CHAPTER FIVE

TERNARY METAL, HISTIDINE, IMINODIACETIC ACID
OR NITRILOTRIACETIC ACID AND AMINO ACID OR
THIOACID SYSTEMS
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Mixed chelates containing charged ions of amino
. acidy histidine, iminodiacetic aclid, nitrilotriacetic
.acid and ethylenediaminetetraacetic acid as primary ligands
have been studied earlier, The 1l:1 complexes of these -
miltidentate ligands are formed at low pH and remain stable
upto high pH, In the 1l:1 complex of these ligands with
metal ion, the remaining coordinatien poéitions of the
metal ion. are occupied by water molecﬁles. On the
addition of a secondary ligand, water molecules are
displaced resulting in the formation of the mixed ligand
complex MAL where A = histidine (Hist.), iminodiacetic
acid (IMDA) or nitrilotriacetic acid (NTA) and L = secondary
ligand, The mixed 11gan§ formation constant KgﬁL is
represented by the following equation :
Koy = L)
[a] [1]

Histidine exhibits bi or triéentatel character,
coordination taking place from €00  and from nitrogen of
the imidazole group or two nitrogens from both imidazole
and amino groups. The syétem 7n,Hist, cyanide was studied
potentiometrically by Martin: and coworker32 and is of
biological interest, They also studlied the system
Cu,Hist,Threonine both potentiometrically and by X-ray
crystallographic analysis,

IMDA behaves as a tridentate> 1igand coordinatinn

taking place from the nitrogen atom and two cafboxylate
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groups, Sharma and Tondon1+ studied the mixed ligand complexes !
of Cu(II) and Ni(II) with IMDA as a primary ligand and

hydroxy acid; as secondary ligand, The mixed ligand

complexes of the type Ni,IMDA,L where L = pyridine,

ammonia or H,0 have also been studled by Fridman and
coworkers, Various mixed ligand complexes with IMDAs’6
as the primary ligand have been studied, Isolation of
oxovanadium (IV) heterochelates of type V0.L.H20.X, »
where L = IMDA, X = pyridime, g-picoline and gpalanine
have been reported7.

8

NTA behaves as a tri® or tetradentate’ ligand,

coordination taking place from nitrogen atom agd two or
three C00™ groups, respectively, Israeli: and\c:m»z'«:::c')c:e;x“slo"ly+
studied the mixed ligand complexes of Cu(II) and Ni(IT)

with NTA and amino acids by using spectrophotometric 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 Bhattacharyals. The systems M,NTA,L where
L = picoline, oxine, serine, arginine, giycylglyoine and
ammonia have alsp*beén studié%? Martell and coworker516
determined the formation constant qf the ternary complex

6+-NTA—hydroxyquinoline sulphonic acid, The formation

U
constants of the mixed ligand complexes M,NTA,I where M =
Cu(II), Ni(II), zn(II) or CA(II), and L = polyhydroxy
phenol or phenolic acid have also been reported from this
1aboratory17. Various mixed ligand complexes with NTAlB
as the primary ligand have been studied, The mixed ligand

complexes of varlous transition metal ions containing NT4
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and several secondary ligands have been Synthesised%9”23 !

Solution equilibrium of the reaction between Eriochrome

2
Black~T and Zn(IT) NTA has been studied spectrophotometrically.h
The ternary syvstem of Be(II) NT4 and tiron has also been

8

investigated by pH metric method, Co(II) complexes with amino

polycérboxylic acids and nitrite ion have also been
reported%5
Athavale and coworker526 worked out the systems MAL

where M = Th(IV), A = EDTA and L = secondary ligands,catechol
and tiron, Mixed ligand complexes of the type Wi, L. X,

where I, = IMDA or EDTA and X = pyridine, ammonia or water
have also been studied in solution by Fridman and coworkers%7
Tanansevsy aﬁd coworker528 have reported mixed ligand
complexes of neodymium with NTA and EDTA, Various mixed
ligand complexes with EDTA as the primary ligand have

been studied%é’29 Various other systems have also been

30

reported where dyes and Schiff bases31 are primary
ligands and the amino acids o¥ hydroxy acids are the
secondary ligands, |

The systems MAL where M = Co(II), Ni(II), zZn(II)

and C4d(II), A = histidine or IMDA and L = polyhydroxy
32

phenols have been investigated by Bhattacharya and coworkers
Panchal and Bhattacharya33 héve also studied the systems

7Zn NT4 thio acids, In the present chapter an account of

thé systems Ni,A,I where A = Hist,, IWA or

NTA and L ="amino acids and thio acids is being presented,
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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.

