap thu

nguyén ti chi d€ lai phong.

3. Dinh lugng

Uu di€m chinh ctia hap thu nguyén t& hon cdc k¥ thuit khac 1a khong c¢6 dnh
hudng, dic biét 1a giita cdc kim loai. T4t cd diéu d6 s& xudt hién tinh cAn thi€t @&
dinh lugng s€ dugc st dung chuin ndi dé xay dung mot do thi chuén.

Tuy nhién c6 mot s6 yéu td dnh hudng d&én do chinh xdc clia phép phan tich.
Mot trong nhitng 4nh hudng d6 12 cdc mudi chiu Iita tao thanh giita kim loai va
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anion. Cac dnh hudng nay di dudc bi€t va thudng dugc trinh bay trong huéng dan
kém theo thi€t bi. M6i quan tAm chinh cla miu moi trudng 1a dnh hudng cla
phophat tdi canxi, né 1am gidm sy hap thu vi tao thanh phosphat canxi chiu Iita va
khong tan. Cé thé khic phuc bing cich thém mot luong nhd tdc nhan gidi phong
vao mdi dung dich. Dung dich Lantan 10% thudng dudc st dung. Lantan phan ng
vdi Phosphat, thay cho dung dich Lantan c6 thé sit dung dung dich EDTA d€ tao
phtic v4i can xi.

D&i véi cac chdt phan tich phic tap, cdc yéu td khic ciing c6 thé dnh hudng
dé&n do chinh x4c bao gdm dnh hudng vat 1y nhur d6 nhét, sitc cing bé mit clia dung
dich bi thay d6i. Cdc tinh chat vat 1y nhu vay sé& lam dnh hudng su hit dung dich
vao ngon ltra.

: "4
o7 /
0.6 /

-
o5+ /
D4+t

D6 hép thu

—30 —20 —10 ] 5 R 20 20 40 50 60
Nong do -
g 71

Hinh 2.11. Puong chudn bang phuong thém trong AAS

Phuong phdp dudng chuin thém thudng dugc st dung dé han ché€ cdc adnh
huéng da néu. Pudng cong chuin dugc xay dung tir mot loat miu c6 ndng do ting
din bing cdch thém mot lugng da bi€t cla ion kim loai dudc xdc dinh. Lugng cia
kim loai thém vao can phdi tinh todn sao cho sy ting do hip thu theo mdt trinh ty
bit diu tir miu ban dau. Vi du néu thém lugng ion kim loai gdp d6i ban dau thi do
hap thu do dugc tuong @ng ciing ting gip ddi. Pudng cong chuin bing phuong
phap thém dua ra trong Hinh 2.11.
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Trong nhitng nim gin day, k§ thuat hydrit dugc 4p dung dé phan tich céc
nguyén td Arsen (As) va Selen (Se)... cdc nguyén t0 nay tao hydrit trong dung dich
axit véi NaBH,. Vi du phan &ng ctia Boronhydit vdi As(III) dé tao thanh Arsin :

3BH, + 3H" + 4H;AsO3; — 3H3;BO5; + 4AsH; + 3H,0O

Hydrit tao thanh c6 thé kéo ra khdi dung dich dé di vio budng nguyén tif héa.
Khi Borohydrid dugc thém vao dung dich axit, lugng du khi Hydro cling dudc tao
thanh theo phan @ng:

BH, + 3H,0 + H' > H;BO; + 4H,

C6 hai wu di€m ctia ky thuat hydrit, thi¥ nhat 14 chit phan tich dugc tich khdi
matrix cda mau, do vy c6 thé 1am gidm dnh hudng tif cic nguyén t& khdc. Thi hai
12 gidi han xdc dinh dugc cii thién c6 thé tdi mitc ng/ml hoic thap hon bdi vi tit ci
chit cin phan tich trong 1 d&€n 50 ml miu dugc dwa vao bd phan nguyén tif hda
trong mot vai gidy (nghia 12 mat do nguyén t 16n hon rat nhiéu so vdi ky thuit
phun miu).

11.4.4.4. Ky thudt Plasima ghép cam iing

PhS hip thu nguyén t{.c6 mot s6 nhude di€m khi phan tich mot s6 16n miu ¢
thanh phan va ndng @6 kini loai thay ddi. AAS chi xdc dinh dugc mot nguyén t&
trong mot khodng thdi gian nhatdinh.

Phit tri€n cdc k§ thuat plasma g¢hép cdm ¢ng (ICP) d€ phan tich nudc c6 thé
xem 13 mot sy ¢d ging dé€ phan tich dwoc nhiéu nguyén to trong cting mot lic. K§
thuat ICP duy tri dudc nhitng wu diém ciaphd hap thu nguyén tir 16 graphite 1a di
nhay, khong cin phdi qua giai doan 1am giaw v ching ciing khong sit dung ngon
Itta hoic cdc khi d& nd. Trong cd hai phuong phdp, miu dugc nguyén tif héa trong
ngon Ita plasma G 6000 — 10 000 K (Hinh 2.12). Plasma dudc tao ra bdi dong khi
argon bi ion hod bing cdch 4p vao trudng dién tir. B9, phin chinh clia ngon Ia
plasma cdm ¥ng bao gdm mot dng bing thach anh (c6 dudng kinh tir 15 — 30 mm)
dudc bao quanh bing cudn diy cdm tng ndi v6i mot may phat tin s6 cao. Mdy
phdt hoat dong & tin s6 tir 4 d€n 50 MHz (khodng 27 MHz 1a phé bi€n) va cong
sudt 18i ra tir 1 — 5 kW. Dong khi tro (Ar) thdi qua dng 1a khi hd trg cho ngon Iira
plasma va d€ 1am ngudi 6ng thach anh. P& tao thanh plasma, tia ltra dién tir cudn
Tesla dugc st dung dé tao mam electron va ion trong viing cudn diy cdm tng.
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Hinh 2.12. So do bo phdn ngon lita plasmia sit dung trong ky thudt ICP dé
nguyén tit héa madr.

I1.4.4.5. Pho phdt xa quang - plasma ghép cam ving (ICF - OES)

Ky thuit ICP-OES c6 thé€ xdc dinh déng thdi 60 nguyén t& hoic nhiéu hon &
mdt 1an phan tich, bao gdm cdc halogen, cdc 4 kim va kim loai.

Tuy nhién k§ thuat ICP — OES con c6 nhitng nhugc di€m 14 phd bi che chin bsi
nhiéu nguyén t6 khdc nhau vi mdi nguyén t& c6 nhiéu vach trong phd phit xa cida
né. Do vay can phdi lwa chon vach phd dic trung va khong bi 4nh hudng bdi cic
vach phd cda nguyén t6 khac. P&i v6i phan tich nudc van dé nay cé thé vugt qua
vdi @6 nhay va cdc vach phd khong dnh hudng da dudc ghi nhan. Phan tich dinh
lugng c6 thé thuc hién bing cdch ding chuin ndi sau khi xdc nhin 1an thit nhat
buGc séng lwa chon khong bi anh hudng.

Céc van dé khac ciing cAn phdi khic phuc trong phuong phap ICP — EOS 13 4nh
hudng cda dudi plasma 1én phan quang hoc. Mot phuong phdp khic phuc 1a 1am
chéch huéng dudi plasma cich xa phan quang bdi dong ddi xing xuyén tim cia
cha't khi.
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11.4.4.6. Khéi pho ké - plasma ghép cam iing (ICP — MS)

Plasma ghép cdm tng nhu 1a ngudn anion ddi vdi khdi phd. Pay 13 phd k& bon
cuc nhu trong hé quen thudéc GC — MS. Khdi phé ctia hdn hgp vo cd khd don gidn
so vdi phd clia cdc hgp chat hitu co va it bi 4nh huéng trong phan tich kim loai. K§
thuat ICP — MS c¢6 thé xdc dinh 20 nguyén t6 trong thdi gian khodng 4 gidy. Po
nhay hoi thip hon FAAS nhung vin di d€ xdc dinh vét ion kim loai dudi 1 ug/l.
Vung tuyén tinh tir 6 — 8 theo trinh ty dd 16n.Vi mdi mdt kim loai dudc x4c dinh
tuong wng v4i ty 1& khdi lugng / dién tich, nén c6 thé c¢é nhitng 4nh hudng nhd trong
ky thuat ICP-MS. Nong do6 cao clia mudi c6 thé gay ling dong chit rin trong thiét
bi; mot s6 dong vi clia nguyén td c6 cling ty 1& khdi lugng / dién tich; Cdc ion phan
tlr c6 thé tao thanh dic biét v6i cdc nguyén td chiu Ira, vi du, #Ca'®0* ¢6 cung ty
s6 khoi lugng / dién tich nhu “Ni*, trong khi d6 “’Ar’>CI* ¢6 thé 4dnh hudng dén
As*. Hau hét cdc van dé nay c6 thé dugce khic phuc bing cdch x Iy trudc miu dé
loai bd 4nh hudng khi dua vao hé ICP —MS. K§ thuiat bom dong chdy ciing cé thé
dugc stt dung dé tdong héa qud trinh va ciing c6 thé st dung d€ 1am gidm b6t van
dé ndng dd mudi cac¥néu nhu sy pha loing miu 1a khong thé. Tranh s dung axit
HCI @€ axit héa vi dnh hténg cia clo.

MJdi mot sy phat trié€n pho nguyén tir ¢ mang su 16n 1én cé y nghia gid ca cla
thi€t bi. Gi4 cla céc thi€t bi AAadi chung dudgc sip xEp theo diy:

F-AAS < Fn —-AAS < ICP -OES < [€P,— MS
I1.4.4.7. Phé kha kién

Cho dén nay, cdc ky thuat do phd nguyén t& dugc st dung rong rdi, phd kha
ki€n vin dudc st dung rong rdi d€ phan tich“ien kim loai. Cdc phuong phap st
dung mau, tao thanh cédc tdc nhan phitc, dd chon lge dat dugc trong phan tich bing
phd kh3 kié€n theo hai cdch khic nhau :

- Chi€t dung moi, vi du: Cr dudc phan tich khi tao phitc v6i diphenylcarbazide
sau khi chi€t vao hdn hgp trioctylamine/chloroform. Phuong phdp nay c6
gi6i han xdc dinh 5 pg/ Cr/l trong mAu ban dau. Tdc nhan tao phic dithyzone
c6 thé st dung d€ x4c dinh 17 kim loai. Sy Iva chon dat dugc bdi diéu chinh
pH chinh xdc va cdc tdc nhan che.

- Lua chon tdc nhin tao phiic mau c6 thé dugc st dung di nhay va chon loc
dé st dung truc ti€p trong mau ma khong can chi€t (mot sd vi du trong Bang
2.6)

K§ thuit nay di dugc 4p dung dé phan tich cdc nguyén td Fe, Mn, Cr va Cu

trong cdc doi tugng moi trudng.

C6 thé so sdnh hai ky thuit AAS va VIS-S d€ c6 thé thiét 1ap va lya chon thiét

bi phén tich trong moi trudng:
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- Mic du do phd viing kha ki€n néi chung 13 don gidn khi phan tich miu nudc
khong bi 6 nhiém (cdc sdng va hd), ching cé thé trd nén phifc tap va mat
nhiéu thdi gian v6i cdc mau phic tap nhu 13 nu6c thdi cong ranh.

- Po phd khi ki€n thudng bi 4nh hudng tir cdc nguyén t& khdc. Piéu nay c6
thé minh hoa bing su xdc dinh Fe s& dung 2,4,6-tripyridyl-1-1,3,5-triazine.
Nong dd 4nh hudng 1én gid tri thuc 1,0 mg/l cla Fe.
Tuy nhién phép do phd kha ki€n vin con thudng xuyén st dung va la gidi phap
t6t nhat d€ lua chon khi khong c6 AAS.

Bdng 2.6. Mét 56 cdc tdc nhdn tao phitc mau

Kim loai Tac nhan Gi6i1 han xdc dinh (pg/l)
Fe(II) 2,4,6-Tripyridyl-1-1,3,4-triazine 60
Mn Formaldoxime 5
Al Pyraeatechol Violet 13

11.4.4.8. Po thé hoa tan anode

Mot s& phuong phdp dién hoa'dli nhay @€ xdc dinh mic ndng do vét clia ion
kim loai di€n hinh tim thdy trong may nuéc ma khong phdi tdch 1am gidu. Po thé
anode hoa tan (ASV) da tim dugc su st dung dic biét trong phan tich méi trudng.
19 nguyén t6 c6 thé x4c dinh biing phuong phép nay.

Thiét bi stt dung bao gdm mot binh dién phatchita dién cuc lam viéc (giot thuy
ngan, hodc 16p mdng thuy ngin ling dong trén dicncyc thuy tinh carbon), dién cuc
tham khdo va mot dién cuc so sanh. Hé ba dién cuc nay duge st dung sao cho dong
va th€ 4p c6 thé do doc 1ap. Piéu nay cd ging dé bu trir d6i v6i su thay d6i sut the
vi dién tr§ cua dung dich thi nghiém trong khi phén tich.

MAu dugc dua vao binh dién phan cing v6i chit dién ly (vi du nhu dung dich
dém acetat pH = 4,5). Khi nito hoic argon dugc thdi qua dung dich d€ loai bd oxi.
bién cuc lam viéc giit § mot thé am thap theo dién cyc tham khio trong khi dung
dich dugc khudy. Sy khi¥ ion kim loai thanh kim loai ty do xdy ra & dién cuc lam
viéc. Dudi diéu kién ki€m sodt clia thdi gian 1ing dong va tdc d6 khudy, lugng kim
loai ling dong trén dién cuc ty 1& v6i ndng do ban dau:

M*+2e ——» M

Sau mot thoi gian dit trude, thé cia dién cuc tir o thay d6i theo hudng duong.
O céc th€ dic trung, phu thudc vao kim loai va chdt dién ly, mdi mot kim loai bi
oxi héa va trd lai dung dich theo phan @ng:

M — M+ 2e
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Qud trinh ndy dugc ghi nhan biing d6 thi bi€u dién sy thay d6i dong giita dién
cyc lam viéc va dién cuc so sdnh theo thé€ (Hinh 2.13). Chiéu cao clia dinh trong
dudng cong ty 1& v6i ndng do ctia kim loai.

cd
Cu

n
. Pd
=
o
5
2

] | I [ |
1.0 =0.75 0.5 .25 0
Thé&

Hinh 2.13 Phé thé anot hoa tan ciia cdc kim loai

Chat dién ly nén can thiét cho mdi kim loai cé trong cic tai liéu dién héa. Chat
dién ly thudng 13 axit khi th& efia ching it 4nh hudng bdi sy thay ddi nhd trong
thanh phin mAu. C4c tdc nhin phiic (nhu acetat) thinh thodng ciing dugc dwa vao
dé€ 1am bén trang thai oxi hda riéng Bict hodc di chuyén thé hoa tan cla kim loai
cdch xa th€ hoa tan clia chdt 4nh hudng, . B6n kim loai trong mau moi trudng dudc
quan tim 13 Cu, Pb, Cd va Zn c6 thé€ phiw tich trong mdi 1an quét bing cich s
dung dém acetat. Phuong phdp Volta hoa tan'ed nhiéu nhuge di€m so vdi phuong
phdp AAS nhv thdi gian ti€n hanh phan tich iaw; ¢hi phan tich mdi 1an dugc mot
kim loai.

