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Mixed chelates containing charged ions of amino 
acid^ histidine, iminodiacetic acid, nitrilotriacetie 
acid and ethylenediaminetetraacetic acid as primary ligands 
have been studied earlier. The 1:1 complexes of these i 
multidentate ligands are formed at low pH and remain stable 
upto high pH. In the 1:1 complex of these ligands with 
metal ion, the remaining coordination positions of the 
metal ion. are occupied by water molecules. On the 
addition of a secondary ligand, water molecules are 
displaced resulting in the formation of the mixed ligand 
complex M&L where A ” histidine (Hist.), iminodiacetic 
acid (IMDA) or nitrilotriacetie acid (NTA) and L = secondary 
ligand, fte nixed ligand formation constant is
represented by the following equation :

KMAMAL MW 1 1Histidine exhibits bi or trldentate character^
coordination taking place from 000" and from nitrogen of
the imidazole group or two nitrogens from both imidazole
and amino groups. The system Zn.Hist. cyanide was studied

2potentiometrically by Martin and coworkers and is of 
biological interest. They also studied the system 
Cu.Hist.Threonine both potentiometrically and by X-ray 
crys tallographic analysis.

IMDA behaves as a trldentate^ ligand coordinating 

taking place from the nitrogen atom and two carboxylate



i+groups. Sharma and Tondon studied the mixed ligand complexes,* 
of Cu(II) and Ni(II) with IMDA as a primary ligand and 
hydroxy acids as secondary ligand. The mixed ligand 
complexes of the type Ni.IMDA.L where L = pyridine, 
ammonia or H20 have also been studied by Fridman and

5 6coworkers. Various mixed ligand complexes with IMDA * 
as the primary ligand have been studied. Isolation of 
oxovanadium (IV) heterochelates of type V0.L.H20.X, 
where L = IMDA, X * pyridine, a-picoline and alanine
have been reported^.

NTA behaves
coordination taking place from nitrogen atom and two or

8 9NTA behaves as a tri or tetradentate ligand,

.10-14three. COO groups, respectively, Israeli and coworkers' 
studied the mixed ligand complexes of Cu(II) and Ni(II) 
with NTA and amino acids by using spectrophotometrie method. 
The systems M.NTA.L where M = Cu(II) and Ni(II), L = number 
of amino acids have been studied pH metrically by
Chidambaram and Bhattacharya15 The systems M.NTA.L where
L = picoline, oxine, serine, arginine, glycylglycine and

t0'/4f 16ammonia have also' been studied. Martell and coworkers
determined the formation constant of the ternary complex 
6+U -NTA-hydroxyquinoline sulphonic add. The formation 

constants of the mixed ligand complexes M.NTA.L where M = 
Cu(II), Ni(II), Zn(II) or Cd(II), and L - polyhydroxy 
phenol or phenolic acid have also been reported from this

17laboratory Various mixed ligand complexes with NTA18

as the primary ligand have been studied. The mixed ligand 
complexes of various transition metal ions containing NTA
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and several secondary ligands have been synthesised,' J 
Solution equilibrium of the reaction between Eriochrome

2Black-T and Zn(II) NTA has been studied spectrophotometrieally. 
The ternary system of Be(II) NTA and tiron has also been

Oinvestigated by pH metric method, Co(II) complexes with amino 
polycarboxylic acids and nitrite ion have also .been 
reported,

26Athavale and coworkers worked out the systems MAL 
where M = Th(IV), A = EDTA and L = secondary ligands,catechol 
and tiron. Mixed ligand complexes of the type Ni.L.X, 
where L = If®A or EDTA and X = pyridine, ammonia or water

27have also been studied in solution by Fridman and coworkers.
2ftTananaeva and coworkers have reported mixed ligand 

complexes of neodymium with, NTA and EDTA, Various mixed 
ligand complexes with EDTA as the primary ligand have

2($ 2obeen studied, * y Various other systems have also been 
reported, where dyes^0 and S’chiff bases^1 are primary 

ligands and the amino acids or* hydroxy acids are the 
secondary ligands.

The systems MAL where M= Co(II), Ni(II), Zn(II) 
and Cd(II), A = histidine or IMDA and L = polyhydroxy

12phenols have been investigated by Bhattacharya and coworkers, 
Panchal and Bhattacharya^ have also studied the systems 

Zn.NTA.thio acids. In the present chapter an account of 
the systems Ni.A.L where A = Hist., IMDA or 
NTA and L ='amino acids and thio acids is being presented.



Experimental :

Determination of the mixed ligand constants :
The reagents and instruments used were same as 

detailed in previous chapters. Histidine, iminodiacetic 
acid and nitrilotriacetic acid used were of A.R. quality, 

ftor studying the ternary systems following 
solutions were prepared.
For histidine systems •

1, Perchloric acid (0.2M, 5.0 ml,) + histidine (0.02M, 5.0 ml,)+ 
sodium perchlorate (1M, 8,9 ml.) + conductivity water
(31.1 DLL-).

2, Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.02M,
5.0 ml,) + sodium perchlorate (1M, 8.9 ml.) + conductivity 
water (31.1 ml,).

3, Perchloric acid (0.2M, 5.0 ml.) + histidine (0.02M, 5.0 ml.)* 
metal perchlorate (0.02M, 5.0 ml.) + sodium perchlorate
(1M, 8.8 ml.) + conductivity water (26.2 ml.).
Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.Q2M,
5.0 ml.) + secondary ligand (0.02M, 5.0 ml.) + sodium 
perchlorate (1M, 8.8 ml.) + conductivity water (26.2 ml.),

5. Perchloric acid (0.2M, 5.0 ml.) + histidine (0.02M, 5.0 ml.) + 
secondary ligand (0.02M, 5.0 ml.) + metal perchlorate (0.02M,
5.0 ml.) + sodium perchlorate (1M, 8.7 ml.) + conductivity 
water (21.3 ml.).
For IMDA systems :

1. Perchloric acid (0.2M, 5.0 ml.) +■ IMDA (0.02M, 5.0 ml.) +
sodium perchlorate (1M, 8.9 ml.) + conductivity water (31.1 ml.).
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2. Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.02M,

10.0 ml.) + sodium perchlorate (1M, 8.8 ml.) + conductivity 

water (26.2 ml.).