For studying the ternary systems following
solutions were prepared,
For histidine systems :
Perchloric acid (0.2M, 5.0 ml.) + histidine (0.02M, 5.0 ml,)+
sodium perchlorate (1M, 8,9 ml.) + conductivity water
(31.1 ml.).
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,).
Perchloric acid (0.2M, 5,0 ml,) + his tidine (0,02M, 5,0 ml,)+
metal perchlorate (0,02M, 5,0 ml,) + sodium perchlorate
(1M, 8.8 ml,) + condiictivity water (26,2 ml.). ,
Perchloric acid (0.2M, 5.0 ml,) + perchloric acid (0.02M,
5.0 ml.,) + secondary ligand (0.02M, 5,0 ml.) + sodium
perchlorate (1M, 8,8 ml,) + conductivity water (26,2 ml,),
Perchloric acid (0.2M, 5.0 ml,) + histidine (0,02M, 5.0 ml,)+
secondary 1ligand (0,02M, 5.0 ml,) + metal perchlorate (0,02,
5,0 ml,) + sodium perchlorate (1M, 8,7 ml,) + conductivity
water (21,3 ml.),
For IMDA systems :
Perchloric acid (0,2M, 5.0 ml.,) + IMDA (0,02, 5.0 ml,) +
sodium perchlorate (1M, 8.9 ml,) + conductivity water (31.1 ml.).
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Perchloric aeid (0,2M, 5.0 ml,) + perchloric acid (0,02¥,
10,0 ml,) + sodium perchlorate (1M, 8.8 ml,) + conductivity
water (26,2 ml.),

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.),

Perchloric acid (0,2M, 5.0 ml,) + perchloric acid (0.02M,
10,0 mi,) + seecondary ligand (0,02M, 5,0 ml,) + sodium
perchlorate (1M, 8.7 ml,) + conductivity water (21,3 ml.).
Perchloric acid (0,2M, 5,0 ml,) + IMDA (0.02M, 5.0 ml,) +
secondary ligand (0.02M, 5.0 ml.) + metal perchlorate
(0.02M, 5,0 ml.j + sodium perchlorate (1M, 8,7 pl,) +
conductivity water (21.3 ml,),.

For NTA systems :

Perchloric aecid (0.2M, 5;0 ml.,) + NTA (0,02M, 5,0 ml,) +
sodium perchlorate (1M, 8.9 ml,) + conductivity water

(31.1 m.). :

Perchloric acid (0,2M, 5,0 ml,) + perchlbric acid (0,02M,
15,0 ml,) + sodium perchlorate (1M, 8,7 ml,) + conductivity
water (21.3 ml.),

perchloric acid (é.zM, 5,0 ml,) + NT& (0.2M, 5,0 ml,) +
metal perchlorate (0,02M, 5,0 mli,) + sodium perchlorate
(1M, 8.8 ml,) + conductivity water (25,2 ml,),

Perchloric acid (0.2M, 5.0 ml,) + perchloric acid (0.02M,
15.0 ml,) + secondary ligand (0,02M, 5,0 ml,) +'sodium
perchlorate (1M, 8,6 ml,) + conductivity water (16,%+ ml,).
Perchloric geid (0.2M, 5,0 ml,) + NTA (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
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water (21,3 ml,). .

Total volume was made upto 50,0 ml, and ioqic
strength was maintained 0,2M, Each of the sample was
titrated against 0.2M sodium hydroxide solution, The
plots of pH against volume of alkalil have been presented
in figs, V-1 to V-1k,

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(IT) Hist., IMDA or NTA 1:1 complex is formed at low pH
and it is stable upto high pH., This is because the
horizantal’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 M4 at higher
pH as observed from reagent curve(4) and mixed ligand
curve(5), In case of secondary ligand curve(4), one, two
or three equivalents of extra perchloric aecid have been
added to account for the hydrogen lons liberated as a result
of complexation of Hist,, IMDA or NTA with Ni??iion in
curve(5)., In the lower pH range curves (%) and (5) overlap