11.4.4.9. Sdc ky long

Phuong phdp sic ky s dung cd hai thanh qud nghién ctu cda sic ky ion va sic
ky 16ng cao dp thong thudng (HPLC). Phuong phdp nhay nhit cho cdc kim loai
chuyén ti€p st dung sic d6 trong sic ky ion chelat. Phuong phip bao gdm sy sit
dung hai c¢ot lam giau (Hinh 2.14) va ghi nhan ph(A)0 sau khi tron 1an véi tdc nhan
din xuat, nhu 1a 4-(2-pyridylazo)resorcinol. Gi6i han x4c dinh 1a 0,2 — 1 pg/l trong
20 ml mau.
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Mau nuéc

1

Cot P Loai kim loai kiém
lam giau-1

=P Rita chon loc kim loai

kiém thd véi dung dich amoni acetat

Rita cdc kim loai chuyén

ti€p va REEs v6i axit HNO;

v

Rita cdc kim loai chuyén ti€p Cot trao ddi ion chuyén vé
v6i dung dich pyridine-2.6 == Cotlam giau -2 dang NH4" truGe khi rira
dicarboxylic hodc H,C,0 1 kim loai
Cot phan tich
Céc khodng nong do nudc rira PR T4c nhan din xuit sau cot
oxalic / diglycollic axit cho REEs
DPo phé &
520 - 530
nm

Hinh 2.14. So dé hé sdc ky ion chelat

Sau khi phan huy miu d€ ddm bdo ring kim loai c6 mit & trang théi ion ty do,
cho miu vao cot thit nhit, ria t6i cot thit hai va sau d6 téi cot phan tich. Mic du
sic ky ion khong cin giai doan lam gidu, nhung cé thé thdy su lam gidu trudc van
x4y ra bén trong thi€t bi nhu 1a bu6c phan tich c6 thé 1a can thi€t. Qua trinh tdch tat
ca cdc kim loai chuyén ti€p mat it hon 14 phuit.

Mot trong nhitng 4p dung kha phd bién clia sic ky 1a d€ tich cdc dang héa hoc
khéc nhau nhu ion Cr’* va Cr,0; *. Cdc chit dugc xdc dinh bing do phd kha kién
sau khi diéu ch& din xuit. Pyridine dicarboxylic axit phan @ng véi Cr’* thanh dang
phtic anion bén trudc khi cho vao cot trao ddi anion. Diphenyl carbazide dudc thém
vao sau khi rita tit cot (tao phan tng sau cot) phan tng v6i Cr,0; >. C4 hai chat nay
sau d6 dugc do & 520 nm.
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Phuong phap phd bién dé xdc dinh vét cdc kim loai khi sit dung HPLC bao gdm
tich cdc phitc thiocarbamate. Ludng du thiocarbamate (cdc mudi
diethylthiocarbamate va pyrrolidine dithiocarbamate dugc sit dung dong thdi) dugc
thém vao miu va cdc phic cda kim loai chuyén ti€p tao thanh dudc tip trung bdi
chi€t 16ng — 16ng hoidc chi€t pha — rdn. Dich chi€t lam giau dugc bom vao hé
HPLC va tdch biing cdch st dung k¥ thuat chuyén pha. C4c ion kim loai khong tao
din xuit c6 thé dudc tdch bdi k§ thuat cip ion chuyén pha hoic bing st dung cot
trao ddi ion.
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Chuong I11

CG SG CUA PHUONG PHAP PHAN TiCH PAT, CHAT RAN
VA CHAT THAI

Trong chuong nay sé& gidi thiéu phuong phdp 14y mau va chi€t cdc chit rin cia
ddi tugng nghién cttu. Pay 13 giai doan can thi€t trudc khi hoan tit phan tich bing
cdc ky thuat dung cu.

IIL.1.CAC MAU VAT PONG VAT VA THUC VAT

Pay 12 mdi quan tAm tryc ti€p 4nh hudng d6 doc clia hgp chat ty 1& véi nong do
clia né bén trong sinh vait. Su nghién cifu ciing sé thich ddng cho cdc miu vat xa
hon theo chudi diy truyén thyc phdm khi x4c dinh con dudng di chuyén clia chat &
nhi€m trong mdi trudng.

Thuc vat va dong.vat cé thé sit dung nhu 13 sinh vat chi thi &€ quan tric chat 6
nhi€m tim dugc & nong do thap trong moi trudng rong hon. Vi du, nhiém ban kim
loai ning trong nudc bi€nthudng dudc quan tric bing cdch phan tich tdo bién hon
12 phan tich tryc ti€p nu6c bicn:

Anh hudng clia chit 6 nhiéniidi sinh vat s6ng c6 thé ciing duge nghién ciu
bing cdch ki€m sodt mic cdc thanh phan tim thiy trong tu nhién cda sinh vat. Anh
hudng clia mua axit tdi cay cdi, vi du nhu 1am gidm ndng do cla cdc ion kim loai
kiém thé trong 14.

IIL.2. PAT VA PAT BI O NHIEM

P4t 1a mot vat liéu phic tap bao gdm cdc thanh ¢hinh sau day:

- ba phong héa

- Mun

- Nudc

- Khong khi

DAt cung cip chit bd dudng cho thuc vt ciing nhu 1a ndi cho cdy moc 1én va
phat trién. C4c chi't bd dudng bao gdm nitd (trong dang nitrat vd amoni), phospho
(trong dang orthophosphat) va vét cdc kim loai nhu 1a Cu, Fe, Mn va Zn.. Tuy

nhién khong phdi tit cd cdc chit ion trong dat c6 thé dudc hap thu bdi thuc vat,
mot sd chit lién k&t rAt manh trong cau tric clia dat.

I11.3. CHAT THAI VA VI TRi CHON LAP CHAT THAI

Phuong phép x 1y chat th3i rin hién nay 12 chon 14p. Chat th3i c6 thé chita mot
lugng 16n cdc vat liéu d€ phan ra sinh hoc vdi ndng d6 thap ciia cdc chat doc (chat
thdi do thi) hodc chita ndng d6 cao cdc vat liéu doc hai (chit thai doc hai hodc chat
thai dic biét).
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Khi bai chon 14p bi day, 16p trén dugc phd mot 16p di't sét. Mit dit ¢c6 tinh bén
vat 1y, nhung noi chdn 14p khong bén vé phuong dién héa hoc va thanh phan cia
né ti€p tuc thay ddi trong nhiéu nim. Chat thii thodt ra & dang nudc ro ri c6 thé
1am 4nh hudng d&€n nudc ngdm. Do vay, ndi chon 14p chat thii cAn thiét phii dugc
ki€m soit.

II1.4. TRAM TiCH VA BUN CONG RANH

C4c hop chit hitu co ¢ do tan thap trong nudc va cdc ion kim loai ¢é khuynh
huéng tich luy bdi sy hap thu cda tram tich séng hoic trAm tich bién. Phan tich kim
loai c6 ndng dd cao hon trong tram tich c6 thé 14 mot nhiém vu d& dang hon 1a
phan tich mdi trudng nudc & xung quanh. Qu4 trinh bao gdm phén tich cdc chi't hap
thu hoic tdng trim tich. Trong trudng hdp phan tich téng tram tich c6 thé phan chia
thanh cap hat trudc khi phan tich. Piéu nay hét sic quan trong vi sy hap phu chit 6
nhiém thudng lién quan ti€t dién bé mit nghia 13 lién quan dén kich thudc céc hat.
Kich thudc hat ciing 4nh hudng dé&n sy di chuyén cda tram tich va kha ning tiéu
héa clia sinh vat bién.

Biin cong 1a vat liéu tro tao ra dugc xem la sdn phim cudi cda qud trinh x{ 1y
nudc thdi. Bun cong doikhi dude trdi rong trén mit da't d€ 1am mau md cho dat
hoidc c6 thé xt 1y bing cachthiéu d6t, hoic chdn nhu 13 chit thdi. Quan tim Ién
nhat 12 lugng bin nay c6 chira‘ham lugng kim loai, c6 thé ton tai v6i ndng do rat
cao.

I1L.5. NHUNG VAN PE CHUNG TRONG PHAN TiCH CHAT RAN
II1.5.1. LAy miu

Nong @6 clia chat phan tich cé thé thay doivat rong giita cdc mau, ci vé pham
vi dia phuong (nhu 12 cdc mAu dat dugc 14y gan nkau) cd vé pham vi 16n hon (cdc
canh dong lién ké&). Thuc vat dudc bi€t c6 thé c6 mictihidm ban khic nhau. Vi du,
céc 14 & hudng gié ciia ciy bi 6 nhiém khong khi 16n hon cdc 14 phia dudi gié. Su
thay d6i hoic khong ddng nhit phdi dugc phdn dnh trong mdt s6 miu dugc 14y.
Phép phan tich sau d6 c¢6 thé d6i véi mdi maiu riéng biét hoic két hop s6 16n miu
va phan chia nhé miu dugc 18y d€ thu dugc ndng dd trung binh. Cdc vi tri 1Ay mau
phdi dudc lya chon cdn than. PE quan tric mot dién tich rong 16n, lva chon k&
hoach cin than vi tri 1y miu. Mot s6 phudng phdp chung dugc si dung dua ra
trong Bang 3.1.

Tinh khong ddi nhu dia hinh hodc c6 cdc miu thuc vat thich hop cho viéc thu
mau.

B4t cif lic nao c6 thé, miu dat duge 14y & mdi mot vi tri d€ ddnh gia tinh khong
ddng nhit cuc bd. Néu nhu quan tric lién quan dén ngudn di€m di vao trong khi
quyén (phat ra tif nha may), thi phdi xem xét huéng gi6 hién tai, v6i sy ting 1én s&
vi tri 14y mAu trong viing bi nhiém bin cao nhit. Thém nita, dong nuc chiy hién
tai cling nén xem xé€t.
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MAu ki€m tra nén dugc 14y & mot di€m xa ving nghién ctfu va c¢d ging 1am
sao cho vi tri ki€m tra gan véi vi tri 1Ay mAu. Vi du, néu nhu sy thdi ra cia nha mdy
& trong moi trudng dd thi dudc quan tric, vay thi vi tri ki€m tra nén & vi tri d6 thi &
d6 khong c6 thé 6 nhiém tuong tu.

LAy mAu ving bi 6 nhiém c6 thé si dung cdc ky thuit 14y miu bing cich
khoan hoic ddo. Py 1a sy tiém tang gdy nhiém ban mAu tif cic dung cu st dung
va ciing rat khé lam sach dung cu giita cdc 1an 18y mau. C4c thanh phan cla dung
cu 14y mau ti€p xic tryc ti€p véi miu phdi tro va dudc lam bing thép khong ri
hoic polyethylene c6 mit do cao. cAn than ciing hét sitc cAn thi€t d€ ngin cin sy &
nhiém gidn ti€p tir bom, hoic moto st dung d€ 14y miu hoic tir bt ¢t cdi gi tir ndi
14y mau.

Bdng 3.1. Mot s6 phuong phdp chung dugc sit dung dé xdc dinh vi tri ldy mdu

Phuong phéap Trinh bay

Ké 6 quy tic Vung dugc chia nhd bing st dung céc 6, va miu dudc
duoc 14y khép véi vi tri trén bi€u miu. O vudng thudng
dudge st dung, mic dit d6i khi ki€u miu phitc tap nhu

ki€u chichi.

LAy miu phin Noi 1dy mau duge chia thanh cdc ving nhé ¢6 kich thuée
tang ngiu nhién tuong duong va dinh s6 diém 14y miu Iya chon mot

cach ngiu nhién béndrong mdi ving.

LAy miu khong St dung dé€ nghién ctfu 5G:bd dua ra viing ndng do cao
déu nhau kich thuGc clia viing 14y mauva s6 mau dugc quyét dinh

dé x4dc dinh viing nhiém bin chinh x4c hon.

II1.5.2. X{¥ Iy truéc miu
Qud trinh x 1y trudc mAu bao gdm:
- Ri&a miu
- Lam kho miu
- Nghién/lam dong déu

Céc quy trinh x&t Iy miu thudng cho 1a don gidn, nhung can hét sitc chd ¥ vi hau
hét cdc miu dang x4y ra cdc hoat ddng héa hoc va sinh hoc va thim chi x4y ra
trong khi rira, lam &m kéo dai, hoic luu giit § nhiét @6 phong c6 thé thay d6i thanh
phin cta ching. Thém vao dé mot s6 chat phan tich c¢6 thé khong bén nhiét, bay

O LT
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hdi hodc thim chi khong bén quang héa. Nhiém bin hodc chit phan tich bi mat
ciing c6 thé x4y ra & mdi giai doan clia quy trinh phan tich.

IIL.5.3. Chi€t chat phan tich

Péu nay cé thé lién quan bay k¥ cdc qué trinh sau diy, phu thudc vao su phan
tich s& dudc ti€n hanh:

- Chié€t vio dung mdi hitu co — chit hitu cd bdn bay hoi

- Chi€t pha — hoi — chit hitu cd bay hoi

- Tro héa va hoa tan ti€p theo — thanh phin cdc nguyén to
- Chiét bing cdch st dung dung dich nuéc — cdc ion c6 sin.

Nhiéu chat phan tich 13 nhitng chit nhiém ban khd phd bi€n (nhu 12 DDT) c6
thé ciing c6 mit trong tdc nhan chi€t hoic hdp phu trén cic dung cu. Céc tdc nhan
c6 dd sach cao dic biét cho phén tich s€& dugc st dung. Vi du, cac dung moi loai
khong c6 thudc triv'siu c6 sdn tf cdc nha sdn xuat. Mau tring ciing nén dua vao so
dd phan tich d€ ki¢nwtra sy nhiém ban trong qué trinh phan tich, nhung chuin bi
mau tring cling sé rat k6. vi chi't nhiém ban ki€u nhu DDT.

II1.5.4. Lam sach mau

Qud trinh tiach chi€t chat phan.tich tif cic mAu rin s& khong thé tranh dudc cic
hdp chi't khdc ciing chiét. C4c hop thit cling chiét bao gdm khong chi cdc chat hitu
cd c6 khdi lugng phan i thap (c6 thé ¢ac chat 6 nhiém khdc) ma con cdc vat liu
c6 khoi lugng phan tif cao. Thuat ngit * lipid — chat béo” thudng dugc st dung cho
cdc chat hitu cd c6 khoi lugng phan ti 16n tim_thdy trong tu nhién cé thé bi chiét
vao dung moi hitu co. Nhu vay 1am sach miu 1a:qué trinh hét sitc can thiét trude
khi ti€n hanh sic ky. Loai bd lipid da dudc trinh bay trong cdc phin sic ky cot va
chié€t pha — rin. Cédc k§ thuit khic cling dugc st dung dé loai lipid nhu 13 sic ky
thadm gel tich cdc hdp chit tuong tng vdi kich thuc phan ti. Dung cu st dung dé
tach lipid c6 thé 1a cot sic ky ap sudt thap c6 dién hoic sic ky 16ng cao 4p. Phuong
phap hda hoc ciing da dugc 4p dung nhu la xa phong héa hodc oxi hda (axit
sulfuric dim diic) cho cdc chat & nhiém tho nhu thudc trit siu chita phot pho hitu
ca...

