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SUMMARY

DETERMINATION OF EQUILIBRIUM CONSTANTS OF PHOSPHORIC ACID
FROM EXPERIMENTAL pH VALUE USING THE LEAST SQUARES METHOD
III. DETERMINATION OF THE THIRD DISSOCIATION CONSTANT
OF PHOSPHORIC ACID

The third dissociation constant of phosphoric acid was determined from experimental pH
values which were obtained from potentiometric titrations of trisodium phosphate solutions.
These results, according to an iterative approximation method using the least squares
algorithm (with addition of ionic strength effect), are in good agreement with the values in
reference literature.

This method is described as a simple, effectual and accurate way for determining the acid
— base’s equilibrium constants.

Tir khéa: hang sé can bang, axit photphoric, thudt todn tinh Idp, phuong phdp binh

phirong t6i thiéu, chudn d¢ dién thé.

1. MO DAU dinh dugc gia tri HSCB K, cia axit
Tu két qua thuc nghiém chuén d¢ do pH H;P0,? Cén lya chon cac hé nghién clru
cia dung dich axit photphoric H;PO, va nao dé c6 thé danh gia duoc gia tri HSCB
dung dich mubi axit dihidophotphat K.s nay? Pay chinh 1a nhiém vu dat ra cho
H,POj, thuit toan tinh Iip theo phuong nhém nghién ctru va cling 1a ndi dung cua
, , thong bao nay.
phap binh phuong t6i thi€éu chi cho phép
danh gia duoc hing sd can bang (HSCB)
nic ther nhit (K,) va nic thir hai (K,,) cua

axit nay. Vay lam thé nao d€ cé thé xac

Tir két qua phan tich dé bude dau tim duoc
qui luat chon hé nghién ctru thich hgp cho
viéc xac dinh HSCB axit-bazo, cling nhu tir

nhan xét rat ra tir [1]: doi véi don axit rit
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yéu thi cé thé xdc dinh HSCB ciia don
axit do tir cac gia tri pH ciia dung dich
don bazo lién hgp hodc tir pH ciia dung
dich dém lién quan, ching t6i thiy rang vi
HSCB K, ctia axit H;PO, rét nho, do d6 dé
xac dinh duoc dai lugng nay, can tién hanh
thuc nghiém do pH va chuén d6 dién thé do
pH cta dung dich Na;PO,.

2. THUC NGHIEM

Can chinh xac 11,4370 gam mudi
Na;PO,.12H,0 (xuét xir Nga, do tinh khiét
99,5%), pha vao binh dinh mac 500 mL
bang nude cat 2 lan, dugc dung dich gbc

Na;PO; c6 nong d6 C 0,0602

0.PO}
(mol/L)
- Lay chinh x4c timg thé tich xac dinh

cho vao 10 binh dinh mac 100 mL; thém
tiép vao mdi binh chinh xac 50 mL dung
dich KCI 2 M va dinh mirc bang nudc cit 2
1an dén vach dé duoc 10 dung dich Na;PO,
c6 ndng d6 khac nhau (hé A).

- Tién hanh chuédn d6 dién thé do pH cia 10
dung dich h¢ A (V,, 5 = 25,00 mL) bang

4

dung dich HCI 0,03612 M (duoc chuén hoa
bang borax) nhim muc dich: 1/ dé xac dinh
chinh x4c ndng d6 dau cua cac dung dich
hé A; 2/ d ngoai suy dén diém tuong
duong, xac dinh pHrp (pH cta hé HPOﬁ_)
va 3/ dé lua chon cac dung dich dém
gdm PO;~ va HPO3 c6 céc gia tri pH da
do duge. Két qua chuén do dién thé do pH
10 dung dich A¢ A duoc trinh bay trong