.in case of Ni NTA.I. systems showing that Ni NTA 1:1 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 M4, 1:1 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 = glycihe or g¢-alanine systems figs, V-1, V-2, V-6, V-7
curve (5) overlapj, 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 n; for the

H
uncoordinated amino acids is one, curves(3) and (5) overlap
inM,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 aiso because the self
dissociation of the ligand takes place even without
coordination, n and pL values were calculated at different
PH in the same mgnner as done in the chapter ITII and have
been presented in tables V 2,14 to V 2,54, V 2;1B to V 2,6B .
and V 2,3C to V 2,5C, The values of pL, at n = 0.5 gives
the values of log KgﬁL. More precise values were obtained

by plotting pL at each points against the corresponding

value of log (1-f)/n and getting a straight line (figs,

V-15 to V-28), The value:~ of pL - log (1-n)/n at each

point on the straight line is equal to the log KﬁﬁL' The
gﬁL’ thus obtained, have been
preseanted with mean deviation in table V 3.0.

average values of log K

Discussion

It is observed;thatﬁ%he ternary systems M,A.amino
acids, where A = Hist.\IMDg or NT4, thé order of the formation
constants of the reéction My + L 1s same' as in the binary

"M + L system, This can be explained in terms of the
basicities of the secondary ligand as done earlier (pJahds.

However, the values of KﬁﬁL are significantly lower than
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the values of KM « This can be explained to be due to the
repulsion between the already existing charged ion Hist,(-1),
IMDA (~2) or NTA (=3) and the secondary ligand Ln“. Thus

the tendency of the secondary ligand to combine witthiAJudll -
be less than to combine with [Ni(H,0)n]°* , and this

results in the lowering of values of Kgiii. The values of
MA ML .
KF&L are nearly equal to KMLg in the binary complexes,

The values of log KﬁL, - log KﬁiL where T = 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 1is still more, In case of
aspartic acld complexes the order of the mixed ligand

formation constants is
Ky, mist.L ? Xv.1m0a.1 Y BMonma.r..

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
@i.IRDA.L] 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,
ofher factors may also affect. the mixed ligand formation
‘constants.

In cases of mercsgpto acids also 1t is observed that

MA

the values of mixed ligand formation constants KMAL are
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lower than KNIL, and are in the order

Ky pist.1? K 1ma.n ¥ Xunra,n
as expected from charged repulsion. 1In case of thiomalic
acld the difference .between K%%L, and KgiiL is expecte§
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, Consequentlysstudies in case
of [Ni,Hist,TMi] and [Ni,NTA,TME] were not possible. In case
of the system [Ni.IMDA,TMA] calculations have been done,
It is observed that though TMA has greater tendency to combine
with N12% fon than TGa or TLA but it has less tendency
to combine with Ni.IMDA. Thus the values of Kyi'Tuon mo
are lesser than Kﬁi:%ﬁgﬁ.L where L = thioglyecollic acid
or thiolactic acid,

The studies in case of system [Ni.A.Qf where L =
hydroxy acid wsas not possible because the formation of
ternarfy 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 K%L‘ - log KgﬁL values are nearly same
for the pairs glycine-thioglycollic acid, g-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 KgiAL is electrostatic repulsion,

been
The situation should have,different if there would have been
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complexes, The coordination of strong & -bonding ligand Hist,,

significant M~2S w-interaction in the mercapto acid

IMDA or NTA should resulgdin an increase in the electron
density around the Ni,A"”, The tendency of Ni.A"" to donate
back m-electron to a secondary ligand L should be more than
that of [Ni(HzO)ﬂ]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

~Ni . Ni
the value of &ﬁiAL with respect to KNiL 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 Wi.A.L, where L =
mercapto acids, This shows that Ni—> S m-interaction, if present,
is not #ery significant, The strengthining of Ni-S bond in

the mercapto acid complexes is due to § -interaction as

3t and Klopman35.

explaihed by TJorgenson
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 6’-bonding primary ligand is also
not ideall In these cases the coordination from carboxylate
ions is more electroétatic‘in nature than covalent; Significant
covalentéf—bondjis'formed only with the nitrogen, Thus the
concentration of electrons on the metal ion will not pe
significant in.[Mé]n". 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 m-interaction cannot be completely ruled out on the basis of
the above study.
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o = o — ’
TIMDA 0,002 TM 0.002M

