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Stability Constants of Barium-phosphoric Acid Complexes
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Table 1 Equilibrium expression

Dissociation of phosphoric acid;

Ki =([H* IXx[H2POs4~ 1)/ [H3z POs ]
Ko =([H* IX[HPOs2-1)/[H2 POs "~ ]
K3 =([H* 1x[PO43-1)/[HPOs2" ]

s (1) Ki =8.07x10° 3
s (2) Ko=2.06%x10"7
c - (3) K3 =3.48%x10" 12

Formation and dissociation of M-phosphate complexes;

M2+ + HL2- S MHL Knno=[MHLI/ ([M2* Ix[HL2- 1) ---(4)

M2+ ¢+ L3- & ML- Knio =[ML- 1/ (IM2* IX[L3- 1) «++(5H)
M2+ + HoL-

$ H* + MHL Kact1=([H" IXIMHL]1)/(IM2* Ix[H2L" 1)

e (6)

MHL s H* + ML- Kac2=([H* IXxIML- 1)/ [MHL] s (7))

Ion product of water;
Kuv =[H* IX[OH 1]

Ku=3.98x10" 14

(L:POs)
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Table 2 Calculation of Kyunr

Equation for the mass balance and electroneutrality

in the solutions
T =[H2L~ 1+[HL2- 1+ [MHL]
Tn=[M2* 1+[MHL]
2Tn=[C1-1]

ce e (8)
e (9)
c e (10)

aT.L +[H* 1-[OH 1+2[M2* 1=[H2L" 1+2[HL2" ]+[C1" 1]

where T.
ligand species, Tn the
metal species and a is
of bases added per mol

ce(11)

represents the total concentration of
total concentration of the
equal to the number of moles
of the ligands.

[MHL]1,[M2*]
is obtained by the

The terms,
(4)

and [HL?-1],
following equation at a=1-2

in the eqution

substitute (9) and (10) for (11)

(a-1)TL +[H* 1-[OH 1=[H>L- 1+2[HL2- 1+2[MHL] ++(12)
(7)%x2-(12)
2T, -aT. -[H* 1+[OH 1=[H2L" 1 - (13)
substitute (13) for (2)
[HL2- 1=K /[H* IJ[H2 L~ 1
=Ko /[H* 1 (2T -aT. -[H* 1+[OH 1) ce+(14)
substitute (13) and (14) for (7)
[MHL1=T. -(1+K2 /[H* 1) (2TL -aT. ~[H* 1+[OH ] ++(15)
substitute (15) for (9)
[M* 1=Tn -[MHL]
=Tn ={TL -(1+K2 /[H* 1) (2T, -aT. -[H* 1+[OH 1]}
e+ (16)
* Knuo=(TL-F)/(Tn+F-TL )/ {(2TL -8)Kz2 /[H+1} e (17)
where
F=(1+K>2 /[H* 1) (2T -8) +++(18)
d=aTL +[H* 1-[OH 1] +++(19)
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Table 3 Calculation of Ky,

Equation for the mass balance and electroneutrality
in the solution at above a=2

To =[MHLI+[ML" ] +e(21)
Tn=[M2* 1+ [MHLI1+[ML ] e (22)
aTt +[H* 1-[OH 1+2[M* 1=[ML- 1+[Cl 1] + 2 (23)
2Tu=[Cl1" ] c++(10)
The ligand in the solution at near a=2 is almost
MHL.
subsutitute (21) and (22) for (23)
[MHL1=3T. -(aTL +[H* ]J-[OH 1) s (24)
subsutitute (24) for (21)
[ML- 1=(aTL +[H* 1-[OH 1)-2T. c¢e«(25)
Kaco=[H*"1(8-2TL )/ (3T.L -8) e+ (26)
where
d=aT. +[H* 1-[OH ]
Kne=[ML" 1/C(IM2*1[L" 1) +++(5H)

subsutitute (3),

(4) and (20) for (5)

