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In the present chapter, the study of the ternary 
systems ML, where M = Cu(II), Ni(II)* A ■ Histidine (Hist), 
Iminodiacetic acid (IMDA) or Nitrilotriacetic acid (NTA) and 
L = ethylenediamine (en), propylenediamine (pn), 1,3-diamino- 
propane or N-substituted ethylenediamine, has been carried out.

The lil complexes of these multidentate ligands are 
formed at low pH and remain.; stable upto higher pH1. In the, 

lsl 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 MAL where A = Histidine, IMDA or NTA and L = diaminej,
The reaction can be representated as follows s

MA + L =^=--...^
*MA _ [mm.]

' MTI
MAL

2Histidine exhibits bjt or tridentate character, coordi­
nation taking place from C00“ and from nitrogen of the imidazole 
group or two nitrogens frop both imidazole and amino groups.
IMDA behaves as' a tridentate-3 ligand coordination taking place
from the nitrogen atom and two carboxylate groups. NTA behaves 

4 • 5as a tri or tetradentate' ligand, coordination taking place
from nitrogen atom and two or three COO- groups, respectively.

The formation constants K^Ti have been determined

using two methods as in. case of dipyridyl in chapter III. In
case of (M.NIA.L) systems, second method could not be applied

andbecause solubility of NTA in water is less^so it is not possible
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to prepare solution having concentration 0.02M as required in 

method II. With dilute solution of NTA, separation of curve 1 

and curve 2 as in fig. IV 3 is very small and so there are 

chances of errors.. Method II was also not used where L * 1,3- 

diaminopropane and N-substituted en because a concentrated 

solution containing large quantity of the diamine is required.

As said earlier, the" diamines are costly.

Experimental s

The reagents and instruments used were aame as detailed 

in previous chapters. Histidine, IMDA and NTA used were of 

A.K. quality.

For studying the ternary systems following solutions 

were prepared s 

Method I s For Histidine s
1. 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.),

2. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.02M, 5.0 

ml.) +'metal perchlorate (0.02M, 5.0 ml.) + histidine (0.02M,

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

(21.3 ml.).

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

sodium perchlorate (1M, 8.9 ml.) + conductivity water (31.I ml.)*

b, Perchloric acid (0.2M, 5.0 ml.) + Histidine (0.02M, 5.0 ml.) + 

metal perchlorate (0.G2M, 5.0 ml.) + sodium perchlorate (1M,

8.8 ml.) + conductivity water (26.2 ml.).

5. Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.02M, 5.° ml.)+
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sodium perchlorate (1M, 8.9 ml.) + conductivity water (31.1 ml.). 

For IMDil : , ,

1. Perchloric acid (Q.2M, 5.0 ml.) + perchloric acid,(Q.02M, 10.0 

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

(1M, 8.7 ml.) + conductivity water (21*3 ml.).

2. Perchloric acid (og2M, 5.0 ml.) + secondary ligand (0.02M,

5.0 ml.) + metal perchlorate (Q.02M, 5.0 ml.) + IMDA (0.02M,

5.0 ml.) + sodium perchlorate (1M, 8.7 ml.)t conductivity water 

(21.3 ml.).

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

sodium perchlorate (1M, 8.9 ml.) + conductivity water (31.1 ml.),

4. Perehlorie 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,).
/

5. 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.).

For UTA :

1. Perehlorie 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 (16.4 ml.).

2. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (Q.02M, 5*0 

ml.) +metal perchlorate (o.02M, 5.0KL.) + NTA (0.02M, 5.0 ml.) + 

sodium perchlorate (1M, 8.7 ml.) + conductivity water (21,3 ml.)*

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

perchlorate (1M, 8.9 ml.) + conductivity water (3I.I ml.).
4. Perchloric acid (Q.2M, 5.0 ml.) + metal perchlorate (o#Q2M,

5.0 ml.) + NT& (0.02M, 5.0 ml.) + sodium perchlorate (1M, 8.8 ml.)



conductivity water (25.2 ml.),
5. Perchloric acid (0.2M, 5.0 ml.) + perchloric acid (0.02M,

15.0 ml.) + sodium perchlorate (1M, 8.7 ml.) + conductivity 
water (21,3 ml.).
Method II For Histidine :

1. Perchloric acid (0.5M, 10.0 ml.) + perchloric acid (0.02M,
10.0 ml.) t sodium perchlorate (1M, *+.8 ml.) + conductivity 
water (25.2 ml.).

2. Perchloric acid (0.5M, 10.0 ml.) + Histidine (Q.Q2M, 10.0 ml.) + 
metal perchlorate (0.02M, 10.0 ml.) + sodium perchlorate (1M,
4.6 ml.) + conductivity water (15.4 ml.).
For IMD&

1. Perchloric acid (0.5M, 10.0 ml.) + perchloric acid (Q.Q2M,
20.0 ml.) + sodium perchlorate (1M, 4.6 ml.) + conductivity 
water (15.4 ml.),

2. Perchloric acid (0.5M, 10.0 ml.) + IMDa (0.02M, 10.0 ml.) + 
metal perchlorate (0.02M,10.0 ml.) + sodium perchlorate (1M,
4.6 ml.) + conductivity water (15.4 ml.).

Total volume was made 50*0 ml. and ionic strength was 
raised to 0.2M in both the methods. In the method I, the 
solution(l to 6) were titrated against 0.2M sodium hydroxide.
In method II, the solutions (1,2) were titrated against 1.0M 
secondary ligand (amine).

The plot of pH against volume of alkali by method I 
have been presented in figs. IV 1, IV 2, IV 5 to IV 12 and 
IV 15 to IV 42. The plots of pH against volume of secondary 
ligand in method II are shown in figs. IV 3, IV 4, IV 13 and IV 14.
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In the method It„in_the_curve(1) and curve(5), one, 
two and three equivalents of extra, acid. have, been added in 
case of histidine, IMDA and NTa,respectively, in order to 
account for the extra hydrogen ions liberated due to the 
combination .of the primary, ligands,... histidine, IMDA or NT A. 
with the metal ions. _Similarly in the method II, in the curved), 
one and two equivalents of extra, aoid have been added in case 
of histidine and IMDA,respectively.

In the method I, it Is observed from curve(4) and 
curve(5) that MA is.formed at low pH. It undergoes hydroxo- 
complex formation at higher pH. The curve(2) remains merged 
with curved) at low pH showing that eomplexation of the ali­
phatic amine does not take place at,, low pH. 0urve(2) diverges 
from curve(l) at higher pH showing that MAL formation takes 
place where MA jLsl complex formation, is complete. In this 
range hydroxo complex formation also does not start,.. The 
horizontal distance between curved) and curve(2) corresponds 

to the amount of secondary .ligand which gets bound with Ma.
The n and pL values, were calculated at different pH in the same 
manner as done in Chapter III and have been presented in 
TableSlV 2.1Ab to IV 2.6Ab, IV 2.1B&, to IV 2.8 Ba, IV 2.1Bb 
to IV 2.8Bb, IV 2.lCa to IV 2.8Ca and IV 2.lCb to IV 2.8Cb..

In method. II, curve(2) is slightly above curved) at 
low pH, because coordination of A is is not complete and the 
uncoordinated NH2 group absorbs pro terns from solution forming 
NH*. At pH —' 3-4- both the curves overlap showing that (MA) 

lil complex formation is complete and after that curve(2) m- 

diverges from curved) showing that combination of the secondary
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ligand (L) starts with ML at that pH. From the horizontal
distance between these two curves n and pL values can be
calculated in the samf manner as done in Chapter III and have
been represented in tables IV 2,1*Ab, IV 2.2*Ab, IV 2.1*Eh,

IV A.l'gb , »v 2.2! Bb.
IV 2.2*The values of pL, at n - 0.5 give;, the values of

MS.logKMAT . More precise values were obtained by plotting pL at 
each point against the corresponding value of log(l-n)/n and 
getting a straight line (Pigs IV 43 to IV 86). The value of 
pL-log(l-n)/n at each point on the straight line is equal to 
1°sKMAL* Tjae average values of logK^, thus obtained by 

both the methods have been presented with mean deviation in 
table IV 3.0.

It is observed that the values of Kj^ obtained by
both the methods give almost identical values. The values are
also in close agreement with the values reported in some cases

6-7by other workers using different methods. '
MLThe mixed ligand formation constants, KM4T_ where L = 

ethylenediamine, are less than those where L * propylenediamine. 
This is in accordance with the basicity of the ligands. It is 
observed that 1,3-dlaminopropane forms less stable complexes 
than en or pn. This is because it forms a six membered fing.

In the study of mixed ligand complexes containing 
charged primary ions Anand secondary ligand ions with negative

O-i n ma.charge, it has been observed earlier that KmTi values are
Mvery much lower than K^. This is because of the repulsion 

between the incoming charged ligand ion and the already existing 
charged ion. However, it is observed that in the present study 
of these systems with histidine, IMDA. and HTA as primary ligands
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and L = an, pn or 1,3-diaadnopropane, the values of kJSv are

Mnot very much lower than.K^ values. This is because the 
incoming secondary ligands are neutral bases and face no 
repulsion from the charged polybasic amino acid ions. The

MA Mdifference igjfc - K^ is, however, more.in cases where L =^ b

N-alkyl substituted, ethylenediamine due to steric hinderanee 
produced by alkyl groups on the nitrogen atom. The lowering in 

the values is in the order H-N-diethyl en y N-N-dimethyl en > 
N-N*-dimethyl my N-ethyl en N-methylen,

Anomaly is observed only.in case of (|lf,HT4#£], In
M WTA' v iTTITA' ’

this case ITJL L” » L* beinS N-U-dimethyl en
and L1* being N-H* -dimethyl en,

o 10 ' MA
In cases7’ of charged secondary ligand ions KMjIT

values go on decreasing as. has ;;one, two or three negative
charges as in ions of Histidine, IMDJL and NTA.. In the present
cases where secondary ligands are neutral diamines, there is
no electrostatic repulsion and hence the difference,in K^L

values with different An“ is not very marked, 5

In case ofICu.NTA.L] complexes KMrtL is much lower than 
MKML|# Can be explained in terms of Jahn-Teller distortion,

HTA. occupies three positions in the equatorial plane. The
diamine has, therefore, to occupy one position in the equatorial
plane and other in the axial, direction. Due to distortion along
the Z direction, the diamine has to span more and is put to ,

Gu NTftsstrain. This lowers down the values of l*
It is also observed that logK^ L - logK^*^|^ L , where 

L » 1,3-diaminopropane is less than in cases where L * ethylene- 
diamine or propylenediamine. This is because 1,3-diaminopropane
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is a longer chain compound and hence feels less strain in 
occupying one equatorial and one axial position in the distorted 
(Cu.NTA) complex. The difference in the A values of Cu(II) 
and Ni(II) complexes is, therefore, less in this case than in 
analogous en or pn complexes.