3. Perchloric acid (0.2M, 5.0 ml.) + IMDA (0.02M, 5.0 ml.) + 

metal perchlorate (0.02M, 5.0 ml.) + sodium perchlorate 

(1M, 8.8 ml.) + conductivity water (26.2 ml.).

4-. Perchloric acid (0.2K, 5.0 ml.) 4 perchloric acid (0.02M,

10.0 ml.) + secondary ligand (0.02M, 5.0 ml.) 4 sodium 

perchlorate (1M, 8.7 ml.) + conductivity water (21.3 ml.).

5. Perchloric acid (0.2M, 5.0 ml.) 4 IMDA (0.02M,.5.0 ml.) 4 

secondary ligand (0.02M, 5.0 ml.) 4 metal perchlorate 

(0.02M, 5.0 ml.) 4 sodium perchlorate (1M, 8.7 $1.) + 

conductivity water (21.3 ml.).

For NTA systems :

1. Perchloric acid (0.2M, 5.0 ml.) 4 NTA (0.02M, 5.0 ml.) 4 

sodium perchlorate (1M, 8.9 ml.) 4 conductivity water 

(31.1 ml.).

2. Perchloric acid (0.2m, 5.0 ml.) 4 perchloric acid (0.02M,

15.0 ml.) 4 sodium perchlorate (1M, 8.7 ml.) 4 conductivity 

water (21.3 ml.).

3. Perchloric acid (0.2M, 5.0 ml.) 4 NTA (0.2M, 5.0 ml.) 4 

metal perchlorate (0.02M, 5.0 mL.) 4 sodium perchlorate 

(1M, 8.8 ml.) 4 conductivity water (25.2 ml,),

4-. Perchloric acid (0.2M, 5.0 ml.) 4 perchloric acid (0.02M,

15.0 ml.) 4 secondary ligand (0.Q2M, 5.0 ml.) 4'sodium 

perchlorate (1M, 8.6 ml.) 4 conductivity water (16.4- ml.).

5. Perchloric acid (0.2M, 5.0 ml.) 4 NTA (0.02M, 5.0 ml.) 4

secondary ligand (0.02M, 5.0 ml.) + metal perchlorate (0.02M,

5.0 ml.) 4 sodium perchlorate (1M, 8.(7 ml.) 4 conductivity
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water (21.3 ml,).

Total volume was made upto 50.0 ml. and ionic 

strength was maintained 0.2M, Each of the sample was 

titrated against 0.2m sodium hydroxide solution. The 

plots of pH against volume of alkali have been presented 
in figs. V-1 to V-l^.

The nature of the curves in case of Ni(II) Hist.,

IMDA or NTA and amino acids or thio acids have been shown 

in figs. V-1 to V-14. As is evident from curves(l) and (3) 

Ni(II) Hist., IMDA or NTA 1*1 complex is formed at low pH 

and it is stable upto high pH. This is because the 

horizontal distance between the two curves remain constants 

upto pH 7.5* 8.5 and. 8.5 in. case of Hist., IMDA or NTA 

respectively. Above this, the curves start converging 

indicating absence of hydrolysis or hydroxo complex formation 

Amino acids and mercapto acids combine with MA at higher 

pH as observed from reagent curve(M-) and mixed ligand 

curve(5). In case of secondary ligand curve(4), one, two 

or three equivalents of extra perchloric acid have been 

added to account for the hydrogen ions liberated as a result 
of complexation of Hist., IMDA or NTA with Ni^iion in 

curve(5). In the lower pH range curves (b) and (5) overlap 

in case of Ni.NTA.L systems showing that Ni.NTA lji is 

formed at very low pH. However, in case of ternary systems 

Ni.HIST, or IMDA and secondary ligand the curve (5) is 

above the curve(4) upto pH ~ 6.5 and 6.0 indicating that 

the MiA, lji complex formation is completed at that pH. 

Complexation of the secondary ligand (L) with MA results
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in the liberation of extra hydrogen ions. In MAL where 
L = glycine or a-alanine systems figs. 7-1, 7-2, 7-6, 7-7 
curve (5) overlap^ M + A curve (3) in the lower pH range 
indicating that the complexation of the L does not take 
place in the lower pH range. Since the nH for the 
uncoordinated amino acids is one, curves(3) and (5) overlap 
mM.A amino acid systems. However, in case of aspartic 
acid and mercapto acid curve (5) is separated from the 
curve(3) in the lower pH range also because the self 
dissociation of the ligand takes place even without 
coordination. 5 and pL values were calculated at different 
pH in the same manner as done in the chapter III and have 
been presented in tables 7 2.1A to 7 2.5a, 7 2.1B to 7 2.6B . 
and 7 2.3c to 7 2.5C, The values of pL, at n = 0.5 gives 
the values of log More precise values were obtained
by plotting pi at each points against the corresponding 
value of log (l-n)/n and getting a straight line (figs.
7-15 to 7-28). The valuer of pL - log (l-n)/n at each 
point on the straight line is equal to the log The
average values of log k]^, thus obtained, have been 

prese&nted with mean deviation in table 7 3.0.

Discussion j

It is observed that the ternary systems M.A.amino 
acids, where A * Hist. IMDA or NTA, the order of the formation 
constants of the reaction MA + 1 is same as in the binary 
M + L system. This can be explained in terms of the 
basicities of the secondary ligand as done earlier (pjftSS). 
However, the values of are significantly lower than



the values of K^, This can be explained to be due to the 
repulsion between the already existing charged ion Hist.(-l), 
IMDA (-2) or NTA (-3) and the secondary ligand Ln“. Thus 
the tendency of the secondary ligand to combine withfNiAj will 
be less than to combine with [Ni(H20)nj2+ , and this 

results in the lowering of values of The values of
KmL are nearly equal to in the binary complexes.
The values of log - log where L = aspartic acid
is higher because aspartic acid has two negative charges 
and hence the repulsion between the primary charged ion 
and the secondary ligand ion is still more. In case of 
aspartic acid complexes the order of the mixed ligand 
formation constants is

KM.Hist.I, > KM.IM)A.L > KM.NTA.L..