Ve = 50 ml,

0.024 *Be = 0,024v
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u = 0.,2M
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Table V 1,3B

0,002M
= 30°C,

o
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Ve = 50 ml,
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= 30°C,

0.0024 t

——

alkalil
(in m1 .}

Ni,TMDA,Thioglycollic acid
Vol , of

Table V 1,4B

——— - ——

(in m )

— Ot o

Thioglycollic acid
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= 30°C,

= 0,002M t

- Y O =
Tf%DA = 0.002M TM 0.002M

B

Ni,IMDA,Thiolactic acid

—

Table V 1.5B
N = 0,2¥

Thiolactic acid

ve = 50 ml,
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M 0.002M
= 30°C,
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Table V. 1,€B

50 ml,

0.02" *Be = 0,024v
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Table V 1.3C
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able V 1,5C
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Table V 2,14

—— o 8 n T

n, pL and pL-log(1-n)/n data of Wi Histidine,
glveine system -~ 30°C,

R, Ny, O, loz(l-n)/n

- — it

g . > 8 dn s > 8 — - . ey et ) et Sl e

R EH VA VAL yM.oy" n loz(l-n)/n  pL valog(l-ﬁ)/ﬁ
7.30 1,00, 5.50 5,67 0.17 0.34%, 0.28:  5.204 4,91,
7.35 1,00, 5.50 5,62 0.12 0.3% 0.2%, 5.17, 4,92,
740 1,00, 5,50 5,63 0,19 0.3% 0,213 5,13, 4,924
7.45 1,00, 5,50 £,70 0.20 0,40 0.17¢ 5.0%% 4,92,
7.60 1,00, 5,50 &.72 0,22 0.4k, 0,10, 4,37, 4,374
7-65 1100(1 5. 50 5-73 0023 Ovusu Oun ]+o9)4l+ )+l\0‘7¥
7.70 1.00, £.50 5,74 0,24 o488, 0,035 4,23, 4,075
7.7% 0.9%¢ 5.50 5,79 0.29 0,50, 0.00, 4,07, 4,07,

log Kvar, = 4.89 + 0.02
Table V 2,24
By Ny, N, loe(1-A)/A, pl and pl-log(1-h)/h data of Ni,Histidine,

c-Alanine system - 30°Z,

T T T s =TT T N S e m s e S e S e M WIS e mtE W e @ W = e W~ = e e B W 4 @ mve ey e o e e

R i AL ymo ymMoy"  m log(l-n)/n pL  pl-log(l-n)/n
7.65 0.95¢ 5.5 S5.€6  0.16 0.32,  0.32, .97, %,
7.70 0.9%2 5.50 5.€7 0,17 0.3% 0,20, L4, 9%, .65
7.75 0.7%2 F.51 5,69 0,12 0,365  0.2%, 4,50, M, €5,
7.70 0.3% 5,51 5,70 0,12 0,3%;  0.20, 4,0%, L €,
7.05 0.2% 5,51 571 0,20 0,405 0,17, 4,03, A
7.70 0.98, 5,51 5,72 0,21 0,425 0.13, 4,79 b 68,
7.2 0.93, 5.51 5,73 0.22 o0.44, 093 M.764 . €7,
8,00 0.28, 5,51 5.7% 0,23 0.4, 0.05, 4,72, 4. €7,
£.05 0.28, 5.22 5,79  0.23 oM, 0.05, 4,67, 4. €2,
°.,10 0,7°% £&.,52 §,76 0.2+ 0,49, 0.01, 4 €4y 4,63,
o loz = u &+ + 0,02

‘MAL
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R, Ny, 0, log(1-n)/n, pL and pl-log{l-n)/n data of Ni,Histidine,
aspartic acid system - 30°C,

S TS BT ey AP e Ty D WD v R W W A w8 AR e N MR- W W MR WPy W W W 4 e e AT e v e W e s WP -