In case of (Cu,II€>A.L), the values of are not
very much lowered. This is because in Cu.IMDik.L the primary 
ligand occupies only two equatorial positions and hence leaves 
the other two equatorial positions to be occupied by the 
secondary ligands. Tbas the secondary ligand has not to oecupy 
positions along the distorted axial direction.
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Table IV l.U

I * 0.2M ¥° = 50 ml. u = . 0.2M t = 30°C.
E° = 0.02M *E° = 0.022M .................Tlist = °'002M TM = °-002M

*Perchloric acid * Histidine * Ni.Histidine
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Pro pylenediamine

1 «2A

U = 0.2M t = 30°C.
Tiist = °*002M tm = °-002M

Table IV

I = 0.2M Y° = 50 ml.
E° = 0.02M *E° = 0.C22M

T£ a 0.002M

*EthylenediamiAe * Ni.Hist en >

Vol.of B Vol.of B
alkali alkali
(in ml.) (in ml.) - - -
0.00 1.65 0,00 1'.75
1.00 1.80 1.00 2.00
2.00 1.95 2.00 2.20
3.00 2.20 3.00 2.80
4.00 2.75 3.30
4.20 3.20 3.^0 4.00
4.30 3.60 3.50 ^.30
I+.32 *+.00 3.70 4.50
4.34 M-.70 4.00 4.90
S3 6 5.10 4.20 5,30
S38 5.M S30 5.60
4.42 5.90 4.40 5.90
4.50 6.4o 4.50 6.15
4.55 6.6o 4.60 6.35
4.60 6.90 4.80 6.60
4.7° 7.20 5.oo 6.95
4.80 7.55 5.io 7.10
4.90 8.00 5.20 7.35
4.95 8.35 5.25 7.60
5.00 8.75 5.31+ 8.00
5.10 9.30 5.^2 8.60
5.20 9.60 5.50 9.25
5>0 10.00 5.55 9.55

'5.60 10.35 . 5.70 10.10
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Table IV 1.2'A

N = l.OM V° = 50 ml. 
= 0.1M *E° = 0.104M

* Perchloric acid

Vol.of B 
en

(in ml.)

Vol.of
en

(in ml.)

Ni.Hist en 

B

U = 0.2M t = 30°C.
THist = °-00l+M Tm = °*00l+M

Perchloric acid

Vol.of B 
pn

(in ml.)

Vol.of
pn

(in ml.)

Ni.Hist pn 
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Table IV 1.3A '104
N = 0.2M V° = 50 ml. U = 0.2M t = 30°G.

E° = 0.02M *E° = 0.022M THist = °*002M T° = 0.002M

m oiL = 0.002M

*1 ,3-Diamine Nl.Hlst 1,3 pn *N-Methyl en Ni.Hist

propane N-Methyl en
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N -N '-Dime t hyl N i. Hi s t
en N-N‘-Dimethyl en

*N-Ethyl en

Vol.of B 
alkali 
(in ml.)

Ni.Hist 
N-Ethyl en

Vol.of
alkali

B

(in ml.)
_____

0.00 1.70
1.00 1.90
2.00 2.20
3.00 2.75
3.3° 3.30
3.4-0 3.70
3.50 4.05

3.60 4.25
3.80 4.50
5.00 4.75
4.10 4.95
4.20 5.05
4.30 5.30
4.40 5.65
4.50 6.10
4.55 6.30
4.60 6.50
4.70 6.80
4.80 7.05
4.90 7.25
5.00 7.50
5.10 7.75
5.20 8.00
5.30 8.20

(ppts.)

Table IV 1.4a

N =
E° =
rp O —lL ~

0.2M V° 
0.02M *E° 

0.002M

50 ml.
0.022M

K = 0.2M

‘Hist

t = 30°C,
n°lmT°^ = 0.002M T° = 0.002M
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Table IV 1.1B

N = 0,,2M V® = 50 ml. M = 0.2M t = 30°G. -
E° = 0 .02M *1° = 0.024M moIMDil ■ °-002M tm = 0 .002M

*Perchloric acid IMDA ' Gu.IMDA ' ' ' Ki.IMDA ” ,

Vol.of B Vol.of B Vol.of B Vol.of B
alkali 
(in ml.'

alkali 
(in ml.) . -

alkali 
(in ml.) -

alkali 
(in ml.)

0.00 1.50 0.00, 1.60 0.00 1.60 0.00 1.60
1.00 1.60 1.00 1.70 1.00 1.70 1.00 1.70
2.00 1.70 2.00 1.80 2.00 1.80 2.00 1.80
3.00 1.90 3.00 2.00 3.00 2.00 3.00 2,00
4.00 2.10 4.00 2.30 4-. 00 2.15 4-.00 2.25
5.00 2.40 4-.60 2.55 5.00 2.50 5.oo 2.80
5.60 2.90 5.oo 3.00 5.20 2.70 . 5.20 3.05
5.70 , 3.15 - 5.20 3.4-0 5.4-0 3.00 5.4-0 3.50
5.80 3.50 5.30 3.80 5.60 3.35 5.50 3.90
5.84 4.20 5.3*+ 4.4-0 5.70 3.60 5.6o 4.30.
5.86 4.60 5.36 4-. 90 5.0p 4-.00 5.70 4.90
5.88 • 5.20 5.38 5.4-0 5.84- 4-.20 5.75 5.20
5.90 5.70 5.4-0 5.90 5.86 4-.70 5.80 5.4-5
5.92 6.00 5.42 6.30 5.88 5.30 5.90 5.95
5.94- 6.40 5.44 6.70. 5.92 6.30 5.92 6.20
5.96 6.80 5.46 7.4-0 5.96 6.80 5.94; 6.60
5.98 7*20 5.4-8 7.90 6.00 7.50 5.96 7.00
6.00 8.30 5.50 8.15 6.02 7.80 6.00 9.00
6.02 9.10 5.52 8.4-0 6.06 8.10 6.05 9.25
6.06 9.50 5.60 8.80 6,10 8.30 6.10 9.4-5
6.10 9.80 5.70 9.15 6.20 8.65 6.20 9.70
6.20 10.20 5.80 9.4-5 6.30 8.95 6.30 10.00
6.30 10.50 5.90 9.70 6.4-0 9.20 6.40 10.25
6.60 10.85 6.00 9.90 6.50 9.50 6.50 10.45



107Table IV 1.2B

H a 0 ,2M V° = 50 ml. H - 0,,2M t = 30°C.
E° = 0
T£= 0

.02M *E° a 

. 002M ■
0.024M rpO-lIMDA a 0.002M = 0.002M

B thylenediamine' Cu.IMDA en Mi,,IMDA en

Vol.of
alkali

B Vol.of
alkali

B Vol.of
alkali

B

(In ml. ) (in ml.) (in ml,.)
0.00 1.55 0.00 1.60 0.00 1.70'
1.00 1.70 1.00 1.70 1.00 1.80
2.00 1.80 2.00 1.80 2,00 2.00
3.00 2.00 3.00 2.05 3.00 2.30
4.00 2.35 4.00 2.40 4.00 2.85
4.40 2.70 4.50 2.80 4.30 3.25
4.60 2.95 4.70 3.20 4.40 3.60
4.75 3.50 4.80 3.65 4.50 4.15
4.80 3.90 4.85 4.00 4.65 4.65
4.82 4.60 4.90 4.50 4.70 5.00
4.84 5.20 5.00 . 4.80 4.76 5.40
4.86 5.50 5.10 ■. 5.05 4.80 - 5.50
4.90 5.80 5.20 5.25 4.90 5.90
4.95 6.20 £.40 5.55 5.oo 6.15
5.00 6.45 5.60 5.85 5.io 6.3°
5.10 6.85 5.70 6.10 5.20 6.45
5.20 7.20 5.80 6.35 5.4o 6.75
5.30 7.50 5.85 6.60 5.50 6.95
5.40 8,00 . 5.90 7.00 5.70 7.35
5.50 8.70 5.94 7.55 5.75 0.65
5.60 9.20 6.00 . 7.80 5.80 8.00
5.70 9.55 6.10 9.00 5.90 8.90
5.80 9.80' 6.20 9.50 6.00 9.60
6.00 10.20 6.30 . 9.90 6.20 10.40
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108
u - 0.2M t = 30UC.
TIMDA = °-002M TM = °.°02M

N = 0.2M V"
E° = 0.02M *E°

T£ = 0.002M

* Propylenediamine

Vol.of B
alkali
(In mlt)

Table IV l.^B 

= 50 ml.
= 0.024M

Ou.IMDA pn

Vol.of B
alkali
(in ml.)

Ni.IMDA pn

Vol.of B
alkali
(in mlT) __
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Table IV 1.2*B 109
N = l.OM v° = 50 ml. moaimda = 0.004M t = 30°c.
E° = 0.1M E° = 0.108M H s 0.2M Tg = 0.004M
♦Perchloric acid Cu.IMDA en Ni.:IMDA en

Vol.of B Vol.of B Vol.of B
en en en

(in ml.) (in ml.) (in ml.)
0.00 0.85 0.00 0.90 0.00 0,90
1.00 1.00 . 1.00 1.05 1.00 1.10
2.00 1.35 2.00 1.50 .2.00 1.60
2.40 .1.75 2.30 1.80 . 2.40 2.15
2.60 2.25 2.50 2.15 2.50 2.50
2.64 2.65 2.58 2.45 , 2.5*+ 2.75
2.66 2.90 2.62 2.70 2.56 2.90
2.68 3.40 2.66 3'.40 2.58 3.15
2.70 *+.95 2.70 4.10 2.62 . 3.70
2.72 5.35 2.72 J+.35 2.64 4.00
2.74 5.60 2.75 4.50 2.66 *+.30
2.76 5.75 2.80 4.70 2.68 4.60
2.80 5.95 2.85 *+.90 2.70 5.io
2.85 6.15 2.90 5.10 2.74 5.50
2.90 6.30 2.94 5.*+0 2.80 5.70
3.00 6.55 3.00 5.60 2.90 6.00
3.20 6.80 3.10 6.00 3.'00 6.15
3.1+0 7.00 3.20 6.25 3.10 6.4o
3.60 2.15 3.*+0 6.55 3.30 6.60
4.00 7.1+5 3.60 6.80 3.50 6.80
4,20 7.6 0 3.80 7.00 3.80 7.10
4.60 7.85 4.00 7.15 4.20 7.30
*+•80 8.00 4.40 7.*+0 4.40 7.40
5.00 8.20 4.80 7.70 4.80 7.70
5.20 8.40 5.00 7.85 5.20 8.00
5.60 8.80 5.20 8.05 5.*+0 8.20
5.80 9.00 5.60 8.45 5.60 8.40

(ppts.) (ppts.)



110
» B

N = l.OM V° = 50 ml. -- 0.004M t; = 30°C.
E° = 0.1M *E° = 0.108M w = 0.2M T° * 0.004-M

^Perchloric acid Cu.IMDA pn Ni.IMDA pn

Vol.of, B Vol.of. B Vol.of B
Pn pn pn

(in ml.)
____

(in ml.)
_s.

(in ml.)