This can be explained by considering that the 
electrostatic repulsion between the primary ligand and the 
secondary ligand goes on increasing with the increase in the 
charge on the primary ligand. The values of the formation 
constants of the complexes[Ni.Hist.L^ are nearer to that of 
[Ni.IMDA.LQ though .histidine has one negative charge and 
IMDA has two negative charges. However, histidine is a 
bigger molecule and will cause mor$ steric hindarance to the 
incoming secondary ligand. Thus besides, charge repulsion, 
other factors may also affect, the mixed ligand formation 
cons tants.

In cases of mercapto acids also it is observed that 
the values of mixed ligand formation constants

119

are



Mlower than K.-.ML f and are in the order
120

KM.Hist,L "> KM.IMDA.L > KM.NTA.L

as expected from charged repulsion. In case of thiomalic

acid the difference ..between and is expected

to be more because thiomalate ion has three negative charges

and has a bigger size resulting in greater electrostatic

repulsion. The formation of the complex, therefore, takes

place in the higher pH range. Consequently^studies in case
of jNi.Hist.TMAj and [Ni .NTA.TMiQ were not possible. In case

of the system jNi.IMDA.TMA] calculations have been done.

It is observed that though TMA has greater tendency to combine 
2+with Ni ion than TGA or TLA but it has less tendency 

to combine with Ni.IMDA. Thus the values of Kjji*ljl®A ^MA 

are lesser than L where L = thioglycollic acid

or thiolactic acid.
The studies in case of system [Ni.A.lJ- where L =* 

hydroxy acid was not possible because the formation of 

ternary complex takes place in the same range where Ni.A 

hydroxy complex formation starts.
It is thus observed that in the[Ni.A.mercapto acid} 

systems, where A = Hist., IMDA or NTA, the behaviour of 

mercapto acids is similar to that of the 6 -bonding amino 
acids. The log - log K*^ values are nearly same

for the pairs glycine-thioglycollic acid, a-alanine-thio

lactic acid and aspartic acid- thiomalic acid. This 

indicates that in both the cases the factor responsible for

the lowering of the values of
been

The situation should haveAdifferent if there would have been

is electrostatic repulsion,



121significant M*^S ir-interaction in the mercapto acid
complexes. The coordination of strong 6 -bonding ligand Hist.,

elIMDA or NTA should result in an increase in the electron 
density around the Ni.An~. The tendency of Ni.An~ to donate 

back ir-electron to a secondary ligand L should be more than 
that of [Ni(H205n]2+* This should increase-the strength of the 

Ni-S bond in Ni.A.L than in NIL.. Thus as a result of 
favourable back donation in ternary complexes, the lowering in 
the value of with respect to K^L should not be governed

by the electrostatic repulsion alone. The lowering should have 
been less than in case of only^-bonding ligand. However, this 
expectation is not met with in the systems Ni.A.L, where L = 
mercapto acids. This shows that Ni—> S v-in ter action, if present, 
is not very significant. The strengthining of Ni-S bond in 
the mercapto acid complexes is due to -interaction as 
explained by Jorgenson^ and Klopman^ .

Comparison between mercapto acid and corresponding- 
hydroxy acid would have been more relevant, because the 
coordinating ions in both cases have two negative charges.
Amino acid ion has only one negative charge. The choice of , 
polycarboxylic amino acid as d*"-bonding primary ligand is also

4not ideal. In these cases the coordination from carboxylate
yions is more electrostatic in nature than covalent. Significant

covalent<f*-bond;;isr formed only with the nitrogen. Thus the

concentration of electrons on the metal ion will npt be
significant in [maJ11-. Hence the increase in the back donating

capacity of MA may be negligible. This may be the reason why
the mercapto acids behave as other -bonding ligands. Thus the
M-*S- it-interaction cannot be completely ruled out on the basis of 
the above study.
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Vol.of 
a] kali 
(in ml.)

B

1.60
1.65
1.75 
1.95 
2.20 
2.25
2.30
2.20
2.55
2.75
2.90 
3.05
3.30
3.55
3.35
4.20
5.00
6.75
7.50
8.00
8.50
8.90 
9.15
9.35 
9.50
9.65 
9.85

10.00

Table

N = 0.2M V° = 50 ml. _
E0 = 0.02M *E° = 0.022M
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N = 
E° =

0.2M
0.02M

V° = 50 ml.
:° = 0.022m 

Aspartic acid

Table V l.jA 

U = 0.2M T5ist = °-002M tm

fpoiL = 0.002m t

Ni.Hist.Aspartic acid

0.002m

30°C.
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Vol.of 
alkali 
(in ml.)

Vol.of 
alkali 
(in ml .)

0.00 
1 .00 
2.00 
3.00
4.00
4.20
4.40
4.60
4.80
4.90
5.00
5.10
5.20
5.30
5.40
5.5o
5.60 
5.70 
5.75
5.80 
5.85
5.90 
5.94 
5.98 
6.00 
6.o4 
6.08
6.10
6.15
6.20
6.30

Table H,M

N = 0.2M V° = 50 ml. h . 0<2M T»lst = 0.002M T
E° = 0.02M *E« = 0.022M T£ = 0.002M t = 30°C.
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N =
E° =

0.2M v« = 50 ml.
0.02M E° = 0.022M

Thiolactic acid

Table V 1.5A 

H = 0.2M T’o = o n02M T° ‘Hist U,UU 1 iM
mo iT, = 0.002M t

Ni.Hist.Thiolactic acid

0.002M

30°c.
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v0] .of
alkali 
(in ml.)
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N = 
E° =

Table J^l^B

0.2M V° = 50 ml. u = 0>2m Tjk0A = 0.002M T° 
0.02M *E° = 0.024m ’ T£ = 0.002M t

a-Alanine Ni .rOA.a-Alanine

Vol.of B Vol.of B
alkali 
(in nl.)

alkali 
(in ml.)