KacQ [MHL]/[H+ ]

{[MHL1/ (Knwo [HL2~ 1)} {Ks HL2~ 1/[H* 1}

& Knt=KaceXKnni /K3

<. (27)
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Table 4 The Obtaiud equations

Previous paper This study
1.KnHL 1.Knut
Ke¢ 4 -Ko (TL -F)
Knwe= ———— Knwo= —
Cn XKo2 (Tn +F-TL )
2.Knt 2.Knt
Kac2XxXKnnulL Kac2 XKnnt
Kne = Kny =
K3 Ks
where where
1 [H* 1(8-2TL)
Kace = Kasx{(1+4 —— ) Kacoe =
KnuL XCn (3TL -96)
Z Y F=(1+Ko /[H" 1) (2TL -8)
— = KeaxXKas —— - Kds d=aT. +[H* 1-[OH 1
X X
Table 5 Equilibrium constants obtained EMNTE A, —'jf,‘, TDX5 7‘{{5}&@@?@%@

D5 LIS D S B B9,

Previ Thi tud "
vious paper e sty RERCTRCEMTO ) AT, Efhic
Ko o nL 238 240 R 27— CHFETEHTHY, BT R
Ksal 3.05x104 4.77%x104 JOBOERSE, LT A FrEFw T8

24+ (CaHA) LI b b ABDOHI LY A

Table 6 Another equation considering all possible ligand terms in the solution

Equation for the mass balance and electroneutrality
in the solution at above a=2
Te=[Ho L~ J+[HL2- 1+[L%" 1+[MHLI+[ML" ] -+ (28)
subsutitute (2) and (3) for (51)
express a as follows: a=[H* 12 /Ko K3 +[H* 1/Ka+1---(29)
Ti=al[L3~ J+[MHLI+[ML™ 1] «++(30)
Tn=[M2* J+[MHL]I+I[ML" ] +++(31)
aT. +[H* 1-[OH 1+2[M°* ]
=[H2L1+2[HL2- 1+3[L3- I+[ML" 1+[C1" ]
+++(32)
subsutitute (31) for (32)
aT. +[H* 1-[OH 1=[H2L1+2[HL2- 1+3[L%- 1+2[MHL]I+3[ML" ]
«++(33)
eliminate [ML- 1, (28)x3-(33)
3T. -(aTL +[H* 1-[OH 1)=2[Hz2 L~ 1+[HL?~ J+[MHL] ---(34)
substitute (2) and (3) for (57)
3TL -(aTL +[H* 1-[OH 1)=8[L3- 1+[MHL] «++(35)
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where
substitute (4) for (60)

B=2[H" 12 /K2 K3 + [H* 1/K3s

«++(36)

3Te -(aTL +[H" 1-[OH 1)=B[L3" 1+Knu¢ [M2* J[HL2- ]

subsutite (3) for [HL2-]
and T. $Tn
[M2* J=a[L3" ]
substitute (38) for (37)
KnwioalH* 1/K3 [L3- ]2
where

+ BLL3" 1]
Y=3TL -(aT. +[H* I1-[OH" 1)

solve equation (39) for [L3-]

[IL3-1=(-8*/D)/2Knn. alH" 1/K>3
D=B2 +4Knu a[H* 17/Ks

where
(30)-(35)

[ML- 1=(aTL+[H* 1-[OH 1)-2T. +(B-a) [L3" ]
subsutitute (43) for (30)

[MHL1=T. -[ML- 1-a[L3" ]

=3Tt -(aTL +[H* 1-[OH 1)-8[L3" ]

 Kaco=[H" J[ML- 1/[MHL]
Knt =Ksco XKnut /K3

<+ (37)

in equation (61),
and from (53) and (54)

+-+(38)

- r=0 +++(39)

c++(40)

- (41)
< (42)

+ (43)

- (44)

+ -+ (45)
++(46)
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