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Stability Constants of Barium-Phosphoric Acid Complexes
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Table 1 Equilibrium constants

Thermodynamic
equilibrium
constant

Equilibrium
constant
(u=0.1)

Ki =5.85x10"3% -1
K2 =6.84x10"8
K3 =6.62x10"13

Dissociation
of phosphoric
acid(at 37°C)

Ki =8.07x10°3
K2 =2.06x10"7
K3 =3.48%x10"12

Ion product of .2

water(at 37°C) Ko =2.45%10° 14 Kv=3.98x10- 14

Other constants were used in this study.

TH=0.826, 7Yon=0.754, a=0.136

*l:ref 9), #*2:ref 10)

PKi=pKi—I vpu ./ (1++vp)

=T, Pix-log#, Kilx b ABDE ST
#wER (Lxl, 2, 3DET, HAFO=>50D
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Table 2 Equilibrium expression

Dissociation of phosphoric acid;

Ky =(IH* Ix[H2 POs~ 1)/{Ha PO« 1 «+-(1) Ky =8.07x10° 3
Kz =([H" 1x{HPO«2~ 1)/[H2 PO« " 1 ---(2) K2 =2.06x10"7
Kz =([H* Ix[PO4%- 1)/[HPO42- 1 «++:(3) Ks=3.48x10"12

Formation and dissociation of M-phosphate complexes;
MZ* o+ HIZ- & MHL Knuo =[MHLI/ ([M2* IX[HL2- 1) «--(4)
MZ* o+ L3 & ML Kso =[ML- 1/ (IM?* Ix[L3" 1) e (5)
M2t + HoL % H' + MHL Ksc1 =CIH" IXIMHL1)/ ([M2* Ix[H2 L~ 1)
"'(G)

MHL % H* + ML- Kac2=([H" IxIML" 3)/(MHL] R ¢S]

ITon product of water;

Ku =[H* 1x[OH ] Ku=3.98x10" ' 4

(L:PO«)
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Fig 2 Titration curve of phosphoric acid chele-
te system at 37°C, x=0.10

BA A VIXEAL T O H AR L 0 105 BRI FEET
DD, BERFPTIREAE—ELEZOLNBD
T, ZOBWFORNFT OB DR L, £3D
(8)YRXTEIND, 22T Kus Ko ix, RoT

Table 3 Dissociation of apparent acids

Dissociation of apparent acids in the presence of metal ion

SHe, eM2* -H, +M2*
Ha L~ {HL"" Lg’} s (8)
Kaa MHL Kes ML-

The concentration of the metal ion in the solution can
be considered as constant, as the concentration is ten times
as much as that of the ligands. The equilibrium constants,
Kes+ and Kes, can be written as
Ko 4 =([H" IXIMHLI+[H* IX[HLZ" })/[H2 L~} s (9)
Kes = (LH* Ix{L3- 3+ [H* Ix[ML" 1)/ ([HL2~ 1+{MHLI) <+ (10)
where new functions, A1 and A2, are introduced
[Ar I=[MHLI+{HL?" ]
{A2 J=[ML" I+[L3" ]
The equation (9) and (10) are expressed as dissociation
of dibasic acid.
Helm 5 HY + A
A s H + A

Kaa=[H Ix[A1 1/{H2L" ]
Kes =CH* 1x[A21/[Ar 1

«ee(9")
e (10%)

DEEDOBEERTHY, ThTh(9)ELUORT
Z&hb, E, [A]=[MHL]+ [HL*],
[As] = [L*] + [ML"] &k, LV,
Kaso, Kas B EER &3 5 YRR O I B B
THHZ G5 [(9) & A0) R ZoRM
TOPEER Ky, Kes DfEZ kD THL
5, ZBOEWEELY T, oL WELY TL L L,
WHEINZ RS LOESFEOKEND, K4DRK
(1) ~ (14) »Eohd, LKL, axBler
Wibhmzbhlc7rhy DAL E2RT (K

Table 4 Calculation procedure (1)

Kia and Kes

From equation for the mass balance and electroneutrality in
the solutions

Tu=CH2 L~ J#[HL?~ J+[L3" 1+ [MHLJ+[ML" ] e (11D
Tn=[M2* ]+ [NHL]+[NL" ] e (12)
aTL +[H* J-[OH 1+2[M?* 1=(Hz L” J+2[HL2~ 1+3[L3~ J+[ML" 1+[C1~1--(13)
2Tn=[C1-] e (14)

where T. represents the total concentration of ligand species,
Tn the taotal concentration of the metal species and a is equal
to the number of moles of bases added per mol of the ligands.

substitute (12) and (14) for (13), and subtract (11)