0.00 1.55 0.00 1.55
1.00 1.65 1.00 1.75
2.00 1.85 2.00 1.85
3.00 1.95 3.00 1.95
4.00 2.05 4.00 2.15
4.4o 2.20 4.4o 2.2k
4.80 2.30 4.80 2.50
5.00 2.40 5.00 2.70
5.20 2.55 5.20 2.95
5.4o 2.70 5.40 3.25
5.6o 2.95 5.60 3.9°
5.70 3.10 5.70 4.4o
5.80 3.4o 5.8o 4.95
5.84 3.65 5.85 5.25
5.88 4.00 5.90 5.55
5.92 4.50 5.95 6.00
5.9^ 5.50 5.98

6.00
6.5o

5.93 6.50 6.60
6.00 7.50 6.04 6.95
6.04 8.65 6.08 7.25
6.08 9.05 6.1? 7.50
6 jo 9.15 6.16 7.75
6.15 9.30 6.20 7.95
6.20 9.45 6.25 8.20
6.30 9.75 6.30 8.45
6.40 10.00 (ppts.)

= 0.002M 
= 30°G.
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Table V 1.3B

N = 0.2M V° = 50 ml. m = 0#2M TfMDA = 0.002M T° = 0.002M
E° = 0.02M *E° = 0.024m * T° = 0.002M t = 30°C.

Li

Aspartic acid Ni.TMDA.Aspartic acid
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Table

N = 0.2M V° = 50 ml . _
E° = 0.02M *E° = 0.024m

Thioglycollic acid

Vol.of R
alkali
an_ml.)

0.00 1.60
1.00 1.65
2.00 1.70
3.00 1.80
4.00 2.10
4.40 2.20
4.60 2.25
4.30 2.30
5.00 2.40
5.20 2.55
5.4o 2.65
5.6o 2.85
5.70 2.95
5.So 3.05
5.85 3.10
5.90 3.15
6.oo 3.2 5
6.io 3.’+5
6.2o 3.65
6.30 3.95
6.35 4.15
6.4c 4.4c
6.44 5.oo
6.48 6.25
6.50 7.00
6.52 8.00
6.54 8.50
6.58 9.00
6.6o 9.25
6.65 9.50
6.70 9.70
6.80 10.00
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Table jrjLi?

N = 
E° =

0.2" = 50 ml.
0.02" *E° = 0.02U-M

Thiomalic acid

U = 0.2M tp®a = °-002M tm

= 0.002M t

Ni.IMDA.Thiomalic acid

tV OXL

0.002M
30°C.

G
O

I O O
lr\\r\ 

O
O

^O
O

O
O

O
 

o O
iA

O
lA

O
O

 o^'O
| \U O

-C
O O

C
W (\1 J"

 
W

O
H 

U
\ O

- C
'')H C

O
^C

O O r~fO O C
O

\C
N

 tN
O

O
JlA

 O
M

T\ 0^0
[ 

rH r-i rH 1-t C
J C

J C
M C

M 
C
M C

vJ r") rO
 C

O
 C

~) rO
 ro

 C
O

J- J- _±
 J- V

r\lrN
lfY

xO
 \D

 vO 
C

^ O
- C

'- C
'-G

J C
^O

O

I JU <
O

O
C

TN
C

TN
C

TN
O

\O
N

O
N

C
TN

C
T\

'J\
V

J\
vJ

X
V

J\\
Jlv

n\
Tl

 -F
 -F

 -F
C

O
 tO

 M
 O

 j H*
 M

 O
*n

 jr^
ru

oL
O

 N)
 IV

) M
 I—

‘O
 O

 0
\0

 OO
-'O

 CT
^-

Tl
 -p

T-
O

 ro
t-1 

O
v)

 C
O

'O
 CIN

 -F
TO

 o
co

fo
oo

oo
 Ip

. 
O

 (M
M

TO
O

vf
lO

 OM
V

) o-
FO

 00
00

00
00

00
00

00
03

00
00

00
00

 13
 I-*

 o
I H

-1
 H*

 ^
m

O
N

jv
nf

O
 <3 

V
JX

'V
M

W
 ro

 CT
M

-O
 O

 00
 (T

> -
F*

-*
 v

O
 -<

] -F
 l\

) M
 O

 CO
 C

T\
'J\

<-
0 W

W
H

O
 v

O
 0~0

 ON
o'_

rr
j\o

 v
a o

 v
j\ 

o 
vn

vn
o 

o 
o 

o v
nv

no
 o

 v
nv

_n
o o

 o
 v

j\o
^v

j\o
 o

 o
 o

 o
 o

 o

I rH rH r-t rH C
M C

M C
M 

C
M 

C
M C

M C
M 

C
M M

rO
ni

O
M

JM
3M

3 C
O

 C
O

^J
 O

 C
N

V
T\

V
J\

V
A

 ■

t'-
'P

 <J
^o

-o
^o

-'j
-o

'v
i-o

-o
 CT

'C
TN

C
Ts

O
N

O
N

O
N

aN
O

C
Ts

cT
sC

TN
cr

'C
Ts

ov
nv

j\'jv
\j\

-F
-F

-F
co

 w
h

o
 i h

*H
j o

■ 
‘ 

3 f
V
 H*

i P • i 3
 -*

 O
M

 H
- M

j

O
O

O
G

O
O

O
C

O
C

O
O

O
O

O
O

O
O

O
 O

^O
lfN

O
i C

O C
C

jJ-^O O
lf'O

C
 

O
O

O
C

G
j-O

D
C

C
JJA

O
C

O
O

rlC
M

 r"L± ^''O O
- C

^-C
. C C

f'C
C

C
C

O
O

H
H

O
jn



O
f

Fi
g V

 11
 Ni

(I
I)

.IM
D

A
. 

Th
io

m
al

ic
 ac

id
 

sy
st

em
-3

0u
C

.

