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SUMMARY

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

The second dissociation constant of phosphoric acid was determined from experimental pH

values, based on iterative calculation according to the least squares method. These pH values

were obtained from potentiometric titrations of monosodium phosphate solutions.

In general, these results are in good agreement with the values in reference literature. The

programme was written by Pascal language.

Tir khéa: hing so phan li ndc hai, axit photphoric, chudn d¢ dién thé, thudt todn tinh lip,

phirong phdp binh phirong téi thiéu.

1. MO PAU

T két qua nghién ctru cua nhém tac gia
cho thdy: trong cac hé axit - bazo, cin bang
nao quyét dinh gia tri pH cua hé thi thuat
toan tinh Idp theo phuong phap binh
phuong tdi thiéu cho phép xac dinh chinh
xé4c hing s6 phan 1i axit tuong tng v6i can
béng d6. Thuc té, tur gia tri pH do dugc cua
dung dich H3PO, va cua hé dém H;PO,

vaH,PO,, phuong phip nghién ciru chi
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cho phép xac dinh chinh xac gia tri K, cta
axit photphoric. Nhu vay theo ,,qui luat”
nay thi dé xac dinh dugc hing sb can bang
(HSCB) K, can sir dung gia tri pH cua

dung dich mudi axit H,PO, , hodc pH cua
hé¢ HPO3 , hoic pH ciia hé dém
gdém H,PO4 va HPOZ™, vi trong dung

dich nhitng hé nay déu c6 cac qua trinh cho,

nhan proton li€n quan dén hang so K.



Ciing theo két qua ciia nhom nghién ciru
cho thiy: tir gia trj pH cua dung dich mudi
axit H,PO (thu dwoc tir sw ngoai suy két
qud thwe nghigm chuin dp dung dich
H;PO, dén diém twong dwong 1), ching
toi khong xac dinh duoc ca 3 gia tri HSCB,
ké ca gia tri K, cua axit nay. Piéu nay
hoan toan trai ngugc véi két qua thu duoc
tir [1] va [2]: ddi voi axit oxalic va axit
tactric, thudt toan tinh lap theo phuong
phap binh phwong tdi thiéu cho két qua xdc
dinh dong thoi va chinh xdc nhdt ca 2 gid
tri HSCB K,; va K, tw gid tri pH cua dung
dich muéi axit. Chinh vi vAy mot nhiém vu
dat ra cho nhém nghién ctru chiing toi 1a: sé
tién hanh danh gia cdc gid tri HSCB ciia
axit photphoric tir két qua do truc tiép cdc
gid tri pH ciia cdc dung dich mudi axit
riéng ré: mudi H,PO, va mudi HPO%_.
Va day chinh 13 ndi dung cn giai quyét
trong thong bao nay

2. THUC NGHIEM

Can 2,7576 gam mubi
NaH,P0,.2H,0, rdi pha vao binh dinh mirc
250 mL bang nudc cat 2 1an, dwgc dung

chinh xac

dich gocH,PO, cé nong doCy H,PO;

0,0707 M.
Lay chinh x4c timg thé tich khac nhau cta
dung dich gbc H,PO, vira pha ¢ trén

(V _ ) cho vao 8 binh dinh mirc 100
0, H,PO}

mL; thém tiép vao mdi binh chinh xac 50
mL dung dich KCl 2M va dinh mac biang
nude cét 2 1an dén vach dé duoc 8 dung dich
NaH,PO, véi nong do khac nhau (hé A)

Tién hanh chudn do dién thé do pH cua 8
dung dich hé A (VH2POZ = 25,00 mL) bang

dung dich NaOH 0,050 M nhim muc dich:
1/ @& xac dinh chinh xac n(‘Sng dd dau cua
cac dung dich hé A; 2/ dé ngoai suy dén

diém twong duong, xac dinh pHrp (pH cua
h& HPOZ ™) va 3/ dé lya chon cac dung dich
dém gdbm H,PO, vaHPO3 vdi cac gid tri
pH do duogc. Két qua chuén do dién thé do

pH 8 dung dich 2¢ A duoc trinh bay trong
bdng 1

Bdng 1: Két qua chudn dj dién thé cac dung dich hé A bang dung dich NaOH 0,050 M.