IIL.6. PHAN TiCH CAC MAU SINH HOC
I11.6.1 LAy miu va luu giit miu thyc vat

Céc mau thyc vat c6 thé 1a bo 14, ré hoic toan bd ci ciay. Néu nhu chi 1dy 14
khong thi chiéu cao t&i thi€u cia miu dugc 14y phai 14y va khong bi nhiém ban tir
da't. Lugng mau thich hgp thudng tir 500 — 1000 g. Miu c6 thé dugc giit trong th
lanh trong vai ngay né€u nhu khong thé phan tich ngay sau khi 14y miu
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I11.6.2 X1t 1y so bo
I11.6.2.1 Rita mdu

Cha't phan tich ciing c6 thé bi mAt trong qué trinh ria mau. S& dung gidy lau dé
lam kho miu ciing c¢6 thé 1am nhiém ban kim loai ning cho miu. Nén tranh rita
toan bd maiu ciing mot lic. Rita nhe tirng bd phan clia miu dudi dong nu6c chdy
nhe va c6 thé diing ban chdi mém cha nhe 1én cic mau vat. LAm sach miu 13 mot
qud trinh hét stc quan trong ddi véi phan tich vé&t kim loai vi ¢ thé ndng do kim
loai cAn phan tich trong miu thdp hon néng d6 vét kim loai trong mdi trudng xung
quanh.

Mot s6 chit & nhiém c6 thé ling dong tir khi quyén 1én bé mit 1. N&u nhu
nghién cttu sy hap thu chat 6 nhiém bdi thyc vat thi nén st dung phuong phép rira.
Né&u nhu nghién citu sy di chuyén ciia chit 6 nhiém trong chudi diy truyén thuc
phdm thi nén lvu y dén tit cd cdc trudng hop hap thu chi't 6 nhiém k& ci su ling
dong chat 6 nhiém, trén bé mit cta 14. Vi du dioxin khong bi hap thu bdi thuc vat,
nhung c6 thé di vagediy chuyén thuc phaAm bing cich ling dong trén 14 sau d6 bi
tiéu thu béi cac ddong Vit dn co.
111.6.2.2 Sdy khé va lam déng déu méu

Hai y&u td cin phdi xem xét d€ sy khd mau sinh hoc d6 1a nhiét do va thoi
gian 1am kho. Nhiét dd qua thap vdi thdi gian siy qud dai sé ting nhanh sy hoat
dong clia vi sinh vat va nhiét d0 qua‘cao vSi thdi gian ngdn hon thi din dén lam
mat cdc chat dé bay hdi.

Quy trinh 1am khé mAu dién hinh 13 thai dong khong khi khd qua miu trong
thdi gian 12 gid. Nhiét d6 khong vuot qua 50%C. Ngoai ra miu ciing c6 thé lam
dong kho, nghia 12 1am dong sdu mau gidm 4p sGat va loai bd nudc bing thing
hoa.

Lam ddng déu miu, miu da sdy khd thudng dudc sit dung mdy nghién toc do
cao. Can phdi chi y d€ ddm bio khong 1am 6 nhiém miu mdt 1an nita khi nghién
mau.

I11..6.2.3. Ky thudt chiét doi véi chédt nhiém bén hitu co

Né&u nhu cha't nhiém bin c6 mit v6i ndng dd trong khodng pg/kg hoic thap hon.
Phuong phdp don gidn nhat dé chiét chit hitu cd 1a 1ic miu v6i dung moi chiét
(hexane hoic ether diu md ddi v6i chit hitu cd trung tinh) va dé€ hai pha ti€p xic
véi nhau trong vai gid. Phudng phép thay thé dugc st dung 1a chi€t Soxhlet. (Hinh
3.1) Trong phuong phdp nay, dung méi sach dugc hdi lvu lién tuc qua miu dugc
chita trong mot cdi 6ng duc 16 va hé thong hiit loai dich chi€t ngugc vao dung moi
hdi luu. Qud trinh chi&t hdi lvu kéo dai 12 gis va st dung 300 ml dung mdi sach.
K§ thuat chi dudc 4p dung cho chit phan tich c¢6 thé chiu dung dudc nhiét do hoi
luu ciia dung moi.
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Ong chiét chita
mau

Boc gilt nhiét /

\

Dung méi chiét

Hinh 3.1. So do hé chiét Soxhlet

111.6.2.4. K3 thudt tro héa va hoa tan méu dé phéin tich vét cdc kim loai

Nong do vét kim loai ¢6 thé nim trong khodng mg/kg. Tuy nhién ndng dd nay
c6 thé thay doi gifta cic miu va trong cic thdi ky phat trié€n. D€ chiét kim loai, cic
vat liéu hitu ¢d dugc phan huy biang tro héa uét hoic tro héa kho.

Tro héa kho 12 d6t néng miu trong 10 nung, dién hinh 1a & 400 — 600 °C trong
thoi gian tr 12 — 15 h. Sau d6 hoa tan tro trong axit loAng dugc dung dich chita kim
loai. Su khong chinh xdc ctia phudng phdp tro héa khd cé thé ndy sinh tir cic kim
loai d€ bay hoi va bi giit lai  dang khong tan trén thanh chén nung.

Tro héa wét 13 dun néng mau véi cdc tic nhian oxi héa d€ phan huy cic hop
chat hitu cd. Thong thudng quy trinh tro héa uét dugc ti€n hanh trudc hét dun néng
mau vdi axit nitric, sau d6 vdi axit perchloric. C6 thé k&t hdp cdc hdn hop axit dé
phan huy mau nhu hén hgp axit H,SO4 / HNO; hoiic H,SO4/ H,0, .
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Uu di€m clia phuong phdp uét 13 s& mat it vi sy bay hdi (nhiét @6 thap va trong
diéu kién 18ng), nhung né cé thé bi nhiém ban c4c kim loai tir dung dich axit. Can
phdi cin than khi s& dung vdi axit perchloric. Axit nay thudng chia vét cdc kim
loai va dé nd khi 1am kho. Chi nén phan huy mot luong miu nhd va khong dugc
1am khd hdn hgp trong binh phd mau.

Phan tich cac t& bao dong vat

C6 nhitng di€m khdc biét trong 4p dung phan tich mau thuc vt cho phan tich t&
bao dong vat nhu mau dong vat dé phan huy va khi luu giit phdi d€ & nhiét d6 dudi
0°C.

Céc hgp chat hitu co dudce chi€t ma khong 1am khd mau. Thong thudng, lugng
16n miu dugc 1am ddng nhat biing cdch nghién trong may nghién vdi nuc va mot
phan miu nghién (hdn hdp miu — nu6c) dugc 14y ra d€ chiét. Giai doan phan hiy
bing kiém ciing thudng dudc st dung dé€ tich chit béo trudc khi chiét hitu cd. Cic
kim loai, mot 1an nita, dugc chi€t ra tif mau sau khi tro héa udt hoic tro héa kho.

IIL.7. NHUNG XEMXET PAC BIET KHI PHAN TiCH PAT
I11.7.1.LAy méu va luigiit miu

Thanh phin ctia dit c6 thé:thay d6i rat 16n trong toan bo mot viing nhé. Do vay
cAn phai 14y mau & mot s& vi trivd€ thu dude mot thanh phan trung binh thich hdp
ctia mau. Thanh phin miu ciing s¢ khic nhau theo do siu 14y mau.

D&i v6i dat bi 6 nhiém, cAn phai chiiy d&€n ngudn 6 nhiém va sy di chuyén cla
né bén trong dit. Su di chuyén clia chat & nhiém trong dit phu thudc vao thanh
phan di't va pH. Mot s6 chat 6 nhiém ling ddng tir khi quyén néi chung khong di
chuyén va sé& giit lai bén trong 16p bé mit. Nhiém ban chi tir dng thai clia xe cd
gidm rat nhanh (trong vai cm) theo d6 sau. Tuong t dioxin gitt lai & I6p trén cling
vdi cdc phan ti lién k&t manh bén trong ciu tric dit. cat chat d nhiém khédc c6 thé
di chuyén. Miu nén dugc lam nguodi hoic 1am dong dé di chuyén tdi phong thi
nghi€ém.

Mot s6 dung cu 14y miu dic biét dua ra trong Hinh 3.2. N€u nhu dit bi x40 tron
(cay x6i..) miu nén dudc I1dy tif toan bd ca ving xdo tron. Néu nhu sy nghién citu
quan tAim dén kha niing hap thu bdi thuc vat hoic miia mang, thi 1Ay mAu phai trén
toan bd d6 siu ma hé thdng ré lan truyén. P&i v6i khu vuc chon 14p chat thdi, miu
nén dudc 14y hoan toan & do sau ctia khu vuyec.
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Hinh 3.2. Céc dung cu ldy mau dat

I11.7.2.X%& 1§ s¢ bo mAu dat
11.7.2.1. Lam khé

MaAu dat dugc 1am kho bdi bing cdch 1am cAn bitng v6i khi quyén & nhiét do
phong (trong mdt sd tinh hudng c6 thé ting 1&én d&€n 30'C) khong it hon 24 gid.
Trong nhitng diéu kién khic nghiét, mifc cdc chit bd dudng c6 gid tri trong di't cé
thé thay ddi (dic biét d6i véi phdtpho, kali, sunphua va mangan), trong khi cdc hop
chit chifa nits chuyén d8i qua lai. Do vay, khi phén tich cdc hop chit chira nitd nén
stt dung miu vt — hién trudng.

I11.7.2.2. Nghién

Qu4 trinh 1am kho cho phép dat trong trang thai mot khdi 16n va cin phdi lam
vd vun thanh cdc thanh phan hat cé kich thudc tir 2000 um d6i véi thanh phan cit
tho, t6i 2 um d6i vdi sét. PE 1am dugc diéu d6 can phdi st dung cdi va chay nghién
mAu. Ray 14y ¢ hat 2 um d€ loai bé sdi va cdc phan tir 16n khic.

I11.7.2.3. Phédn chia mdu

DPay ludn 1a mot van dé véi chat rin, khi bat ky sy sy rung dong nao c¢6 khuynh
huéng tron phan chia tuong Gng véi kich thudc hat. Cac hat nhd hon ¢é khuynh
huéng roi xuéng dudi cdc phin t 16n hon. Cic phuong phip chuin di dugc thiét
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lap d€ vugt qua van dé nay véi mot cach don gidn 1a k§ thuat chia 4 va chia ki€u
hinh nén. Trong d6, toan bd miu dugc tao thanh hinh nén d6i xitng. Chia hinh nén
theo chiéu ding thanh cdc phan va cdc phan lién nhau dugc két hop lai, v6i nita s6
phan con lai thi bé di. Qua trinh nay c6 thé lip lai cho d&€n khi lugng miu cin thiét
dat dudgc.
I11.7.2.4. Chiét cdc chdt nhiém bdn hitu co

Céc chit nhiém ban hitu cd dién hinh trong khodng néng d6 pg/kg. Chiét cic
hdp chit bay hdi thip gin gidng nhu k§ thuat sit dung d6i v6i miu thuc vat. Pdi
vdi miu dat c6 ndng dd chat nhiém bin thap, miu dudc tron véi nude va phan tich
chat hitu co bay hoi. Khi ndng do cao, dau tién chi't hitu cd dugc chiét tir dat véi
metanol, sau d6 thém nudc vao hdn hgp chi€t metanol.

I11.7.2.5. Chiét cdc ion cé lgi
Nong d6 clia vét kim loai va chat b6 dudng cé gid tri c6 thé mong ddi nim
trong khoang mg/kg.

Tru6c hét can phiihiéu rd the nao 12 nguyén td hodc chat bd dudng cé “ ich”.
Cau triic cia dat hoat ddag nhu 1a chit trao ddi ion d6i v6i ca cation va anion, & dé
cdc ion don gidn bi giit trong dat bdi luc ion. Cac ion nay chi c6 thé dudc gidi
phéng vao nudc bdi su thay thé ion clia kim loai khdc. Sy gidi phong ion kim loai
vio nu6c phu thudc vao ki€u ctia dat va thanh phdn héa hoc clia nudc chiét.

Quy trinh phan tich cho cdc ion trae d6i 1a mot sy ¢ ging dé tii tao lai diéu
kién modi trudng biang cdch lya chon durig dich chiét thich hgp. Quy trinh khd don
gidn nhu lic miu di't vdi dung dich chi€t & mot thdi gian nhat dinh, dién hinh 1a 1
gid. Cdc chat chiét thudng dudc sit dung 1a amoni axetat, axit axetic lodng, axit
clohydirc lodng va dung dich EDTA...

I11.7.2.6. Nito trao doi
C4c chi't chua nitd tim thiy trong dit 1a:
- Nitd hitu co
- Nitrat
- Nitrit
- Amoni (amoni tu do va amoni ion)

Chi c6 nitrat, nitorit va amoni 14 nitd trao d8i. Cdc vt liéu hitu cd bi phan hily
bdi vi sinh vat s& gidi phéng ra chit bd dudng trong toan bo chu ky thdi gian, do
vay nén dua cd nito hitu cd vao so dd phan tich.

Céc dang ion clia nito c6 thé dugc chiét vdi dung dich KC1. Sau d6 khit véi titan
(I11) sunphat, chuyén dinh lugng toin bo ion thainh amoni.

Nito hitu cd dudc x4c dinh sau khi chuyén thanh amoni, bing cdch dun s6i mau
v4i axit sunphuaric trong vai gid (phuong phdp Kjeldahl — Hinh 3.3). Kali sunphat
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dugc thém vao d€ ting di€ém sdi cla axit sunphuaric, cling vdi chit xic tic, selen
hodc thuy ngan thudng dugc sir dung trong phuong phap nay.

Binh Kjeldalh

Bép dun

Hinh 3.3. Dung cu phdn hity mdu xdc dinh nito

111.7.2.7. K3 thudt hoa tan dé xdc dinh tong kim logi trong ddt

Nong dd kim loai trao ddi chi 13 mot phan cifa toan bd nong dd tdng kim loai
trong dit.. Phan tich tdng kim loai nhiéu khi ciing diige yéu ciu dé nghién citu moi
trudng. Cac ky thuit hoa tan miu di't bao gdm 13 phan hiiy mAiu dat bing cdch dun
mAu véi hdn hop cic axit HF/HCIO,, hodc nung chdy véi hdn hdp nung chdy ki€ém
(N,CO3) sau d6 hoa tan lai bing axit lodng.
111.7.2.8. Xdc dinh pH ciia dat

pH clia di't dudc xdc dinh nhu 1a ndng do ion hydro trong dung dich, Nhu vay,
pH ctia dat 13 pH clia nuSc trong khi cin biing v6i dit riéng biét. PE do duge pH
cia dat, thém dung dich (CaCl, hoic KCI) vao maiu dit tao thanh bot nhio, sau d6
dé cho cin biing khodng 1 gi d€ dat dudgc can bing.