(VO,POi_ ) dung dich gbc Na;PO, vira pha biing I:
Bang 1: Két qud chudn dé dién thé cdc dung dich hé A
bang dung dich HCI 0,03612 M.
Dung dich 1 Dung dich 2 Dung dich 3 Dung dich 4 Dung dich 5
ST Via(mL) | pH | Vya(ml) | pH | Vya(mL) | pH | Vga(mL) | pH |Vyo(mL) | pH
! 0,00 10,76 0,00 11,09 0,00 11,16 0,00 11,28 | 0,00 11,32
2 0,20 10,52 0,20 11,01 0,20 11,09 0,20 11,221 030 |11,24
3 0,30 10,39 040 1091 040 11,02 040 1L17 | 0,60 | 11,17
4 040 10,23 0,50 10,84 0,50 10,97 0,50 1,14 080 | 11,1
5 0,50 10,06 0,60 10,75 0,60 1091 0,60 1,09 | 090 |11,06
6 0,60 9,83 0,80 10,59 0,80 10,8 0,70 1,06 | 120 1096
7 0,80 9,35 0,90 10,49 1,00 10,61 0,90 1098 | 140 |1088
8 0,90 9,03 1,10 10,22 1,10 10,59 1,10 10,89 | 150 | 10,84
9 1,00 8,52 1,20 10,01 1,20 10,50 1,20 10,84 | 1,60 |10,79
10 1,10 1,77 1,30 9,80 1,40 10,30 1,30 10,78 | 1,70 |10,73
1 1,20 734 1,40 9,49 1,50 10,16 1,40 10,72 | 2,00 |10,56
12 130 [ 706 | 150 | 899 | 160 |997 | 160 |1059| 220 |1040
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Dung dich 1 Dung dich 2 Dung dich 3 Dung dich 4 Dung dich 5

T Voo | pH | Vig@il) | pH | Via@nl) | pH | Via@L) | pH |VigGul) | pH
13 140 | 688 | 1,60 | 805 | 170 | 974 | 180 |1043| 230 [1030
14 160 | 654 | 1,70 | 756 | 190 | 930 | 19 |1032] 240 |1020
15 180 | 631 | 180 | 732 | 200 | 89 | 200 | 102 | 250 |1009
16 200 | 602 | 190 | 712 | 200 |82 | 210 |1006| 280 |958
17 200 | 580 | 220 | 674 | 220 | 778 | 220 | 991 | 300 |91
18 220 | 557 | 260 | 637 | 230 | 755 | 240 | 949 | 3,10 | 869
19 300 | 597 | 250 | 721 250 | 920 | 320 | 819
20 300 |58 | 300 | 673 | 260 | 871 | 330 |78
21 340 | 643 | 270 | 819 | 340 | 7,60
22 380 | 614 | 280 | 775 | 350 | 746
23 200 | 752 | 400 | 700
24 340 | 697 | 420 | 686
25 415 | 649 | 490 | 650
STT Dung dich 6 Dung dich 7 Dung dich 8 Dung dich 9 Dung dich 10

