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1. Chuin d9 két tiia xac dinh ion CI bing phwong phap Fajans. (3 diém)

Hay:

- X4c dinh diéu kién chuéin d¢?

- V& dwong cong chuin dd khi ndong dd Ag* 13 0.1N va CI' 1a 0.1N?

- Chi thi sir dung 1a cac chat hap phu phat quang c6 tinh acid yéu nhw fluorescence (pK, =8)
hoic cic din xuit ciia fluorescence nhu dichlorofluorescence (pK, =4) hay eosin (pK, =2).
Hay cho biét diéu ki¢n méi trudong ciia phan ving chuin d9? Phan vng chi thi dién ra thé
nio va cach nhén diém cudi?

1.0d Phuong phép Fajans chuan d6 Ag” bang CI” sir dung chi thi hap phu.

Phuong trinh phan tmg: Ag” + CI° > AgCl]

Phan tng phu: Ag" + OH" = AgOH| den, phin tng nay xay ra khi pH méi truong > 11.

Diéu kién chuan d¢ dinh lugng exg < 0.001 >

Ag" |, VT
lg"].. i L. <0.001=3 -2 <0.001=> pC, + pD<1.875

o o

Néu chip nhan hé s6 pha lodng 13 2 thi pD = 0.3 2 pC, < 1.575 = C, > 0.0266M
1.0d Chuédn do dung dich Ag" 12 0.1N va CI"1a 0.1N néu chiéu theo cac diéu kién bén trén thi
thy thoa man diéu kién chuan d¢ chinh xac dén 99.9%.
Céc diém quan trong:

e F=099->pCl=pC,+pD +2=33

e F=1.00> pCl="2pTaeci =4.875

e F=1.01 2 pAg=pC,+pD +p(F-1)=3.3 2> pCl=9.75-3.3=06.45.
* Sinh vién nhan xét duoc ¥ nay s& duoc du sd diém ma khong can tinh toan khoang budc nhay:
“thue té viéc dung duong cong chuén dé 1a dé tim chi thi thich hep ¢6 diém d6i mau nim
trong khoing buéc nhay, phép chuin do nay dung chi thi hiap phu tirc 1a khi dung dw Ag”

nén luén mac sai so thira, viy nén khong can thiet phai xay dung duwdong cong chuan dg”.

1.0d Su d6i mau cua chi thi la do su hép phu cua chi thi & dang ion FI” 1én hat keo duong
(AgCl),Ag" khi du Ag" (qua diém tuong duong). Nhu vay dé co hién twong hap phu trén phai co
d6ng thoi hai diéu kién: c6 hat keo dwong (AgCl),Ag" va chi thi phai hién dién dang phan ly FI".

Doi voi cac chi thi huynh quang nhu fluorescence hay dichlorofluorescence hay eosin 1a cac acid



yéu (HF1), dang FI” xuét hién dang ké khi pH > pK, va phai kém theo diéu kién dé khong xay ra
phan tng phy sinh AgOH két tiia. Nhur vay ddi voi cac chi thi sau, khoang pH can thiét nén 1a:
e Fluorescence (pK, = 8): khoang pH 8=11, sir dung dém NaHCO; pH 8.3 1 phu hop nht.
e Dichlorofluorescence (pK, = 4): khoang pH 4+11, chuan d6 trong méi trudng trung tinh

e Eosin (pK, = 2): khoang pH 2+11, chuan d6 trong méi truong twong dbi acid

2. Chuéin d9 H;PO, 0.1M bang NaOH 0.1M. (4 diém)
Biét acid phosphoric ¢o pK,; = 2.12; pK,, = 7.21; pK,; = 12.36.

- Hay xAy dung diéu kién chuan d?
H;PO, 13 acid 3 nic
Phuong trinh phan tmg: 0.25d
Nic 1: HyPO, + OH > H,PO, + H,0
Né4c 2: H,PO, + OH > HPO,” + H,0O
Néc 3: HPO,~ + OH" > PO,” + H,0
Piéu kién chuan do riéng ting nac:
Diéu kién chuan do nac 1: 0.5d
pKa +pCo+pD=2.12+1+0.3=3.42<8<10
6> pK,; - pKa = 7.21 -2.12=5.09 > 4
Nhu vay khong thé chuan d6 riéng nic 1 cia H;PO, véi d6 chinh xac >99.9% ma chap nhan ¢
d6 chinh xac mém hon 12 99%
Tuong tu diéu kién chuin d6 nic 2: 0.5d
8<pK, +pCo+pD=721+1+0.5=8.71<10
6> pK,; - pKa, =12.36 - 7.21=5.15 > 4
Nhu vay khong thé chuan d6 riéng nic 2 cia H;PO, véi d6 chinh xac >99.9% ma chap nhan ¢
d6 chinh xac mém hon 13 99%.
Niéc 3 ¢6 pKys + pCo + pD =12.36 + 1 + 0.78 > 10 > khong thé chuan d6 chinh xac. 0.25d
- Hay tinh cac gia tri &g tai F=1.00 va F=2.00? 0.5d
Tai F = 1.00, pH = ¥ (pK,; + pKy») = 4.665 chuan d6 hét nic 1 tirc chuyén toan bd HyPO,
thanh H,PO,’, 2>
[#.po. ) |HPOY | 1), K, 107" 107

