Pé thi mén Phén Tich Pinh Lwong
Lép Hoa 2006A, 15/06/2008, 12:45
Thoi gian: 120 phiit (khéng tinh 5 phut doc dé)

1. Hiy xdy dung quy trinh phan tich cho hdn hop H,SO, (20%) va H;PO, (=25%). Biét
rang ty trong ciia dung dich miu l1a 1.4 g/mL. H,SO, ¢6 pK,, = 2.0, H;PO, ¢6 pK,, = 2.12;
pKa = 7.21; pK,; = 12.36. Céc héa chit va dung cu cé di theo yéu cau. (3 diém)

Nong do M ctia mbi acid trong mau: 0.25d

 C%.d.1000 20*1.4*1000 280
M, 100%¥98 98

C, =2.857M H,50,

 C%.d.1000 25%1.4*1000 280
My 0, 10098 98

C, =3.57M H,PO,

Phan mg chuan do: 0.25d; 0.25d
e H,SO4la acid manh nén khi chuan do trong moi trudng nudc, s€ chuén ludn ca hai nic theo
phuong trinh phan tng H,SO, + 20H™ - SO~ + 2H,0
e H;PO, Ia acid 3 chuc tuong dbi yéu nén manh nén khi chuan do trong moi trudong nudc,
cac nic s& lan luot chun nhu sau
Nac 1: H;PO, + OH™ - H,PO, + H,0
Nic 2: H,PO, + OH" = HPO,” + H,0
Néu gia sir ndng do dau caa H;PO, 13 0.1M chuan véi NaOH 0.1M thi
Diéu kién chuan d6 nic 1: 0.25d
pK. +pC, +pD=2.12+1+0.6=3.72<8<10
6> pK,; - pK,; =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 ¢
do chinh xac mém hon 1a 99%
Tuong tu diéu kién chuan d6 nac 2: 0.25d
8<pK,, + pC,+pD=721+1+0.7=891<10
6> pK,3 - pK,, =12.36 - 7.21=5.15> 4
Nhu vay khong thé chuin do riéng nac 2 cia H3PO, véi d6 chinh xac >99.9% ma chép nhan &
do chinh xac mém hon 1 99%.
Néc 3 ¢6 pKys + pCo + pD = 12.36 + 1 + 0.78 > 10 > khong thé chuan d6 chinh xac. 0.25d
Do H,SO, ¢6 nic 1 rAt manh va nic 2 ¢ pKa =2 tuong ddi yéu nén khi chuan do hon hop
H,SO0,4va H3PO,, ca hai nic H,SO, va nic 1 ctia H;PO, duoc chuan dong thoi. Nac 2 cua H;PO,
duoc chuén riéng ré tiép theo. BJ chinh xac cua phép chuin dd mdi nic bj 18 thudc vao H;PO, va

chap nhén 13 99%. Xay dung quy trinh phan tich va tim diéu kién chuan d6 hdn hop H,SO,4 va



H;PO, tuong tu nhu chuin do rieng H;PO,4. Do nic 2 cta H,SO, ¢6 dd manh tuong duong véi

nac 1 cua H;PO,4 nén khi xét diéu kién chuan d§ ¢ gan diém tuong duong c6 thé xem 2 acid 1a

nhu nhau va 1ay theo HyPO, nhung c6 néng do C, bang tong néng do mol cia hai acid. Trong

mau, ty 1é néng dd mol cua hai acid 1a 2.857M/3.57M; néu pha loang sao cho néng do H;PO,
0.1M thi ndng d6 H,SO, s& 13 0.08 M.

Céc thoi diém quan trong cua chuan do: 0.25d; 0.25d

F = 0.99; chuan hét 99% H;PO, va 99.5% H,SO, (tic 100% nic 1 va 99% nac 2) > dung
dich chtra 1% H;PO4 va 1% NaHSO,, pH = pK, + 2 =4.21.

F = 1.00; dung dich chtra mudi Na,SO, va mudi NaH,PO, va pH tinh gan dang theo mubi
ludng tinh NaH,PO,4: pH =15 (pK,; + pK,,) = 4.665

F =1.01; dung dich chtra mudi Na,SO,, 99% NaH,PO, va 1% Na,HPO, > dung dich dém
- pH=pK, -2=5.21.

F = 1.99; dung dich chtra mudi Na,SO, 1% NaH,PO, va 99% Na,HPO, > dung dich dém
- pH=pK,, +2=9.21.

F = 2.00; dung dich chtra mudi Na,SO, va mudi Na,HPO, va pH tinh gan dang theo mubi
ludng tinh Na,HPO,: pH = 72 (pK,; + pKaz) = 9.785

F =2.01; dung dich chtra mubi Na,S0,, 1% Na,HPO, va 99% Na;PO, > dung dich dém
- pH = pK, -2 =10.36.