— Dung dich 1 Dung dich 2 Dung dich 3 Dung dich 4

Vraon (mL) | pH | Vngon (mL) | pH | Vyngou (mL) | pH | Vnion (mL) | pH
1 0,00 4,68 0,00 4,67 0,00 4,59 0,00 4,47
2 0,20 5,98 0,30 5,96 0,50 5,96 0,50 5,83
3 0,40 6,41 0,60 6,43 1,00 6,42 1,00 6,26
4 0,60 6,92 0,80 6,72 1,50 6,88 1,50 6,62
5 0,80 7,78 1,00 7,08 1,80 7,32 2,00 7,06
6 0,95 9,33 1,20 7,94 2,00 7,94 2,20 7,33
7 1,00 9,71 1,30 9,02 2,10 8,89 2,30 7,50
8 1,10 10,03 1,40 9,70 2,15 9,12 2,35 7,64
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— Dung dich 1 Dung dich 2 Dung dich 3 Dung dich 4
Vraon (ML) | pH | Vyngon (ML) | pH | Vygon (mL) | pH | Vyyou (mL) | pH
9 1,20 10,24 1,60 10,18 2,20 9,40 2,40 7,81
10 1,40 10,55 1,80 10,50 2,30 9,50 2,45 8,00
11 1,60 10,74 2,00 10,71 2,40 9,65 2,50 9,17
12 2,50 9,79 2,55 9,48
13 2,70 10,24 2,60 9,64
14 2,90 10,48 2,70 9,92
15 3,10 10,65 2,90 10,28
16 3,10 10,50
STT Dung dich 5 Dung dich 6 Dung dich 7 Dung dich 8
Vyaon (ML) | pH | Vyngon (ML) | pH | Vyoon (mL) | pH | Vyyou (mL) | pH
1 0,00 4,46 0,00 4,42 0,00 4,35 0,00 4,31
2 1,00 6,07 1,00 6,00 1,00 5,88 1,00 5,78
3 1,50 6,37 1,50 6,26 1,50 6,11 1,50 6,02
4 2,00 6,64 2,00 6,50 2,00 6,30 2,00 6,20
5 2,50 6,97 2,50 6,75 2,50 6,47 2,50 6,38
6 3,00 7,55 3,00 7,07 3,00 6,65 3,00 6,55 |
7 3,15 8,20 3,20 7,25 3,50 6,85 3,50 6,72
8 3,20 8,34 3,40 7,50 4,00 7,11 4,00 6,93
9 3,25 8,91 3,50 7,68 4,50 7,54 4,50 7,21
10 3,30 9,28 3,60 7,94 4,80 8,18 4,80 7,47
11 3,35 9,54 3,70 8,67 4,90 8,78 5,00 7,72
12 3,40 9,69 3,75 8,95 5,05 9,60 5,10 8,03
13 3,50 9,87 3,85 9,48 5,10 9,68 5,20 8,36
14 3,70 10,24 4,00 9,86 5,20 9,85 5,30 9,00
15 4,00 10,47 4,20 10,18 5,30 9,99 5,35 9,19
16 5,40 9,33

Biéng cach tién hanh twong tu, ching toi cling
pha dung dich gbcHPO i_ c6 ndng

d6C ,.=0,0600 M, i lay chinh x4c
0, HPOZ

timg thé tich (V ».) khac nhau cua
0, HPO3

dung dich géc HPO i_ vira pha & trén cho
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vao 10 binh dinh mtrc 100 mL; thém tiép
vao mdi binh chinh xac 50 mL dung dich
KCl 2 M va dinh mtrc biang nuéc cit 2 lan
dén vach dé duoc 10 dung dich Na,HPO,
v6i ndéng do khac nhau (k¢ B). Tién hanh
do truc tiép pH ctia cic dung dich nay. Két qua
thu duoc dugc ghi trong bdng 2:



Bang 2: Két qua do tryec tiép gid tri pH ciia cae dung dich mudi axit HPO i_ (hé B)

duroe pha truc tiép

H¢ B: Hé muoi axit HPOi_ (dwoc pha trye tiép véi ndng do khac nhau

va c6 cac gia tri pH duoc do truc tiép)