—~

R n AN AL vMm.v" A log(l-n)/n pL  pl-loe{l-n)/n

7.60 1,00, £4.00 6,21 0,21 0,k2, 0.135 4,23, 4. 85,
7.70 1,00, €.00 §£€.22 0,22 0,44, 0.10, 4.91, .81,
7.°0 0.99¢ 6,00 6.2% 0.24 0,424 0.02¢ 4,93, 4 o1,
7.20 0,97, €.00 £,2% 0.2 0,504 T,92¢ 4,75, L,772
°,00 0,32, £.00 £.2¢ 0.26 0,53, T,o4, 4,68, b, 7l
.10 0.9%, €.00 £.,27 0,27 0,55 1,90, “.€0; 4 €9,

log K0 = 1,72 + 0,05
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Table V 2,44

B, ﬁq, n, loz(1-n)/n, pL and pL-log(1l-n)/n data of Ni, Histidine,
thiozlyecollic aeid svstem - 30°C,

S s R M S W M W WS e > Wk W e W W e R TS W v e ) B W W g8 A MM Tw mf 4 WA MEme = Am s 4 = h w8 e - ————

B Ty A yMo wymM.y" n log(l-n)/n  plL  pL-log{l-n)/n
£.70 1,00, €£,00 6.1h 0.1+ 0,27, o1, €, 34y 5.924
€.,20 1,00, 6,00 €3¢ A€ 0031, 333 £€.274 5942
6-90 1.004 (1.00 6017 0017 00337 05‘74 6'188 5-891&
7.00 1,00, €,00 €.19 0.19 0.37, 0.21p  6.114 £.899
7.10 1,00, €.00 £,20 0.20 0,3% 0,10, £.,02, 5,00,
7.20 1,00, £.00 .21 0.21 0.4, 0,14, 5,54, 5.75¢6
7.25 1,00, €.00 6,22 0.22 0,43, 0.172  £.904 5.799

Toz Kyyy = 5.57 + 0,05

Table V 2 5A

R, nn, n, log{1l-n)/n, pl ani pl-log{1-n)/n data of Ni,Histidine,

thiol1ctic acid system - 30°C,

e @8 4w tn s W T #ms e S e s g e e g A s ey Tl * =+ e —— - o et e e mt— e A e s o € s

R ny v (AU AL AL 109\1-n)/' plL  pl-log(1-n)/n
£,30 1,00, 6,00 €14  0,1% 0,27, 0,4, €,78, €.3¢,
6.0 1,00, 6,00 €,16 0.16 0,31, 0.333 £,704 €.37,
€.,50 1,00, 6,00 £,1¢9 0.1 0.37g 0.21¢ €,64¢ €.43,
€.60 1.00, 6,00 £.21 0.21 0.4, 0.1,  €,57, €.43,
&.70 1,00, 6,00 £.23 0.23 0,45 0.07, 6,50 €43,
€.,0 1,00, £.00 €.,25 0.25 0,49 0.004 £.143, £.43,
€.20 1,00, 6,01 6,27 0,26 0,51, 1,97, (.35 6.30¢
7.00 1,00, £,01 €25 0.28 0.55, 1.90, £.29,  £.35,
7.10 1,00, €£€.,01 €.31 0.30 0.53, 1,02, €.234 €.40 ¢

log X €.41 + 0.03



0,08 - WaIsAs '.0S - Wo9ISAS

poe a1aejoIy LISIH (11)IN 6T ABid proe a1jjoakjBory LIstH (11)IN 8T ABid
«C(u-,2 (0]
6> Z-0-
o5 2D
00-}
1d

0z-g



R, .ﬁH’ ?1, 10%’(]-71)/1’1, pT and ‘pI—1 og( _-ﬁ)‘/ﬁ Aata of Mi,TYDA,
aspartic acid svstem - 30°C,

O . cm m m mw m n e  an o e W e e S W MY W W e @ P W e e e w W m W - - . m e e @ e e o W om owmawn

R T, LA ¥M"o o ym.y" n loz(l-n)/n pl pl-loeg{l-n)/n
7.00 1,00, €9 £ €€ 0.17 0.33, 0,29, £.532 5.23g
7.10 1,004 €49 6,62 0,12 0.37, 0,21, 5,5 5.2k,
7.20 1,00, £.49 €,60 0,20 0.39, 0.17«  5.37 5.19,
7.30 1.00, 6,42 £.7M 0.22 0,439 0.11g 5,304 5.1%¢
7.40 1,00, 643 £.73 0.2% 0,47, 0.03n  5.23¢ 5,194
7.50 1,00, €45 E.7% 0.2 0.50¢ 0,00 5.15 5.5
7.60 1.00, €,9 £.7% 0.26 0,52 1.965 £.07, 5.104
7.70 1,00, 6,49 £,77  0.283 0.5&, 1.2954 5.01, 5.1