0.00 0.85 0.00 0.95 0.00 0.95
1.00 1.00 1.00 1.10 1.00 1.10
2.00 1.35 2.00 1.50 2.00 1.50
2.4-0' 1.75 2.30 1.80 2.50 2.60
2.50 2.00 2.50 2.20 2.58 3.25
2.60 2.40 2.58 2.55 2.60 3.50
2.64 2.75 2.62 2.95 2.62 3.80
2.66 3.20 2.66 3.30 2.64 4.10
2.68 4.00 2.68 3.80 2.66 4.40
2.70 5.00 2.70 4.10 2.70 5.00
2.72 5.25 2.75 4.40 2.75 5.25
2.76 5.50 2.80 4.60 2,80 5.4-5
2.80 5.70 2.90 4.90 2 ,90 5.70
2.90 5.95 2.95 5.15 3.00 , 5.90
3.00 6.15 3.00 5.4-5 3.10 6.10
3.20 6.45 3.10 5.80 3.30 6.35
3.30 6.55 3.20 6.05 3.50 6.55
3.60 6.80 3.40 6.40 3.70 • 6.75
3.80 7.00 3.60 6.60 4.00 6.95
4-. 00 7.15 3.80 6.80 4.20 7.10
4.20 7.35 4.00 6.95 4.40 7.20
4-. 60 7.55 4,20 7.10 4.80 7.4-5
4-.80 7.75 4.60 7.35 5.00 7.60
5.00 7.95 5.oo ' 7.70 5.20 7.80
5.20 8.20 5.20 7.95 5.6o 8.15
5.60 8.65 5.60 8.40 5.80 8.40
6.00 9.00 5.80 8.60 6,00 8.60

(ppts.) (ppts
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Table IV lM 111
N = 0.2M V° =
E° = 0$>2M *E° =

T£ = 0.002M

1,3-Diamine 
____ rropane

50 ml. 
0.024M

H = 0.2M t = 30*C.
0.002Mm o1IMDA T° = 0.002M

Cu.IMDA 1,3 pn Ni.IMDA 1,3 pn
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Table IV 1.5B 112

Vol.of 
alkali 
(in ml.)
0.00
1.00
2.00
3.00
4.00
4.50 
4.80 
4.85 
4.88
4.90 
4.92 
4.96
5.00 
5.05 
5.12 
5.20 
5.30 
5.40
5.50 
5.60 
5.70
5.90 
6.20 
6.60

N = 0.2M V° = fO ml. « = 0.2M t = 30°C.
E° = 0f2K *E° = 0f24M TIMDa * 0.002M T° = 0.002M

T£ = 0.002M

N-Methyl en Cu.IMDA N-Methyl en Ni.IMDA N-Methyl en
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Table IV 1.6B 113
N = 0.2M V° = 50 ml. w = 0.2M t = 30°C.
E° = 0f2M *E° = 0$2bU TiMDa = °-002M T£ = °.°02M

T£ = 0.C02M

*N-Ethyl en Cu.IMDA N-Ethyl en Ni.IMDA N-Ethyl en
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Table IV 1.7B

N = 0. 2M V° = 50 ml. M * 0.2M t = 30°C.
S° = 0.
T° * 0.

02 M *E° = 

002M
0.024M mo1IMDA = 0.002M T® = 0.002M

N-N*-Dimethyl en Cu. IMDA Ni.IMDA

, m ^ m a M ^ — m-
__N-N»-Dimethyl en __ N-N»-Dimethyl en__

Vol.of
alkali

B Vol.of
alkali

B Vol.of B
alkali

(In ml.) (in ml.) (in ml.)
0.00 1.55 0.00 1.60 0.00 1.65
1.00 1.65 1.00 1.75 1.00 1.75
2.00 1.75 2.00 1.90 2.00 1.90
3.00 1.95 3.00 2.10 3.00 2.15
4.00 2.30 4.00 2.45 4.00 2.60
4.50 2.60 4.40 2.70 4.40 3.00
4.80 3.00 4.80 3.25 4.60 3.65
4.90 3.45 4.90 3.60 4.70 4.10
4.95 ^.90 4.95 3.95 4.75 4.40
4.98 4.50 5.00 4.40 4.80 4.70
5.00 4.90 5.05 4.80 4.90 4.90
5.05 5.55 5.10 5.10 5.00 5.50
5.10 6.05 5.20 5.55 5.10 5.95
5.15 6.45 5.30

5.40
5.80 5.20 6.25

5.25 6.85 6.05 5.30 6.45
5.40 6.705.4o 7.50 5.60 6.40

5.46 7.90
8.40

5.70 6.60 5.50 7.2°
5.52 5.80 7.00 5.70 7.50
5.60 8.75 5.85 7.40 5.30 7.95
5.70 9.20 5.90 7.30 5.90 8.50
5.30 9.55 5.95 8.25 6.00 9.10
6.00 10.00 6.00 8.60 6.10 9.60
6.30 10.40 6.10 9.10 6.20 9.90
6.70 10.70 6.20 9.55 6.40 10.30
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115Table .IV 1,8B

N = 0.2M Vw = 50 ml. h * 0.2M t = 30°C.
E0 = 0.02M = 0.024M TIMDA = °‘002M TM = °*002M
T“ = 0.002M

N-N-Dimethyl en Ou.IMDA Ni.IMDA
N-N-Dimethyl en N-N-Dimethyl en

Vol.of B Vol.of B Vol.of B
alkali alkali 41kali
(In ml.) (in ml.) CLrrjnl.)
0.00 1.60 0.00 1.70 0.00 1.65
1.00 1.70 1.00 1.80 1.00 1.80
2.00 1.80 2.00 1.95 2.00 1.95
3.00 2.00 3.00 2.20 3.00 2.20
4. 00 2.30 4.00 2.55 4.00 2.70
4-.1+0 2.60 4,4o 2.90 4.30 3.10
4-. 60 2.30 4.60 3.30 4.50 3.60
4.7 6 3.15 4.70 3.65 4.60 4.10
4-.86 3.60 4.75 4.10 4.70 4.45
4-. 90 4.10 4.80 4.55 4.75 4.30
4.92 4-.60 4.35 4.30 4.80 5.00
4.94 5.oo 4.90 5.00 4.90 5.40
4.98 5.50 5.00 5.30 5.00 5.80
5.02 5.80 5.10 5.45 5.10 6.10
5.10 6.10 5.30 5.75 5.20 6.30
5.20 6.50 5.55 6.10 5.30 6*45
5.30 6.90 5.60 6.30 5.40 6.65
5.40 7.40 5.70 6.60 5.50 6.90
5.45 7.90 5.75 6.30 5.60 7.15
5.50 8.40 5.30 7.50 5.70 7.50
5.60 8.95 5.32 8.05 5.75 7.75
5.80 9.^0 5.86 8.60 5.80 8.10
6.00 10.00 5.92 9.15 5.85 8.50
6.1+0 10.55 5.96 9.50 5.90 8.80

(ppts.) (ppts.)
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Table._lVj.42B

N = 0. 2M V- = 50 ml. H = 0.2M t := 30“c.
iSw = 0. 02 m = 0.024M t!mda = 0.002M

C
\J

OO.OIIJSE-l

T£= 0. 002M

N-N-Diethyl en Ou. imda Ni .IMDA
N-N-Diethyl en N-N-Diethyl en

Vol.of B Vol.of B Vol.of B
alkali alkali alkali
^ln ml.)

,
(In mlT)

_____________
^in ml.)

________________________

0.00 1.55 0.00 1.70 0.00 1.70
1.00 1.65 1.00 1.80 1.00 1.80
2.00 1.80 2.00 1.90 2.00 2.00
3.00 2.00 3.00 2.10 3.00 2.25
4-.00 2.30 4.00 2.40 4.00 2.70
4.50 2.60 4.60 2.85 4.40 3.20
4.7 o 3.00 4.70 3.10 4.50 3.50
4.35 3.50 4.84 3.50 4.58 3.90
4.88 3.80 4.92 4.10 4.62 4.20
4.90 4.30 4.96 5.25 4.70 4.60
4.92 4.80 5.00 5.45 4.80 4.90
4.94 5.30 5.10 5.85 4.85 5.20
4.96 5.60 5.20 6.25 4.90 5.60
5.00 6.15 5.30 6.45 5.oo 6.40
5.05 6.55 5.40 6.60 5.05 6.70
5.10 6.85 5.60 6.90 5.20 7.15
5.20 7.30 5.70 7.05 5.40 7.50
5.30 7.70 5.80 7.30 5.50 7.80
5.40 8.05 5.90 7.65 5.60 8.00
5.50 8.70 5.95 8.00 5.70 8.30
5.55 9.05 6.00 8.30 5.76 8.55
5.6o 9.30 6.05 8.65 5.82 8.80
5.70 9.6 5 6.10 9.05 5.90 9.15
5.30 9.90 6.20 9.60 6.00 9.55
6.00 10.25 6.30 10.00 (ppts.)
6.50 10.70
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Table 17 1.1C

N = 0.2M V° = 50 ml. u “ -0.2M t = 30°C.
117

E° = 0.02M *E°

Perchloric acid

= 0.026M

NTA

T|ta a 0.002M T® = 0.002M

Ou.ITA Ni.NTA

Vol.of B Vol.of B ' Vol.of B Vol.of B
alkali alkali alkali alkali
(in ml.) (in ml.) (in ml.) (in ml.)
0.00 1.50 0.00 i;55 0.00 1.50 0.00 1.55
1.00 a. 55 1.00 1.60 1.00 1.55 1.00 1.60
2.00 1.65 2.00 1.70 2.00 1.65 2,00 1.70
3.00 1.80 3.00 1.80 3.00 1.75 3.00 1.80
4.00 1.95 4.00 2.00 4.00 1.90 4.00 ' 1.95
5.oo 2.20 5.00 2.35 5.00 2.15 5.00 2.15
5.80 2.50 5.50 2.70 5.80 2.«?0 5.80 2.50
6.00 2.75 5.70 . 3.oo, . 6.-00 2.75 6.10 3.00
6.20 3.10 5.80 3.20 6.10 3.05 6.20 3.40
6.30 3.40 5.9p 3.60 6.20 . 3.35 6.3° 3.80

.6.35 3.70 5.94 4.10 6.30 3.70 6.40 4.20
6.38 4.GO 5.96 4.80 6.40 4.20 6.42 5.20
6.40 4.50 5.98 5.50 6.42 5.40 6.46 6.30
6.42 5.oo 6.00 6.00 6.44 5.80 6.48 6.80
6.44 • 5.6o 6.02 6.90 6.46 6.30 6.50 7.25
6.46 6.20 6.04 7.40 6.48 6.80 6.52 8.55
6.48 6.80 6.06 7.90 -6.50 7.30 6.56 9.00
6.50 7.5 0 6.10 8.30 6.52 8.20 6.64 9.30
6.52 8.50 6.15 8.50 6.60 8.50 6.68 9.40 -
6.56 9.10 , 6.20 8.80 6.70 8.90 6.80 9.85
6.60 9.50 6.30 9.10 6.80 9.20 6.90 10.20
6.70 10.05 6.40 9.30 6.90 9.50 7.00 10.40
6.80 10.40 6.50 9.55 7.00 9.70 7.05 10.70
7.00 10.70 ' 6.70 10.00 7.10 10.00 7.10 10.90

7.00 10.60

!