I1L.8. NHUNG XEM XET PAC BIET CHO PHAN TiCH LIEN QUAN PEN
CHAT THAI VA XU LY CHAT THAI BANG CHON LAP
I11.8.1. Cac dang chat thai va xi Iy chat thai

MJdi mdt nude c6 su dinh nghia clia chinh minh vé chit thdi. Nhung néi chung,

c6 it nhat hai tiéu chudn chinh. D6 13 chat thdi khong doc hai va chit thii doc hai
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doi hdi phdi xem xét cAn than khi xtt ly. Chat thdi khong ddc hai c6 thé bao gdbm
chat thdi do thi, chat thdi thwong mai va mot s6 chat thdi cong nghiép khac. Thanh
phan dién hinh cta chi't thdi do thi trong cdc nudc phat trién dua ra trong Bang 3.2.
ChA't thdi doc hai tuong ng véi dinh nghia clia chuong trinh moi trudng lién hop
qudc (Unitied Nation Environmental Programme — UNEP) 12 “ Cha't th3i c6 thé giy
ra st nguy hi€m cho sitc khde hoic mdi trudng hoic mot minh né hoic k&t hdp véi
chi't thdi khac”. C4c hgp chdt ¢ thé 1a, chidt phdn tng héa hoc, chit doc, chit nd
hoidc chdt in mon. Céc loai chat thdi nay c6 thé bit ngudn tif cic gia dinh si dung
c4c tic nhan lam sach va thudc trir siu.

Mic du cdc dang chat thdi thudng duge xem 1a chit thdi rin, thinh phin riéng
biét clia chat thdi c6 thé 12 bun nhdo hoic chi't 16ng. Piéu nay dua ra nhitng van dé
16n cho phan tich, khong chi cho quan tric, vi tri x 1y ma con cdc vat liéu thai
true khi xu 1y.

Nhiéu chi't thdi dugc x{ Iy bing cdch chon 14p. C6 su khac nhau trong qué trinh
chon 14p, khong chi twong ng v6i dang chat thdi ma con giita cdc nudc v6i nhau.
Phuong phdp chon 12%;,i4t nhién, s& 4nh hudng d€n ty nhién va toc do phat khi doc
hai vio moi trudng. Vi tri.chdn 14p chat thdi 6 nhi€m dudc xay dung véi 16p sét/ da
phi€n hodc nhya nhan tao BAt ky chdt 18dng (nudc rod i) thodt ra vao mdi trudng
xung quanh phdi dudc han ché nhung ciing phdi dudc quan tric mot cdch nghiém
ngit. Vi tri cling chdn 14p 14 noi mdt s6 loai chi't thdi dugc tron 14n dé gia ting qua
trinh phin rd ty nhién. Hau hé&t cac Vi tri chon chat thdi hién dai ¢6 hé thong thu
hdi nudc ro ri @€ xit ly. C6 nhitng chat thdi rdt khé phan hity dugc giff trong nhitng
hidm chon & diéu kién kho rdo trong mot thai gian kha dai. Quan tric khu vuc chon
14 chA't thai 13 rat cAn thi€t, khong chi noi chon 14p da bi day, ma con ti€p tuc &
nhitng noi chon 14p da 1au. Quan tric phdi kéo dii cho nhi€u thap ky. Phan tich sé&
dudc ti€n hanh ngoai hién trudng bing cach st dung ¢dc phong thi nghiém di dong
hoic st dung miu dudc 14y t6i cdc phong thi nghiém & xa.

Bdng 3.2. Thanh phan dién hinh ciia chdt thdi rdn dé thi

trong cdc nudc phdt trién

Thanh phan Ham lugng (%)

Gidy 25-40
Kim loai/ thuy tinh 7-25

Chat thai thyc phim 618
Chat thai san, vudn 5-20
Chat déo 4-10
Vii, sgi 0-4
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I11.8.2. LAy miu va luu giit miu

Quan tric d6i vé6i chat 10ng, chat khi sinh ra va vi trf 14y miu 12 mot qua trinh
lau dai tai noi chon 14p chat thdi. Hinh 3.4 dwa ra cdc vi tri bi 6 nhiém di€n hinh &
khu vyc chon 14p chat thai.

Lép phi bé
mat

|

Mit dat

Noi chon
14p

Vung chua bao hoa

Nu6c ngdm

Dong nude
ro 11

Hinh 3.4.S0 dé vi tri nhiém bdn dién hinh va'cdc vi tri &y mdu noi chon cdt
rdc thdi.
1: Cdc giéng quan trdc nudc, Ao sau thay doi; 2: khi cu hit do do tan; 3: khi
cu do do tan thu gom; 4: cdc giéng quan trdc khi; 5: mdy do ldy mdu khi; 6: quan
trdc khi bé mdt.

Su 10 ri clia chat 1dng tir vi tri chon chat thdi s& thAm xudng dudi cho dén khi
dén dugc nudc ngdm. Trong thdi gian thi€t k& noi chon 14p, phdi diéu tra trudc cic
thong tin nay d€ dua ra quyét dinh c6 thé hudng dong chdy va quan tric cdc vi tri
trén c§ sd cdc thong tin nhan dugc. Nudc ngdm dugc quan tric bing cic 156 khoan
c6 do siu khac nhau. Thém vao d6, quan tric cdc vi tri gan véi vi tri chon 14D cling
phéi dudc ti€n hanh (dic biét & dudi mit dit noi chon chat thdi) § d6 dat khong bi
bao hoa nudc. Piéu nay da dugc bi€t 12 ving chua bdo hoa. LAy miu 18ng trong
viing nay st dung thiét bi 14 khi cu do dd tan. Ki€u phd bi€n dé quan tric vi tri cho
chat thdi 12 khi cu do do tan hit. Chi€t chat 1dng tir dit bing 4p suid't Am bén trong
binh 14y miu x6p (Hinh 3.5). C6 thé thiét k& khi cu do dd tan don gidn hon nhu
ki€u hinh chdo d€ st dung dudi dt cda noi nhiém ban. N6 c6 hinh ding clia mot
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cdi mot cdi khay phiang, rong chita diy d4 va séi, phia trén phii mot 16p vai. Po 4m
ctia dat thAm vao trong khay va dugc lam kiét sau d6 vao trong binh hitng. Chat
16ng dugc tach ra theo chu ky tir binh chira d€ phan tich.

Maiu chat khi dugc 14y cd bén trong long dat va trén bé mit. LAy miu trong
1ong dat st dung cdc 16 khoan ¢ dinh hoic diu do 14y miu. C4c dau do khi nay 1a
cic ong dugc khdi dong c6 thé dé dang di vao vat liéu rin va né cé thé khoan t6i
hoic tao khe & dd sdu yéu cau. Mot 1an nita, miu nén dugc 1y & cdc do sau khac
nhau dé€ thu dugc mot biic tranh toan canh cda vi tri chdn chat thai.

Céc mau rin c6 thé thdi rita hoiic tao ra cdc phan ng héa hoc. Ching cin dudgc
dé€ & 4°C. Cédc miu nuéc nén bdo quin theo nguyén tic di dugc néu & cdc phan
trén.

Riit miu vao lo chita
Bom hai chifc ning miu
nén/ hat

Eﬁ“—‘
2=
Sy

L3 khoan

————— L&p d4t nhoi

-’ * o L . ™ .
W3t ot ..f.; o L6p sét bentonite
" 'h‘. I. m : b

.rl!l. “."'-"

a 'I-- LI

&g, plastic
" Coc %D
:
1-,-‘-/"'

[

Cat

‘__‘H Lép bentonite

Hinh 3.5. So do ciia mét khi cu hiit mdu

I11.8.3.X1 1y s6 b miu rin va miu 16ng v6i ham lugng cha't rian cao
I11.8.3.1. Thi nghié¢m lugng lon

C6 mot s6 thi nghiém c6 thé ti€n hanh & chat thai rin d€ xdc dinh tinh chit toan
phan. Cic quy trinh héa hoc x4dc dinh ham lugng tro vd ham lugng 4m va thanh
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phan héa hoc cdc nguyén t8. Trude khi thi nghiém, chi't thii c6 thé cin thi€t 1am
khd, dan, dap hoic nghién va sau d6 chia nhd d€ tao thanh miu dai dién.

111.8.3.2. Chdt hitu co bdn bay hoi

Giai doan chi€t 1a can thiét truSc khi phan tich sic ky gel. Quy trinh chdp nhan
phu thudc vao phan trim lugng chat rin:

- D6&i v6i miu chita 1% chdt rin, chi€t 16ng — 18ng c6 thé st dung, di€n hinh
v6i dichloromethane lam dung moi.

- D& véi miu chita tir 1 — 3 % chat rin, miu dudc pha lodng t6i 1% vé6i nude
trudc khi chi€t nhu & phan trén.

- D61 v6i miu chita > 30% chat rin, dung dich natri sunphat dugc thém vao
mau. Sau d6 ti€n hanh chi€t véi hdn hgp dung moi acetone/dichloromethane
(1:1) va lic bing siéu am.
I11.8.3.3. Chdt hitu co bay hoi

DP6i v6i ndong do thip (< Img/kg), chit rin di dun néng dudc tron v6i nude va
chat hitu cd d€ chiét. P&i vdi mau c6 ndng d6 cao (> 1 mg/kg) c6 thé hoa tan hgp
chit v6i methanol. N&u nfitr khong thé hoa tan, chit rin dugc tron véi tetraglyme
hoiic poly(ethylene glycol). Txong ca hai trudng hgp, sau d6 thém nudc vao va tién
hanh chi€t bing k§ thuat thanh [d¢: va — bay.

D€ ki€m tra miu ban dau, EPA (Environmental Protection Acgency) da dua ra
quy trinh rit dic trung do doc cho mau fi€p xic vdéi dung dich ngadm chiét acetone/
natri hydroxit trong thdi gian 18 gid. Vat {iéu bay hoi sau d6 dugc chiét bing k§y
thuat thanh loc va by, sau d6 x4c dinh bing phirong phdp sic ky. Néu nhu bat ky
mot tap hdp cdc chat hitu c¢d bay hdi ¢c6 mit & miC irén mic gid tri ngudng thi chat
thai d6 dudgc xem la doc.

111.8.3.4. Cdc kim loai

Phan huy mAu thudng dudc ti€n hanh bing hdi luu véi axit nitdric (1: 1) va sau
dé cho thém H,0,, hoic axit HC1 dic khi phan tich mot s& kim loai (nhu Cu, Fe).
Sau khi pha lodng va loc, hodc ly tAm, phan tich cdc nguyén t& bing AAS, hoidc
bing céc k¥ thuat khéc.

I11.8.4. Phan tich nudc ri

Céc thanh phin chinh va ndng d6 di€n hinh ddi v6i nuéc i clia cdc chat dugc
dua ra trong Bang 3.3. C6 thé thay riing cdc gia tri BOD va COD (gidm & nhitng vi
tri chon 14p da k&t thic 1au) va ndng do rat cao clia cdc ion v cd thong thudng.

Céc thanh phan v&t bao gdm chat hitu co tir chat thdi ban diu va ngoai ra tif cic
ndi phan Gng va cdc sin phim phan huy. Nudc ri hdu nhu ciing c6 thé chia bat ky
hop chat hitu cd khdi lugng phan ti thap.
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Bdng 3.3. Khodng nong dé dién hinh ciia cdc thanh phdn chinh duoc chon loc
trong nudc ri

Thanh phdn Khodng nong do (mg/l)
Vi tri méi Vi tri khong con sit dung

BOD 2000 — 30 000 100 — 200
COD 3000 — 60 000 80 — 160
Nitd hitu co 10 — 800 80 — 120
Nitrat 5-40 5-10
Orthophosphate 4 - 80 4-8
Téng dd citng 300 — 10 000 200 — 500
Clo 200 — 3000 100 — 200
Sunphat 50 — 1000 20 - 50
Fe 50— 1200 20 — 200

111.8.4.1. Ham lugng vét chdt hitveo

Trong trudng hdp nay, phan tich thiong dugc ti€n hanh bing GC. HPLC véi
dau do UV c6 thé st dung d€ phan tich thinh phan vét trong nudc ri c6 kha ning
chita ndng do cao cdc hydrocacbon.

111.8.4.2. Cdc hop chdt dinh ddu

Nghién ctu so bo c6 thé dudc don gidn héa néu nhir.cdc hop chit cé thé nhan
dién nhu 1a chat hoat dong ddnh diu cho sy 6 nhiém dudc goi la hdp chat ddnh
d4u. Su 4p dung dién hinh c¢6 thé d€ nhan bi€t n€u nhu nudc ngdm bi 6 nhiém,
thudng 12 st dung cdc chat hitu cd bay hoi khong phan cyc. C4c hgp chit dinh diu
ciing dudc sit dung d€ nhan biét cdc loai hgp chit trong mdt hdn hgp phic. Hop
chit BTEX (benzene — toluen — ethylbenzene — xylene) c6 thé s dung d€ nhan
dién cdc sdn phaAm diu m3.

I11.8.4.3. Phén tich vét kim loai

Phuong phdp AAS thudng dudc st dung dé phan tich vét kim loai trong nudc ri.
Né&u nhu cic ky thuat quang phd dudc dp dung, ion kim loai bé xung cé mit trong
hdn hop phiic tap c6 thé gay 4nh hudng d€n sy phan tich. Chuin bi miu nudc ro ri
c6 thé khdc v6i nuSc tu nhién. Quyét dinh trude hét can duge thuc hién 13 hoic
phan tich kim loai hda tan hodc kim loai trong chat 16 Iing. Ham lugng kim loai
trong chit rin 10 ltng thuc t€ 1a c6 thé cao hon trong dung dich v nhu vay bat cit
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giai doan hoa tan nao s& din d€n mot ndng dd phan tich khong dai dién. Piéu d6
c6 thé xem xét mot cach tdt hon d€ phan tich chat rin va thanh phin hoa tan mot
céch riéng biét. Mau nhat dinh dugc phan tich cang nhanh cang t6t vi k§ thuit bio
quan tiéu chudn d6i v6i kim loai (axit héa) c6 thé bi€n d6i theo mot ty 1é twong ddi
ctia pha hoa tan va khong hoa tan. Néu nhu phd hap thu nguyén ti dudgc si dung thi
hiéu chinh nén 1a cin thié€t vi thanh phin miu phic tap va nhi€u chit khong dudc
biét.