(a-1)Tu +[H* J-[OH™ J=[HL2~ 1+2[L%" J+[MHLI+2{ML" ] =+ (15)
substitute Ay and Az for (11) and (15), respectively

Te=[{Ho L™ I+ (A1 J+[A2] st (16)

(a-1)Tu+[H* J-[OH I=[A:1 1+2[Az2] e (17)

substitute (9') and (10') for (16) and (17), respectively, and
rearrange with A

[A1 =T /([H* 1/Kqa +1+Kas /[H* 1) s+ (18)

(A1 1={(a-1)TL +{H* }J-[OH 1}/ (1+2Kes /[H' 1) s+ (19)
(18)=(19)

{2TL - {((a-1)Tu +[H" J-[{OH 1}}Kas - {(a-1)TL +[H" 1-[OH 1} X[H* 12 /Ka «

={(a-2)T. +{H* 1-(OH J}x[H'] cee(20)

where

X={(a-2)TL+[H* 1-{OH 1} x[H" ]

Y=(3-a)T. -[H* J+[OH ] e (20)

Z=((a-1)TL +(H* 1-[OH 1) x[H 12
Equation (20) is rearranged using equation (21).
(Z/X)=Ks 4 xKs s X(Y/X)~Ks e (22)

2)0 F=Y (ll) -~ (14) LA Ir}o'JZU*\Azﬁ‘rO, Kd4s
Kas, a, T, Tu, (H*] X ot [OH"] &b
5K (20) NE MR B, T hix, HEZKax
Ko, Y% —Ka & TLOERYETATHD
[(K@22)]e £ TC—EBDOEBA A VEELDA
BRSO KERIE o b ) v A KB AR T L, BIE
L7 pH % (22) RicfRA L, #tlhwe, Z/X, ¥
fic Y/X % 7Fey b3, SEOUH X 0P
BER K L0 Kas plkF 5,
2) Ka X b Kyunr, Kas &9 Kuo 08 H

Ka £ 0 Ky %, Kas I Ky 5k %58

Table 5 Calculation procedure (2)

Knwe from Kaa

Ko a=(LH" IXIMHL])/[H2 L" 1+ ([H* Ix{HL2- 1)/[H2L" ] «e-(9)

From (2) and (6), equation (9) is as follows
=Koct X[M2* 1+K2 +00(23)

where [M?*] is the average value of Cn over the interval,
0.72<a<0.88

Koot =(Kaa-Ko)/IM2* I (Kas =Ko )/Cn
From (2) and (6), equation (4) is expressed as

Knwo={(C([H IXIMHL])/ (IM?* Ix{H2 L~ 3)}x{[H2 L™ 1/ ([H* IX[HL2- 1)}

- (24)

=Kec1 X(1/K2) e s (25)
substitute (24) for (25)
Knue =(Kea-K2 )/ (CnxKz ) .+ (26)

Table 6 Calculation procedure (3)

Knt from Kes

Kes =([H" Ix[L3- 1)/ ([HLZ- 1+ [MHL1)+ ([H* Ix[ML" 1)/ ([HL?~ }+[MHL])
ce(10)
substitute (4) for (10)
Kas =Ks /(1+Knwe XEM2* 1)+ { ([H* JOIML" 1) /[MHLI/ {1+1/(Knui X[M?* 1))
=es(27)
where Kcani. and Ksrui are under 700, [M?*1410°% and
K3 =3.48x10° 12, the first term is almost zero
K3/ (1+Knui X[M2* 1) ~ O
Equitibrium constant K¢s is expressed as

Kes={C{H* I(ML" 31)/TMHL1}/(1+1/ (Knnuo XIN2* 1)} 0 (28)
substitute (7) for (28)

Kes=Kao2 /(1+41/(Knuu x[M2* 1)} .+ (29)
4 Kac2=Kas X {141/ (Knnu XIM2* 1)} e (30)

substitute (3) and (4) for (5)
Kni =[ML" 1/ ({[MHL)/ (Knw o XEHL2" 1)} x{Ks x[HL2~ 1/[H" 1} }++-(31)
substitute (7) and (30) for (31)

Kni =Knnt /K3 XKac 2 +++(32)
substitute (30) for (32)
Kni =Kas /Kax(Knne +1/IM2* 1) e (3D

where [M*] is the average value of Cn over the interval,
1.06<a<1.11
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Table 7 Epuilibrium constants were odtained
in this study

Kid=2.54x10"7
Keant =238

Ksq=8.49x10"°
Ksat =3.05x104

VA bLrvFvADETRENDSEERDLEEER
DBV, Keanr=0681, Kern=16 % X 8 Kcar=
3.46x 10%, Ke,=158x10* T & » 1213, & 1
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