118Table IV 1.2C

H * 0,2M V* = 50 ml. ' « ~ 0.2M t * 30°G.
E° = 0.Q2M. *E° .» 0.026M T|Ta * .0.002M T° = 0.002M

T£ = 0.002M

*£thylenediainine , Cu.HTA.en Ni.NTA en
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N = 0.2M Vu =
bu = 0.02M *UU =

T£ = 0.002M

iYopylenediamine

0.2M t = 30-U.
= 0.002M T“ = 0.002M

Wi.WTA pn

Vol.of b
alkali 
_(in mlt)

0.00 1.60
1.00 1.70
2.00 . 1.80
3.00 2.00
>+.00 2.20
5.oo 2.80
5.20 3.35
5.30 >+.00
5.3>+ >+.80
5.38 5.35
5.^2 5.60
5.6o 6.10
5.70 6.3°
5.80 6.45
6.00 6.75
6.20 7.05
6.30 7.25
6.36 7.50
6.4-0 7.70
6.44 7.95
6.50 8.50
6.60 9.30
6.65 9.60
6.70 9.90

! O
O

O
O

O
O

lA
O

O
O

O
O

lriO
O

O
lA

O
O

O
lA

O
O

lr\ 
• V

0[v-O
00t\l O

D
H

lT\(>fO
C

O
U

M
O

'm
N

O C
O

C
O rH

 N
O C

TN
U

N
O

N
C

M
°q 

.......................................................................................................
| rH f-l iH C

M C
M C

M oocon~u+ J" U
n

U
n

nO
nO [>-0-0-00 00 00 O

n
OnO

l^
SJ

 <3
c

tn
o

n
oo

n
O

N
^n

>n
vn

>n
v-

n.̂
>r

\v-
uv

n>
n>

nv
n'

-n
.v

n.
vj

T.
 -f

"u
j m

h
o

 |h
*

O
n

 -f
'M

O
 O

n
O

v
O

 CO
's

J O
N

N
n -

T
 -F

O
J 0

0 
U

» M
IO

O
C

O
O

O
O

 i 05. 
O

C
O

N
J\

O
N

J\
O

C
O

O
 O

N
JT

. O
 On

-F
M

C
D

O
C

C
C

C
O

O
 la

 MO H
H

-H
i

V
-X

03ro|•
rH

?

>
f

rH
*

<D
iH■31
EH

|

II
*

 
EH 

*3! 
at 

eh

vn o S M
O ro O

N s

C
l 

[ 
ft 

f f
c 

»

zs 
I

000003000
 U

N
O U

-nUn
U

nO O
 U

nU
N

O UnO
U

nO U
nU

n 
n

o Cn-O
O

O C
M 3 C

M 00 C
M N

O
 c

m
 J- [N

O
N

rH C
M

 J- O
N

roO
N

rO
C

O rH
 N

O

M
 M

 H
 C

M C
M cn

 on
 roj- J- U

n
U

n
U

n
U

N
U

n
nO

 ^O
vO

vO N
N

C
C

C
O C

'ff'
B

4h-H
h1

f 
O

M SI O
O

O
O

O
O

O
O

 U
N

J- O
O

O
O

O
O

O
O

O
 U

N
C

O o
 _+ o o

 
‘ 

• 
C
O 

| O
O

O
O

O
O

H
C

M
C

M
 r»"u+ U

n
nO

 C
O C

N
O rH C

M r<irO
rO

± J± U
n

nO
! H M C

l..................................................................
O>

C
O

O
N

O
N

O
N

O
N

O
N

O
N

O
N

O
N

O
N

C
7N

N
j3

N
-n

.^
-n

.v
nv

-n
vn

.N
_n

.N
_n

vn
N

Jx
 who 1m



Fi
g.
 I

V 
30

Cu
(I
I)
 N

TA
 p

n 
sy

st
em

-3
0°

C,
 

3.
 N
Ta

*+
. 1

:1
 M

ol
ar
 r

at
io

 o
f 

Ni
(I

I)
 o

r 
Gu
(I
I)
 a

nd
 

NT
A

5.
 Aci

d.

Fi
g.
 I

V 
29

Ni
(I

I)
 N

TA
 p

n 
sy

st
em

-3
0°

C.
1. 

Pr
op

yl
en

ed
ia

mi
ne

2.
 1

:1
:1

 M
ol
ar
 r

at
io

 o
f 

Ni
(I
I)
 o

r 
Cu

(I
I)

NT
A 

an
d 

pn
.

2o

4-
6_| 

O.J

(•
o 
r*

fo
-b
 r

S'
O 

£-
o 

7'
o 

5'
0 

£‘
0 

"7
-6

O 
^ 

£ 
/ //V

 /~f
 C



120Table IV 1.4-C

N = 0. 2M V° = 50 ml. w = 0.2M t = 30°C.
E ° = 0.
T£ = 0.

02 M *E° = 

002M
0.026M m 0xnta = 0.002M Tj® = 0.002M

* 1,3-Dj.amino pn Cu.NTA 1,3 pn Ni.NTA

1

aim 
11

H 
1

Vol .of 
alkali

B Vol.of 
alkali

B Vol.of 
alkali

B

(in ml.) (in mlT)
_____

(in ml.)
0.00 1.50 0.00 1.55 0.00 1.60
1.00 1.60 1.00 1.65 1.00 1.70
2.00 1.70 2.00 1.75 2.00 1.80
3.00 1.80 3.00 1.90 3.00 1.95
4-.00 2.00 J+.oo 2.10 4-.00 2.15
5.00 2.65 5.00 2.70 5.00 2.80
5.20 3.05 5.20 3.00 5.20 3.20
5.30 3.55 5.30 3.60 5.30 3.70
5.32 3.80 5.36 *+.75 5.34- *+.35
5.35 4-.50 5.38 5.4-0 5.36 5.10
5.38 5.50 5.*+o 5.50 5.38

5.*+o
5.70

5J+0 6.50 5.4-4- 5.80 6.30
5 >2 7.20 5.4-8 6.10 5.*+2 7.20
5.4-6 7.7 0 5.50 6.3° 5.4-6 7.4-0
5.50 7.90 5.55 6.60 5.50 7.55
5.52 8.05 ' 5.6o 6.85 5.60 7.90
5.60 8.35 5.70 7.20 5.70 8.10
5.70 8.65 5.80 7.4-5 5.80 8.30
5.80 8.90 5.90 7.60 6.00 8.60
6.00 9.30 6.00 7.75 6.20 8.85
6.20 9.70 6.10 7.90 6.4-0 9.20
6.4-0 10.05 6.20 8.10 6.60 9.65
6.60 10.25 6.4-0 8.50 6.70 9.90
7.00 10.60 6.60

6.80
9.10
9.80

6.80 10.10
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N = 0.2M V° = 50 ml.
E° = 0.02M *E° = 0.026M

T£ = 0.002M

U = 0.2M
cnta

t = 30°c.
noT®mi = 0.002M T° = 0.002M
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Table IV 1.6C
122

N = 0.2M wo
E° = 0.02M *E°

T£ = 0.002M

V° = 50 ml. 
0.026M

w = 0.2M t = 30°G.
TNTa = °-002M TM = °-002M

N-Ethyl en Cu.NTa N-Ethyl en Ni.NTa N-Ethyl en
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Table IV 1.7C 123
= 0.2M V° = 50 ml. U = 0.2M t = 30°G.

i° = 0.02M *E° =

'£ = 0.002M
0.026M TNTa = °«0Q2M T° = 0.C02M

N-N'-Dimethyl en Cu.NTA Ni.NTA
N-N'-Dimethyl en N-N'-Dimethyl en

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.50 0.00 1.55 0.00 1.60
1.00 l.6o 1.00 1.65 1.00 1.70
2.00 1.70 2.00 1.80 2.00 1.80
3.oo 1.90 3.00 1.90 3.00 1.904.00 2.10 4.oo 2.20 4.00 2.10
5.00 2.60 5.00 2.70 5.oo 2.70
5.30 3.05 5.30 3.20 5.20 3.00
5.|+o 3.40 5.4o 3.60 5.35

5.40
3.60

^.80 5.45 4.15 4.20
5.48 4.20 5.50 4.65 5.44 4.70
5.5 o 4.50 5.55 5.25 5.48 5.35
5.52 4.90 5.60 5.55 5.52 5.80
5.54 5.20 5.7 0 5.95 5.56 6.05
5.5 6 5.60 5.80 6.25 5.60 6.25
5.60 6.00 5.90 6.50 5.70 6.70
5.65 6.50 6.oo 6.70 5.80 6.90
5.70 6.75 6.10 6.90 5.90 7.15
5.80 7.15 6.20 7.10 6.00 7.40
5.90 7.60 6.30 7.60 6.10 7.60
6.00 8.10 6.35

6.40
7.80 6.20 7.90

6.10 8.70 8.10 6.30 8.25
6.20 9.20 6.50 8.6 5 6.40 8.65
6.3° 9.50 6.70 9.50 6.50 9.20
6.40
6.60
7.00

9.80
10.20
10.70

6.80 9.80 6.70 10.00
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Table IV 1.8C 124
N = 0.2M V° = 50 ml. « = 0.2M t = 30°C.
E° = 0.02M *E° = 0.026M T“ = 0.002M T° = 0.002M

T£ = 0.002M

*N-N-Dimethyl en Cu.NTA Ni.NTA
N-N-Dimethyl en N-N-Dimethyl en
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Table 125
N = 0.2M V° = 50 ml. W = 0.2M t = 30°C.
E° = 0.02M *E° = 0.026M T°Ta = 0.002M T° = 0.002M

T£ = 0.002M

*N-N-Diethyl en Cu.NTa Ni.NTA
N-N-Diethyl en N-N-Diethyl en
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Table 1712. lAb

£, njj, H, log(l-n)/n, pL and pL-log(l-n)/n data for Mi.Histidine 
ethylenediamine system - 30°d.

B nH V" Y»t V"» -V" n log(l-n)/E pL pL-log(l-n)/n

6,60 1.821 4.54 4.78' 0.24 0.264. o.45s 6.9I4. 6.4^6
6.70 1.80, 4-.56 4.86 0.30 0.33a o.345 6.777 6.43a
6.80 1.76, 4-.58 4.92 0.34 0.386 o.202 6.664. 6.462
6.90 1.74-, 4.61 4.98 0.37 0.42 5 0.131 6.53? 6.4O4.
7.00 1.70, ,4-.63 5.03 0.40 0.47o 0.05, 6.4i7 6.36^
7.10 1.64-0 4.66 5.09 - 0.43 0.52* 1.957 6.318 6.361
7.20 1.58o 4.69 5.13 0.44 0.55? I.9°o 6.20? 6.30?

1oSKM&L s 6«lf0 + °«°?

Table IV 2.1'kb

B, T£, n, log(l-n)/n, pL and pL-log(l-n)/n data for Mi.Histidine 
ethylenediamine system - 30u0.