%?:f Vo ™D | G }POAZ‘_.I()}M P ®) l?ililcf;lg Y ) C HPO%_.WM PH o B)
1 2,70 1,6200 7,75 6 9,30 5,5800 8,37
2 4,00 2,4000 8,05 7 11,00 6,6000 8,49
3 5,40 3,2400 8,15 8 12,00 7,2000 8,40
4 6,70 4,0200 8,23 9 13,00 7,8000 8,39
5 8,00 4,8000 8,40 10 | 1500 9,0000 8,38

3. KET QUA VA THAO LUAN

Tir két qua chuin do dién thé hé A (bing
1), tai thoi diém Vyaon = 0,00 mL chung toi
thu duogc gia tri pH thuc nghiém (duogc boi

vang, ghi & dong dau tién) cua dung dich

muoi H,PO, (pHHzPOZ(TN) ). Tuong tu,

dé kiém tra do chinh xac cua két qua thuc
nghiém do pH cua dung dich H,PO,,
chiing t6i tién hanh tinh gia trj pH theo 1y

thuyét (pHHzPOZ(LT)) ctua 8 dung dich h¢

A, voi su chép nhan cac gia tri pK, cua
H;PO, lay theo tai liéu [3] trong trudng hop
khéng ché luc ion I = 1. Va dé tinh chinh
xdc ndng do6 cua cac dung dich
dihidrophotphat, ching t6i stir dung phuong
phap giai tich dé ngoai suy két qua chuén

do dién thé dén diém twong duong, thu

dugc h¢ C (gdbm 8 dung dich HPO3 co

ndéng do khac nhau) théng qua viée xéac

dinh pHmp (pH 02- (C)) va Vip, duogc
4

HP
ngoai suy tur cac gia tri thuc nghiém duogc
danh déu tim nhat trong bdng 1.

Tuong tu, tir cac gia tri Vp xac dinh dugc,
chung t6i Iwa chon cac thoi diém ctia timg phép
chuén do, tmg voi mdi gié tri Vieon (trong tng
v6i mot gia tri pH thuc nghiém da do dugc —
dugc danh diu Kanhi trong bédng I), ma tai d6 0
< Viwon < Vrp, khi d6 hé thu duogc 1a hé dém
gdm H,PO, va HPO3 (k¢ D), trong d6

C _vaC__ ,_ duoc tinh twong tu [4].
H,PO; HPOZ

Két qua tinh ndng 6 (C._ ), két qua do
H,PO%

pH theo thye nghiem (pH,, ».- 1)) ¥

két qua tinh pH theo 1y thuyét

(pHHzPOZ(LT)) cta cic dung dich ctua hé

A, dugc tom tit trong bdng 3.
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Bdng 3: So sanh két qua tinh nong dé ciia cac dung dich H,PO, cua hé¢ Ava két qud xdc

dinh pH ciia hé A theo thic nghiém va Iy thuyét

C _.107 (M)
H,POZ
lzililcqag Vo.ypoy ™0 [ Tiohtheo | i oo ki | Psrozemny | PHspoz )
' VO’ H,PO; qua chuan do
1 2,50 1,7675 1,7673 4,68 4,86
2 3,60 2,5452 2,5040 4,67 4,79
3 5,80 4,1006 4,0790 4,59 4,71
4 7,00 4,9490 4,9532 4,47 4,67
5 9,20 6,5044 6,4682 4,46 4,63
6 10,50 7,4235 7,3349 4,42 4,61
7 14,00 9,8980 9,7763 4,35 4,57
8 15,00 10,6050 10,4944 4,31 4,56
Két qua xac dinh CHpoﬁ- va pHrp (pH o3 (C)) cta hé C; CHzPOZ ,CHPO%_ va pHig dem

cua hé D duoc trinh bay trong bdng 4.