I1L9. NHUNG XEM XET PAC BIET KHI PHAN TiCH TRAM TiCH, BUN
CONG THAI

I11.9.1.LAy méu va lvu giit miu

Van dé dau tién vSi phan tich tram tich 13 thu dugc mau tir ddy song hoic ddy
bi€n. Dung cu 14y miu khoan kha thong dung d6i vSi viing nu6c ndng. Thiét bi
khoan miu don gidn cho viing nuéc ndng dua ra trong Hinh 3.6 (a). Khi sit dung
thi€t bi nay, mot caiéng hinh tru dugc dua vao tram tich, khi 14y dng ra, hé thong
van déng lai cho phép mau gitf lai trong 6ng. Ngay sau khi dua 1én khéi mit nuéc
ong dudc gin kin lai d€ githguyén ciu tric ciia miu tram tich. Bing phuong phdp
ndy, cdc phan cla miu tuong {ng véi dd siu khdc nhau cda trim tich c6 thé dugc
phan tich va cung ciAp nhitng ghinhAn lich st vé su ling dong clia chat & nhiém.
Dung cu 14y mau ki€u cang cua minfihoa trong Hinh 3.6 (b) c6 thé st dung d€ 13y
mAiu & nhung noi sdu hon, hoidc & nhitag noi tram tich khong chic. M4y nao vét
ciing c6 thé st dung d€ 14y mau trAm tich ven by. Cdc miu sau khi 14y dugc luu giit
trong diéu kién dong sau.

MAu tram tich c6 dic tinh 1a chita mot lugng 1én nude. Do vay, trude hét miu
dugc bop tan ra va sang dé€ loai bé cac vat liéu kich ¢hudc 16n nhu dd va canh cay,
néu cin thi€t c6 thé st dung 4p suit. Sau d6 lam kho iu ngoai khong khi. N&u
nhu xdc dinh cdc chat hitu co thi nén phan tich ngay trong diéu kién miu u6t. Cc
mAu dé€ phan tich kim loai c6 thé siy kho & nhiét d6 110°C. X Iy sd bd ciing c6
thé bao gdm cic giai doan phin loai cdc cip hat biing gidy uét.

I11.9.2. C4c k¥ thuit chiét d6i v6i chat nhiém ban hitu co

Phan tich hitu ¢d mot 1an nita lai dya trén cd s§ chiét ctia hdn hop ddng nhat
(tao ra bing dung cu nghién tron tdc d6 cao), thudng st dung thi€t bi Soxhlet. Cdc
dung moi st dung trong chiét cho cdc miu trim tich l1a nhitng dung moi phan cuc
nhu acetonitrit. Nong do cdc chiat 6 nhiém trong trim tich nim trong khodng pg/kg.
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Hinh 3.6. Dung cu ldy mdu tram tich, (a) dung cu &y mdu 16 khoan, (b) dung
cu ldy mdu kiéu cang cua.

I11.9.3. K¥ thuat hoa tan déi véi v&t kim loai

Hoa tan mAiu biing axit thudng dudc st dung d€ phan tich cic ion kim loai hap
thu bdi trAim tich nhung cling phi chd y c4n than 1a khong dugc hoa tan toan bd
mAu tram tich. Hon hgp axit thich hgp 12 axit nitric va hydro peroxit.
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Dé& phan tich toan bd cdc nguyén t&, miu dugc hoda tan bing axit HF trong binh
teflon kin.

I11.9.4. Phan tich bun céng

Biin cong chifa ri't cao ham lugng nudc, do vay cdch x 1y sd bd ciing gidng nhu
X 1y mau trim tich. Tuy nhién v6i ham lugng khé cao cdc chat hitu cd, cho nén khi
ti€n hanh phan tich cdc nguyén t& cin phdi tiéu huy cdc hdp chat hitu cd. Phuong
phdp thudng dung 12 dun néng miu véi axit nitric dic trong binh Kjeldahl, va chi€t
kim loai bing cdc k§ thuit thich hgp sau khi miu phan huy dudc pha lodng véi
nudc.

I11.9.4.1. Cdc ky thudt hoa tan va chiét mdi

Hién nay cdc phong thi nghiém moi trudng da dugc trang bi cdc hé thong chuin
bi miu cho phén tich kh4 hién dai thay th€ cho cdc ky thuit chi€t thong thudng
thudng khong dugc lién tuc, tdn nhiéu héa chi't, mat thdi gian dic biét v6i nhitng
co s& phai phan tich mot lugng 16n mau.

1. Chiét Soxhlet tu djvig

Nguyén tic cla chiéitu ddng Soxhlet 12 dua trén su chi€t Soxhlet cii. Thi€t bi
dugc thi€t k& sao cho tir 4 — 5 mAiu cé thé chi€t ddng thdi nhung chi si dung mot
phin nim dung moi chiét trongchi€t Soxhlet thong thudng va tdc d6 nhanh hon
gdp nim lan.

2. Chiét dung méi nhanh

Pay 1a mot k§y thuat ty dong khi chi€t chat hitu co tir chat rdn c6 thé ti€n hanh
trong vai phit ma k§ thuat chi€t soxhlet phai nidt nhiéu gid. Chi€t dung moi nhanh
dugc thyc hién & mot nhiét do thich hgp (thudng tar100 0C) va 4p suit dugc duy tri
(1500 — 2000 psi) d€ ngin cidn dung mdi s6i. Dung tdi chi€t thong thudng (hoic
hdn hop), nhu 13 diclorometan, percloroetylen, hoic hexan / aceton dudc st dung.
Maiu dugc can ty dong (5 — 15 g) dudc cho vao mdt binh va gin kin sau dé dun
néng. Sau mot khodng thdi gian x4c dinh dich chiét dudc tw dong dua d€n binh thit
hai cling v6i dung moi mdi st dung dé day dich chiét. Dich chiét c6 thé dudc 1am
giau d€ phan tich & giai doan cudi ciing. K§ thuat chi€t dung moi nhanh chi mat 15
phiit 12 hoan tat va 15 ml dung mdi. Mdi mdt mé chiét thudng chi€t cho 20 mau.

3. Tiéu huy mdu bang vi séng (microwave) va chiét tro givip vi séng

Phuong phdp thay thé& cho tiéu huy miu hoic chiét c6 thé ting nhanh la dua
ning lugng d€ nung néng mau trong dang vi séng. Mot sd thi€t bi vi séng cho phép
dwa mAu va tdc nhan vao binh chi€t biing cdch st dung hé thdng dong chdy. Thong
thudng khodng 6 —12 miu dudc phan huy dong thdi. Binh chi€t bing thuy tinh hoic
biing teflon. Binh bing teflon c¢6 thé chiu dugc nhiét do tdi 250 — 300 °C.

Mot trong nhitng yéu ciu st dung vi séng d€ phan hiy miu 13 hop chit c6 kha
ning hap thu bifc xa trong binh chi€t. Néu nhu c6 mit nudc trong miu hoic trong
dung moi chiét thi s& khong c6 van dé gi vi nudc 1a chi't hdp thu rat tot bitc xa vi
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séng. Néu nhu khong di lugng nude can thiét thi phdi sit dung dung moi hodc hdn
hdp dung mdi cé thé hap thu bitc xa. Piéu nay c6 thé dat n€u nhu trong miu toi
thi€u phdi c6 mot thanh phian phin cuc cao trong hé. Ky thuit ciing 4p dung cho
phan huy miu bing axit d€ phan tich kim loai.

Khi 4p dung dé€ chi€t cic chdt hitu cd, ki thuat dugc bi€t 1a chiét trg gitp vi
séng. Pién hinh 13 phan tich cho cic hdp chat PAH va tdng hydrocacbon dau mé
(TPH). Thoi gian chi€t it hon 30 phit va sit dung khodng 30 ml dung moi mdi lan
chiét. n€u nhu dung mdi khong phan cuc st dung dé chi€t thi cAn phai c6 di mot
lugng nudc trong mau dé hap thu biic xa vi séng. Cac hén hgp dung mdi phin cuc
ciing c6 thé st dung nhu hexan — aceton, diclromethan — aceton hoic metanol —
toluen.

4. Siéu dm

Trong phuong phdp nay, binh chita miu va dung dich chiét dugc nhing trong bé
siéu Am. Nhiét ciing c¢6 thé dugc st dung. Quy trinh c6 thé gdm chu ky siéu 4m
lién tuc, ti€p theo chu ky siéu Am gidn doan, c6 thé vai phit mdi 1an cho vai gid.
Chiét gidn doan (10 phiit siéu &m cho mdi gid) c6 thé thuc hién k&t hgp dich chiét
trudc khi giai doan phan tich ti€p theo. Uu di€ém cia k§ thudt 1a thi€t bi khong phic
tap va c6 thé chi€t ddng thoi nhidu miu cing mot lic thudng dugc sit dung d€ chiét
hitu cd ban bay hdi v6i ham ludirg chdt rdn cao.

5. Chiét dich long t6i han

Dich 18ng t6i han 1a chat dugc duy isi trén nhiét dd va 4p sudt t6i han. Dudi
di€m t6i han nay (nhiét dd/ 4p suat) Cac ehit chuyén thanh khi hoic 1éng. Tinh
chit nay dugc minh hoa trong biéu dd pha Hinh:3.7.

Tinh chit clia chat 18ng t6i han c6 thé dugc xem 1a trung gian cla chit 16ng
ho#ic chit khi. N6 giong chat 1dng do chit c6 dod tan i6i han trong chat 1dng, trong
khi d6 né giong chat khi bdi c6 dd nhét thap va sitc cang bé mit. Pd nhét thap cho
phép dich 16ng thAim qua chit rin x6p mot cach dé dang. S& chat khi c6 thé si
dung d€ tao ra dich 18ng téi han d€ 4p dung trong phan tich 1a CO,. CO, c6 nhiét
do t61 han la 31 °C, ¢6 nghia 1a chi€t ¢ thé ti€n hanh chi & nhiét do khong cao
1im. Ap suét t6i han cia CO, 12 74,8 atm. Piéu kién chi€t dién hinh 1a & 50°C va
400 atm. CO, 1a phan tir khong phan cuc va 12 dung mdi Iy twdng cho cdc hgp chat
khong phan cuc, mit du do tan cia cdc hdp chit phan cyc trung binh c6 thé thap
nhung c6 thé dugc cdi thién bing cdch thém vio vai phin trim metanol hoic
aceton d€ lam ting do phin cuc clia dung mdi. Nhiét dd va 4p suit ciing 4nh hudng
dé&n @6 tan. Uu di€m thd hai cta chi€t dich 18ng t6i han 13 qud trinh chi€t rat chon
loc bdi thay d8i cdc chidn thém vao, thay ddi nhiét dd va 4p suit.
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Hinh 3.7. Gidn dé pha déi véi chét khi, minh hoa su tao thanh dich long trén
t6i han trén diém tdi han (nhiét do/ap sudt), diém Tc: nhiét dé tdi han; Pc : dp

sudt 1o han
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Chuong IV
CO SO CUA PHUONG PHAP PHAN TiCH
KHONG KHI - CAC CHAT KHi

IV.1.THANH PHAN KHONG KHI

Khong khi 12 mot hdn hgp khi nhung chi€m phan 16n 1a khi Nito (N) va Oxy (O)
va cédc thanh phan khi khdc c6 ham lugng nhé hon. Do cdc qud trinh hoat dong clia
mdt s& chi't khi nhin tao tdn tai trong khi quyén, Hinh 4.1 md ta thanh phan khic
nhau trong khong khi thong ké& dudc trong nhitng nim gin day.

Trong chuong 1 chiing ta da dugc luu ¥ vé vaAn dé mua axit vi khong khi chita
mot lugng 16n sunphua va oxit nitd. Cac hdp chit ndy bi oxy héa thanh axit
sunphuaric va axit‘hitoric bing sy tuong tdc v4i cdc thanh phan khéc trong khong
khi (nhu 0zdn va cidé¢zhat bui). Su néng 1én toan ciu do sy ting lugng khi dioxit
cacbon. Van dé ndy sinfia ting sy hap thu bitc xa hong ngoai bdi dioxit cacbon.
Pua cdc hdp chit cong hox'iri khdc vao trong khi quyén, dic biét néu nhu chiing
h4p thu bifc xa & budc séng makhdng khi khong hap thu (viing ctta s8). Piéu nay
c6 thé xay ra véi cdc hdp chi't chita céc lien két C — H, C — Cl hoidc C — Br.

M6i quan tim diic biét 1a cdc hop ¢hAt nhu metan (khi nha kinh khdc) va khi
ozon (chit oxi héa giy khé thd), ndng<dd clia chiing dang ting 1én thAm chi &
nhitng viing khong c6 nén cdng nghiép. Cicwin dé dia phuong héa trong viing do
thi hodc cdc viing cong nghiép c6 thé con phiic'tap hon nhiéu khong chi vi dwa mot
s6 16n chdt 6 nhi€m ma cdn cdc phdn tng khi gdy&n tao ra nhitng chat méi. O
nhitng thanh phd 16n vao cdc ngay ning néng c6 (hé thdy dudc hién tugng nay,
Duéi diéu kién khi tugng dic biét (su nghich nhiét khi cic 16p khong khi nhe néng
tim thdy & trén khong khi lanh didm dic tao ra diéu kién khi quyén bén), chit 6
nhiém tap hop lai trong khong khi ma khong bi phdt tdn. Cac chit khi thodt ra ti
cac phudng tién giao thong (CO, NO, NO,_ hydrocabon khong chdy hét ...) tuong tdc
véi nhau tao ra mot loat cdc chit oxi hod bao gdm ozon va peroxyacetyl nitrat
(PAN). (Hinh 4.2).

Phdn tng giita cdc chat khi tao ra swong ml bao tram 14y thanh phd, dugc biét
12 ml quang héa va cdc hop chit nay giy ra cdc bénh vé dudng hd hip. Cdc chat
hitu co bay hdi (VOCs) trong khi quyén ciing rat dugc quan tim. Nhi€u chat 1a
nhitng chat doc, tit ca 1a nhitng khi nha kinh, ching c6 thé déng gép vao cidc phan
ting héa hoc giita cdc chat khi trong khi quyén.
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N, 78.1
O, 20.9
Ar 0934 ppm(v/v)
CO, 320
CO, 0.033 Ne 20
He 5 ppb(v/v)
CH, 2 H, 500
Kr 1
H: 05 N0 300
CO 100
Xe 90
O; 40
NO, 20
NH; 6
SO, 2
CH;Cl 0,5
CHs 0,2
CCl; 0,1
CCLLF 0,1
Hinh 43 Thanh phdn khi ciia khi quyén
0.5
Hydrazarbons
0.4
0.3 Mldehydes
NOL
o2k NG / AN
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3 6 arm. 9 Budi trua 3 P, 6
Thoi gian theo ngay . Thdi gian
Sdng Chieu

Hinh 4.2. Sy thay doi nong do khi trong mit quang héa hoc
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Mot trong nhitng 1y do chinh quan tAim d€n moi trudng hién nay 1a dnh hudng
tiém tang clia chit & nhiém (bao gdm chi't & nhi€ém sol khi) hoic 12 truc ti€p hoic
gidn ti€p dén siic khde clia con ngudi. Phan 16n din s& cla thé gidi cong nghiép s
dung ngdy lam viéc trong céc toa nha hodc & nha. Quan tric khong khi trong cdc
toa nha (khong khi bén trong) ciing 14 mot vin dé quan trong. Khi quyén bén trong
khu vyc kin ngin cdn sy phat tdn cdc chit 6 nhiém. Nhiéu chit khi 6 nhiém da tim
thdy trong cdc toa nha.