B 1L V* v*» n log(l-n)/n pL pL-log(l-n)/n

5.90 0.052 2.680 2.77o 0.09o 0.45o O.O87 6.653 6.563 '
5.95 0.05a 2.69o 2.79o O.lOo 0.50o O.OOo 6.555 6.555
6.00 0.053 2.7O5 2,815 O.llo o.55o 1.913 6.46o 6.547
6.05 0.053 2.720 2,835 O.H5 0.575 1.86a 6.361 6.493
6,10 0.054 2.740 2.86o 0.l2o 0.6O0 1.824 6.263 6A3 9
6.15 0.054 2.755 2.89o 0.135 0.675 I.682 6.16? 6A85
6.20 0.055 2.77o 2,91o O.l40 0.700 I.632 6.072 6.440

n

6.25 0.055 2.79o 2.94o o.i5o o.75o l.?23 5.977 6,454 .
6.30 0.055 2,82q 2.975 0.155 0.775 1.46g 5.882 6.4l9

logKMAL = 6,4-8 + 6,04-

X



127Table IV 2.2Ab

B, Hjj, n, log(l-n)/n> pL and pL-log(l~n)/n data for Ni.Histidine 
propylenediamine system - 30°G,

B “H V" v«‘t YUi-Yn n ' log(l-n)/n pL pL-log(l-n)/n

6.85 1.56* 4.66 5.00 0.34 0.436 O-.lla 6.816 6.7O4. .
6.90 1.52! 4.68' 5.03 0.35 0.4 60 0.069 6.762 6.69,
6.95 l.50i 4.70 5.05 0.35 0.466 0-.059 6.696 6.637
7.00 1.46o 4.72 5.08 0.36 0.493 O.Olt 6.645 6.63e
7.05 1.44o 4.74 5.io 0.36 0-.50o O.OOo 6.596 6.596
7.10 1 .42c 4,75 5*13 0.38 0.535 3.93s 6.551 6.6l3
7.15 1.400 4.77 5.16 0.39 0.557 1.90o 6.50& .6.606

^MiL = 6.,64 + O.03

Table IV 2.2»Ab

B, T£} n, log(l-n)/n, pL. and pL-log(l-n)/n data for Ni.Histidine 

propylenediamine system - 30°C.
1

• B mo1L v« vn V?-V» ' n log(l~n)/n pL pL-log(l-n)/n

5.80 0.053 2.715 2.80o O.O85 0.42 5 0.176 6.916 6.740
5.85 0.053 2.73o 2.820 0.09o o.45o 0.087 6.85? 6.77o
5.90 o.o53 ’ 2,74^ 2.840 0.095 0.475 0.043 6.760 6.7I7
5.95 0.051, 2.765 2.865 O.lOo 0.500 0.00 0 6.661, 6.661,
6.00 0.05* 2.79o 2.90c O.llo o.55o 1.91s 6.56g 6.6 55
6.05 0.055 2.79o 2.9I0 0.120 0.60o 1.82u. 6.475 6.651

logK^j^ = 6.70 + 0.04
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128Table IY 2.3 Ab

B, Hg, n, log(l-n)/n, pL and pL-log(l—n)/n data for. Ni.Histidine 
1,3-diaminopropane system - 30CC.

B 5h Y»t ■yni V«» n log(l-n)/n pL pL-log(l-n)/n

8.20 1.85o 4.54 4.72 0.18 0.195 0.616 5.92 9 5.313
8.30 1.8O5 4.57 4.80 0.23 0.255 0.466 5.786 5.320
8.35 i.78o 4.58 4.83 0.25 0.28! o.4o8 5.714 5.306
8.40 1.75o 4.59 4.86 O.27 0.3°S

0.3^9 5.645 5.296
8.45 1.720 4.6l 4.89 0.28 0.325 0.3I7 5.57o 5.253
8.50 1.70o 4.62 4.92 0.30 0.353 0.263 5.505 5.242
8.55 1.680 4.64 M5 0.31 0.369 0.233 5.434 5.20,
8.60 1.640 4.65 4.98 0.33 0 .402 0.17o 5.375 5.205

logKMAL = 5.26 + 0.04

Table IV 2.4Ab

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Hi,Histidine 
N-methyl ethylenediamine system - 30w0.

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

7.10 1.50o 4.76 5.05 0.29 0.386 0.20, 6.453 6.252
7.20 1.^35 4.78 5.09 0.31 0.432 0.119 6.340 6.22,
7.25 1.4o0 4.78 5.11 0.33 0.47, 0.05o 6.30o 6.25o

7.30 1.385 4.SO 5.13 0.33 0.476 0.042 6,23^ 6.19a
7.35 1.365 4.81 5.15 o,3'+ 0.49a O.OO3 6,1814. 6.I84
7.4o 1.3^5 4.82 5.17 0.35 o.520 I.965 6.136 ■6.17,1
7.45 1.320 4.83 5.19 0.36 0.545 1.92, 6.094 6,173
7.50 1.305 4.84 5.21 0.37 0.567 I.883 6.05i 6.16q

logKMAL = 6.20 + 0.03



Table IV 2.5Ab ^29

B. nH, n, log(l-5)/n, pL and pL-log(l-n)/n data for Ni.Histidine 

N-ethyl ethylenediamine system - 30“U,

B nH V” v»« V"» -V" n log(l-n)/n pL pL~log(l-n)/ii

7.30 1.^65 4.73 4,91 -oas 0.246 0.486 6.589 6.IO2
7.40 1.405 4.75 4.96 0.21 0i29q O,37o 6.477 6.107
7.5 0 I.360 4.78 5.oo 0.22 0.322 0,323 8.353 6.03o

7.60 1.325 4.80 5.05 0.25 0.377 0.218 6.256 6.03s
7.70 1.290 4.82 5.09 0-.27 0.4l9 0.142 6.158 6.016
7.80 1.25j 4.84 5.13 0.29 0.^62 0.066 6.o68 6.OO2
7.90, 1.22o 4.85 5.16 0.31 o.50b 1.986 5.987 6.00,
8.00 I.I85 4.8 7 5.20 0.33 o.557 I.90o 5.916 6.016

logKMAT| = 6.04 + 0.04

l

Table IV 2.6ikb

B. nH, n, log(l~n)/n, pL and pL-log(l-n)/n data for Ni.Histidine 
N-N’-dimethyl ethylenediamine system - 30°0.

B y» ynt ytii _yti n log(l-n)/n pL pL-log(l-n)/n

7.60 1.235 4.86 5.10 0.24 0.38<? 0.196 5.513 5.317
7.70 1.20o 4.87 5.13 0.26 0,433 0.II7 5.42 5 5.308
7.75 1.186 4.88 5.15 O.27 0.45g O.O73 5.386, 5.313
7.80 1.17o 4.89. 5.16 O.27 0.462 0.065 5.33a 5.266
7.90 I.l40 4.91 5.19 0.28 O.49-, O.OI5 5.242 5.227
7.95 1.125 4.91 5.20' O.29 0.516 1.972 5.208 5.236
8.00 l.llo 4.92 5.22 0.30 0.54, 1.928 5.176 5.248

8.10 I.O85 4.93 5.24 0.31 0.572 .I;87* 5.097 5.223

Tog^Mfli, = 5.26 + 0.03



Fi
g.

 IV 
47

 Ni
(I

I)
 ms

t.1
,3

-d
ia

m
in

o-
 

Fi
g.

 IV 
48

 Ni
(I

I)
 His

t.N
-m

et
hy

l en
pr

op
an

e sy
st

em
 - 

30
°C

. 
sy

st
em

 - 
30

°C
.

6-
o -

p

Fi
g.

 IV 
50

 N
i(I

I)
 His

t.N
-N

*-
di

m
et

hy
l 

en
 sys

te
m

 - 
30

°C
.

/-h
 fh

8 o

7-
o r

J o-Z

Fi
g.

 IV 
49

 N
i(I

I)
 His

t.N
-e

th
yl

 en 
sy

st
em

 - 
30

°C
.

7~
e o- o 

0-
4 og 

T-
2.

 
~'

6 
o-

*f
 o-g

Jo
j /-

ft J
H

 
lo

j (
-fi

jh



Table IV 2.1.Ba 130
B, nHJ n, log(l-n)/3, pL and pL-log(l-n)/n data for Cn.IMDA 
ethylenediamine system - 3Q°0.

B nH V" yni Vn,«VM n log(l-n)/n pL pL-log(l-n)/n

5.30 2.000 4.88 5.21 0.33 0.33i 0.30s 9.42 5 9.U9
5.35 2.000 4.88 5.24 0.36 0.361 0.24g 9.346 9.098
5.40 2.000 4.88 5.28 ,0.4-0 0.40f 0.17* 9.276 9.IO2
5.45 2.0Q0 4.88 5.31 0.43 0.431 0.12 0 9.19? 9.079
5.50 2.00(5 4.88 5.34 0.4-6 0.46, 0.06g 9.137 9.069
5.55 2.0Qo 4.88 5.38 0.50 0.50, I.99o 9.o6o 9.07o
5.60 2 .OOo 4.89 5.41 0.52 0.52,

1.96, 8.976 9.013
5.65 2.000 4.89 5.45 0.56 0.56, 1.89a 8.92o 9.027
5.70 2.00o 4.89 5.49 0.60 o.6o. 1,82a 8.864 9.042
5.75 2,OOo 4.90 5.52 0.62 0.62, 1.785 8.789 9.OO4

loS%AL * 9.06 - °*°4

B, T£, n, log(l-n)/n, pL and pL*log(l-n)/n data for Ou.IMDA 
etnylenediamine system - 30wl>

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

4.50 0.05a 2.69o 2.755 0^065 0.325 0.31? 9.416 9.099
4.60 0.052 2.695 2.775 O.O80 0.400 0.176 9.217 9.04,
4.70 0.053 2.695 2.80o O.IO5 O.525 9.01s 9.06a
4.75 0.053 2,695 2.8I5 0.12 o 0.600 1.824 8.9I9 9.095
4.80 o.o53 2.695 2.82 5 0.13 0 o.65o I.73i 8.82o 9.089
4.85 o.o53 2.70o 2.835 0.135 0.675 I.682 8.7I9 9.037

logR^j, s 9.07 + 0.03



Table IV 2.2E4 131
B, n^* n, log(l-n)/n, pL and pL-log(l-n)/n data for Gu.IMDA 
propylenediamine system - 30“0.

B “h y» y»t yin _yw n log(l-n)/n pL pL-log(l~n)/3

5,io 2,000 4,87 5,07 0.20 0,20, 0,60jt 9.846 9,244.
5.20 2,000 4.87 5.13 0.26 0.26, 0,45* 9.683 9.23i
5,30 2,00o KB 7 5.20 0.33 0,33t 0,331 9.53o 9,199
5,4o 2.000 4.88 5.27 0.39 o.39i 0.19z 9,37* 9.18a
5,50 2.00© KB9 5,35 0.46 o,46, o.o68 9.23a 9,16*
5,6o 2.00p 4,90 5.44 0.54 0,54, 1.928 9.10s 9.18o
5.70 2,000 4,90 5.50 0.60 0.60, 1.82* 8.976 9.15*

- logK^ j = 9.19 + 0#Q3

I

Table IV 2,2«Ba
B, T£, n, log(l-n)/n, pL and pL-log(l-n)/3 data for Ou.IMOA 
propylenediamine system - 30.®.- .

B moAL yi yo v«vy» n log(l-n)/n pL pL-log(l-n)/n

4.40 0.052 2.700 2.755 0.055 0.275 0.42, 9.717 9.296
4,45 0.05a 2,700 2.760 o,o60 0.3°o 0.36s 9.63* 9.26s
4.50 0.05a 2.70o 2.775 0.075 0.375 0.22* 9.5l7 9.295
4.55 0.053 2.70o 2.785 0.085 0.425 0.131 9.4l7 9.286
4,6o 0.053 2.70o 2.80o O.lOo 0.50o Q.OOo 9.31s 9.33-8
4.65 0.053 2.70o 2.8I5 0.115 0.575 1.869 9.2I9 9.35o

logK^j_ s 9.28 0.02
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Sable IV 2

B, nfl, n, log(l-n)/n, pL and pL~log(l-n)/n data for Uu.IMDil 
1,3-diaminopropane system - 30*0.