Chon chi thi: 0.25d
Khoang budc nhay 1: 4.12+5.21 > kha hep = chon chi thi hdn hop pT 5.1 = sai s thira
Khoang budc nhay 2: 9.21+10.36 > kha hep = chon chi thi hdn hop pT 10.2 > sai s6 thira.

Thuc nghiém: 0.25d; 0.25d

Pha lodng dung dich mau dén ndng d6 H;PO, khoang 0.1M, néng d6 H,SO, khoang
0.08M. Hé s6 pha loang: 3.57/0.1 = 35.7 lan. Thé tich mau can dung khoang 100 mL -
hit Vi, = 3 mL mau pha loang thanh 100 mL (c6 thé can 4.2 g mau vao binh dinh murc
100 mL = chinh xac hon), dinh mirc dén vach bang nudc cat.
Dung dich NaOH 0.15 M, pha tir NaOH rén, dinh phan lai béng dung dich chét géc acid
oxalic 0.1000N chi thi phenolphthalein.
Buret nap NaOH: can buret 25 mL
Dung pipet bau 10 mL
hat 10.00 mL mau vao erlen 250 mL,

o thém chi thi pT 5.1, chuin d6 dén mau trung gian thi ngung sé& tén khoang V; =17-

18 mL NaOH 0.15 M.



o Thém chi thi pT 10.2, chuan d6 dén mau trung gian thi ngung, s& tén khoang V; =
24-25 mL NaOH 0.15 M.
e MSJi chi thi nén chuén lap tdi thiéu 3 1an dé tang d chinh xac phép chuén d6.
Tinh téan: 0.25d

CH3P04 _ (VII — VI )* CNaOH * 100
M 10 14

mau

(2V1 _VII)* CNaOH * 100
10 V

mau

H,S0, _
C, =

2. (3 diém) Na,S,0; dwoc sir dung rong rii nhw 13 mét chat khir trong phwong phap iod.
Tuy nhién do Na,S,0; khong phai 13 chit géc nén phai xac dinh chinh xdc néng dd cia
dung dich Na,S,0; qua dung dich K,Cr,0, c6 ndng dd chinh xac (pha tir chit goc). Cach
thwe hién nhu sau: lﬁiy 10 mL dung dich K;Cr,0; 0.1000N va erlen va thém 2 mL H,SO,
dam dic, thém 10 mL KI 10%. Dé yén trong 10 phut roi chuin dd I, sinh ra bing dung dich
Na,S,0; vé6i chi thi ho tinh bot.

Hay viét tat cd phwong trinh phan tng dién ra trong quy trinh chuin d9 nay kém theo cac
hién twong quan sat thay.

- Cho biét: E°

Cr03 H* /2073

=+1.33V; E? =+0.09V ; E° =+0.545V

§,0% 128,03~ 15 /317

- Dung dich KI khéng mau hodc c6 mau vang rat nhat do KI bi oxy héa mét phan trong
khong khi 0.25d. Dung dich K,Cr,07 ¢6 mau cam. 0.25d Khi thém lugng du dung dich KI
vao dung dich K,Cr,0; trong méi truong H,SO4 = mau cam chuan sang mau vang nau
0.25d (dung dich A) do ¢6 Iod sinh ra theo phan tng:

o KyCr,0;+9Kly, + 3H,SO, = 3KI; + Cry(SO,); + 3K,SO, + 3H,0. 0.25d

- Khi chuan do dung dich A v6i Na,S,0;, mau vang nau nhat dan cho t6i mau vang rom do

Tod mét dan theo phuong trinh phéan Gng: 0.25d
o KI5 +2Na,S,03; = KI + 2Nal + Na,S,404. 0.25d

- Thém chi thi hd tinh bét, dung dich c6 mau xanh den do ion I3 bi hép phu vao cAu trac
xodn cua phan tir hd tinh bot, td hop ndy c6 mau xanh den. 0.25d

- Chuén d6 dén hét mau xanh den, dung dich chuyén sang mau xanh lam cta ion Cr’".0.25d

Hay giai thich tai sao:

- Khong chuén do truc tiép K,Cr,0, bi'lng Na,S,0;. 0.25d; 0.25d

Na,S,05 1a mot chat khir twong ddi yéu trong d6 nguyén t6 co tinh khir 13 S ¢6 s6 oxyhoa trung

binh 13 +2. O trang thai oxyhda nay, S c6 thé bi khir v& 0 hay -2 va ciing c6 thé bi oxyhoa 1én



+2.5 (Na,S,404) hay +4 hay +6. Cac qua trinh nay dién ra tiy thudc rat nhiéu vao diéu kién phan
mg va thuong khong ty lugng. K,Cr,0; la chat oxyhoa twong d6i manh va s& oxyhoa Na,S,0; vé
nhiéu sé oxyhoa khac nhau. Nhu vay phan Gmg nay khong thoa cho diéu kién ciia mot phan Gng
chuin d6. Vi vay nguoi ta phai “gidm cép” K,Cr,04 béng cich bién nd thanh mét chat cé tinh
oxyhoa yéu hon 1a KI5 dé chi c6 thé oxyhoa ty luong Na,S,0; thanh Na,S,0s.

