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SUMMARY

DETERMINATION OF EQUILIBRIUM CONSTANTS OF ACETIC ACID
FROM RESULT OF POTENTIOMETRIC TITRATION METHOD

Acid dissociation constants of acetic acid were determined from pH values of
potentiometric titration. The algorithm is established by combining values of
potentionmetric titration of only two solutions: strong acid HCI| and a mixture of
cloride acid and acetic acid. Because of the simplicity of the algorithm, iterative
calculation is not required. Therefore, complex calculation programme is not
necessary. The result shows a good correlation between experimentally determined
pK, values and the values made publicly in reference material.
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1. MO PAU

Viéc str dung thuat toan tinh lap theo
phuong phédp binh phuong tbi thiéu
(BPTT) va phuong phap don hinh (DH)
dé xac dinh hang s6 can bang (HSCB)
cua axit axetic da dugc nghién cuu
trong [1]. Két qua thu duoc kha phu hop
v6i sb lidu tra trong tai liéu [2]. Tuy
nhién theo 2 phuong phép trén, dé thu
duogc két qua tin cy, cac tac gia da phai
tién hanh chuin d6 dién thé do pH cua
nhiéu (thudng chon 10) dung dich axit
c6 nong d6 khac nhau dé xur 1y théng
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ké. Tu cac gia tri pH thu dugc, nhém
tac gid da phai 1ap chuong trinh tinh kha
phtrc tap bang ngdn ngir 1ap trinh Pascal
dé tinh lip gia tri HSCB cua axit axetic.
Van dé dit ra 13 lam thé nao dé giam
thiéu duoc sd phép do thuc nghi¢m, ma
van dam bao duoc tinh thong ké? C6 thé
thiét lap dugc thuat toan tinh truc tiép
HSCB ma khéng can phai tinh lip hay
khong?

Dé tra 101 cac cau hoi trén, trong thong
bao nay chung tdi nghién ctru phuong
phap xac dinh HSCB cua axit axetic tur



viéc t6 hop két qua chuan do dién thé
do pH chi vo1 2 dung dich: mét dung
dich axit manh va mot dung dich hdon
hop gém axit manh va axit axetic.
Thuét toan tinh duogc thiét l1ap don gian
theo diéu kién proton (PKP) ma khong
can phai tinh lip phuc tap.

2. COSO LY THUYET

Tién hanh hai thi nghiém sau:

1.Thi nghiém 1: Chuan d¢ dién thé V,
(ml) dung dich axit manh HNO; ndng
d6 Co1 (M) bang V,; (ml) dung dich
bazo manh KOH ndng d6 C (M).

2. Thi nghiém 2: Chuan d6 dién thé V,
(ml) dung dich hdn hop gdm axit manh
HNO; néng do Co1 (M) va axit axetic
(HAc) ndéng do Co, (M) bang V, (ml)
dung dich bazo manh KOH néng do C
(M). )

Trong d6 Vi, V> la thé tich dung dich
KOH da tiéu thu trong 2 thi nghiém
trén dé pH ciia 2 dung dich thu dwoc
la nhw nhau.

*Thiét ldp phirong trinh tinh K, ciia axit
axetic:

Str dung DKP voi mirc khong (MK) la
thanh phan ban dau 4p dung cho ca 2 hé
trén, ta co:

- P6i voi thi nghiém 1: [H] = [OH] —

[K'] + [NOj ]. Thay: [i] = (i).f;' =
(i).p, dat h= (H"), ta co:
2
h.(p:KW'(p Y +C01.V0
he Vi+V, Vi+V,
Vi+Vy, Vi+V,

- P6i voi thi nghiém 2: [H] = [OH] —
[K'] + [NO3 ] + [AcT]. Tuong tu, sau
khi bién d6i ta co:
_ V,

(h-K_ o= G (Vo Koo

ity Vz+\6 W\ Ko

@

V61 ¢ 1a nghich ddo ctia hé s6 hoat do
trung binh f, cua cac ciu tir cung dién

tich va duogc tinh theo phuong trinh
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Davies:

2, NI
1+ \/f
Vi Vi, V, la thé tich dung dich KOH da
tiéu thu trong 2 thi nghiém trén dé 2
dung dich thu dwoc co cung gia tri pH,
nén tur (1) va (2) ta co:
CoVp—CVa+Cp Vo
CuVp=CY _