Khong khi trong nha ciing ¢6 sy phan bo rat rong cdc chat 6 nhiém. S6 16n chit
nay c6 thé 1a cdc chat héa hoc doc hai dudc tao ra hoic st dung bén trong toi nha:

- C4c chat khi tir d6t nhién liéu
- Dung mdi cia cdc loai son
- Céc chatkhi tir chdt 16ng 1am sach

C6 nhiéu ngudn khong mong dgi. Tham chi vat liéu si dung d€ cich Am tudng
ciing c6 thé phat ra khi doc.

Nong d6 chat 6 nhi€m trong khong khi va khi thdi c6 thé thay d6i trong mot
thdi gian ngdn va doi véi'tsuc dich quan tric khdng khi, do vdy can phai bi€t nong
do trung binh trong sudt thdvgian dé ciing nhu ndng d6 do dudc tic thdi. Pay 1a
ndng do6 trung binh tii trong thdigian (TWA — Time — Weighted Average)

IV.1.1. Céc don vi bi€u dién néng dd cha't khi trong khong khi

Thong thudng ndng dd chi't khi dugediéu dién 1a thé tich cha't phan tich / tong
thé tich miu. Pon vi khdi lugng / tdng th& tich cling c6 thé dude sit dung cho ci
chat khi va cdc phan t rin:

- pg m” cho khong khi ngoai troi
- mgm™ cho khong khi trong nha.

Sy chuyén d6i gitta ppm va mgm™ khong phitc tap, ddi hdéi mot cach don gidn
khdi lugng phin ti tuong ddi clia hdp chi't va thé tich mol clia chit khi (d€ chuyén
d6i xap xi c6 thé 14y 24,0 lit cho tit ci cdc chat khi & 20°C va 1 atm).

Vi du: gi6i han ciia EC hang thang thai ra NO, tir cic nha may nhiét dién 12 650
mgm™. Chuyén d&i thinh ppm

Gidi: Khoi lugng phan tif tuong d6i clia dioxit nitd = 46
Do viy, s& mol cia dioxit nitd trong 1 m> khong khi :
(650. 107)/ 46 = 14.1. 10” mol

Thé tich bi chi€m bédi 1 mol khi & 20°C va 1 atm = 24.0 1 = 0.0240 m’ . Do vay,
thé tich cta dioxit nitd trong 1m’ khong khi :

14.1.107 x 0.0240 = 338 x 10°m?

Do vay ndong d6 cda oxit nitd = 338 ppm thé tich / thé tich
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Cong thifc tong quat cho chuyén ddi c6 thé viét:

Nong d6 (mg/m™) x 24,0
Khoi lvgng phan ti

Nong do ppm =

IV.1.2. X4c dinh nong d chat 6 nhiém trong khong khi

Pay 1a phuong phidp cé thé bit gip ngay 1an diu tién d€ quan tric cdc thanh
phan vé&t. Mot thé tich da bi€t clia chit khi dudc thdi qua dung dich hap thu. Sau
khi 14y mAu két thic, dung dich dugc mang vé phong thi nghiém d€ phan tich.

DAy chuyén hap thu bao gdm mdt s binh qua d6é chat khi dugc hiit ra. Thé tich
mAu dugc do bing khi k&, nhung d6i vé6i thdi gian 14y miu ngdn, dong khi c6 thé
gitt khong ddi, dong khi va thdi gian 14y miu chinh xdc c6 thé dugc st dung nhu
nhau. Co quan qudc t€ cho dé chuin héa (ISO) dua ra dic trung phuong phdp 13y
mau (Hinh 4.3). Hé 14y miu dic trung d€ quan tric khi quyén dua ra trong Hinh 4.4
cdc thanh phan ridag biét cia diy truyén 14y miu c6 thé thay d6i tuong ng véi
nhu ciu dic biét clia phin tich.

Céc tac nhan st dungwong lo Drechsel (Hinh 4.4) dugc x4c dinh bdi chat khi
phin tich. Cé nhitng tdc nhid.dic trung cho hau hé&t chi't khi vd co bao gdm SO,
Cl,, H,S va NHa, trir CO. Quy irinh chudn dua ra cia phuong phdp West va Gaeke
dé phan tich SO, bing tric quang.ld SO, dugc hidp thu trong dung dich nudc
tetracloromercurat natri va phdt trién‘mau bing cdch thém p-rosanilin hydrocloric
(trong HCI) va formandehyt. Do hap thu d@gc do & budc séng 560nm.

H,0 + SO, + HeCL,* — HoCLSO;* + 2H' + 2CI

’

LAy mAu khi

8

2 1N

Loc dé lay cdc hat

>,
o)

<

Dung dich hap thu

o

Locdéb

fsSX)

o0 vé bom

o}
Y
=

=

Dung cu do khi

ON

De
Hinh 4.3. So

mau

N
(5

5 ddy chuyén hdp thu

177  Dhuesién Tneong PH Sie pham K thudt TP.HM

http:swww.thuvienspkt.edu. va




Khi quyén
bén neoai Phin Ioc

EI —

Ph&u tp ngudc dé \ =
tranh bui ling
dong * j A «
T4c nhan 1am khd Bom DPdng hd do khi

Mot hodc nhiéu
binh Drechset chita
dung dich hip thu

hoic chit bdo vé cho
bom. Binh Drechset
ciii ciing ¢6 thé dé
khong c6 tic dung
khong cho dung dich
tran vao bom

Hinh 4.4. So do dung cu ldy mdu khi
1V.1.2.1.1. Hép thu bang ¢hit rdn

Phuong phép stt dung phd-bi&n nhat d6i véi cdc hdp chit hitu cd bay hoi, dic
biét cho khi quyén trong nha 12hip thu chit khi vao chdt rin va sau d6 phan tich
cdc thanh phan biing sic ky khi.

Phuong phéap 14y mau thu dong va chii ddng c6 thé dugc sit dung. Cac dung cu
14y mAu thu ddng (ddi khi dudc goi 12 dung.cu 14y mau khuy&ch tdn) bao gdm chat
hap thu (di€n hinh 13 than hoat tinh) hodc palymer x6p “ Tenax) chifa trong mot
ong nhé han kin mot dau va dau khac thi d€ ticpxic v6i khi quyén. Chat hap thu
tdch tir khong khi biing sy khué&ch tdn vao viing hodc la khe hd hodc polymer x6p
trd tuong ¥ng v4i nha san xuit. Cac dng c6 thé kep chit & ve 4o hoic mang trong
tdi thd d€ quan tric c4 nhan.

Céc phuong phdp 14y miu chi dong 1a hiit khi qua 6ng miu bing mot bom hiit.
Tdc d6 1dy miu c6 thé dat dé€n 20 ml/phiit sao cho 14y miu lién tuc trong sudt thdi
gian tdm gid ma khong vugt qua dung tich hap thu clia 6ng. Mot s6 dng hap thu
(hinh 4.5) chta hai phdn chat hap thu. Phin chinh dudc sit dung d€ phén tich, trong
khi @6 phan thi hai dugc st dung dé xdc nhin 13 dung tich ctia phdn phan tich chua
bi bao hoa.

Bom hiit cAn phdi gon nhe sao cho cé thé gin trén thit lung v6i 6ng miu gin
trén ve 4o (Hinh 4.6). Uu di€m ctia 14y miu chd dong 1a cé thé quan tric ndng do
thap doi v6i thoi gian 14y miu da cho.

178 Thue vign Trweong BH Sic pham Ky thudt TP.HM

hitp:ymmww. thuvienspkt.edi. va




Ong thuy —

—_
R

/ / \ .

b4 tip Chat hﬁ’p thu ngugc
thu chinh

A A

Hinh 4.5. So do 6ng hdp thu ddc biét sit dung dé ldy mdu chii dong
1V.1.2.2.2. Gidi hdp mdu

Pua chi't phan tich vio sic ky hoidc bing gidi hAp nhiét hodc bing chiét dung
mdi. Gidi hap nhiét gdrvthiét bi twong ty da dudc sit dung trong phan tich hdp chit
hitu c¢d dung dich st dungky thuat thanh loc — va — bdy. Chi€t dung mdi doi héi
tron chat hap thu véi mot thé ich ¢d dinh clia dung mdi dé chi&t chat phan tich sau
dé bom dich chiét vao sic ky khit

7

Ong hap thu

\\B

om

Hinh 4.6. Minh hoa dung cu ldy mdu cd nhdn

1V.1.2.3. Phén tich sdc ky

T4ch sic ky thudng khong khé khi st dung cdc cot chudn. Thong thudng c6 mot
s6 van dé nhd hay gip 1a dd nhay cla detector. Detector ion hod ngon Iita thudng
179
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st dung. Chi ¢6 khé khiin 1a lva chon dung moi chi€t. Dung moi chi€t khong tudng
ing v&i detector ion héa ngon lta (nhu cacbon disunphit 13 khi doc va di€m bit
chdy thip)

Trong phuong phdp phan tich cdc chat khi bing sic ky khi thudng tinh ham
lugng chat khi theo hdn hop khi chuin hoic bom mot lugng biét trudc ndng do clia
chat khi tinh khi&t vao chat hdp thu va do hiéu suit ctia nd.

1. Chuén bi hdn hgp khi chuin

C6 mot s6 phudng phdp di dugc trinh bay d€ chuin bi hdn hdp chuin cdc chat
khi. Tuy nhién mdi phuong phap chudn bi phu thudc vao nhitng yéu ciu dic thu dé
tao ra hdn hdp khi chuin:

- Céc thé tich nhd (tdi vai lit) cda khi tham kh3o c6 thé tao ra bing cdch bom
mot thé tich di bi€t hop chat tinh khi€t, nhu 13 chi't 16ng, qua mot vach ngin
vao mdt thé tich kin ctia chi't khi va cho phép chat 1dng bay hdi.

- N&u nhu can;mdt dong lién tuc cda khi tham khdo, cdc phuong phdp dong
hoc 1a cin thi&t, Cdc 6ng thim thudng dudc st dung cho muc dich nay. Cac
ong nay chira hopeehAt hitu cd bay hdi bén trong dng PTFE nhd cho phép
thAm cham hoi qua thanh cla né di vao dong da bi€t ctia chat khi. Toc do
khuéch tin dugc diéu chinh biing cdch thay ddi nhiét dd clia 6ng trén toan
bd viing nhiét do phong tGi40°C. Nong do tao ra trong dong khi ¢6 thé tinh
todn tir sy mat khoi lugng cua 6ng thAm trong toan bd thdi ky — thdi gian da
cho va toc dd dong khi.

- K§ thuat dong hoc thay th€ cho chit khi hodc chit 16ng bay hdi 1a bom hgp
chit vao dong khi & mot toc do khong ‘ddi bing cdch st dung cu bom -xy
lanh.

2 .Ong Khuéch Tén

Phan 16n su nghién citu x4c dinh ndng do trong tdi trung binh — thdi gian st
dung hai phuong phdp di trinh bay & trén. Tuy nhién c6 mot s6 4p dung Ong
khué€ch tdn trong cdc nim trudc, dic biét khi s6 16n cdc vi tri dugc quan tric cung
mot lic. Cdc nét chinh két hdp clia phuong phdp cla cdc k§ thuat da dudc trinh bay
nhung ¢6 vu di€m 13 don gidn va d& 1p dit hodc dé dang di chuyén.

Thiét bi gdm mot 6ng ngin (Hinh 4.7) (dudng kinh tiéu chuin 1a 7,1 cm chiéu
dai va 0,95 cm dudng kinh bén trong) dé hé mot dau va cé chat 1dng hap phu trén
mit lu6i bing thép khong ri § ddu déng kin. Phuong phdp dua trén sy khuéch tdn ty
nhién clia chi't khi trong chat 16ng.
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Hinh 4.7. So do 6ng khuéch tdn

T4c nhan dugc ti€p xtc vdi khong khi trong vai tudn, sau d6 khi hap thu c6 thé
bing k¥ thuat phan tich chudn. Nguyén tic cia k¥ thuat nay la téc do hap thu dudgc
xdc dinh bing t6c do khuéch tan cfia, chat khi doc theo dng. Pinh luat Fick phat
bi€u ring tdc do khué&ch tin cla chi't khi (7 1& v6i sy bi€n thién (gradient) ndng do.
Nong do & phin md cudi clia Sng 12 ndng @ xung quanh. O phan kin phia cudi cia
ong, gid st ring ndng do chat khi bing zero vi.né dugc hap thu lién tuc biing chat
186ng. Do vay, tdc dd khué&ch tin ty 1& véi ndng ddkhong khi.

Ky thuat dng khuéch tin di dugc st dung d€ xac dinh dioxit nito. Chat 1dng hap
thu 1a trietanolamin.
IV.2. XAC PINH NONG PO CHAT O NHIEM TUC THOI
IV.2.1. C4c thié&t bi do truc ti€p

Céc thi€t bi st dung d€ quan tric cdc chat khi riéng biét trong toan bd viing
ndng dd di dugc biét. Hién nay mot s thi€t bi dugc thiét k€ ¢ thé xdch tay tdi ndi
quan tric d€ do ndng do chung quanh
1V.2.1.1. Huynh quang va héoa huynh quang
Phuong phdp héa huynh quang st dung d€ xdc dinh oxit nits dva trén phan tng:

NO + 03 — NO*+ 0O,
NO,* — NO,+ hv

Ozon tao ra bdi m4y phat di kém, tron v6i mau dudi 4p sudt gidm va 4nh sing
phdt ra dugc quan sit bing may nhian quang (Hinh 4.8). Tdng oxit nitd c6 thé phan
tich biing ciach chuyén dioxit nito thanh oxit nitd trudc khi phan tich.
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Phdn ng ctia miu ciing c6 thé st dung d€ quan tric ozon khong khi. Phuong
phdp huynh quang héa hoc ciing ¢é thé dugc sit dung dya trén phdn ng clia 0zdn
vdi etylen va quan st 4nh sang phdt ra & 430nm. Phuong phap nay c6 uu diém 1a it
bi 4nh hudng khi c6 mit NO. Gidi han xdc dinh x4p xi biing 1ppb (2ug/m™).

Dioxit sunphua c6 thé do ma khong can xt 1y héa hoc, bing phd k& huynh
quang pha khi, cho gidi han xdc dinh 2ppb (5pg/m™).
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Hinh 4.9. So do thiét bi phan tich khi oxit cacbon (CO)

1V.2.1.2. Phé Hong Ngoai

Phé hip thu hdng ngoai dugc st dung phd bi€n trong phong thi nghiém phan
tich moi trudng dé quan tric mot loat cdc chit khi vo co va cdc hoi chi't hitu co.