e |1, PO; | K

+ =107 +107*°* =0.0057
|_H+JF=1 107212 104665

al



Tai F =2.00, pH = % (pKy + pKa3) = 9.785 chuan d6 hét nac 1 tirc chuyén toan bo H,PO,
thanh HPO,”, >
. _lmpolilpor] ), | K, 1007 107

NO =

= - =107 +107*°" =0.0053
[HPO:—J Kaz lH+ JFZZ 10—721 10—9785

- Hay vé dwong cong chuan d9 (c6 giai thich cach ap dung cac cong thirc)? 1.0d
Céc thoi diém quan trong cua chuan do:
e F=0.99; chuan hét 99% H;PO, > dung dich chua 1% H5;PO, , dung dich dém pH = pK, +
2=4.21.
e F =1.00; dung dich chtra NaH,PO, va pH tinh gﬁn dang theo mubi ludng tinh NaH,POy,:
pH =% (pK,; + pKy) = 4.665
e F=1.01; dung dich chra 99% NaH,PO, va 1% Na,HPO, = dung dich d¢m - pH = pK,,

-2=15.21.
e F=1.99; dung dich chira % NaH,PO, va 99% Na,HPO, - dung dich dém - pH = pK,,
+2=9.21.

e F =2.00; dung dich chtra Na,HPO, va pH tinh gﬁn dang theo mubi ludng tinh Na,HPOy,:
pH =% (pK,, + pKy3) = 9.785

e F=2.01; dung dich chtta 1% Na,HPO, va 99% Na;PO, = dung dich dém - pH = pK,; -2
=10.36.

- Tinh sai s6 chi thi néu dung céc chi thi c6 pT 5.1 cho néc 1 va chi thi pT 10.2 cho nac 2.
1.0d
Khoang budc nhay 1: 4.12+5.21 > kha hep = chon chi thi hdn hop pT 5.1 = sai sb thira

. K -7.21
% ~ a2 100%:1071%:0.78%
10~

Ind ,H,POy l 0 pT

Khoang budc nhay 2: 9.21+10.36 > kha hep = chon chi thi hdn hop pT 10.2 > sai s6 thira.

. K —-12.36
o e B gy 110

Ind H,PO; 21077 5 107102

100=0.35%

3. (2 diém) Mot cong ty vé linh vuc xi ma can kiém tra ham lugng Cr(VI) ciia mot dung dich xi

ma méi nhap vé. Nha san xuat dung dich xi ma nay tuyén bd da pha 220 g CrO4/L. Sinh vién hiy
van dung cic hiéu biét da thu duoc qua phan thuc tap phan tich dinh luong dé thiét 1ap quy trinh
phan tich ham lwong Cr(VI) trong mau nay. (Thiét lap diéu kién chuan do, duong cong chuan do,

chon chét chi thi, lugng can mau, thé tich dinh murc, cong thirc dinh lugng...). Céc dung cu va hoa



chat trong phong thi nghiém déu c6 du theo yéu cau. Cho biét E! oo =133V

E? =+0.09V ; E° =+0.545V

54057 128,05 15131
Dung dich CrO; trong nudc sé& chuyén thanh HCrO4 <> H,Cr,0,. X4c dinh ham lugng Cr(VI)
bang phuong phap chuin do oxyhéa khir thuc hién trong méi trudng acid H,SO,.
C6 hai phuong an thyuc hién: (sinh vién chi lam 1 trong 2 phuong an 1a dugrc)
1. Phwong an 1: Chuan d6 truc tiép Cr(VI) bang Fe(II) chi thi diphenylamine c6 mit H;PO,
va mdi truong acid c6 [H']=1N, lic nay s& c6 phan ing phu tao phc:
Fe’" + H,PO, = Fe(H,POy),

Phén mg nay lam giam thé tiéu chuan

o'
E} ronys e =05V
o' 1o B
> ECr20727,H+/Cr3+ - ECr20727,H+/CV3+ - 133V

Phén mg chuan do:
Cr,0;~ + 6Fe* + 14H" > 2Cr’" + 6Fe’” + 7TH,0
n=6m=6,p=1,q=2

biéu kién chuan do:

Enp = % <0.001= AE” = E; —Ej, > [0'(’)291 + 0'?291]*3
AE°=1.33-0.5 =0.83V>(0.0591/1+0.0591/6)*3
e F=099>E=E) + 0'0591 1g1fF =0.5+ 0'0521*61;;1?'3999 =0.62V
- :
e F=1->

_pEytmby P 0.05911g 2 ND,
m

E
" (m+p)  nlm+p)
* * -
_0.5+6*1.37  6*1(1 2)0.05911g1*0.1*2
1+6 6(6+1) 6
=1.211-0.0873 =1.124V
e F>1->
E=E;‘+0'0591p(1—1j1g1N0DF+0'0591p1g£(F—1)
n p m n q
:1.33+0'0591(1—2)1g%*0.1*2+O'Osgllg%(I.Ol—l):

=1.33-0.116-0.02266 = 1.3V



Néu dung chi thi diphenylamin c6 E° = 0.76V thi vin nam trong khoang budc nhay, mau chi thi

do1 to khong mau sang xanh tim.

2. Phuwong 4n 2: Thém mét luong du KI vao dung dich mau chira Cr(VI). Khi thém lugng du

dung dich KI vao dung dich Cr,0,%* trong moi truong H,SO4 2 mau cam chuin sang mau

vang nau (dung dich A) do c6 Iod sinh ra theo phan ung:

o Cry0;” +9Klg, + 14H" > 3KI;+ 2Cr'" +6K' + 7H,0.
Khi chuan do KI5 sinh ra voi Na,S,05 ¢o néng dd biét chinh xac, mau vang nau nhat dan
cho t6i mau vang rom do Iod mét dan theo phuong trinh phan tng:

o KI; +2Na,S,0; 2 KI + 2Nal + Na,S,40¢.
Thém chi thi hd tinh bot, tiép tuc chuin d6 cho dén hét mau xanh den, lic d6 Na,S,0; vira
du, dung dich chuyén sang mau xanh lam cua ion Cr** thi ding chudn do.

Trudng hop nay khong can tinh toan va vé duong cong chuan do

Thuc hanh:

_220
%100

=22M =6.6N do duong luong cta Cr trong phan tng chuan do 1a 3.

Puong lugng ctia Na,S,0; 1a 1 hay cua Fe’'1a1

Néng dd cua Na,S,0; dung dé chuén d6 13 0.1N xac dinh chinh xac qua dung dich chat
gde K,Cr,07 0.1000N.

Dung dich Fe*" 0.1000N dugc pha tir chat goc 1a mubi Mohr ¢6 thém 1 mL H,SO4 dam
dac lam moi truong bao quan.

Dung dich mau CrOs can duoc pha lodng dé co ndng d6 xap xi 0.IN. Can 100 mL dung
dich miu da pha lodng, nhu vay can ldy khoang 2 mL (bang pipet bau chinh xac cho vao
binh dinh mirc 100 mL, dinh muc bﬁng nude cat dén vach. Dung dich nay c6 néng do
Cr(VI) khoang 0.13N.

Truong hop dung Na,S,0; 0.1 N 1am chat chuan

o Hut 10 mL dung dich mau da pha loang vao erlen, thém 2 mL H,SO, dam dac, 5
mL KI 10%, day erlen, dé yén trong tdi 15 phut.

o Chuén d6 K1, sinh ra trong erlen béng dung dich Na,S,0; 0.1 N, cho dén khi dung
dich chuyén sang mau vang nhat, thém 10 giot chi thi ho tinh bét, tiép tuc chuan do
cho dén khi mat mau, thé tich tiéu tén khoang 13 mL (VNazs203)- Lap lai phép chuan
do it nhat 3 1an dé tang do chinh x4c phép phan tich.

Trudng hop dung Fe*™ 0.1000 N 1am chit chuén

o Hut 10 mL dung dich mau di pha lodng vao erlen, thém 2 mL H,SO, dam dic va 2

mL H;PO, ddm dic vao erlen chita mau. Thém chi thi diphenylamine. Thém 50 mL

nudc dé pha loang mau, chuan do cho dén khi xuat hién mau xanh anh tim thi ding,



ghi thé tich dung dich Fe*" tiéu tén. Lap lai phép chuan do it nhit 3 1an dé ting do
chinh xac phép phan tich.

V N
Tinh toan: CCr03 (g/L):M*3*@M

10 2 o
Trong d6: 10: thé tich hut mau dem chuan do
3: duong lugng Cr
100: thé tich binh dinh muc pha lodng mau
2: thé tich miu ban du dem pha lodng
Mc,03: trong lugng phan tir CrOs.
Cong thure tinh toan néng do CrO; khi dung Fe®" 1am chét chuin cling tuong tu

VN
Co, (g/ L= 535100 g

1 0 2 CrOs