VitV
U o
Sau 1 s phép bién doi thich hop ching
ta thu duoc:

Ka0  _ (CyitO).(V, -V))
h+K, ¢ Coo-(Vot V1)
- K,(0-P.o)=h.P (5)
biat X = ¢ —P.p (6); Y = h.P (7), khi
d6 biéu thirc (5) c6 dang: Y = K,..X
(8)

Tu két qua chuan d6 dién thé, tién hanh
xu ly thong ké theo nguyén ly binh
phuong tdi thiéu véi n diém thuc

K.
h+K, ¢

Y2+

=P (4)

nghiém ta co: ZYi.Xi = Ka.z X? hay
i=1 i=1

n
> Y X;
K, ==—— 9).
> X{
i=1

Pé danh gia do chinh xac cua két qua
xac dinh hé sé K, theo phuong trinh
dang Y = K,.X, chiing t6i tién hanh xac
dinh can tin cdy €x theo cac cong thirc

sau:

> (Y~ %))’
§* =il (10);



(I

-

€k, =Sk, t@=095; f=n-1) (1?)

va ap dung cong thic tinh sai s6 cua

phép do gian ti€p chung to6i tinh dugc
1 SKa

- (13)
PKa 23037 K,

O day: €x la can tin cdy cua K,; n 1a )
diém thuc nghi¢m;

Y va SA(i la gia tri thuc nghiém
(Y; = hi.P)) va gié tri Iy thuyét

(tinh theo phuong trinh duong
chuan Yi= K,.X; khi d biét gia tri K,)
tuong tng;

S? 1a phuong sai; Sk va S
1a do 1éch chuén cua K, va pKa;
) la thira s6 Student

pK,

Yo =095 f=n-1
g Vi x4c sudt tin cdy a = 0,95
va s6 bac twdo f=n-1.
3. THUC NGHIEM
3.1. Pha dung dich
- Dung dich KNO3 0,5000 M.

- Dung dich KOH 7,2100.10% M (da
dugc chuan hoa bing phuong phéap
chudn d¢ thé tich véi chat gbe 1a axit
oxalic) trong dung dich KNO; 0,5000
M.

- Dung dich 1 gdm HNOs 3,7072.10° M
trong dung dich KNOs; 0,5000 M
(DD1).

- Dung dich 2 gdm HNOs 3,7072.10° M
va HAc 3,9560.10° M trong dung dich
KNO; 0,5000 M (DD2).

3.2. Chuédn d9 dién thé DD1 va DD2
bing dung dich KOH

Dung dich chuan do duoc loai bé anh
huong cua CO; nho qua trinh suc khi
N, trude khi chuan d6. Mdi dung dich
chung t6i déu tién hanh chuan do dién
thé 3 lan doc lap trén may do pH
SCHOTT 850 ciia Puc (hién s6 véi 3
chir s6 thap phan) dé lay gia trj pH
trung binh (pHrg), voi thé tich ctia dung
dich KOH mdi lan thém vao dung dich
chuin dd 13 nhu nhau. Céc thi nghiém
déu duoc thyc hién & nhiét do 25°C +
0,3°C. Két qua chuan d6 DD1 va DD2
bang dung dich KOH duogc trinh bay
tom tit trong bang 1.