B nH V» y»» y tf», „y 11 mm

n log(l-n)/n pL pL-log(l~n)/n

7.05 2.00o 4.95 5.22 0.27 0.27o 0.432 8.186 7.75*1.
7.10 2,oo0 4.95 5.26 0.31 0.31o 0.347 8.II2 7.765
7.15 2.000 4.95 5.29 0.34 0.340 o.288 8.032 7.74*
7.20 2.000 4;95 5.32 0.37 o.37o 0.231 7.954. 7.723
7.25 2.00c 4.95 5.35 0.40 0.40o 0.176 7.87? 7.70»
7.30 2.000 ‘•■.95 5.40 0.45 0.45o 0.087 7.816 7.72 9
7.35 2,oo0 4.96 0.47 0>7o 0,052. 7.73* 7.68a
7.40 2.000 4.96 5M 0.52 0.52o T.965 7.67? 7.71a
7.45 2.000 4.96 5.53 0.57 O.57o 1*877 7.623 7.746
7.5o 2.000 4.97 5.55 0.58 0.58o T.860 7.542 7.682

1 logKUftL * 7.72 + 0.02

Sable IV 2.4fia

B, n^, n, log(l-n)/S, pL and pI~log(l-n)/n data for Uu.IMDik 
W-methylethylenediamine system - 30uu.

B nH yi* ywt V”* -v« n log(l-n)/n pL pI*-log(l-n)/n

5,50 2.00o 4.97 5.23 0.23 0.2 60 0.45* 9.283 8.82,
5.60 2.00o 4.98 5,30 0.32 0,32o 0.327 9.123 8.796
5.70 2.00o 4.98 5.37 o.39 o.39o 0.19* 8.974. 8.780 ,

5.80 1.995 5,00 5>5 0.45 0.45* O.O85 8.825 8.740
5.90 1.98o 5.00 5.52 0.52 0,525 1.956 8.694. 8.73s
6.00 1.960 5.02 5.60 0.58 0.59a 1.838 8.56? 8.?29

logK^L * 8.77. + 0.03



133Table IV 2.5B&
B, nH, n, log(l-n)/n, pL and pL»log(l-n)/5 data for Uu.lMDA 
B.ethylethylenediamine system - 30~0.

B nH yit ytt» yttt _yit n log(l-n)/n pL pL-log(l-n)/n

6.00 I.985 4.98 5.32 0.31* 0.3^2 0.28* 8.9*+8 8,66*
6.0? 1.975 4.99 5.36 0.37 0.375 0 .22 2 8.87* 8.6?2
6.10 I.965 4.99 5.39 0.40 0.407 O.I63 8.8G0 8.637
6.1? 1.952 ?.00 5.43 0.43 0.440 0.10* 8.72 9 8.625
6.20 l.S^o ?.00 5.4? 0.4? 0.46* 0.062 8.6?2 8.?9o

6.25 1.987 ?.01 5.49 0.48 0.49s 0-.Q03 8.?85 8.?8a
6.30 I.9I5 5.02 5.?2 0.?Q o.?22 1.96, 8.51, 8.??o
6.3? 1.89? 5.02 5.56 0.54 0.?69 I.879 8.462 8.583

6.40 I.880 5.03 5.59 0.?6 0.596 1.831 8.396 8.?65

logK^j ® 8.60 + 0.03

Table IV 2.6Ba

B, ijj, n, log(l-ii)/n, pL and pL-log(l-n)/n data for Cu.IMDA 
N-N*-dimethyl ethylenediamine system - 3°°C*

B 7" ym ynt „.yn n log(l-n)/H pL pL-log(l-n)/n

6.10 1.896 .5.11 5.44 0.33 0.3^7 0.27* 7.875 7.60,
6.1? 1.885 5.11 5.46 0.3? 0.37, 0.22 9 7.79? 7.56s
6.20 1.875 5.12 5.49 0,37 0.39* O.I87 7.719 . 7.53a
6.2? I.860 5.12 5.52 0.40 0.te9 0.12* 7.6?, 7.52?
6.30 1.845 5.13 5.55 0.42 o.4?9 0.078 7.579 7.50,
6.35 1.82 7 5.14 5.58 0.44 0.481 0.033 7.5o9 7>76
6.40 I.8I0 5.15 5.61 0.46 0.?0 7 1.98s 7.440 7.4?2

l°gKm » 7.52 + O.Ok-
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12 4Table IV 2.7B^

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Cu.IMDA 
N-N-dimethyl ethylenediamine system - 30”0.

B SH V" yni V»t .V” n log(l-n)/n pL pL-log(l-n)/n

5.60 1.912 4.96 5.18 0.22 0.23o O.525 8.027 7.502
5.70 1.872 4.98 5.25 0.27 O.289 0.49, 7.974 7.483
5.80 I.837 5.00 5.33 0.33 O.360 0.25o 7.835 7.5 85
5.90 1.80, 5.02 5.39 0.37 0.41, 0.156 7.690 7.534.
6.00 1.75» 5.04 5 >5 0.4l 0.469 0.05^ 7.558 7.504
6.10 1.70, 5.07 5.51 0.44 0.5U 1.975 7.423 7.448
6.20 1.65t 5.09 5.56 0.47 0.57o T.87? 7.3O7 7.43c

l08KMAL * 7.^8 + 0.06

Table IV 2.,8BA

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Uu.IMDA 
N-N-diethyl ethylenediamine system - 30WC.

B i v» ytf« V"‘-Vw n log(l-5)/n pL pL-log(l-n)/n

6.40 I.860 5.03 5.27 0.24 0.25a 0.459 7.7 29 7.27o

6.50 1.840 5.05 5.33 0.28 0.304 0.35, 7.569 7.21o
6.60 1.80, 5.07 5.40 0.33 0.366 0.23a 7.429 7.19i
6.70 I.8O0 5.07 5.47 0.40 0.44* 0.097 7.306 7.209
6.80 1.76o 5.09 5.54 0.45 0.5li 1.98, 7.I87 7.20 6
6.90 1.720 5.11 5.60 0.49 o.57o 1.877 7.072 7.195
7.00 I.680 5.13 5.66 0.53 0.63, I.767 6.972 7.205

i°skmal = 7.2i r°-°2
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Table XV 2.1Bb

B, nH, nt log(l-n)/n, pL and pL-log(lrn)/n data for Mi.lMDA 
ethylenedlamine system - 30°C.

B “h V" ym y«t ..ytt n log(l-n)/n pi* pI*-log( 1-n) /n

6*70 1.781 5.06 5.3^ 0.28 , 0.315. 0.337 6.784 6.44?
6.80 1.7^i 5.09 5.4l 0.32 0.37i Q,229 6.656 6.427
6.90 1.681 5.12 5.47 0.35 o.4l7 0.14& 6.532 6.386
7.oo 1.62, 5.15 5.53 0.38 0.469 0.053 6.42o 6.367
7.10 1.56i 5.17 5.57 0.40 O.5I3 1.978 6.31i 6.333
7.20 1.521 5.21 5.63 0.42 0.553 1.90s 6.207 6,299
7.30 1.46, 5.24 5.68 0.44 o,60a I.8o9 6,129 6.320

losKnu, = 6.37 + 0.<A

Table IV 2.1« Bb

B, T£, n, log(l-n)/n, pL said pL~log(l-n)/n data for Mi.IM)A. 
ethylenedlsimlne system - 30°U.

B m© yt yw y«.yt n log(l-n)/n pi* pL.log(l-ii)/n

5.90 ,0.05m 2.79o 2.860 0.07o o.35o 0.269 6.635 6.363
5.95 0.05m 2.80q 2.880 O.O80 o.4o0 0.176 6.53s ^.362
6.00 0.055 2.815 2.90,5 0.09o o.45o O.O87 6,44-1 6.35m-
6.05 0.055 2.82 5 2.92 5 O.lOo o.50o o.ou© 6.344 6.344
6.10 O.055 2.84o 2.95o O.Uo o.55o 1.913 6.24s 6.335
6.15 0.056 2.855 2-975 0.120 0.6O0 T*82m 6.153 6.329
6.20 0.056 2.87o 3.00o 0.13o O.65o 1.731 6,o57 6.32 6

logKM4L = 6*3lf + °-02



136Table IV 2«2Bb

B, Sjj» n, log(l-n)/E, pL and pL-log(l-n)/n data for Bi.IMDA 
propylene diamine system - 30WU,

B SH VM ■ynt V«t.yn n log(l-n)/n pL pL-log(l-n)/S

6.30 1.822 5.02 5.23 0.21 0.231 0.52a 7.575 7.053
6.40 1.80, 5.05 5.31 0.26 0.2 89 0.39i 7.436 7.045
6.50 1.7^i 5.07 5.37 0.30 O.345 0.27a 7.303 7.025
6.60 1.70, 5.09 5.45 0.36 0.41a 0.154 7.18? 7.033
6.70 1.64t 5.13 5.51 0.38 0.463 0.065 7.068 7i003
6.80 1.6ot 5.16 5.57 0.4l 0.51a 1.97s 6.958 6.98o
6.90 1.54, 5.20 5.62 0.42 O^J I.922 6.8>M 6.9I9
7.oo 1.50i 5.22 5.66 0.44 0.58 6 1.82 9 6.7^i 6.9I2

log= 6.99 + 0.04

Table IV 2.2«Bb—wars.;. .
B, T£, n, log(l-n)/n, pL and pLrlog(l-n)/n data for Mi.IMDA 
propylenediamine system - 30tt0.

B Rl v V* v» V"-f*
mm

n log(l-n)/n pL pL-log(l-n)/n

5.60 0.053 2.785 2.855 0.07o 0.35o 0.269 7.339 7.06i
5.65 0.054 2.80o 2,88o O.O80 o.4o0 0.176 7.23a 7.056
5.70 0.054 2.81o 2.9O0 0.09o o.45o O.O89 7.134 7.o47
5.75 0.055 2.825 2.92o O.095 0.475 0.043 7.036 6.993
5.80 O.055 2.835 2.945 O.llo o.55o 1.913 6.939 7.02 $
5.85 0.056 2.85o 2.97o 0.120 0.6O0 1.82* 6.842 7. oig
5.90 0.056 2.865 2.995 0.13o 0.650 1.731 6.74-6 7.OI5

logKM^Ti * 7.03 0.02
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' 137Table IV 2.3Bb

B, nH, n, log(l-.n)/n, pL and pL-log(l-n)/n data for Hi.IMDA 
1,3-diaminopropane system- 3QUG.

B V" V«i y t»t -y» n log(l-n)/n pL pL-log(l-ii)/n

8.20 1.85o 5.07 5.33 0.26 0.28, 0,4o8 5.983 5.575
8*30 1.805 5.09 5.40 0,31 0.3^3 O.282 5.845 5.563
8.40 1.75o 5.11 5>7 0.36 0.M, 0.156 5.7I9 5.563
8.50 1.70o 5.1*+ 5.54 .0.40 0.47o 0.052 5.596 5.54*
8.60 1.64o 5.1&- 5.60 0.42 0.512 1.979 5.469 5.49o

8.70 1.600 5.20 5.66 0.46 , 0.575 T.86e 5.37, 5.?o3
8.80 l.?09 5.2* 5.72 0.48 0.63 s 1.75? 5.28 s 5,529

108KM41 = 5.53 + 0.03 .