Bdng 4: Ket qua xdc dinh CHPO%‘ va pHrp (pH HPOZ- (C)) cua hé C; C

va pHps gorm cia hé D

H,PO;’

C

HPOJ™

Hé mubi axit HPO?S™ (hé C) Hé dém H,POZ va HPOS (hé D)
Dung o s
dich Vo ¢ o IOM PHm Viaon Crpoe OM[C o 10'M PHg gem
(mL) | 1oy (pH, - (C) | (mL) | Mo 4
HPOj

1 0,88 0,1569 8,64 0,4 0,9521 0,7874 6,41

2 1,25 2,3809 8,50 0,6 1,2734 1,1719 6,43

3 2,04 3,7722 8,32 1,0 1,9990 1,9231 6,42

4 2,47 4,4958 8,62 1,5 1,8426 2,8302 6,62

5 3,23 5,7209 8,73 1,5 3,2719 2,8302 6,37

6 3,66 6,3852 8,43 2,0 3,0879 3,7037 6,50

7 4,88 8,1660 8,67 2,5 4,3421 4,5454 6,47

8 5,24 8,6640 8,66 3,0 4,0128 5,3571 6,55
Tu bdng 3 chﬁflg ta thay két qua tinh dung dich hé A (pHHzPOZ(TN)) cling
C _ theo the tich V _ cta dung PO o . P

HPOy 0, HyPOy4 twong doi phu hgp (chi 1éch tir 0,12 dén

dich gbc H,PO khi phu hop véi gid tri

C _ tinh theo két qua chuin d6 dién
H,PO}

thé. Va két qua thuc nghiém do pH cua cac
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0,25 d.v.pH) v6i két qua tinh theo 1y thuyét

(pH ). Chinh vi vay chiing t6i sir

H,POZ (LT)

dung gia tri bo sb lieu C

_ tinh theo
H,PO}

két qua chuin do dién thé va gia trj thuc




_ ) & tinh
H,POZ (TN)

HSCB cua axit H;PO,.
Tu cac gia tri thuc nghiém do pH cua 3 hé

nghiém do pH (pH

A, C, D, ching t61 st dung thuat toan tinh
lap theo phuwong phap binh phuong tdi thiéu

dé tinh cac gia tri HSCB cua H3PO,. Két
qua thu dwoc dwgc tom tit trong bdng 5
nhu sau:

Bdng 5: Két qud xdc dinh chi sé hang sé phan li tirng ndc cia axit photphoric tir gid tri thuc

nghiém do pH ciia cac hé¢ A (H,POy ), hé C (HPO%_) va hé D (hé dém

gom H,PO4 va HPO%_) theo phirong phdp binh phirong t6i thiéu

Hé D (gom H,POy4
Hé A (H,POY) Hi C(HPOZ™)
vaHPOZ )
H pH HPO2- ©)
p H,PO; pKar |pKaz| pKas 4 pKar | pKax | PKas pHigaem | PKar |PKaz2| pKas
(pHrp)
4,68 8,64 6,41
4,67 8,50 6,43
4,59 X 8,32 Khong |Khong |[Khong | 6,42 |Khong
Khong 5,93 ) ) ) ) 8,38
4,47 e 1728 Khon 8,62 xac | xac | xac | 6,62 Xac =04 Khon
4,46 . ’ ‘g 8,73 dinh | dinh | dinh | 6,37 | dinh |’ ‘g
dinh phu phu
4,42 8,43 dugc | dugc | duge | 6,50 | duoc
dugc hop hop
4,35 8,67 6,47
431 8,66 6,55
pKai [3] pK. = 2,15 pK.,=17,21 pKi;=12,32
ApI<al - 0307 6339 ApI(al = = = ApI<a,1 - 0,17 3,94
Nhan xét: bdng 5 chung ta nhan thiy rang: néu su

Nhim muc dich xac dinh hing sé phan li
axit nic 2 ctia H;PO, chung t61 da tién hanh
do trwc tiép gia tri pH cia 08 dung

dichH,PO,4 (h¢ A) va cia 10 dung

dich HPOZ™ (hé B). Ddng thoi tir qué trinh
chudin do dién thé 08 dung dich
H,PO,4 chung t6i ciing ngoai suy thu
hé

dwgc C (cing gdbm 08 dung

dichHPOZ™) va 08 dung dich dém gdm

H,PO; vaHPOZ (hé D). Tir két qua

dung cac gia tri pH thuc nghiém do truc
tiép ciia hé A (dung dich H,POy4 ) va h¢ D

(h¢ dém gdm H,POZ;vaHPOZ ) thi
phuong phap nghién ciru ciing chi cho phép
xé4c dinh duoc gia tri hang s phan li axit
nic 2 cua HsPO, (chi léch 0,07 dén 0,17
d.v.pK, so voi tai liéu [4]), ma khong xac
dinh duogc cac gia tri K, va K. Dbi voi hé
dém H,POZ va HPOZ két qua nay hoan
toan logic, bdi 1€ trong dung dich dém nay
thi can bang quyét dinh pH cua hé chinh 1a

235




can bang cho, nhan proton gilra

H,POy4 VéHPO%_duqc phan 4anh qua
HSCB K.