Bang 1: Két qua chudn dé dién thé do pH ciia DDI va DD2 bang dung dich KOH

TT | Vkou Keét qua do pH cua DD1 Keét qua do pH ciia DD2
(mL) pH; pH, pH; pHre() pH; pH, pH; pHre)
1 10,00 2,383 2,380 2,380 2,381 2,391 2,364 2,358 2,371
2 10,20 2,474 2,472 2,472 2,473 2,481 2,464 2,457 2,467
3 10,40 2,595 2,598 2,599 2,597 2,600 2,583 2,582 2,588
4 | 0,60 2,763 2,768 2,779 2,770 2,765 2,750 2,758 2,758
5 10,80 3,033 3,052 2,979 3,021 3,013 3,005 3,026 3,015
6 1,00 3,937 4,051 4,632 4,207 3,431 3,422 3,471 3,441
7 1,20 10,163 10,222 10,215 10,200 3,908 3,894 3,948 3,917
8 | 1,40 10,597 10,634 10,647 10,626 4,276 4,269 4,313 4,286
9 | 1,60 10,788 10,865 10,850 10,834 4,604 4,590 4,645 4,613
10 | 1,80 10,958 11,018 10,994 10,990 4,954 4,952 5,027 4,978
11 | 2,00 11,073 11,113 11,099 11,095 5,522 5,593 5,724 5,613
12 | 2,20 8,975 9,260 9,286 9,174
13 | 2,40 10,210 10,275 10,276 10,254
14 | 2,60 10,652 10,685 10,670 10,669
15 | 2,80 10,885 10,905 10,914 10,901
16 | 3,00 11,038 11,038 11,047 11,041
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4. KET QUA VA THAO LUAN

Tur két qua do pH ctia DD1 (pHrg(1)) va
cia DD2 (pHrg(p), ching t6i xay dyng
duong cong chuan do 2 dung dich bang
dung dich KOH. Buong cong chuén do
DD1 va DD2 (pHra(2) bang dung dich
KOH duoc biéu dién trén hinh 1

e
2

0.00 0.50 1.00 1.50 2.00

Vkon (mL)

2.50 3.00

Hinh 1: Puong cong chudn dé DD1va
DD2 bang dung dich KOH
Tir két qua bang 1 va hinh I cho thiy:
trong phép chuan do dung dich 20,00
mL HNO;, budc nhay chuan do
(BNCP) nam trong khoang pH = 4,207
+ 10,200. Nghia la khi pH = 4,207
(tmg v61 Vkon = 1,00 mL = Vp =1,03
mL), c6 thé coi dd chuin do6 gin hét
HNOs. Tuong tw, dbi voi phép chudn do
cling 20,00 mL hdn hop 2 axit, BNCD
co gia tri pH = 5,613 + 9,174. Tuc la
khi pH = 5,613 ca 2 axit da bi trung hoa

gan nhu hoan toan. Vi Cyyo, trong ca

2 dung dich chuin d6 13 nhu nhau, nén
trong khu vuc pH = 4,207 +5,613 axit
axetic bi chuén d¢. Chinh vi vay chung
t61 chon khu vuc pH = 4,200 +5,400 dé
khao sat két qua xac dinh HSCB K,.

Str dung phuong phap giai tich, ching
t6i tinh cac thé tich V, Va V, — la thé
tich dung dich KOH cin thém vaio
dung dich 1 va dung dich 2 d@é 2 dung
dich thu dwgc co cung gia tri pH.

Tir @6 tinh tiép cac gia tri P;, Xi, Y; tng
v6i n =13 diém thuc nghiém (1a 13 gia
tri pH do duoc khac nhau) theo cac biéu
thire (4), (6), (7). Do cac dung dich déu
dugc khong ché Iuc ion I = 0,5000 va
cac ion trong hé déu c6 dién tich la +1,
nén tinh theo phuong trinh Davies, thu
duoc ¢ = 1,4478.

Sau khi tinh dugc gia tri K, theo (9),

chung toi1 tinh gia tri SA(i ly thuyét theo
phuong trinh SA(i = K. X, va tinh gié tri
binh phuong do 1éch ((Yi-Y;)?) gitta Y;
thuc nghiém (Y; = h;.P;) va Y, 1y thuyét
tuong Ung.

Két qua tinh cac gia tri Vi, Va, Pi, X,
Yi, SA(i (Yi- SA(i Y, X2, X.Y; dugc ghi
tom tét trong bing 2.

Bang 2: Két qua tinh cac giatri V;, Vo, P, X, Y, S?ic (Y- 3?1)2, Xi2 , Xo.Yi0 13 gia tri