Table IV 2>Bb

B, nH? n, log(l-n)/n, pL and pL-log(l-n)/S data for Nl.IMDA
N-methyl ethylenediamine system - 3°°0.

B
mm

nH V" y*« ytii n log(l-5)/^ pL pI*-log(l-n)/n

6*80 I.670 5.18. 5.37 0.19 0.22? 0,532 6.83, 6.299
6.90 I.6O0 5.21 5.43 ,0.23 O.275 0.42, 6.69 s 6.275
7.00 1.55o 5.24 5M" 0.24 0.309 0.349 6.55s 6.209
7.10 1.50o 5.26 5.55 O.29 0.386 0.20, 6.457 6.256
7.20 1.1*35 5.29 5.59 0.30 Q.4l8 0.143 6.33* 6.191
7.30 1.385 5.32 5.65 0.33 0.476 o.o4, 6.239) 6*198
7.40 1.345 5.35 5.71 0.36 o.53s 1.939 6.155 6.21s
7.50 1:305 5.38 5.75 0.37 0.566 1.884. 6.05* 6.17o

logK^T * 6*22 + 0,03



138Table IV 2.5Bb

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/E data for Ni.IMDA 
N-ethyl ethylenediamine system - 30 °0.

B nH Y» ym ynt _ytt n log(l-n)/n pL pL-log(l-n)/n

7M 1.40y 5.27 5.50 0.23 0.327 O.3I3 6.^98 6.I85
7.50 1.36o 5.29 5.5N- 0.25 0.368 O.235 6.387 6.152
7.60 1.32* 5.32 5.58 0;26 0.39a 0.19o ' 6.27, 6.O80
7.70 1.29o 5.35 5.6*t 0.29 0.¥+9 0.089 6.18s 6.097
7.80 1.255 5.37 5.68 0.31 QJ*% O.Olo 6.099 6.089
7.90 1.220 5.39 5.72 0.33 0.5^i 1.92s 6.02z 6.093
8.00 I.I85 5.5+o 5.76 0.36 0.6o7 I.8I1 5.973 ~ 6.162

logKM&L * 6*12 t °*olf

c

Table IV 2.6Bb

B, n, log(l~n)/n, pL and pL-log(l-n)/n data for Ni.IMDA 
N-N*-dimethyl ethylenediamine system - 30°0.

B hh y«* ym yttt ..yn n log(l-n)/n pL pL-log(l-n)/n

7.20 lM$ 5.32 5.60 0.28 0.392 0.19o 5.84, 5.65i
7.30 1.37* 5.35 5.6* 0.29 0.421 0.13s 5.756 5.618
7.^0 1.325 5.38 5.67 0.29 o.M-3? O.llo 5.81o- 5.70o
7.50 I.275 5.39 5.69 0.30 0M0 0.052 5.703 5.65s
7.60 1.235 5.^1 5.72 0.31 0.502 1.996 5.6og 5.71o
7.70/ 1.2©o 5.^3 5.75 0.32 0.53s 1.9^2 5.5V 5.572
7.80 1.17o 5.¥f 5.77 0.33 0.564 1.88s 5.^2 8 5.57o

*r~*trt4r •******'**••■<•'»»• '-m- —-at- *

l°gKMAT. * 5*^3 * ®»®5
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139
B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.IMDA 
N-N-dimethyl ethylenediamine system - 30°0.

B
w • -e*w<v* -w m-

V" yrti V"'-V"

6.90 1.32y 5.31 5>9 0.18
7.oo I.285 5.3V 5.5V 0.20
7.10 1.2?o 5.36 5.58 0.22
7.20 I.2I5 5.37 5.61 0.2V
7.30 1.195 5.39 5.6V 0.25
7.VO 1.17o 5.V1 5.68 0.2 7
7.50 I.1V5 5.V1 5.70 0.29
7.60 1.125 5.V2 5.73 0.31

n log(l-n)/n pL pL-log(l-n)/n

0.272 O.V27 6.0V* 5.6I9

0.31i O.3V5 5.9V5 5.60o
0.352 O.265 5.85o 5.5 85
0.395 O.I85 5.762 5.577
O.Vl8 O.IV3 5.664 5.52i
0.V6, 0.068 5.585 5.517
0.506 1.989 5.513 5.524
o.55i I.91i 5.VV4 5.533
r ♦ w'

l08KMAL ” 5.,56 + 0.0V

Table IV 2t8Bb

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for NI.IMDA 
N-N-diethyl ethylenediamine system - SO^O.

B hh yn y»i yni-V" n log(l-n)/n pL pL-log(l-n)/n

7.90 1.260 5.35 5.5V 0.19 O.3O1 0.366 5.Wo 5.07*
8.00 1.220 5.38 5.59 0.21 O.3V4 0.28o 5.3S 5.069
8.10 I.I80 5. VO 5.63 0.23 0.39o 0.19* 5.260 5.076
8.20 1.1V0 5.V2 5.66 0.2 V 0.V21 0.13s 5.180 5.0V2
8.30 1.120 5.W 5.69 0.25 O.V54 O.O80 5.096 5.016
8. VO l.lOo 5.V5 5.71 0.26 O.V73 o.ov7 5.016 V.969
8.50 I.O80 5.V6 5.7V 0.28 o.5ie 1.968 V.937 V.969

logKMAL * 5.03 + 0.0V
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gable IV 2.10a

B, nH, n, log(l-n)/n, pi and pl»-log(l-«n)/n data for Cu.NTA 
ethylenediamine system - 30°C.

B SH.. y w ym •ywt ~¥n n log(l-n)/n pL pL-log(l-n)/Ta
^pii'w w if or 1

6.20 l’i'882 5.48 5.90 0.42 0.447 0.092 7.768 7.676
6.25 1.86a 5.49 5.94 o.45^ 0.484 0.02 8 7.706 7.67s
6.30 1.842 5.50 5.97 oM 0.5li I.98« 7.63? 7.656
6.35 1.822 5.51 6.00 0.4.9 0.53s 7.933 7.57a 7.639
6 .4o I.8O2 5.52 6.04 0*52 0.57s 7*883 7.520 7.63?
6.45 1.80a 5.53 6.p6 o.53 0.589 1.8S 7.44-3 7.60o
6.50 1.782 5*5*+ 6.09 0.55 0.6le T.80« 7.407 7.60!

logS^ * 7.6^ + 0.03

Table IV 2.20a
B. nfl1 n, log(l-.n)/n, pL and pL-log(l-n)/n data for Cu.NTA 
propylenediamine system - 30*0.

B **H yt» V»t
r h>«i MewarMt’MrMTMi

n log(l-n)/n pL pL-log(l-n)/n

5.95 I.883 5M 5.89 . 0.^3 0.45 7 0.074 8.37o 8.296
6.00 1.903 5.94 0.47 0.494, o.oo9 8.30s 8,299
6.05 I.882 5>7 5.95 0.48 0.5li I.98i 8.22, 8.258
6.10 I.882 5M 6.00 0.52 0.553 1.907 8.177 8.270
6.15 1.86a 5.W 6.01 0.53 o.57o 1.877 8.IQ2 8.22 5
6.20 1.84-2 5.5o 6.06 0.56 0.60 9 T.807 8.053 8.246
6.25 1.84-z 5.50 6.08 0.58 0.63o I.76s 7.98, 8.22,

logK.^^ ” 8*25 + O.03
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B, nH, n, log(l-S)/5, pL and pLrlog(l-n)/n data for Cu.filTA 
1 ,3**diaminopropane sys tern -30*0.

B •m yn y»n yni „y» n log(l-n)/n pL pL-log(l-n)/n

7.50 2.000 5>6 5.83 0.37 0.37o 0.27, 7.38s 7.097
7.55 2.0G0 5.4 6 5.85 0.39 0.39o 0.194 7.285 7.09»
7.6o 2.000 5.46 5.89 0.43 0.^3o 0.122 7.21s 7.096
7.6? 2.000 5.47 5.92 0 M o>5* O.O87 7.136 7.04$
7.70 1.99o 5.47 5.96 0.49 o>93 O.OI2 7.076 7.064
7.75 1.98o 5.47 5.99 0.52 0.525 1.956 7.008 7.05i
7.80 1.97o 5>8 6.04 0.56 0.569 1.879 6.9S 7.07o
7.85 I.960 5.49 6^07 0*58 0.592 1.83s 6.884 7.04g
7.90 1.95o 5.50 6.10 0.60 O.6I5 1.796 6.8I5 7.OI9

lGgKM&L * 7*06 - °*02

Table I? 2M&
B, nHt n, log(l.n)/n, pL and pL-log(l-n)/n data for Cu.NTA, 
N-methyl ethylenediamine system - 30WC.

B “H V" yni y«i .jyr n

6*20 1.91o 5.49 5.77 0.28
6.30 1*885 5.51 5.85 0.3W
6.40 1.845 5.53 5.93 0.40
6.5o I.8I0 5.56 6.00 0.44
6160 I.765 5.59 6.09 0.50
6.70 1.720 5.61 6.14 0.53
6*80 1.67o 5.65 6.20 0.55

n log(l-n)/n pL pL-log(l-n)/n

0.293 0.382 7.948 7.566
0.361 0.248 7.8O5 7.557
0.43* 0.II5 7.673 7.55s
0.486 0.02 4 7.53* 7.5lo
0.56fi 1.884 7.43o 7.546
0.61ft 1.794 7.31o 7.516
0.659 1.714 7.19s 7.479

IosKmal 7.53 + 0.03
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B, nH, n, -log(l-n)7n, pL and pL-log(l-n)/n data for Cu.NTA 
N*ethyl ethylenediamine system - 30°C,

B “h «•* V»t n log(l-n)7n pL pL-log(l-n)/n

7.00 1.64$ 5.73 6,07 . 0*34 0.4l3 0.18* 7.17»* 6.992
7.05 1.62o 5.74 6.09 . O.35 9.432 0.II9 7.107 6.988
7.10 1.600 5.75 6.1L O.36. 0.449 0.089 7.o40 6.95i
7.15 1.56o 5.76 6.13 O.37 0.47* 0.04| 6.982 6.937

7.20 1.540 5.77 6.15 0.38 0.493 0.01a 6.921 6.90 9
7.2£ 1.50o 5.78 6.16 0.38 0.506 ^ *989 6.856 6,867
7.30 1.46j 5.79 6.19 0.40 0.546 1.920 6.819 6.899

•
logKMftL * 6‘93 + 0.03

Table 47 2.6Ga

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data for 
M-H* -dimethyl ethylenediamine system - 30®G.

Ou.MTA.

B % V" y»»t yni^yw n log(l-n)/n p4 pL-log(l-n)/n

6.60 l.,73o 5.69 5.94- O.25 0.28s 0.393 6.92 7 6.53**
6.70 1.685 5.70 5.99 0.29 0.3V < 0.28o 6.79i 6.5li
6.80 1*630 5.73 6.05 0.32 0.392 0.19o 6.659 6.469
6,90 1.595 5.75 6.10 0.35 0.%S 0.108 6.532 6.42*
7.00 1.535 5.77 6.15 0.38 0.494- 0.008 6.423 6.415
7.10 1.4-75 5.79 6.19 o.4o 0.54a 1.927 6.3I5 6.38s
7.20 1.42 5 5.81 6.23 0.42 0.589 , I.84J 6.2l8 6.375

logKMMj = 6.44 + 0.05



143fable IV 2.70a

B, ng, n, log(l-n)/5, pL and pL-log(l-n)/n data for Cu.Hfk 
N-K-dimethyl ethylenediamine system - 30°C.