(1
) 

IM
D

A

(2
) 

A
ci

d

(3
) 

ltl
 Mo

la
r r

at
io

 of
 

N
i(I

I)
,IM

D
A

.
(4

) 
T

hi
om

al
ic

 ac
id

(5
)  

1:
1:

1 M
ol

ar
 ra

tio
 

of
 N

i(I
I)

, IM
D

A
 ah

d 
th

io
m

al
ic

 ac
id

.

so
 

&
o 

zo
VO

 L
 C

/A
-7

7T
 or

 SI
/.A

CV
IO

/ /A
/ 77

7 {



133
O O O tC'O tr\lr\lr\ O 0'Lr\'lC'^r' O o'O' O O 0'r' 

XT"£) O-CO O r-H CM CM rOrOj- Cm O' rH rote'OO COM3 ro COCM *f'

rH rH r-* rH CM CM CM CM CM CM CM CM CM CM rO CO CO rOJ" J" M-"C3 !>- C'-

OOOOOOOOOOOOOOOOOCO^O^OUn
oo oooJ-o.'ooji-\oo; ot\ij-irwo tvcoooc^c'oc

OrKM r<~u± _± j± XT'U-'\r'U\Vr\M3 M3 M3 M3 M3 M3 M3 M3 M3 M3 CN-t>-

O O VfMr\ o O O^O^O C 0lr'\r\\T\lr\ o O'f' O 0^0 
V\M> 'OC^O'OrHrHCMCM rOJ- M3 CO fH rOUACO COM3 c") cOCM Cm

rHrHr-HrHrHCMCMCMCMCMCMCMCMCM rOrOmrOJ--± Xr\vO COCO

OCOOOOOOOOQOOOOOOO ClAClAOJ- 
OOOOOJ-COOWj-'JJCDOWj- IrwO CMCOCC O Cl\ O C

O <H CM rOJ- J- J- Vr\UMr\1rNlr\\0 M3M3M3M3M3m3M3M3M3CmCm

O O O O O lf\olf''ir\Xr\\r\ o'O' OO'f'OClC'
^OwD C-^CO O',-! CM COJ" U\M.) CO OrH COM3 O lO'CO O J" t^-O^CO

i—IrHrHi—ti—ICMCMCMCMCMCMCMCM COCOCO±_± Jr OCCC COCO O'

OOCOOOOOOOOOOO^QiODON^CC'OU'
O O O O O O CM J M3 CO C rl CM COrOJ" 3" J* U\U\U\U"0 m3 

O 1—1 CM roj" 'lT'lT'U'\lr\lf"0M3M3M3m3m3M3M3M3M3M3M3M3M3

O O 0^0 O o'"'o\\r\\x\lr\lr\ir\'r\'ir\ o O O
M-\M3 CMCO O rH COJ U\m5 IMCO O' H J- C'm3 Cm,-! Cm,h J- Cm O'

i—IrHi—It—ICMCMCMCMCMOVlCMCMCM rOrOCO± J-M3 CmCOCOCCCO

OOOOC OOOOOOOOCO'^'OCM UACo O j- o'f' 
OOOOOJ-CC O CM ca± CO'M3 CmCC CO C'O'C'O'O OHH

O i-H CM c~u± J" J- lC'lf\\r'lf'lf'lr'\rNlr'lr'\x\lf'U\\r"0 M3 m3 m3

O'0'Vr\ otf'Ir'^C' O o^C'VT'O^C' O o lc\1r\\r' o Uaha C c O 
lX'if'MJ CmCC O' O rH CM CM COJ- J- \T"0 m3 oo o CM CO^C' o 'C' o
f*HrHi—If—li—If—tCMCMCMCMCMCMCMCMCMCMCM COCOCOrOJ-C'-

OOCOOOOOCOQCOOOOOOXCvOJ-OCOCM 
OOOOOio.'OCMj-'S CmCO O' O fH CM COCOJ- 3- J- Vf'U-\

O rH CM rot J- J- 'r'\r\lr\lr\'Lr'lr\lr"0 M3M3M3M3M3M3M3m3M>

a

V
o!

) .O
f 

al
ka

li 
(in

 m
l.)

V
ol

.o
f 

al
ka

li 
(in

 ml
.)

N
i.N

TA
. A

sp
ar

 ti
c 

ac
id

= 0
.0

02
M

= 30
°C

.
rp

o
T°

 = 0 002*
* 

iN
TA

 u,uu • = 0.
00

2M

A
sp

ar
tic

ac
id

TC

V
ol

.o
f B 

al
ka

li 
(in

 m
l.)

Ta
bl

e V
 1,

3c
 

U
 = 0

.2
M

N
i.N

TA

B
V

ol
.o

f 
al

ka
li 

(in
 m

l.)N
TA

V
° = 

50
 ml

. 
*E

# = 
0.

02
6m

N
 = 0

.2
M

E°
 - 

0.
02

M

Pe
rc

hi
or

ic
 

ac
id

V
ol

.o
f 

al
ka

li 
(in

 ml
.)



Ta
ble

 V l
.^

C
 (co

nt
d.

)

131
ItnUnIcnVcn O pir\u-\ o 
C^oo OC\J 1ANOJ- CO

• •••••••■0_ CV.00 CO 00 00 on O' O'

00 Ol^O^OOOO 
O H rHC\J CM coJ- IcnnO

C^Cv-[NC^C^t^IN.C^t^

OUNO^O'A
OM>rl(M

• • • • ■ (>coco 0000

co oVr\ o o oO (H rHCVJ r*vF

o-tv [>-

lr\ o 
O

• •ON O

oiNN
• •

NO NO

O OUn O 
r-cUNCD O

• • • •
O OOP

P P oj- 
CO ro±-±

• • • •
nOnOnOnO

pUNp O
IfNCVJNO o

• • • •00 ON ON O

J- NO CO O 
UNlTNlTNNO

• • • •NO NO NO NO



Fi
g.

V
 12

 N
i(I

I)
.N

TA
.A

sp
ar

tic
 ac

id

JU
C 

/V/

Z-
O

So
So

sy
st

em
 - 

30
°C

.

(1
) 

N
TA

(2
) 

A
ci

d
(3

3 1?
1 M

ol
ar

 ra
tio

 of 
N

i<
II

)*
 

N
TA

(H
-)

 As
pa

rti
c a

ci
d

(5
) ls

ls
l M

ol
ar

 ra
tio

 of
 N

i(I
I)

, 
N

TA
, As

pa
rti

c a
ci

d.

VO
£t

/S
-f

/F
 O

S 
/U
.A
SS
1/
./



135

N
E°

Table V 1.4C

0.2M v« = 50 ml. 
0.02M *E° = 0.026M

M = 0.2M *NTA
m o

C.002M T° = 
0.002M t =

Thioglycollic acid Ni.NTA.Thioelycollic acid

Vo "'..of B Vol.of B
alkali alkali
(in ml.) (in ml.)