pH khac nhau

pH Vi v, P; X; Yi ?i (Y- ?i ) X7 Xi.Yi

4,200 | 0,999 | 1,353 | 0,3235 | 0,9794 2,0415.10° {1,8806.10° | 2,5889.10™ 10,9592 {1,9993.10°
4,300 | 1,003 | 1,409 | 0,3699 | 0,9122 1,8540.10° {1,7516.10° | 1,0486.10™ {0,8322 {1,6913.10°
4,400 | 1,006 | 1,470 | 0,4226 | 0,8359 1,6824.10° {1,6051.10° | 5,9753.10" 10,6988 {1,4064.10°
4,500 | 1,010 | 1,531 | 0,4753 | 0,7597 1,5030.10° {1,4588.10° | 1,9536.10" 10,5771 {1,1418.10°
4,600 | 1,013 | 1,592 | 0,5279 | 0,6834 1,3261.10° {1,3123.10° | 1,9044.10™ 10,4671 {9,0634.10°
4,700 | 1,016 | 1,648 | 0,5756 | 0,6145 1,1484.10° {1,1800.10° | 9,9856.10™ 10,3776 {7,0569.10°°
4,800 | 1,020 | 1,703 | 0,6224 | 0,5466 9,8649.10° 11,0496.10° | 3,9829.10" 10,2988 {5,3926.10°
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4,900 | 1,023 | 1,757 | 0,6693 | 0,4788 8,4258.10° 9,1939.10° | 5,8998.10™ 10,2293 {4,0344.10°°
5,000 | 1,026 | 1,807 | 0,7114 | 0,4179 7,1136.10° 8,0245.10° | 8,2974.10" 10,1746 {2,9727.10°
5,100 | 1,030 | 1,839 | 0,7369 | 0,3809 5,8534.10° {7,3140.10° | 2,1334.10™ {0,1451 {2,2297.10°
5,200 | 1,033 | 1,870 | 0,7624 | 0,3440 #,8105.10° §6,6054.10° | 3,2217.10™ {0,1183 {1,6547.10°
5,300 | 1,036 | 1,901 | 0,7879 | 0,3070 3,9490.10° $5,8950.10° | 3,7869.10™ {0,0943 {1,2125.10°
5400 | 1,040 | 1,933 | 0,8134 | 0,2701 3,2384.10° 5,1865.10° | 3,7951.10"* {0,0730 {8,7469.107

Tong 19,304,102 | 50453 9,6880.10"
Ta két qua bang 2, ta co: dich hdn hop gém 2 axit nay: hé dém

n A
S (Y, - Vi) ce= 19,3044.10™2;

i=1

n n
> Y. X; =9,6880.107%; Y X7 = 5,0453.
i=1 i=1

Theo 9 suy ra:
n
2 Y X s

K, == =9’658§)3'5130 =1,9202.107°
ZXZ 5

hay pKa 4,72.

Ap dung cac cong thic (11) va (12),
chung to61 tinh dugc Sk = 5,65.107;

g = 1,2.10° va sit dung cong thirc
(13) tinh duoc SpK =0,013~ 0,01.

Vay K, = (1,92 +0,12).10° va pK, ~
4,72 £0,01.

Nhén xét:

Pé xac dinh duoc HSCB cuia axit axetic
(HAc), trong [1] céc tac gia da phai tién
hanh chuan d6 dién thé 10 dung dich
axit c6 néng do khac nhau. Tir cac gia
tri pH do dugc, nhém tac gid da phai lap
chwong trinh tinh phuc tap dé xac dinh
hing s can bang (HSCB) cua axit nay,
trong do két qua thu duoc tie hé dém axit
axetic — axetat (h¢ D) theo phuwong phap
don hinh (pK, = 4,73) 1a hop ly nhat so
v6i sb liéu tra trong tai liéu [2]. Nhin
x€t nay cting phu hop voi [3], khi céc
tac gia tién hanh xac dinh HSCB cuia
axit axetic va axit benzoic tir két qua
chuan do dién thé do pH cua 10 dung
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thwong cho két qud chinh xdc nhat.
Trong tai li¢u [4], dé xac dinh héng )
bén cua phirc cacboxilat cua titan, véi
cac phéi tr duoc chon la axit axetic,
axit oxalic va axit oxalaxetic, trudc ti€n
cac tac gia tién hanh xac dinh cac hing
s6 phan 1i axit ctia 3 axit trén tir két qua
thuc nghiém, theo phuong phap chuin
do dién thé 1 dung dich axit manh va
1dung dich hén hop gdm axit manh voi
ting axit trong s0 3 axit trén. Bang cach
thiét 1ap phwong trinh tinh twong tu,
nhom tac gia trong [4] cling rut ra dugc
phuong trinh tinh c6 dang Y = K,.X
(nhu phuong trinh (8)). Pé xac dinh
duoc gia tri K, ciia mdi axit, trong khu
vuc pH ma lugng axit yéu bi trung hoa
tw khoang 20% dén 80% (moi hé thu
dwoc déu la hé dém), cir voi mot gia tri
pH do duoc, cac tac gia tinh duoc 1 gia
tri K,, sau do cdc tac gia cong lai, chia
trung binh, ma khong tién hanh xir Iy
thong ké! Vi du véi truong hop axit
axetic, cac tac gia dd liy trung binh
cong cua 18 gid tri pK, (dao dong tu
4,5055 dén 4 ,7807) tinh dugc tur 18 gia
tri pH, cho Kkét qua pKamae = 4,699.
Nhung v6i phdi tir 1a axit oxalic, cac tac
gia xac dinh pK, = 1,4645 ciing tuong
tu bang cach lay trung binh cong cta 13
gia tri pK,, dao dong tir 0,5342 dén
5,0970 thi qua la khong that hop ly' "