@t e Bt > mm mmm e . e W e - A ™ Y A et i ) D U e W B0 M A S W - @ T A M o = s e e A

log Ky = 5.19 + 0,04



0,06 - WaISAS
proe omedsy VAW (1IN zz A'Bid

9,08
walsAs auruelv-evawi (J|)IN 12 A'Bi

C:S-\mmo_
0 70 o0 N

3095

1d

0,08 - WalsAhs
aUuIDAI9 VA WI' (1IN 0z A'Bi4

= re

0-0

°*rS

X-9 -



142

Table ¥ 2,48

R, Ny, 1, 1ce{1l-n)/n, pL and pl-log{1-n)/n A4ata of Ni,T'D4,
thioglveollic seid svstem - 30°C,

et 4 M - W e e e MW mTm— s = - = e e 4w e e e mwi s e % m e ma e m e m e W e mm e

B Ny v ym wm_w" R leg(l-R)/m  pl  pL-loz{1-n)/n
7.55 1.00, 6.52 6,71 0.19 0.37, 0.21p 5.56 5.35
7.60 1,00, £.52 6,72 0.20  0.3% 0.18; 5.53; 5.3%
7.5 1,00, £.52 €.73 0.21 o041, 0%, 549, 5.3%
7.70 1,00, 6,52 6,74 0.22 0.43¢ 0,112  5.4€, 5.3%
7.7 1.80, 5.52 6,75  0.23 0.45¢  0.07, 5.2 .35
7.20 0,97, €.52 £.75  0.23 0,45 0.07, 5.37s 5.30y
7,05 0,73, 6.52 €,7¢ 0.24 0,47, 0.03, £.3%, 5.3%

log Kypy = 5.3 + 0,02
Table V 2,2R
R, ﬁn’ n, log{1-n)/n, pl and’pl-log{1-n)/n Aata of Ni ,I'Ma,

thiolactic acid svstem - 30°C,

e e e e - - - - S = e s WS M Ms 4 Mlmr W W % e AIeTe W W W =W WIS 4 e & 4TS P i B ]

R TRy ym v TR Log(1-R)/A  pL pL-los(l- n) /m
7,00 1,00, €M ¢.70 0.21 o h15 0.14%,  £.07¢ 5.52,
215 1.00, LM £.71 0,02 0,43,  0.11, €.04, 2.7<%
7.20 1,00, 5.b9 €.72 0.23 0.4%5, 0.080 £€.00, 5.52,
7.25 1,006 6,49 6,73 0.24 o0M7¢ 0,042 5,975 5.934
2 30 1.00. %49 £,7% 0,29 0,49,  0.00, 5.%% 5.935
7.35 1,00, €83 €75  0.20 0,51 T.272  5.904 5539
70 1,00, £u3 €76 0.27 0,535 <.939 5,279 5.938
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Table V 2,€B

—

R, EH, n, log{l-n)/n, plL and pL-log(l-n)/n data of Ni,T™DA,
thiomalic acid system - 30°C,

— - - ——— e

R Ty A ym o uymM.y" [ log(l-n)/n  pL  pl-log(l-n)/n
7.10 0,90, 7,00 7,17  0.17 0.37, 0.22¢4 €.13 5.904
7.15 0,90, 7.00 7.18 0,15 0,39, 0.13 £€.114 5.92,
7.25 0.355 7.00 7.19 0.19 0,41, 0.1%¢ €,032 5.83¢
7.30 0.295 7.00 7.20  0.20 0,435  0.10, 5.3% 5.8%2
7.35 0,3%¢ 7.00 7.21 0.21 0,46, 0.080g .55 5,094
7.0 0.895 7,00 7,22 0.22 0,48, 0.030 9.%3u 5904
7.45 0,895 7.00 7.23 0.23 0.504 1.9% 5.903 5.912
7.50 0,295 7.00 7,24 0.2% 0,52, 1,353 £.97, . 5.92¢