Ph6 hdng ngoai c6 thé khd phic tap va mdi mot phan tir cho mot kiéu hip thu
duy nhat. C6 thé md td nguyén 1y 1am viéc clia mdy quang phd hong ngoai khong
tdn man thudng dugc st dung d€ phan tich khi nhu sau:
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Khi phan tf khi hip thu bitc xa hdng ngoai, hiéu tng thuc l1a 1am néng chat khi.
N6 c6 thé hap thu biic xa & tan s dic trung cho phan ti. Chat khi trong cell
detector s& d6t néng va nd ra chi khi bifc xa c6 budc séng thich hgp di vao cell.
Khong c6 su ngin cin ddi v6i bidc xa thich hgp § phia trdi cta cell d€ dén dugc
detctor va chdt khi sé d6t néng trong budng detector. G phia phii, mot s§ bic xa &
buéc séng dic trung clia CO sé& bi hap thu bdi CO c6 mit trong mau (Hinh 4.9).
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Chuong V

CO SO CUA PHUONG PHAP PHAN TiCH BUI TRONG
KHONG KHI

Céc phan tt (hat rin) trong khong khi ¢c6 ngudn goc tir:
- Cdc sdn phdm ngung tu tir qud trinh chdy tu nhién (chdy ritng, ndi 1¥a...)

2, A 2, 7, ~ A , A . . A
- Cdc san pham cta phan Gng cac vé€t chat khi (mudi amoni clorit, mudi sun
phat va mudi nitrat).

- Céc vat liéu phat tdn tir bé mit qua dat (hoi mudi tir dai duong va bui
khodng chat tir luc dia).

Ngoai ra, hoat ddng ctia con ngudi ciing 13 mot trong nhitng ngudn bd sung chat
0 nhiém khong khf¢htt y&u & viing do thi v6i cdc ngudn chinh la qud trinh chdy va
thiéu dot.

Cidc hat bui ¢6 vai trd’guan trong trong héa hoc clia khi quyén. cdc phan ng
x4y ra hoic 12 trén bé mit cita hat vat chit hodc trong trong pha 1éng — trong nudc
hap phu trén bé mit cla phan (¥,

Su van chuyén cta khong khi (réng dang hat 12 mdt trong nhitng nguyén nhan
chinh cho sy phét tdn chit & nhi€m. Kiin loai chi phat tdn trong khong khi chi y&u
& dang cac mudi vo ¢d. Cdc chat hitu co bén bay hai tim thdy trong khong khi mot
phan & trang thdi hdi, mot phan & trong pha tin, hodc 1 nhu cdc phan ti¥ hitu cd
hoic 12 hap phu trén c4c phan tif vo co.

Céc phép do c6 thé sit dung d€ dic trung ham lwiing hat trong miu khong khi
bao gdm:

- Do sd bo trude tdng ndng d6 cdc hat. Py 1a phép do khdi lugng clia chit rin
14y ra tir mot thé tich nhat dinh cda khong khi bing cic phuong phip loc,
hoic bing cdc phuong phdp thich hdp khac. Céc gia tri dic trung nhu sau:

+ 70 ug m™ khong khi viing ngoai 6

+ 300pg m™ khong khi d6 thi

+ 10 mg m~ khong khi trong cdc nha mdy

+ 100 mg/m™ khi thai cda nha mdy nhiét dién

- Su xem xét ti€p theo 1a thanh phin phan tich. Pdi v6i kim loai, thudng
khong phitc tap. Nhiém vu phan tich c6 thé s& khé hon khi phan tich miu

nudc vi cdc thanh phan vd cd cla vat liéu hat c6 thé 1a chat it tan, dic biét
néu nhu cé mit mudi silicat.
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- Xac dinh sy phan bd kich thudc hat. Thoi gian luu giit trong khong khi cia
cac hat phu thudc vao kich thudc cia ching. Kich thuGc hat cang 16n thi cac
hat cang nhanh chéng bi sa ling xudng mit dat. Cc hat c6 kich thudc 0.1pm
c6 thé xem la c6 kha ning 10 Itng vitng bén trong khong khi. Su khdc biét
vé tinh chat vat 1y cling phu thudc vao kich thudc hat. Cédc hat c6 kich thudc
nhé hon thi ¢6 kha ning 16n hon di vao cdc viing trao ddi khi ctia phdi va cé
giy ra nhitng 4nh hudng sinh ly tiém ting nhat.

Mot trong nhitng quan tdm chinh hién nay 12 6 nhiém céc hat bui c6 kich thudc
nho hon 10 um trong khdng khi trong nha. Cac hat bui ¢6 kich thuGc nhd hon 10um
(PM10) c6 ngudn gdc tir giao thong, déng g6p tdi 50%, tir cdc ngudn khac nhu nha
mdy nhiét dién, dot than.....

V.1. PHUONG PHAP LAY MAU

LAy mau khi 12 mot trong nhitng giai doan hét sifc quan trong trong qud trinh
phan tich. Trudc kbi xdy dung k& hoach 14y miu cin phdi nim dugc nhitng dic
di€m sau day clia hiw, lgng chi't 6 nhiém trong khong khi:

- Nong d6 thay doi tat nhanh theo thdi gian va vi tri
- Nong dd ra't khic biét theo d6 cao, thaim chi c6 thé thiy rd su khdc biét chi
vai cm khi 18y mAu khong khi trong nha.
V.1.1. Thié't bi 18y méu thé tich ion
Trong phuong phdp ndy, mau khong khi dirde hiit qua phin loc c¢6 dudng kinh
16n (20 — 25 cm), di€n hinh & t6c d6 75 m’/h. Mo hinh mdy 18y mAu khong khi dua
ra trong Hinh 5.1. V&i mot quat hit phia sau phiw loc, tdc dd quat hit c6 thé diéu
chinh d€ dat dugc t6c d6 khong khi qua phin loc theo . mudn. Thdi gian 14y miu tir
1 gi cho khong khi bi 6 nhiém va 12 gid cho khong khikhdng bi 6 nhi€ém & d6 thi.
Phin loc dugc lwa chon dya trén cdc yé&u t sau:
- Gitr lai cac vung kich thuGe hat bui chinh xéc.
- Khéng c6 nhi€ém bin trong phin loc
- C6 kha ning tuong hop véi quy trinh phan tich sau d6. Mot sd quy trinh phan
tich doi hdi d6t chdy va hoa tan toan bo phin loc.
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Hink 5.1. Thiét bi thu mau bui trong khéng khi

Céc phin loc biang cellulose dudce st dung cho cdc kim loai va cdc anion vd co,
phin loc biing sgi thuy tinh (ho#c 5¢i silica trong mot vai trudng hop) cho cdc chat
hitu cd.

V.1.2. Thié&t bi 14y miu c4 nhan

Dung cu 14y miu c4 nhin bao gdm mdt gia“gii* phin loc dugc gin trén ve 4o va
mdt bom nhé deo & hong. Bom dugc thi€t k€ tudue, tr nhu 13 bom st dung dé 13y
mau khong khi nhung t&c dd hit cao hon- 14y miu bui:d toc do cao xap xi 2lit/phiit
va khong khi di qua phin loc ¢6 d6 day 25 mm. Phin loc dudc ché€ tao bing sgi thiy
tinh n&€u nhu don gidn 13 chi cAn toan bd khdi lugng bui. Céc phin loc khic ciing c6
thé dugc st dung va phu thudc vao quy trinh phin tich ti€p theo.

V.1.3. Thi€'t bi va dap ting

Hai phuong phdp trudc sit dung phin loc dé thu thap cdc hat bui. Thiét bi va dap
tang dua trén sy hit bAm cla cdc hat trén bé mit. C4c hat dugc phan chia tuong
ting v6i khoi lugng clia chiing. Thi€t bi di€n hinh dua ra trong Hinh 5.2. Khong khi
dugc hiit qua thi€t bi & mot tdc dd khong ddi va cham 1én s6 cdc tim bia c6 phi
diu hoic glycerine. Bdi su co lai cda dong khi triéc mdi mot bia, toc do tuyén tinh
ctia khong khi ting 1én. Cdc hat bAm vao bia néu nhu ching va dip bén trén dong
lugng riéng (dong lugng = khdi lugng x tdc td). Vi tdc do cliia khong khi ting 1én
qua hé thong, mdt cach lién tuc, cdc hat nhd hon s& bam mdi bé mit clia bia k&
ti€p. Vung lam viéc dic trung 1a 0,5 — 200 um.
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Téc d6 dong khong khi thudng 1a 1 m’/h, 18y dugc chi vai microgam miu trong
mdi phan doan trong mdi mot gid van hanh khi 14y mau khong khi & viing do thi.

: =]
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Hinh 5.2. So dé.thiét bi thu mdu bui va ddp nhiéu bdc

V.1.4. LAYy bui trong dong khi

VARN

LAy miu dudc ti€n hanh bing cdch €& dung phin loc bao gdm day truyén 14y
mau thi€t k€& hodc 1a dic tha doi véi hat hodeila k€t hdp 14y bui va cdc chat khi.

V.1.4.1.Ldy méu Ddng dong luc

bay la mot sy xem xé€t quan trong khi phin tich«¢dc hat c6 dudng kinh trén 5
um. Khi 18y miu, su x40 tron ki€u dong chdy cda ban than chat khi ¢6 thé din dén
nhitng sai s6 trong nong dd hat bui do dugc. N&u nhu téc d6 14y miu 1a nhanh hon
toc do dong khi, lic d6 ki€u dong sé& bi pha v& va s& udn cong vio trong thiét bi 13y
mau, cdc vat liéu rin s& c6 dd ¥ 16n hon cdc phan t khi. N6 sé& c¢6 khuynh huéng di
chuyén theo huéng ban diu va nhu vay sé khong di vio thi€t bi 1Ay miu. Nong do
bui s& nhd hon so véi thuc t€. Tuy nhién n€u dong khi nhé hon mau khong khi dugc
14y, khi d6 cdc phan tf khi s& bi ddo huéng trong thi€t bi 14y mau. Ham lugng chat
rin s& c6 khuynh huéng di chuyén truc ti€p vao dung cu 14y mau. trong trudng hop
ndy, gid tri phan tich s& 16n hon gid tri thuc. Sy nhiéu loan t3i thi€u 13 khi t6c do
14y mAiu giong vdi tdc do dong khi. Pay 1a phuong phdp 14y miu ding dong (Hinh
5.3).

Dung cu 14y maiu trong dong khi khong c6 gi dic biét ngoai trit c6 thém mot
ong pitot d€ do toc d6 dudng thing cia dong khi va c6 kh3 ning 1am cho tdc do
dong 14y mau phil hdp véi téc do dong khi. N6 ciing dugc sit dung nghién citu so bo
dé xdc dinh mau dong chdy trong dong khi (Hinh 7.5) Sy khic biét 4p suit dugc do
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bdi 4p k& giita hai dau cudi clia dng, véi mot di€m truc ti€p di vao dong chdy va
mdt di€m khidc & huéng d6i dién. Su khdc biét vé dp xudt ty cin bac hai clia tdc do
thing.

LAy mAu ding dong hoc cho kiéu
dong c6 sy nhidu loan t&i thi€u

T&c do gidi 1Ay miu = tdc do khi

Phan tich k&t qua = gi4 tri thuc

T6c @6 gid 14y miu > tdc d6 khi

Phan tich két qué < gi4 tri thuc

Phan tich k&t qué > gi4 tri thuc

Hinh 5.3. Minh hoa l&y mdu ddng déng hoc (— ), dong khi; (> ) dong hat.

V.1.4.2.Thiét k& ldy méu day chuyén

Céc khi thai khong thay ddi & nhiét do cao hon nhiét @6 chung quanh. N&u nhu
vat chat hat khong dugc 14y & nhiét dd khi thai, su ngung tu nudc hoic cdc thanh
phan pha — hoi khic c6 thé x3y ra. Piéu nay sé din dén lam tic ngén diy chuyén
14y mau ciing nhu khong chinh xéc trong cdc phép do phan tich. C6 hai cdch gidi
quyét d€ vugt qua van dé nay. Mot 13 st dung t3i thi€u phuong phdp chuin clia
Chau Au, 13 c6 mot phin loc bén trong khi thai. Kich thudc cda thi€t bi loc c6 thé
dnh hudng dén ki€u dong chady bén trong khi thi. Mot cdch khic c6 thé thay thé 1a
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st dung phuong phdp ctia EPA, phin loc dit trong mdt hop dudc dot néng bén
ngoai khi thdi va 14y miu khi thdi bing cdch st dung dau 14y miu nhiét. Diéu nay
s& cho sy nhi€u loan nhd hon ctia dong khi, mic dit vin con van dé ngung tu néu
nhu nhiét d§ khong dugc lam phu hgp mdt cach chinh xdc.

Mot cich 1y tudng 12 14y miu can thuc hién & vai vi tri trong khi thdi. Cdc phin
loc thudng 12 bing thach anh, hoic sgi thldy tinh va d6i v6i ndng dd hat bui thip,
cac dia loc tiéu chudn c6 thé st dung. Phin loc c6 thé trong dang clia mot cdi dé
ddi vdi ndng dd cao. Phin loc ki€u nay cho dién tich bé mit 16n nhat d€ thu bui va
ngodi ra han ch& 1am mat miu khi can. Cédc phin loc thudng dugc dit sau bo tich
cyclone.

V.1.4.3.L&y méu PM10

M0di quan tdm d€ do PM10 chii y&u tip trung cho khi quyén trong nha nhung
ki€m sodt c4 nhin ciing quan trong d€ x4c dinh 6 nhiém c4 nhan. Mot s6 thiét bi da
dugc thi€t k&€ dé thu mau PM10 trong dé cé bd tién chon loc chi cho phép phin
PM10 dugc giit 12i¢Bd tién chon loc PM10 ¢6 thé st dung k¥ thuat cyclon hodc k§
thuat tic dong. Phuorg phdp quang hoc ciling dugc 4p dung dé do PM10 dya trén sy
tin xa dnh sdng clia khdng khi tir cdc hat 1o lirng. Cac phuong phédp loc dugc xem
12 phuong phap tham khao doi véi sy 14y mau gidn doan. Thi€t bi 14y mau Partisol
thay ddi tu dong phin loc trong.mdi thdi gian 24 gid. Phin loc duge can sau khi can
bing vdi khi quyén & nhiét do phong. Cac thi€t bi khdc cling c6 thé sit dung dé
quan tric lién tuc nhu cdc thi€t bi sauday:

Thi€t bi TEOM (Tapered Element Osgillating Microbalance) dua ra trong Hinh
5.4. Khong khi di qua phin loc nung néng (50°C) & di€m cudi ciia mot 6ng thiy tinh
thon dao dong. Sy thay d6i tan sd dao dong khi.chit khi di qua lién quan truc ti€p
dén khoi lugng clia vat chat tich lily trén phin loc.

Thi€t bi hly bi€n B thu vat chit hat trén manh gidy loc chuyén dong phia sau
bd loc PM10. 0 day tia B tir ngudn phéng xa di qua phin loc, v6i su hdp thu bitc xa
ty 1& v6i khoi lugng vat chit hat trén phin loc.