bé khac phuc nhuoc diém phai tién hanh
nhiéu phép do thuc nghiém va phai tién
hanh 1ap chuong trinh tinh phure tap theo
thuét toan tinh 13p cua [1] va [3], dong
thoi dé khic phuc nhugc diém “khong



xtr Iy théng ké&” (ma phai lay gié tri trung
binh cong ctia nhiéu gia tri rat 1éch nhau)
cua [4], trong thong bao nay, chung t6i
tién hanh thuc nghiém tuong tu nhu tai
liéu [4], nhung da loai bé anh huong cua
CO; nho qua trinh suc khi N, vao dung
dich chudn d6 truéc khi chuin do va da
khdng ché Iyc ion bang cach thém mudi
tro vao ca dung dich chuin va dung
dich chuan do.

Xuat phat tir nhan xét: trong sd cac hé
nghién ctu, hé dém thirong cho két qua
phu hop nhdt, chinh vi vdy ching t6i
khong can lya chon nhleu h¢ nghién ctru
nhu [1] va [3], ma chi can lra chon khu
vuc pH, ¢ do axit axetic bi trung hoa tur
khoang 32% dén 81% dé thu duoc cac hé
dém khic nhau. Tir n = 13 diém thyc
nghiém (mg vai 13 gia tri pH), chung to1
da tién hanh xtu ly thong ké dé dua hé
phuong trinh qui uéc gom 13 phuong
trinh 1 an (K,) thanh 1 phwong trinh
chudn (phuong trinh (9)), do d6 tinh dé
dang dugc HSCB cua axit axetic. Péng
thoi ciing bang phuong phap théng ké,
chung t61 da danh gia dugc do chinh xac
cua phép xac dinh gia tri pK, cua axit
nay: pK, = 4,72 +£0,01 ¢ 25°C + 0,3°C,
trong moi truong KNO; 0,5000 M. Két
qua thu duge 1a dang tin cdy va phu hop
t6t v6i [2] (PK. = 4,76) va [5] (pKa dao
dong tir 4,74 dén 4,81 tuy thudc didu kién
va phuong phap xac dinh).

Tu ket qua thu dugc co thé khang dinh
vu diém cua phuong phap nghién ctru da
lam giam dang k€ s6 phép do thuc
nghi€ém, ma van dam bao dugc tinh
thong ke, dong thoi co thé su dung phan
mém Excel d¢€ tinh truc tiép va dé dang
HSCB ma khong can phai lap chuong
trinh tinh 13p.

5. KET LUAN

ba van dung hop 1y phuong phap chuin
d6 dién thé mot dung dich axit manh va
modt dung dich hdn hop gdm axit manh
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va axit axetic @& xac dinh HSCB cua
axit axetic. Phuong trinh tinh dugc thiét
lap don gian theo diéu kién proton
(PKP) ma khong can phai lap chuong
trinh tinh 13p phue tap. Két qua thu
duogc, duoc xu 1y thong ké nén dam bao
do tin cay. Gia tri HSCB cua axit axetic
xac dinh dugc tr thue nghi€ém phu hgp
t6t voi két qua da dugc cong bd trong
cac tai liéu tham khao.
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