- A W s et ) il A G AR —f S S P ol ] S T AP D e 8 e v e el W d - el ¥ Gy W AL e mep e e s © ermaeay

log Ky, = 5.51 + 0.01
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Table V 2,3C

B, Ty, n, log(l-n)/n, pl ani pl-log(1-n)/n data of Ni ,NTA,

aspartic acid system - 30°C,

TR @; " vm ymoyn @ log(l-R)/A L pl-log(l-R)/A
8,10 0.9% 7.00 7,16 0.16 0.32, 0.31, 4,42, 4,114

£.20 0.972 7.00 7.13  0.18 0.37 0.23, 4,324 4,0%
8.30 0,9€, 7.00 7.21 0.21 0.43p 0.10p 1,304 4,20,

2040 0,74, 7.01 7.23 0,22 0,46  0.054 %.23 4,17,

2,50 0,32, 7.01 7.26  0.25 0.534  1.932 4.1% 4,26
2.60 0,91, 7.02 7.28 0.26 0.57¢ 1.874 %.115 4,23,

£.70 0.89, 7.0% 7,31 0.27 0.605 1.815 k.06, 4,24,

— ——

log X = 4,19 :‘0.06

VAL
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Table V 2,4C

- - — —— e et —er® o et e

B, Ny, N, log(l-n)/n, pl. and pL-log(l-n)/n data of Ni ,NTA,
thioglycollic acid system - 30°C,

—— — - B e e e e DR —

R EH A VAL v'-y" n loeg(l-n)/n pl pl-loe(l-n)/n
7.60 1,00, 7.02 7,20 0.13 0.35, 0.25¢ * 95.30¢ 5.05¢
7.90 1,00, 7.02 7,21 0.19 0.37, 0.21, 5,224 5.005
3.00 0,32, 7,02 7,22 0.20 0.39 0.1%3 5.13, .95,
8.10 0.9%2 7.02 7.23 0.21 0.41¢ 0.14%, 5,05, 4,90,
.20 0.9°¢ 7,02 7,24 0.22 0,43¢ 0,11, 4,96 4,85,
€.30 0.%8, 7.03 7.26  0.23 0.45¢ 0,07, '£.0% 4,805

log K%AI = 4,93 + 0,08

— e i et

B, BH’ n, log(l-n)/n, pT ani pl-log(l-n)/n data of Ni.NTa,
thiolactic acid system -~ 30°C,

——— ——— ———— e ot e it S el ) D e SO ] o e ol S P s e A o D S o T} A "l e e D et P

B Wy V" V™ yM_y" B log(1-A)/A pL  pL-log(l-n)/A
2.5 0.97, 7.05 7.28  0.23 0,46, 0.05¢ .72, .66 B
£.60 0.95, 7.05 7.29 0.24% 0.49, 0.005 4, €4 4, €4,

.70 0.955 7.06 7.31  0.25 0.51, 1,96, 4,56 %.59,

8.80 0.91*"4- 7006 7032 0026 0.51"‘5 I|922 )+.50° ]+057R

8,90 0.53y 7.07 7.3%  0.27 0.57,  T1.87, +.40,4 +.532

9.00 0.91.‘ 7.08 7.36 0.28 0.606 T.Sla )+0353 )+o5]+0
"""""""" log Ky = %.59 # 0.0%
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Table V 3,0

——.——ELIE TR

Logarithms of stability constants of ternary Histidineegizf
ligand complexes, IMDA-Ni-T-1igand complexes and NTA-Ni“*-
ligand complexes,

!
Wil D AT G AW ol - TN WS @ TN e

L3gand(1) Logyy hrstin TP DpA.L LOENI WAL
Glycine 4,89 + 0.02 4,85 + 0,03 4,88 + 0.0
a-Alanine 4,64 + 0.02 4,59 + 0,02 4,72 + 0,04
Aspartic acid 4,78 + 0,05  5.18 + 0,04 4,19 + 0.06
Thioglyecollic acid 5.87 +# 0.05, 5.3% + 0.02  %,93 + 0.08
Thiolactic acid 6,41 + 0,03 5.9% + 0,01 %,59 + 0.04

Thiomalic agecid

i
1

5.91 + 0.01

) I KR A Ml T NI Sl el T e T 8 ol A - B e A R e e e

* Values are taksn from literature,
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