- Khéng cho chi thi ho tinh bot lic bit dau chuin dd ma cho chi thi khi gin hét iod trong
dung dich (mau vang rom). 0.25d; 0.25d

Khi cho chi thi ho tinh bdt vao dung dich c6 chira KI5, ion I3 s& chui vao cau triic xoan ctia phan
tir hd tinh bot va lam cho cau triic nay ¢6 mau. Mau cua td hop nay mét di chi khi c6 mot luong
du nhét dinh Na,S,0; trong dung dich. Sy mét mau nhanh hay cham tuy thudc va lugng du
Na,S,0; va muc do tham nhép cua I3 nong hay sau trong cAu tric xodn cla phan tir hd tinh bot.
Néu I qua nhiéu, n6 s& xam nhdp qua sau vao hd tinh bd va can phai dung mét luong kha du

Na,S,05 1am mat mau dé hé phan tmg dat dén diém cubi > sai sd thira khé 16n.

3. Chuin d9 Ca** biang ETDA, dung chi thi NET (4 diém)
- Hay xac dinh khoang pH va khoang ndng d9 Ca®* dé phan tng chuin d¢ trén c6 d chinh
xac>99.9%. 1.0d
Phan tng chuan d6: Ca® + Y* > CaY”
Phan Umg phu: Ca®" +iOH - Ca(OH); phan tng nay khong dang ké trong khoang pH
<12 nén c6 thé bo qua.
nH'+Y* > H,Y

O 1250 N 1258 S 258 I 20
K, K,K, KKK, KKKK,

Ay
Diéu kién chuin do chinh xac dén 99.9%: pKcay - pCo - pPDg=1 — plym) - Plcaony™ 6; néu anh
hudéng cuia OH™ 14 khong dang ké, [Ca] = [Y] 2 pDe= = 0.3 > pKcay - pCo - pDpy — Py -
poicaom = 10.7 —pCy — 0.3 - poyan > 6 =2 pC, + poya < 4.4.
Sy phu thugc cua gia tri poyy vao pH ghi trong bang sau:
pH 6 |7 (8 |9 |10 |11 |12
poyay | 4.7 13323 ]1.3/0.46|0.07|0.01
D& dang nhan thaykhi nong d6 Ca*" 0.1M thi c6 thé chuan do dinh luong trong khoang pH tir 7-

12. Nong do ion Ca®" giam di 10 1an thi bién trai khoang pH hitu hiéu ting 1én 1 don vi.

- Hay vé duong cong chuin d9 dung dich Ca** 0.05M bang EDTA 0.05M. 1.0d
Trong truong hop nay, pC, = 1.3 = chuan d¢ dinh lugng trong khoang pH tuong tng véi POy (i)
< 3.1 tic 12 pH tinh gan dung tir 7-12.



e F=0.99: pCa=pC,+pD+2=13+03+2=23.6(gia tri ndy khong thay d6i theo pH
moi truong).

e F=1.00: pCa="2 (pKcay + pCo + pD - paya) + pocaon)) = ¥2 (10.7 + 1.3 + 0.3 - poyay) =
6.15 — 2 * poya). Gia tri nay tuy thudc vao pH moi truong, trong khoang pH gidi han da
tinh tir 7-12 thi pCa dao dong trong khoang 4.5- 6.15.

e F=1.01: pCa=pKc, - poym — 2 = 8.7 - pay). Trong khoang pH da tinh tir 7-12 thi pCa
dao dong trong khodng 5.4- 8.7

pH 7 8 9 10 11 12
POy (i) 3.3 23 1.3 0.46 0.07 0.01
Budcenhay | 3.6-5.4 | 3.6-6.4 | 3.6-7.4 | 3.6-8.24 | 3.6-8.63 | 3.6-8.69

- Hiy cho biét kha ning ng dung ciia chi thi NET trong phan ing chuin d nay, c6 chirng
minh bang tinh toan. 1.0d