0.00 1.50 0.00 1.50
1.00 1.55 1.00 1
2.00 1.6o 2.00 1.60
3.00 1.70 3.00 1.70£.00 1.85 4.oo 1.85
5.00 2.05 5.00 2.05
5.20 2 2n 5.uo 2.25
5.60 2.35 5.6o 2.35
5.70 2.40 5.70 2.4o
5.90 2.45 5.90 2.45
6.00 2.50 6.oo 2.50
6.io 2.6o 6.io 2.60
6.20 2.70 6.20 2.70
6.30 2.80 6.3° 2.80
6>o 2.85 6.4o 2.85
6.50 3.o5 6.50 3.05
6.6o 3.20 6,6o 3.20
6.70 3.4o 6.70 3.4o
6.80 3.70 6.80 3.70
6.85 3.90 6.85 3.90
6.90 4.15 6.90 4.15
6.9*+ 4.4o 6.94 4.4o
6.98 5.50 6.98 5.50
7.00 6.5o 7.00 5.75
7.02 8.00 7.04 6.10
7.04 8.4o 7.08 6.5o
7.06 8.70 7.12 6.85
7.08 9.00 7.16 7.25
7.10 9.20 7.20 7.70
7.20 9.70 7.24 8.10
7.28 10.00 7.28 8.50

7.32 8.85
7.36 9.20
7.40 n
7.46 10.00

0.002M
30°G.
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Table VI. 5C

#■

li 
II

o
52 

tC

0.2M V° = 50 ml. 
0.02M *E° = 0.026M

U = 0.2M
fpO
~NTA

rp O

- 0.002M
= 0.002M

T° = 0.002M
t = 30°C.

Thiolactic acid Ni.NTA.Thiolactic acid

Vol.of B Vol.of B
alkal i alkali
(in ml.) (in ml.)

0.00 1.50 0.00 1.50
1.00 1.55 1.00 1.55
2.00 1.60 2.00 1.60
3.00 1.70 3.00

4.00
1.70

4.00 1.85 i °i
5.00 2.10 5.00 2.10
5.20 2.15 5.20 2.15
5.4o 2.20 5.4o 2.20
5.6o 2.25 5.60 2.25
5.80 2.35 5.8o 2.35
6.oo 2.5o 6.00 2.50
6.io 2.55 6.10 2.55
6.20 2.65 6.20 2.65
6.30 2.80 6.30 2.80
6.4o 2.90 6.4o 2.90
6.50 3.10 6.50 3.10
6,6o 3.25 6.60 3.25
6.70 3.50 6.70 3.50
6.8o 1.75 6.80 3.75
6.85 3.9 5 6.85 3.95
6.90 4.21 6.90 4.25
6.94 4.50 6.94 4.50
6.98 5.25 6.93 5.25
7.00 6.00 7.00 5.5o
7.02 7.5o 7.04 5.75
7.04 8.25 7.05 6.15
7.08 9.00 7.10 6.1°
7.10 9.20 7.14 6.60
7.15 9.55 7.18 7.oo
7.20 9.75 7.20 7.20
7.30 10.00 7.24 8.00

7.28 8.50
7.32 8.°0
7.36 9.00
7.40 9.25
7.52 10.00
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Table J_2 J.A

log(l-n)/n, pL and pL-log(l-n)/n data of Ni .Histidine. 
glycine system - 30°G.

B "H V” V"i V"» -V" n log(l-n)/n pL pL^log(l-n)/n

7.25 1.000 5.5o 5.66 0.16 o.320 o.32? 5.243 ^.916

7.30 1.000 5.50 5.67 0.17 0.3^0 0.28p 5.206 ^.91P
7.35 l.OOo 5.5o 5.63 0.18 0.36c 0.250 5.17c M20
7.4o l.O0o 5.5o 5.69 0.19 0.380 O.2I3 5.133 ’+.920
7M 1.000 5.5o 5.70 0.20 O.4o0 0.176 5.09b *t.922
7.55 1.00c, 5.5o 5.71 0.21 0Mo O.l^-o 5.013 *+.S73
7.6o 1.00o 5.5o 5.72 0.22 O.Vfc 0.10 5 1+.97b Ll On ^9 w3
7.65 l.OOo 5.5o - • t J 0.23 0.46o 0.07o 4 q4. ^.87^
7.7 0 i.oo0 5.5o H 7U 0.24 O.M-Bo 0.035 **.33o ’+. 87 5
7.75 0.996 5.5o y % ( y 0.25 0.50o 0.00o 't . 37 7 )+.877
--— - --------------------- ----- - - . - . . - — . ... ... - . «Km - ‘+.89 + 0.02

Table _Y_2.24

R, nH, n, log(l-n)/n, pi and pL-log(l-n)/n data of Ni.Histidine, 
a-Alanine system - 30°2.

P "h V" V"* y"« -v” n loe(l-n)/n pL pL-log(l-n)/n
-------------- - — —— — . _ .. ,_________. ^ ^ — —7.65 0.96ft 5.50 5.66 0.16 0.32, O.325 ’+.973 ^.614-p
7.70 0.992 5.5o 5.67 0.17 0.3^2 0.2 84. *+.9^6 ^+.652
7.75 0.^82 + 9 y -L 5.69 0.1 8 0.363 0.24,* *+.902 ^.658

OC
• v> * 7^P H <3

✓ t ✓ —
5.70 0.19 O.385 O.2O3 U OCC OW

U. cc
* • ^^4

7.85 r\ o0 , ;up H Hiy 9 y -- 5.71 0,20 0.4o5 o.172 ^.832 >+.660
7.90 n 00w , yup 5.51 5.72 0.21 0.42 5 0.13» ^.796 ^.665
7.95 A ^ 0U . 704. 5.51 5.73 0.22 0.4*4-? 0.09* ^.7 63 ^.67,
8.00 0.98*

✓ • y j 5.7*t 0.23 0.46? 0.0?7 *t.729 ^.672
8.05 0.980 5.52 5.75 0.23 0.467 o.o57 ’t.679 ^.682
8.10 0.990 5.52 5.7 6 0.2U 0.>+9o 0.0l7 ^.6*4-9 ’4.632
—————---------------- ---  - ——— —--------------------. - . .. . ..

lo* = 4.64 + 0.02



Table V.?•3A

R, n^, n, loe(7-n)/n, pi and pl-log(l-n)/n data of Ni.Histidine, 
aspartic acid system - 30°C.