Riéng d6i v6i hé A (hé mudi axit HoPOy ),
do ca 2 qua trinh cho, nhan proton cta chit
dién li ludng tinh nay (li€én quan truc ticp
dén ca K,;, K,;) déu quyét dinh dén pH cua
dung dich, nén 1€ ra tor pH do duogc cla

dung dich H,PO,4 “phéi” xac dinh duoc ca

2 gia tri K,, K, tuong tu nhu hé hidro
oxalat [1] hodc hé hidro tactrat [2] (dbi véi
axit oxalic va axit tactric, thudt toan tinh 1ap
theo phuong phap binh phuwong tdi thiéu
cho phép xdc dinh dong thoi va chinh xdc
ca 2 gia tri HSCB K,; va K, twe gia tri pH
ciia dung dich muéi axit). Nhung thuc té &
day, tir két qua do pH cua hé A ching toi
cling chi danh gia duogc gia tri K, cua axit
photphoric. Didu nay c6 thé 1y giai 1a do
cac HSCB K,;, K,, cua axit oxalic va axit
tactric kha gan nhau, trong khi d6 hiang sb
phan li axit ndc 1 va nic 2 cua axit
photphoric lai chénh 1éch nhau rat nhiéu,
ma theo nhan xét rat ra tir [4] thi thudt toan
tinh ldp theo phuong phap binh phuong tdi
thiéu thuong chi c6 kha ning xac dinh duoc
ddng thoi cac HSCB khéng chénh 1éch
nhau nhiéu.

Ciing tir bdng 5 ching ta thiy: tir cac gia tri
pHrp cia hé C (pHHPOﬁ‘ (C)) ching t6i

khong xac dinh dugc ca 3 gia tri HSCB cua
axit photphoric. Didu nay c6 thé hiéu duoc,
béi vi d6i v6i dung dich mubi axit
HPOJ ™ thi gid tri pH ¢6 thé danh gid gin

dang theo cong thirc:
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pH

~ pKaZ ;pKa3 — 9’77

HPO;™
Trong khi d6 thi két qua ngoai suy xac dinh
pH1p cia ca 8 dung dich #¢ C tu cac gia
tri pH thuc nghiém do dugc trong qua trinh

chuin d¢ dién thé dung dich H,POjy (dao

dong trong khoang tir 8,32 dén 8,73) déu
léch xa so véi gia tri pH gin dang nay.
Hoan toan tuong ty nhu vay, tir bdng 2 cho
thdy: cac gia tri pH do dugc truc tiép cua
cdc dung dich muéi axit HPO3 cia hé B
ciing chi dao dong tir 7,75 dén 8,49 va ciing
khong thoa man. Do d6 ching t6i cling
khong sir dung bo sb liéu nay dé danh gia
HSCB cuia axit photphoric.

Van dé dit ra cho nghién ciru tiép theo cua
nhom tac gia 1a lam thé nao dé xac dinh
dugc hing sb phan li axit ndc 3 cua axit
photphoric?

4. KET LUAN

Trén co s phan tich dé budc dau tim dwoc
qui luat chon hé nghién ctru thich hgp cho
viéc xac dinh HSCB axit-bazo, ching t61 da
danh gia dugc HSCB K, cua axit
photphoric tir két qua thuc nghiém do pH
cua dung dich mubi dihidrophotphat va pH
cia dung dich dém gdm mudi
dihidrophotphat va mubi
monohidrophotphat thu dugc trong qua
trinh chudn do dién thé dung dich mudi
dihidrophotphat. Két qua thu duoc tir thuc
nghiém phu hop tét voi két qua da duoc
cong b trong tai liéu tham khao [3] va da
gop phan khing dinh tinh dang dén cua
thudt toan tinh 1ap theo phuong phap binh
phuong tbi thiéu x4ac dinh hing sb phén li
axit vira don gian vira hiéu qua.