Khoang pH st dung tdt nhat cua chi thi NET 1a 7-11 do dang tu do cta chi thi NET cé mau
cham tuong phan vi mau dé nho cta phirc CaNET. Tuy nhién can phai xét xem diém cudi cia
phép chuan do c6 nam trong khoang budc nhay ciia dudng cong chuan do hay khong.
Su phu thudc ctia pH vao phan tng phu giita chi thi NET va H' nhu sau:
pH 7 18 |9 |10 |11
poxery |4.613.612.6]1.6]0.6
pK’canery [ 0.8 | 1.8 1 2.8 3.8 | 4.8

Pbi chiéu véi khoang budc nhay ciia dudng cong chuan do CaY trong khoang pH 7-11, khi diém
cubi & mau trung gian thi chi co cac gia tri pH moi trudng 10-11 thi diém doi mau cta chi thi méi
nam trong khoang budc nhay. Vay trong diéu kién phan tng chuan do nhu trén, chi ding dugc
chi thi NET trong khoang pH tir 10-11 ma thoi.

- Hay chitng minh tai sao khé chuin d9 Ca®" ¢ nong dé thap? Giii phap dé ra 1a thém
MgY?. Hiy néu co sé ly thuyét chitng minh tinh hop 1y caia gidi phap nay. 1.0d

Nhan thdy & ndng do Ca®" thdp: pCa tai F = 0.99 s& tang 1én lam thu hep khoang budc nhay cua
phan tng chuin do = diém cubi nam ngoai budc nhay va mac phai sai sd thiéu. Vi du nhu khi C,
=0.001M thi pCap—g99 =3 + 0.3 +2 = 5.3, pCap-; o1 = pKca - poyy — 2 = 8.7 - pay) (=8.24 6 pH
10 va 8.63 & pH11). Nhu vay chi thi NET s& doi mau trudc diém twong duong do pCag = 4.8.
Ngoai ra chi thi mau s& kho nhén thdy do phttc CaNET c¢6 mau d6 nho yéu.

Giai phap can thiét 13 dung MgY thém vao dung dich Ca*" di c6 thém chi thi NET, luc d6 xay ra

phan tmg sau



CaNET (d6 nho nhat) + MgY > CaY + MgNET (d6 nho manh); tai pH = 10, phan Gng nay
copK’=10.24+54-8.24-3.8=3.6.
Nhu vay mau chi thi trong dung dich 1a MgNET.
Khi chuén véi EDTA, s& c¢6 nhitng phan tng sau day: Ca** + Y’ > Cay,

Khi hét Ca®* thi MgNET (d6 nho manh) + Y’ > MgY + NET (xanh cham).

Nhu vy diém cudi ctia chuan d6 13 sy chuyén mau ciia phic MgNET thay vi CaNET,

Tuy nhién khi thém MgY vao dung dich Ca*" thi phai xét diém cubi c6 nam trong khoang budc
nhay ctia chuan d6 CaY hay khong, tirc 14 phai xét pCa.

Trudng hop chuan d6 tai pH 10

e Mau trung gian: pMg = pK’yener = 7.0 - 1.6 = 5.4 > pCa,,, =7.4+pM
MgY
\ ~ A _ ) _ CCaY
e Maurd rét: pMg=pK’ngr +1=6.4. 2 pCa,,, =84+p—L
MgY

e Nhan thay pCa; tiy thudc vao ty 1¢ ndng do CaY/MgY = néu CaY/MgY = 10/1 >

C e L, . R L. N N . N
pCa,, =74+p—""=64 do1 vo1 diém cudi ¢ mau trung gian va
MgY
Ce,
pCa,, =74+ p— 74 dbi véi diém cudi & mau 16 rét. Ca hai truong hop nay déu

MgY
¢6 pCags nam trong khoang bude nhay 5.3+8.24 ¢ pH 10
Truong hop chuan do tai pH 11

e Mau trung gian: pMg = pK’yener = 7.0 - 0.6 = 6.4 > pCa,,, =8.4+pM
MgY
\ ~ A _ B — CCaY
e Mau o rét: pMg =pK’ngr + 1 =6.4. 2 pCa,, =9.4+p—=
MgY

e Nhan thay pCa; tiy thudc vao ty 1¢ ndng do CaY/MgY = néu CaY/MgY = 10/1 >

C Ao y . R Ao 9 ‘ . \
pCa,, =74+p—""=74 d61 vo6i diém cudi & mau trung gian va
MgY

Ce,
o =T A+ p— —8 4 d6i v6i diém cudi & mau rd rét. Ca hai truong hop nay déu
MgY

pCa

¢6 pCags nam trong khoang bude nhay 5.3+8.63 ¢ pH 11

Cho biét: EDTA ¢6 pKai = 2.0; pKy, = 2.67; pKyz = 6.7 va pKy = 10.33; pKeay = 10.7; pKyiey =
8.7; pKeaner = 5.4; pPKygner = 7.0; NET ¢6 pKy, = 6.3; pKy3 = 11.6.