138

- — ^ — — -m — - - — — — *• — -— - - - - —— - - - — - -—--- -- • ----- ■ - - ----- -----—
p *H V" y”' V"' -V" n 7 os(l-n)/n pi pi-7 og(l-n)/n

7.60 1.000 £.00 6.21 0.21 0>23 o.135 *+.939 ^.85*

7.70 1.000 6.00 6.22 0.22 0. Vf3 0.100 **.91* **.8l4c0

0.996 6.00 6.2’+ 0.2U.
O

.
J*•
o

0.02 $ *+.°-3p
7.90 0.992 6.oo 6.25 0.25 o.?o8 1 .98 6 1+.75fl lx on/ ( 2
8.00 0.9>% 6.oo 6.26 0.26 o.53* I.9S 4.682 *+.7S
8.10 0.9°o 6.00 6.27 0.27 o.55s ^ .9O4 *+.6o2 IIt+. O^p

log K MAI = ^.7° + o.o5
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B, n^, n, log(l-n)/n, pL and pl-log(l-n) /n data of Mi .Histidine. 
thioelvcollic acid system - 30°C.

B nH V" y"t V't -V" n log(l -n)/n pi pL-3og(l-n)/n

6.70 1.00* 6.00 6 ,iU o.i4 0.27 7 0>17 6.3S 5.?2fi
6.80 l.oo* 6.00 £ T C w , J V-/ 0.16 0.31 7 0.333 6.275 5.9^2

6.9 0 1.00* 6.00 0.17 o.337 O.29* 6.1 Sp 5.39*

7.00 1.00* 6.00 6.19 0.19 o.377 0.21P 6.13 5 ?. 39 7
7.10 1.00* 6.00 6.20 0.20 0.396 O.I83 6.02 g 5.2V 6

7.20 1.00o 6.00 C p-i 0.21 oM 6 0J>7 5.9S 5.7 96
7.2? l.OOo 6.00 6.22 0.22 0.^3 6 0.1T2 5.90q 5.79 7

lo» K = B 07 + f) ner
" u"‘ ^ • w j;

Table V 2a<A

B, n^, n, loe(l-n)/n, pi and pL-d og( 1 -n) /n data of Ni .Histidine, 

thiolactic acid system - 30°G.

B nH y" V"t y"i .v" n log(l-n) /n pi pi—log (1—n) / n

6.30 i.oo7 6.00 *6.1^’"’ 0.14 0.27p 0.4].* 6.731 6.367
6.4c i.oo7 6.00 6,16 0.16 0.31 7 o.333 6.7O5 6.37a
6.5o 1.00* 6.00 6.19 0.19 o.378 0 .21 5 6.64* 6.43o

6.60 1.00* 6.00 6.21 0.21 oMe 0.14* 6.57 5 6.43,
6.70 1.00* 6.00 6.23 0.23 o.45r o.073 6.50 6 6.433
6.P0 1.00* 6.00 6.25 0.25 0.49s O.OO3 6>39 6.436

6.90 1.00* 6.01 6.27 0.26 O.5I7 1.97o 6.356 6.38 6

7.oo 1 .00* 6.01 6.29 0.28 o.55? I.90o 6.29* 6.39*.

7.io 1.00* 6.0I 6.31 0.30 0.59 7 T 00 6.23* 6.4o 6

— ___________ __ «
__________--w-*.____________ ______ . — . ... . _■

— — — * ^loe Km = 6,1+1 + 0,03
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Table J/_2 ,^B

B, n^, n, loe(!-n)/n, pT and pi-? o?(l-n)/n data of wi.T^DA, 

aspartic acid system - 30 °C.

B V" v”* v"» -V” n log(l-n) /n pi pL-loe(l-n)/n

.00 1.00c, (- Un 
w • /

6.66 0.17 0.33 7 0.2% 5.532 5.23s

.10 1.008 6.49 6.65 0.13 0.377 0.2lp <=; u.cr 
✓ • ✓ 9

5.24,

'.20 1.00,* 6.49 6.69 0.20 0.39q o.l7o 5.375 5.197

.30 1.00* 6.49 6.71 0.22 0.43s 0.11s 5.30* 5.13 6

.4o 1.00., 6.43 C r7^
/ J

0.25- 0.47p 0.03p 5.236 5.19a

.50 l.OOo 6.49 6.74 0.2? 0.5o0 0. oo0 5.155 5.15j

.60 l.OOo 6.49 6.75 0.26 0.52o 1.965 5.o'73 5.108

.70 l.OOo 6.49 6.77 0.23 0.560 l.B95 5.01, 5.116

log kmai = 5.1° + 0.04
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Table V 2.b-B

B, nF> n, lof'(l-n) /n, pL and pL-3 oe(1-n)/n lata of Ni.TMDA. 

thloglycoilie acii system - 30°C.

B SF V* V'« V"I -V" n log(3-n)/n Pi pl-los(l-ri)/n

7.55 1 .oo0 6.52 4 T| 0.19 0.377 0.21p 5.569 5.35,

7.6e 3 .000 6.52 6.72 0.20 0.396 O.I83 5.533 5.35c

7.65 3 .0Oo 6.52 6.73 0.21 0>1 6 0.3b-7 5>97 5.35o

7.70 l.O0o 6.52 6.7*+ 0.22 o>3 6 0.II2 5.^63 5.3?,

7.75 3..000 £ <2 6.75 0.23 o.b-?6 o.o77 5>2r 5.35,

7. ?0 0.972 6.52 4 n(^^ • ( y 0.23 0>5e o.077 5.37p 5.30,
rr O
( 9 s 0.792 6.52 C ^ C

C • ( w 0.2b- 0 .b-7 9 0.03 7 ?.3S 5.33-0

lo<? 1 0.02

Table V 2 .