TAI LIEU THAM KHAO
[1] Pao Thi Phuong Diép. (2010) Xdc dinh
hang s6 cdn bang cua axit oxalic tir dir liéu
pH thiec nghiém bang phiong phdp binh
phirong t6i thiéu. Tap chi Hoa hoc, T. 48
(40C), tr. 590-596.
[2] Pao Thi Phuong Diép, Nguyén Thi
Thanh Mai, Vii Thi Tinh. (2014) Xdc dinh
hang sé can bang cia axit tactric tir div lidu
pH thic nghiém bang phirong phdp binh
phirong t6i thiéu. Tap chi Khoa hoc, Khoa
hoc Ty nhién T.59, S6 4, tr. 61-68.

[3] Nguyén Tinh Dung. Hod hoc phdn tich.

Cdn bang ion trong dung dich. NXB Dai
hoc Su pham Ha No6i 2005; tai ban lan thir
ba, (2013) c6 stra chira va chinh ly.

[4] Pao Thi Phuong Diép, Pao Van Bay,
Nguyén Thi Thanh Mai. (2013) Sir dung
phirong phdp binh phuong t6i thiéu va
phirong phdp don hinh d@é xdc dinh hang s6
cdn bang cua don axit rat yéu tir dir liéu
thue nghiém do pH cua dung dich don axit
va don bazo lién hop. Tap chi Héa hoc, T.
51 (2AB), tr. 581-588.

NGHIEN CUU CHE TAO VAT LIEU XU LY ASEN.......... (tiép theo tr. 151)

TAI LIEU THAM KHAO

1. Karim, M. M.,,(2000) Arsenic in
groundwater and health problems in
Bangladesh. Water Research , 34 (1), 304-
310.

2. WHO, Guidelines for drinking water
quality. Geneva, Switzerland, 1993.

3. Kartinen Jr, E. O.; Martin, C. J,
(1995)An overview of arsenic removal
processes. Desalination , 103 (1-2), 79-88.
4. (a) Harper, T. R.; Kingham, N. W.,
(1992)
Wastewater Using Chemical Precipitation
Methods. Water Environment Research, 64
(3), 200-203; (b) Nenov, V.; Zouboulis, A.
I.; Dimitrova, N.; Dobrevsky, 1., (1994)
As(IIT) removal from aqueous solutions
using non-stoichiometric coprecipitation
with iron(IlIT) sulphate and filtration or
flotation. Environmental Pollution, 83 (3),
283-289.

5. Asadullah, M.; Jahan, I.; Ahmed, M. B.;
Adawiyah, P.; Malek, N. H.; Rahman, M.

Removal of Arsenic from

S., (2014) Preparation of microporous
activated carbon and its modification for
arsenic removal from water. Journal of
Industrial and Engineering Chemistry, 20
(3), 887-896.

6. Anderson, M. A.; Ferguson, J. F.; Gavis,
J., (1976) Arsenate adsorption on amorphous
aluminum hydroxide. Journal of Colloid and
Interface Science, 54 (3), 391-399.

7. Pierce, M. L.; Moore, C. B., (1982)
Adsorption of arsenite and arsenate on
amorphous  iron  hydroxide.  Water
Research, 16 (7), 1247-1253.

8 Lin, Y; Lin, C; Wu Y, (2007),
Characterization of red mud derived from a
combined Bayer Process and bauxite
calcination method. Journal of Hazardous
Materials 146 (1-2), 255-261.

9. Kemer, B.; Ozdes, D.; Gundogdu, A.; Bulut,
V. N.; Duran, C.; Soylak, M., (2009) Removal
of fluoride ions from aqueous solution by waste
mud. Journal of Hazardous Materials, 168 (2—
3), 888-894.

237



	bien tap.pdf
	q3.pdf
	bien tap.pdf
	Quyen 3 chuan 9-5.pdf
	Muc luc phan 3.pdf

	Muc luc phan 3.pdf