V.1.4.4.Ldy méu lidng dong axit

Héa hoc clia mua axit rit phitc tap khong chi lién quan dén cic hdp chat khi
axit ma con dé€n cic hat bui. Trong cdc thanh phd, thanh phin chli y&u 1a cdc vat
chat hat dugc biét 1 “su ling dong kho”. Mua axit ¢ 4nh hudng trén cd mdt viing
rong 16n trong do6 cdc chat khi 1a chd y&u. Hién tugng nay dudc goi la “ 1ing dong
uét”

Bat ky mot dung cu dudc thi€t k& d€ quan tric mua axit sé phai c6 kha ning
thu thap hai ki€u ling dong da néi & trén va do chiing mot cich riéng biét. Hinh 5.5
trinh bay dung cu 14y miu bao gdm hai hop dung miu cé thé ty ddng hoic déng lai
tuong ing v6i lugng mua.
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V.2..CAC PHUGNG PHAP PHAN TiCH LIEN QUAN PEN HOA TAN MAU

Budc dau tién clia bat ky qud trinh phan tich 12 cin phdi xem xét thanh phan
clia miu. Pay 14 buc quyét dinh vi né c6 thé cho chiing ta lya chon k§ thuit hoa
tan mau. N&u nhu thanh phan ctia miu khong dudc biét sé gay nhitng khé khin khi
stt dung cdc tdc nhan hoa tan, chai lo dung mAu va cdch phan hily mau.

Phan 16n cdc miu moi trudng nhu mau dit, bui ¢é thé sit dung hdn hop axit HF
— HNO;3, HF - H,SO,... phin hity trong chén teflon; 12 miu thuc vat c6 thé sit dung
hdn hgp phan huy HNO;- H,SO4, HNO; — H,0, trong binh thuy tinh...

Sau day 1a mot vi du cdc budc phan hiy mau bui d€ phan tich chi (Pb):

- Thu miu bing phin loc sdi thdy tinh (rita mAu khdi phin loc hai 1an bing
nudc cat).

- Hoa tan mau trong axit HF néng, bay hdi cho dén kha.
- Liaplai v6i axie. HNO;
- DBinh mtc t61 vach.

V.2.1. Phan tich tryc ti€p ¢dc chat ran

V.2.1.1. Phuong phdp huynh quarig tia X

K§ thuat huynh quang tia X dwva trén cd s& chi€u xa nguyén t véi tia X dan t6i
giai phong electron tir 16p vo bén trong cia nguyén ti. Cac electron cia 16p vo bén
ngoai nhay vao 16p v bén trong d€ 14p day chd trong, pht ra tia X. Budc séng cia
bitc xa lién quan s& nguyén tif ciia hat nhan tuotig (fng véi phuong trinh nhu sau:

1

—=kZ
A

Trong d6 A 12 budc séng clia bitc xa, k 12 hiing s& va Z la s6 nguyén tt.

Céc nguyén t6 phat ra bic xa tia X dugc dic trung bing budc séng. Su hap thu
va phdt xa x4y ra chi€m wu th€ trong mot s6 it I6p bé mit clda nguyén ti. V4i sy
hiéu chinh thich hdp cho hiéu tng nén (matrix), ¢ thé chuin bi miu chuén cé ciing
thanh phin v6i miu phan tich. Cudng d6 bic xa tia X ty 1& véi ndng d6 clia nguyén
to.

Hién nay c6 hai ki€u thi€t bi huynh quang tia X dang dudc st dung chiing chi
khdc nhau vé cdch phan tich biic xa huynh quang. Thi€t bi buc séng - tin xa do
biric xa & mdi mdt budc séng k& ti€p bing cach sit dung sy nhiéu xa tir mot tinh thé
quay theo huéng budc s6ng dic trung tdi detector. (Hinh 5.6)

191 Thir vién Triegng BH S pham Ky thudt TP.HM

hitp:ymmww. thuvienspkt.edi. va




/7_\ Chi ¢6 bitc xa & bude séng
Tinh thé phan tich %

dugc xdc dinh bdi géc t6i

[[_quav dugc nhidu xa
H H

&ng chudn truc
s0 cip

Ong chuin tryc th
cap

Detector quay d€ duy tri sy dinh
huéng chinh x4c t6i tinh thé

Hinh 5.6. So do cdc bo phdn ciia phd ké huynh quang tia X

Thiét bi tdn xa,— ning luong do do toan bo huynh quang dong thdi & detector.
Céc déng gép tir moi bude séng dude tich ra riéng ré bing hé thong dién ti.

Quang ph6 huynh quang tia X di€n hinh dua ra trong Hinh 5.7. C4c nguyén to
c6 s6 nguyén tif 16n hon 40°co thé phan tich bing phuong phap niy. bing cich st
dung k§ thuat chan khong dé ngin cin sy hap thu tia X bdi cic nguyén t& c6 khdi
lugng nguyén tir nhd trong khons khi cdc nguyén to tit F d&€n Ca c6 thé xdc dinh.
MaAu bui trén gidy loc dudc do truc ti&p ma khong c6 bat ky mot xit 1y héa hoc.
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Hinh 5.7. Phé huyng quang tia X ciia mdu bui
V.2.1.2. Phdt xa tia X

Tia X ciing c6 thé tao ra bing cich bin phid miu véi electron nhanh. Sy bin
phd mot 1in nita giy kich thich cdc electron cda 16p vé bén trong va phin rd ti€p
theo d6 dé trd vé trang thdi co ban sé& phat tia X. K§ thuit nay dudc st dung trong
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mdy phan tich vi diu do (microproble) dién ti¥. Dong electron cé thé tip trung trén
mot dién tich rit nhd nhu 1a cdc hat bui riéng biét. Do vay, diy 12 mot k§ thuat kha
manh d€ ddnh gid thanh phan miu bui. Phan tich dinh luong bing ky thuit nay
cling dugc dp dung tir hinh dnh phat ra bdi tia X & budc séng tuong dng vdi tiing
nguyén to riéng biét.

V.2.1.3.Phdn tich kich hoat notron

Phan tich kich hoat notron (NAA) 12 mdt k§ thuat phan tich rat nhay trong phan
tich dinh tinh va dinh lugng ddng thdi cho nhiéu nguyén td & cdc cAp ham lugng da
lugng, vi lugng, vé&t va siéu vEt trong cdc ddi tugng khdc nhau. Hién nay phudng
phdp phan tich kich hoat notron dugc xem 14 mot phuong phdp chuin dé dinh gia
su chinh xdc cla cdc phuong phap khac. J Viét nam, phuong phdp phan tich kich
hoat notron dugc 4p dung tir dau thap ky 80 trong nghién cfu va quan tric moi
truong.

Phan dGng dic trung trong phuong phap NAA la (n, y), Hinh 5.9. Khi ndtron
tuong tdc v4i hat nhan bia qua su va cham khong dan hdi, hat nhan hdp phan dudc
tao thanh & trang thdi’kich thich. Ning lugng kich thich cla hat nhan hgp phan
chinh 13 ning lugng lién“kéEt clia notron véi nuclon. Ngay 14p tife, hat nhan hop
phan sé& trd vé cau hinh bén'hon thong qua sy phat cdc biic xa gamma tifc thdi dic
trung. Trong nhiéu trudng hop.‘¢ciu hinh mdi cia hat nhan hdp phan sinh ra nhan
phéng xa. Nhian phéng xa s& phiw 51 bing cdch phit ra mot hodc nhiéu bic xa
gamma tré dic trung, nhung & td¢ dO ¢him hon tuong ¢ng véi don vi thdi gian ban
rd cta hat nhan phéng xa. Thdi gian bt rd (T/y) ¢6 thé tir phan gidy dén hang
chuc nam.

Tia gamma tirc *
thoi Hat beta
. Hat nhin bia
Dong notron EICOEED ’
s
/' Yy
. ‘;d;ai‘ag/
Gd g @ phing xa
'3: 0ot Hat nfin sa
00 gq at nfin sén
b "#{gi- : phdm
Hat nfin hop phan Tia gamma

tré

Hinh 5.8. So do hinh thanh sdn phdm hat nhdan phong xa trong phuong phdp NAA

Phuong phap NAA c6 thé dugc chia thanh hai loai : (1) phan tich kich hoat
notron tia gamma tc thdi (PGNAA), trong d6 phép do dugc tié€n hanh trong qua

193

hitp:www.thuvienspkt.edi.vn




trinh chi€u xa, hodc (2): phan tich kich hoat ndtron tia gamma tré (DGNAA), trong
d6 phép do dudc ti€n hanh sau khi phan rd phéng xa. K§ thudit DGNAA dugc st
dung chii y&u trong NAA.

Notron

C6 nhiéu ngudn notron (10 phén tng hat nhan, mdy gia t6c, mdy phdt notron
ddng vi) déu c6 thé st dung cho NAA. Lo phin tng hat nhin v6i dong ndtron cao
tir su phan hach clia urani dudc xem 13 nhay nhat ddi vdi hau hét cidc nguyén t3.
Phan bd ning lugng notron trong 10 rat khdc nhau & tirng vi tri va ki€u 10 phan tng
hat nhan st dung. Dya theo phin bd ning lugng c6 thé chia thanh ba loai notron
trong 10 phdn ng hat nhin 1a ndtron nhiét, ndtron trén nhiét va ndtron nhanh.

Notron nhiét bao gdm notron c6 ning lugng thap (dusi 0,5 eV) trong cAn bing
nhiét v6i cdc nguyén t trong vang diéu ti€t cia 1. O nhiét do phong, phd ning
lugng clia ndtron nhiét dugc bi€u dién theo phan bd Maxwell — Bolzmann véi ning
lugng trung binh 12 0,025eV va tdc¢ dd 1a 2200 m/s. Trong hau hét cdc vi tri chi€u
xa ctia 10 phdn Gng-hat nhan, khodng 90 — 95% bdn phd mau bing ndtron nhiét.
N6i chung, 10 phdn unghat nhan cé cong sudt 1 megawatt c6 dong ndtron nhiét vao
¢3 10" notron / cm”.s.

Notron trén nhiét bao gdnrcic notron ¢é ning lugng tir 0,5eV — 0,5MeV. Tdm
kim loai Cd ¢6 bé day 1 mm s&:hip thu hoan toan notron nhiét nhung cho phép
notron trén nhiét va ndtron nhanh xuyén qua. Trong cdc vi tri chi€u xa ctia 10 phin
ting khong che chin dong notron trén nhiét khodng bing 2% tong dong ndtron cia
10. C4 ndtron nhiét va notron trén nhiét taG.ra cac phan ing (n, y) 1€n hat nhin bia.
Ky thuit NAA chi si dung ndtron trén nhi¢t d€ tao ra phdn tng (n, y) bing cich
chi€u xa mau phan tich dudc boc mdt I6p Cd hay:B dudge goi la phan tich kich hoat
ndtron trén nhiét (ENAA).

Notron nhanh ¢6 ning lugng 16n hon 0,5 MeV bao gdm notron phan hach so cap
ma né van con nhiéu ning lugng ban dau sau khi phan hach. Notron nhanh déng
g6p rat nhd cho phan tng (n, y), nhung né c6 thé tao ra cic phan &ng hat nhan va
phéng ra mot hodc nhi€u phan ti hat nhin khidc nhu phin @&ng (n,p), (n,n’) va
(n,2n’). trong cdc vi tri chi€u xa clia 10 phan tng, khodng 5% téng dong ndtron la
ndtron nhanh. Ky thuidt NAA st dung cdac phén @ng tao bGi notron nhanh dudgc goi
l1a phan tich kich hoat notron nhanh (FNAA).

Do cdc tia gamma

Thiét bi st dung dé do cdc tia gamma tif cic mAu phéng xa bao gdbm mot
detector ban din, hé dién tir k€t hdp, mdy tinh c¢d s& vd mdy phan tich da kénh
(MCA/ mdy tinh). Detector c6 dd phan gidi cao (HPGe) lam viéc trong diéu kién
nhiét do ctia nitd 16ng (77°K) dang dudc st dung khé thong dung trong cic phong
thi nghi€ém NAA.
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Hai diic trung quan trong cia detector 12 do phan gidi va hiéu sudt. Céc dic
trung khéc ciing cAn phai lvu ¥ khi mua detector 1a dang cda dinh ning lugng, ty 1&
dinh vdil compton, dudng kinh tinh thé va gid ca.

Do phin gidi clia detector 13 do kha ning tich cdc dinh gan nhau nhit trong
phd. P6 phan gidi cia diu do dugc dinh nghia do rong ddy di & mot nia cuc dai
(FWHM) tai dinh 122 keV clia Co-57 va 1332 keV ciia Co —60. Trong hiu hét 4p
dung NAA, dau do véi do phan gidi 1,0 keV hodc dué6i 1,0 keV § 122 keV va 1,8
keV hodc dudi 1,0 keV & 1332 keV 1a dua.

Phé tia gamma dic trung cia mau mdi trudng vdi thdi gian chi€u xa, thdi gian
dé ngudi va thdi gian do khac nhau dua ra trong Hinh 5.9

St dung s6’ dém tia gamma dé tinh nong dj nguyén t6

Quy trinh chung dudc st dung d€ tinh néng dd clia nguyén té can phan tich
trong mau 13 chi€u xa dong thdi miu phan tich va miu chuin so sidnh di biét trudc
ndng d6 cdc nguyén t& quan tim. N&u nhv miu phan tich va miu chuin dugc do
cting mot detector, thi cAn phdi hiéu chinh sy khéc biét trong phan rd giita hai miu.
Thong thudng hiéu chinh phan ri 1a do s6 d€m (hoiic hoat d0) cho cd hai miu theo
thdi gian ngudc lai tai thdid@ic¢m két thic chi€u xa bing cdch si dung thdi gian ban
rd cla dong vi dugc do. Phuong (rinh tinh khdi lugng clia nguyén td trong miu phan
tich nhu sau:

K, my ()

Ay g, (e_ﬂd )si

Trong d6 A = hoat dd ctia miu (S) va chuén (Sr), m = khdi lugng clia nguyén t&,
A = hiing s6 phan rd ddi véi déng vi va T, = thdi gian phan rd (thdi gian d€ nguoi
mau).

Khi ti€n hanh chi€u xa v§i thdi gian ngin, thdi gian [d&m, thdi gian phan rd va
thdi gian chi€u xa déu nhu nhau cho tit cd cdc miu phan tich vd miu chuin, nhu
vay y&u to thdi gian ¢ thé loai bd. Phuong trinh trén c6 thé dudc viét:

Wy, s

Cs = CSt 4
Wy A

Trong d6 C = ndng d6 clia nguyén t6, W = khdi lugng cda miu phan tich va
mau chuin.
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Hinh 5.9. Phé gamma ddc trung ciia mdu méi truong
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(a) thoi gian chié:u 5 giay, dé}nguéi 25 phut thoi gian do: 12 phut
(b) thoi gian chiéu 24 gio, dé guoi : 9 ngay, thoi gian do: 30 phut
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