B “H y 11 y»»t yni ^ytt n log(l-n//a P.K pL-log(l-n)/E

5.80 I.837 5.54 5.77 0.23 Ojl5o 0.477 7.77o 7.293
5.90 1.80, 5.56 5.83 O.27 0.300 0.363 7.6l9 7.25i
6.00 1.75t 5.5a 5.90 0.32 0.365 0.240 7.48* 7.24*
6.10 1.701 5.60 5.95- 0.35 o.4i. 0.156 7.3^3 7.I87
6.20 , 1.65i 5.62 6.01. 0.39, 0.473 Q.Q47 7.223 7.176
6.30 1.596 5.65 6.08 o>3 °.539 1.93a 7.117 7.I85
6.40 1.546 5.67 6.13 0.46 0.595 1.83 a 7.OI5 7.182
6.50 1.50o 5.70 6.1a. 0.48 o.640 I*75o. 6.9H 7.16* .

logKMATf » 7.21 + o.o4

Table IV 2.8Ca

B, nH, n, log(l-n)/n, pL ajid pI<-log(l*?S)/5 data for 
N-K-diethyl ethylenediamine system - 30°0.

QaJITL

B v» yw« y»i» ..ytt n ‘ log(l-n)/n pL pL-log(l-S)n

7.40 1.400 5.80 6.04 0.24 0.3S 0.28a 6.II3 5.831
7.50 l*36o 5.83 6.09 0.26 0.382 0.209 6.OO0 5.791
7.60 1.32o 5.86 , 6.14 0.28 0.42i(, 0.13a 5.899 5.766
7.70 1.26o 5.89 6.19 0.30 0.476 o.o4. 5.81a 5.771
7.80 1,22o 5.91 6.24 0.33 G.540 1.95s 5.73o 5.772
7.90 I.I80 5.93 6.27 0.34 0.576 1.867 5.66o 5.793
8.00 1.140 5.96 6.32 O.36 0.63, I.767 5.60o 5.833

logSMAT, ® 5.79 * 0,02
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144Table IV 2.1Gb

B, Hjj, H, log(l-n)/n, pL and pL-log(l-n)/5 data for Ni.HTA 
ethylenedi amine system - 30°C.

B V"
——-.P

Y«t
'-'■—y.
7 »i n log(l~n)/n pL pL-log(l-n)/n

6,60 1.76, 5.56 5.76 0.20 0.227 o.53i 6.9O4 6.373
6.70 1.7**-) 5.58 5.82 0.24 0.276 o.4i9 6.763 6.34*
6.80 1.70, 5.61 5.90 0.29 0.3^1 0.285 6.64, 6.356
6.90 1.6k, 5.64 5.97 0.33' 0.402 0.17s 6.52j 6.353
7*00 I.6O0 5.67 6.04 0.37 0.4-62 0.066 6.4lg 6.35a
7.10 1.540 5.70 6.10 0.40 O.5I9 1.966 6.32, 6.35j

7.20 l.50o 5.73 6.17 0.44 0.58a. 1.85s 6.24, 6.385

* ^*36 1+
 i c j •c
l

H
* 1 1 i 1

Table IV 2.2Cb

B. nH, n, log(l-n)/n, pL.-and pL-log(l-n)/n data for Ni.NTA. 
propylenediamine system -system -30°C.

B SH yw y«*t yn» „ytt\ n log(l-n)/n pL pL-log(l-n)/n

6.40 1*782 5.53 5.76 0.23 0.25s 0.453 7.42a 6.964.
6.50 1.76, 5,55 5.83 0.28 0.31s 0.33o 7.285 6.95s
6.60 1.68, 5.57 5.89 0.32 0.38, 0.2lo 7.l6a 6.95s
6.70 1.66, 5.6l 5.98 0.37 0.44s 0.094, 7.05s 6.964.
6.80 1.62, 5.65 6.05 0.40 0.49i, 0.01, 6.945 6.934-
6.90 1.56, 5.68 6.12 0.44 0.564. 1.888 6.863 6.975
7.00 1.50o 5.71 6.17 0.46 0.6I3 1.79? 6.775 6.976

logKM&L * 6.96 + 0.01



Table IV 2.30b
145

B, nH, n, log(l-n)/n, pL and pL-log(l-S)/S data for Hi.NTA 
1,3-diaminopropane system 30°C.

B nH y« V*tt V"« -?M n log(l-B)/n pi pL-log(l-E)/n

8.30 I.8O5 5.59 5.79 0.20 0.22i 0.5^7 5.77* 5.227
8.^0 1.75o 5.62 5.86 0.24- 0.27* O.H23 5.63i 5.208
8.50 1.70o 5.65 5.93 0.28 0,329 0.309 5.^9? 5.188
8.60 1.64o 5.68 6.00 0.32 0.39o 0.1% 5.37s 5.181

8.70 I.6O0 5.72 6.08 0.36 0.^9 0.089 5.25s 5.169
8.80 I.5O9 5.76 6.16 o.4-o O.529 1.9^9 5.17? 5.228

8.90 l.*^9 5.81 6.2** oM 0.59a 1.83-6 5.09* 5.25s

, . 1o«kmal = 5*21 i °-°3

Table IV 2j+0b
B, Eg, E, log(l-n)/n, pL and pL-log(l-n)/n data for Ni.NTA
I-aethyl ethylenediamine. system - 30®C.

B nH yit ytn ynt — E log(l-E)/E pL pL-log(l-S)/n

7.00 1.55o 5.69 5.9^ 0,25 0.322 0.323 6.56s 6.2^5
7.10 1.50o 5.72 6.02 0.30 O.HOo 0.176 6.**7i 6.295

7.20 l‘A35 5.75 6.08 0.33 0.4-6o 0.069 6.37o 6.3O1

7.30 1.385 5.78 6.13 0.35 O.5O5 I.99» 6.267 6.276
7M 1.3S 5.80 6.17 0.37 o.55o I.9I3 6.173 6.260

7.50 1.305- 5.83 6*n 0.38 0.582 1.856 6.07* 6.21g
7.60 1.275 5.85 6.25 O.ifO 0.62^ 1.7% 5.99? 6.223

lo^MAL ** 1 0.02
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/â
 /-

h/
A

So

A *9

Fi
g.

 IV 
81

 N
i(I

I)
 NTA

 1,
3-

di
am

in
o-

 
pr

op
an

e sy
st

em
 - 

3°
°c

*

i/

7-
o r-

Fi
g.

 IV 
80

 N
i(I

I)
 NTA

 pn
 sy

st
em

 - 
3§

°C
.

Fi
g.

 IV 
79

 N
i(I

I)
 NTA

 en
 sy

st
em

 - 
30

°G
.



146Table IV 2.5Cb
B, nH, n, log(l-n)/5, pL and pL-log(l-n)/n data for Hi.NTA 
N-ethyl ethylenediamine system - 30°C.
1

B y«t y»» yi*t „y » n log(l-n)/n pl pL-log(l-n)/n

7.6o 1.325 5.87 6.06 0.19 0.286 0.39? 6.205 5.80 8
7.70 1*29o 5.90 6.11 0.21 O.325 0.317 6.102 5.785
7.80 I.255 5.91 6.15 0,24 0.38a 0.209 6.016 5.807
7.90 1.220 5.93 6.19 0.26 0.426 0.129 5.928 5.799
8.00 I.I85 5.94* 6.22 0.28 0 Mz 0.048 5.8it8 5.80o
8.10 1.155 5.96 6.25 0.29 0.50a 1.996 ?•?!<> 5.764
8.20 1.13o 5.98 6.29 0.31 0.5^8 l*ii i 5:69} 5*775
8.3© 1.11© 5.99 6.31 0.32 0.576 ^ *867 5.610 5.7S
8.40 1.095 6.00 6.3*+ 0.3b 0.620 1*787 5.55o 5.763

logK^ * 5*78 + 0.02

Table IV 2.6Cb

B, nH, n,log(l-n)/n, pL and pL-log(l-n)/n data fear
BUN*-dimethyl ethylenediamine system «* 30°C.

B SH- y» y»i y«*« _y*» n log(l-n)/n Pi pL-log(l-n)/n

7.7 0 1.20o 5.93 6.12 0.19 0.316 0.34*5 5.35i 5.006
7.80 1.17-0 5.94- 6.16 0.22 0.376 0.220 5.275 5.055
7.90 1.14© 5.96 6.20 0.24* 0.42o 0,l4-o 5.193 5.053
8.00 <3. © 3L3.0 - 5.98 6.23 0.25 o.4-5o O.O87 5.105 5.oi8
8.10 1.085 6.00 6.26 0.26 0.4-76 G.Q4| 5.015 4.974
8.20 1.065 6.02 6.29 0.27 0.506 1.989 4.936 4.947
8.30 1.04-5 6.03 6.32 0.29 0.554 1.906 4.875 4.969
8.4-0 1.025 6.04- 6.34- 0.30 0.585 1.85* 4.80a 4.95i

logKMaX. “ ^*99 + 0.04



147fable IV 2.70b

B, nH, n, log(l-n)/n, ,pL and pL-log(l-n)/n data for Ni.NH 
N-H-dlmethyl ethylenediamine system - 30°C.

1 ■**H- V" V«t V"*-?* n log(l-n)/n Pi pL-log(l-n)/S

6#80 I.360 5.78 5.98 0.20 0.294 O.380 6.195 5.8I5
6.90 1.325 5.80 6.02 0,g2 0.323 0.32, 6.083 5.762
7.00 1.285 5.83 6.0 7 0.2V 0.37s 0.22 5 5.99o 5i76 5
7.10 1.25o 5.85 6.11 0.26 0.405 Q.l67 5.892 5.725
7.20 1.215 5.86 6.14 0.28 0.448 0.09o 5.806 5.716
7.30 1.195 5.87 6.18 0.31 o.5i9 1.967 5.75i 5.784
7.40 X f X/^ 0 5.88 . 6.21 0.33 0.564 1.888 5.682 5.7%
7.5 0 l.l45 5.90 6.25 0.35 0.6l, I.8O4 5.62, 5.817

.
: ' - iogSjttL * 5.77 + 0.03

fable IV 2.80b
B, nH, n, log(l«n)/n, pL and pL-log(l-n)/n data for Ni.Nfii
N-N-diethyl ethylenediamine system •* 30u0.

B y« ywt V«t «.y*» n log(l-n)/n pL pL«.log(l*n)/n

8.50 I..OI9 6.02 6.17 0.15 0.294 0.380 4.774 ^.394
8.60 I.OI9 6.04 6.21 0.17 O.333 0.30, 4.694 4.393
8.70 O.9V9 6.06 6.25 0.19 :0.38e 0.19a 4.62g 4.43o
8.80 0.95*- 6.08 6,28 0.20 0.416 0.147 4.546 *.399

8.90 0.95* 6.09 6.3.1 0.22 0.45e 0.073 4.476 4.4o3
9.oo 0.93s 6.12 6.35 0.23 0.489 0.019 4.40o 4.38,
9.10 0.93s 6.14 '6.39 0.25 0.53a 1.944 ^.337 4.393

iobKmm, * V*0 i °-01
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