Vha(mL) | pH | Vya(ml) | pH | Vya(ml) | pH | Vya(ml) | pH |Vya(ml) | pH
! 000 |1136| 000 |1140| 000 |1143] 000 |1144| 000 | 1149
2 030 | 1129 05 [123] 050 |1133] 05 |136| 050 |1141
3 060 | 1123| 080 [1LI5]| 08 | 1128| 100 | 1127| 100 | 1134
4 080 | ILI8| 100 |[1L10| 100 | 1123 ] 120 | 1123 | 130 | 1129
5 090 | ILI5| 110 [107| 10 | 120 130 [IL19| 150 | 1126
6 090 | f085| 120 104 120 |[1L19] 140 | ILIS| 160 | 1123
7 300 [ 1008| 150 (1095 130 | 1L17] 200 | 1099 | 170 | 1121
8 330 | 967 | 200 1079 180 | 11,05 | 230 | 1090 | 200 | 11,16
9 3,50 9,24 200 | @074 | 200 |1100| 256 |[§084| 250 | 11,06
10 3,60 8,92 220 | 1068 | 220 [ 1094 | 260 | 1081 | B0 | 1095
11 3,70 849 230 1064 | 230 | 00%0| 270 1077 310 | 1092
2| 380 | 807 | 280 |1035| 240 1087 280 |1073] 320 |1089
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STT Dung dich 6 Dung dich 7 Dung dich 8 Dung dich 9 Dung dich 10
Vua@L) | pH | Vya(mL) | pH | Vuga(mL) | pH | Vhga(mL) | pH |Vya(mL) | pH
13 3,95 7,68 3,00 10,20 2,50 10,33 330 10,51 330 10,36
14 4,00 7,60 3,20 10,02 3,00 10,64 3,80 10,2 340 10,32
15 4,16 7,03 330 9,92 330 1047 3,90 10,13 4,00 10,63
16 5,50 6,59 340 9,82 3,50 10,34 4,00 10,03 4,50 10,39
17 3,80 9,32 3,70 10,17 4,10 9,93 4,70 10,26
18 4,00 8,96 3,80 10,08 4,50 9,49 4,830 10,19
19 4,20 829 4,00 9,87 4,80 8,81 4,90 10,10
20 430 8,01 4,20 9,61 490 843 5,00 10,03
21 4,40 7.80 4,50 8,98 5,00 8,15 5,50 9,49
22 4,50 7,66 4,70 824 510 791 6,00 833
23 5,20 7,08 4,80 7,95 5,20 1,74 6,10 8,01
24 6,30 6,61 5,00 7,65 530 6,98 6,20 7,84
25 580 7,05 7,50 6,57 6,30 7,71
26 6,00 6,58 7,60 6,53 7,00 7,22
27 7,50 7,00
28 8,50 6,69
29 9,00 6,55
30 9,20 6,50

3. KET QUA VA THAO LUAN

Tir két qua chudn do dién thé hé A (bing
1), tai thoi diém Vye = 0,00 mL chung toi
thu duogc gia tri pH thuc nghiém (duogc boi
vang, ghi & dong dau tién) cua dung dich

mudi POi_(pH ). Tuong tu, dé

PO (TN)
kiém tra do chinh xdc cua két qua thuc
nghiém do pH cta dung dich POi_ , chung
t6i tién hanh tinh gia trj pH theo 1y thuyét

(pHPoﬁ‘(LT)) cia 10 dung dich hé A, voi

su chép nhan cac gia tri pK, cua H;PO, léy
theo tai liéu [2] trong trudong hop khdng ché
lucionI=1.

Ciing tir két qua chuén d6 dién thé cac dung
dich photphat ciia hé A bang axit clohidric,
chiing t6i str dung phwong phap giai tich dé
ngoai suy dén diém twong dwong, thu duoc
hé B gdm 10 dung dich monohidrophotphat

(HPOZ™) thong qua viéc x4c dinh thé tich
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twong duong (Vrp) va pH tuong duong
(pHtp) _ chinh 1a pH cta dung dich
(pH

monohidrophotphat duoc

HPO3~ ),
ngoai suy tur cac gia tri thuc nghiém duogc
danh déu tim nhat trong bdng 1.

Két qua tinh nong dd ciing nhu két qua xac
dinh pH cua cac hé A va hé B, dugc tom tat
trong bdng 2.

Bdng 2: Két qua tinh nong dé va két qud xdc dinh pH ciia cac dung dich hé A ( POi_ ) va cua

dung dich hé B (HPO3 ™)

HE¢A(POY) H¢ B(HPOZ)