B, fiH, n, lo?(i -n) /n, pi anl'pL-3oe(1-n)/n lata of N1.IT)A. 

thiol actio aci^ system. - jO°C.

B "h V" V"» V"» -V" n log(l-n)/n pL pi--log(l-n)/n

7.3-0 1.00,* 6.’+> 6.70 0.21 0>15 0.lb-9 6.076 7 • s'- 7

7.3 5 3 .00* 6 >9 6.71 0.22 0.^34- 0.13 5 6.0S 5.92 6

7.20 1.00c 6 >9 6.72 0.23 o.b-^ 0.080 6.oo7 5.92 7

7.25 1.0Oo 6 >9 6.73 0.24 o.b-76 0.042 5.975 5.933

7.30 1.00c 6 >9 6.7b- 0.25 0.'+96 0 .OO7 5.9S 5.93s

7.35 3 .00u 6 >9 6.75 0.26 0.53 6 1.972 5.90 9 5.93 7

7>o 3 .0Oo
£ Ito 
^ . 7

£. r-t C
C W O 0.27 0.537- l.93a /»^/y

C*
✓ * / Jfi

— ---------------------— --------------------—------------------- —

3o« = cf oU. 4 ; % / 2. 0.01



Table V 2.6B

B, ”, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.TMDA. 
thiom.alic acid system - 30°C.

143

B V" y»» y"« _y" n log(l-n)/n PL pL-log(l-n)/n

7.10 0.90, 7.00 7.17 0.17 0.37, 0.22, 6.13s 5.909
7.15 0.90, 7.00 7.18 0.18 o.39b 0.139 6.11m. 5.929
7.25 0.395 7.00 7.19 0.19 o.4i7 0.l46 6.03a 5.836
7.30 0.395 7.00 7.20 0.20 0.^39 0.107 5.999 5.892
7.35 0.875 7.00 7.21 0.21 0.46, 0 .o6g 5.966 cT
7.'+o O.C95 7.00 7.22 0.22 0.483 0.03o 5.93i+ 5.90*
7.45 U . 075 7.00 rt O -\

t 0.23 0.505 1.99, 5.903 5.912
7.50 n 00U . 7 5 7.00 7.24 0.24 0.52 7 1.953 5.873 . 5.92o

log Kmai = 5.91 + 0.01
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Table V 2.3C

B, nR, n, log(l-n)/n, pL and pi-log(l-n)/n data of Ni.NTA. 

aspartic acid system - 30°C.

144

B

1

3l 
1

33
 1 1 1

V” v"» y" t_y»» n log(l-n)/n pL pL-log(l-n)/n

8.in 0.98o 7.oo 7.16 0.16 0.327 0.3H ^.42,
8.20 0.972 7.oo 7.18 0.18 0.37o 0.23, ^.325 ^.094

8.30 0.9^0 7.oo 7.21 0.21 0>3p O.lOp u.30p U-.200

9>0 0.9*+* 7.01 7.23 0.22 0.'+66 o.o59 ^.230 *+.17i

8.5o 0.92R 7.01 7.26 0.25 0.53 g 1.932 **.194 ^.260

8.6o 0.91a 7.02 7.28 0.26 0.57o T.8 7p 4.115 ^.237

8.70 0.89a 7.04 7.31 0.27 0.60 5 T.8I5 ^.062 4.24?

log Km = 4. 19 + 0.06
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Table V 2.4c

B, n^, n, log(l-n)/n, pi, and pL-log(l-n)/n data of Ni.NTA. 

thioglycol]ic acid system - 30°C.

B nH v» v"t V"' -V” n log(l-n)/n pi pL-1 o sr (1-n)/n

7. BO 1.00o 7.02 7.20 0.18 o.357 0.256 ' 5.306 5.o5o
7.90 1.000 7.02 7.21 0.19 0.37 7 0.21p 5.223 5.00 5
8.00 0.992 7.02 7.22 0.20 0.396 0.183 5.137 ’t.95*
8.10 0.992 7.02 7.23 0.21 0 .*+1 6 0.l4? 5.o?i *+.90*0C

M•
O

O.Q°? 7.02 7.24 0.22 o>3 6 o.n2 *+.966 **.85*
8.30 0.08, 7.03 7.26 0.23 o.456 o.07? F • C

O 0
1 ^

loB = ^.93 + 0.0S

Table V 2.5C

B, n^, n, loe(l-n)/n, pi and pL-log(l-n)/n data of Ni.NTA. 

thiolactie acid system - 30°C.

B V" V"» V"» -V" n log(l-n)/n pL pL--log(l-n)/n

8.50 0.97* 7.05 7.28 0.23 0.46# o.o56 ’+.722 4.666
8.60 0.957 7.05 7.29 0.24 0>97 o.oo5 4.643
8.70 0.955 7.06 7.31 0.25 o.5i9 1.967 *+.566 *t.599
8.80 0.9^* 7.06 7.32 0.26 0.5^5 1.922 *+.5o0 ^.57p
8.90 0.53i 7.07 7.31*- 0.27 0.57* 1.87, '+J+O3 ln532

9.00 0.91* 7.08 7.36 0.28 o.6o6 I.8I3 ^.353

log Km = - o.o4
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Table V 3.0 '

Logarithms of stability constants of ternary Histidine-?Mi -2+ 2+ligand complexes, IMDA-Hi -ligand complexes and NTA-Ni -
ligand complexes.

2+

Ligand(L) logK■Ni .Hist.Ni.Hist.L logK•Ni.IMDANi.IMDA.L logK•Wi.NTA"Ni.NTA.L

Glycine 
a-? Alanine 
Aspartic acid 
Thioglycollic acid 
Thiolactic acid 
Thiomalic acid

4.89 + 0.02 4.85 +
*+.64 + 0.02 4.59 +
4.78 + 0.05 5.18 +
5.87 + 0.05; 5.34 +
6.4l + 0.03 5.94 +

- 5.91 +

0.03 4.88 + 0.04*

0.02 4.72 + 0.04*
0.04 4.19 + 0.06
0.02 4.93 + 0.08
0.01 4.59 + o.o4
0.01

* Values are- taken from literature
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