Dung | Vip ™17 3

dich (mL) P(();/[ ) pH by pH - CHPO%‘ 107 (M) pHHPOﬁ‘ (pHrp)
1 1,04 1,5026 10,76 10,93 1,5002 8,20
2 1,55 2,2394 11,09 11,08 2,1087 8,53
3 2,06 2,9763 11,16 11,17 2,7497 8,53
4 2,63 3,7998 11,28 11,26 3,4381 8,57
5 3,14 4,5367 11,32 11,32 4,0304 8,51
6 3,69 5,3313 11,36 11,37 4,6456 8,53
7 4,13 5,9670 11,40 11,40 5,1210 8,51
8 4,61 6,6605 11,43 11,44 5,6235 8,58
9 4,84 6,9928 11,44 11,45 5,8586 8,65
10 | 6,02 8,6977 11,49 11,51 7,0097 8,28

Tir bdng 2 cho thiy: két qua thuc nghiém
dung dich hé A
) — duoc ghi & cot thir 4 - gan

do pH cua cac
(pH

PO (TN)
nhu phu hop hoan toan véi két qua tinh
theo 1y thuyét (pHPoﬁ‘(LT)) — duogc ghi ¢

cot ther 5 cua bang. Piéu d6 chung to cac
gia tri pH cua hé A do duogc tu thuc nghiém
la hoan toan tin cdy va s€ dugc st dung dé
danh gia HSCB cuia axit photphoric.

Ciing tir cac gia tri Vrp xac dinh dugc trong
qua trinh chuén d6 dién thé cac dung dich
mudi photphat cia hé A (duoc ghi trong cot
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2 cua bdang 2), chung t6i lya chon cac thoi

diém coa tung phép chuin d6, ma tai d6 Vua

~ V1p
2
nghiém da duoc xac dinh — dugc danh diu
xanh trong bdng I). Khi d6 hé thu duoc la hé
dém gom PO va HPOZ (h¢ C), trong d6

C 3_ va C
HPO

, tuong tng véi gid tri pH thuc

> duogc tinh tuwong tu [1].

Két qua xac dinh a a pH
qua xac di CP 3.V CHPO%‘V p

O3

ctia hé dém C duoc tom tit trong bdng 3:



Bdng 3: Két qua tinh nong dé cia cac dung dich HPOﬁ_ , POy~

va két qua xdc dinh pH ciia hé C

Dung dich Vua (mL) CHPO?“ '103(M) Cpoi‘ '103(M) PHug agm
1 0,50 0,7082 0,7689 10,06
2 0,80 1,1200 1,0492 10,59
3 1,00 1,3892 1,4754 10,61
4 1,30 1,7854 1,8228 10,78
5 1,50 2,0445 2,2304 10,84
6 1,90 2,5512 2,4058 10,85
7 2,10 2,7989 2,7133 10,74
8 2,30 3,0430 3,0551 10,90
9 2,50 3,2836 3,0779 10,84
10 3,00 3,8700 3,8911 10,95

Tu cac gia tri thuc nghiém do pH cua 3 hé
A, B va C ching t6i sir dung thuat toan tinh
lap theo phuwong phap binh phuong tdi thiéu

nhu sau:

dé tinh cac gia tri HSCB cua H;PO,. Két
qua thu dwoc dwgc tom tit trong bdng 4

Bdng 4: Két qud xdc dinh chi sé hang sé phan li tirng ndc ciia axit photphoric tir gid tri thuc

nghiém do pH cua cic hé A (POi_ ), hé B (HPO%_) va hé C (hé dém

gom POi_ va HPO%_) theo phwong phdp binh phuwong t6i thiéu

H¢A(PO3) HgB(HPOZ") H; C(gém PO3~ vaHPOZ )

pH PH 1po3- .

po3~| PKa | PKa | pKa 4 | PKa | PKa | PKs \pHigm| PKa | PKa |pKa

(pHzp)

10,76 820 10,06

11,09 8,53 10,59

11,16 853 10,61

11,28 Khong | 11,03 857 Khong | Khong | Khong 10,78 n n

11,32 xdc | Khong 1220 851 xéc xdc | xac | 1084 K)l:;)cng K)l(l;)cng 12,1
1136 | dinh | phi 8,53 diph | dinh | dinh | 1085 Wb 4voddinh duod
4o | duwee | hop gs1 | duwee | duge | duge ygqy
1143 858 10,90

1144 8,65 10,84

1149 828 1095

pKai 3] pKa=2,15 pKx=7,21 pKyu=1232
ApK,; | - 382 |02 ApKy - - - |ApK,| - - o7
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Tir két qua bing 4 chiing ta nhan thiy rang:

néu st dung céc gia tri pH thuc nghiém do

tryc tiép ciia hé A (dung dich POi_ ) va hé

C (h¢ dém gdbm PO3~ vaHPOZ ") thi thuat
toan tinh Idp theo phuong phap binh
phuong t6i thiéu chi cho phép xac dinh
chinh x4c dwogc gia tri hing sb phan 1i axit
nic 3 cua HiPO, (chi léch 0,12 dén 0,17
d.v.pK, so voi tai liéu [2]), ma khong xac
dinh duogc cac gia tri Ky va K. Két qua

thu dugc hoan toan logic va hop 1y, boi 1€
trong dung dich da bazo POi_ cling nhu
trong dung dich dém gdm
PO vaHPOZ thi can bing quyét dinh
pH cua hé chinh 13 cin bang nhan proton

cua POi_ phan anh qua HSCB Ky;:

PO}” +H,0 5 HPOZ +OH Ky,
nghia 1a pH ctia 2 dung dich trén bi anh hudéng
truc tiép boi gia tri Ky, do d6 phwong phap

nghién ctru s€ xac dinh chinh xac dugc gia tri

, s KW

Ky, ticgid tri K= —.
bl

Két qua nay hoan toan phu hop voi két luan
rut ra tu [1]: twe gia tri pH do dwoc cua mot
dung dich, phuwong phdp binh phiong t6i
thiéu thwong chi xac dinh chinh xdac duoc
gid tri hang s6 cdn bang ciia qud trinh ndo
danh hwéng truc tiép dén pH ciia hé.
Ciing tir bdng 4 ching ta thiy: tir cic gia tri

pH1p cia hé¢ B (pHH ) thu dugc trong

P03~
qua trinh chuan d¢ dién thé dung dich

PO>", chiing t61 khong xac dinh dugc ca 3
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gia tri HSCB cua axit photphoric, boi 1€
trong truong hop nay pHHPOﬁ‘ thu duogc

cling chi dao dong trong khoang tur 8,20
dén 8,65 — léch xa so v6i gia tri thuc,
khoang 9,77

™ pKaZ + pKa3
2

(pH =9.77).

HPO™
Nhu vdy mét didu that thi vi ma nhom tac
gia nhan thiy ring: gi4 tri pH cua dung dich
monohidrophotphat (pH HPOZ- ) hodc do

duogc truc tiép, hodc thu duoc trong qua
trinh chuén d6 dién thé dung dich HsPO,
dén diém twong duong 2, hodc chuin d6

dién thé mot nic dung dich H,POy4 béng
NaOH, hodc chuin dé dién thé dung dich
POi_ bang HCI dén diém twong duong 1
déu khong thoa man, do d6 chang t6i khong
st dung dugc gia tri pHHPOﬁ‘ dé danh gia

HSCB cuia axit photphoric.
4. KET LUAN
Pa Iua chon dugc hai hé nghién ctru thich
hop dé xac dinh hing sé phan li nic 3 cia
axit photphoric bang thuit toan tinh lap
theo phuong phap binh phuong tdi thiéu tir
dit liéu thuc nghiém chuén do do pH dung
dich natri photphat. D6 la hé da bazo
PO} va h¢ dém gdmPO} +HPOZ .
Két qua thu dugc phu hop tét v6i két qua
d3 duoc cong bd trong tai liéu tham khao
[2] va gop phin khing dinh tinh dung dén
cuiia phuong phap nghién ctru vira don gian,
vira hi€u qua.

(Xem tiép trang 251)
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