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SEPARATION SCIENCE A N D  TECHNOLOGY, 23(12&13), pp. 1373-1388, 1988 

KINETICS OF THE COMPLEXATION OF N I C K E L  (11) 
WITH 8-HYDROXYQUINOLINE I N  AQUEOUS SOLUTION 

K. Y. L i  and L inda  L. Smi th  
Chemical E n g i n e e r i n g  Depar tment  
Lamar  U n i v e r s i t y  
Beaumont, TX 77710 

ABS'IKACT 

The c o m p l e x a t i o n  of n i c k e l  i o n  (11) w i t h  
8 - l lyd roxyqu ino l ine  were s t u d i e d  i n  aqueous  
s o l u t i o n  f o r  t h e  p I I  r a n g e  from 4 .6  t o  5 . 4  and t h e  
t e m p e r a t u r e  r ange  f rom 15'C t o  5OoC. 
r e a c t i o n s  wer? found t o  be f i r s t - o r d e r  €or t h e  
n i c k e l  i o n  c o n c e n t r a t i o n  and  i n v e r s e  f i r s t - o r d e r  
f o r  t h e  hydrogen  i o n  c o n c e n t r a t i o n .  The formula 
of t h e  o b s e r v e d  r a t e  c o n s t a n t  may be e x p r e s s e d  a s  

The 

where k + l  and k-l  r e p r e s e n t  t h e  fo rward  and 
t h e  backward s t e p  r e a c t i o n  r a t e  c o n s t a n t ,  arid 
K is t h e  e q u i l i b r i u m  c o n s t a n t  f o r  
8H/ iyd roxyqu iao l ine  i n  aqueous  s o l u t i o n .  Both 
k and k- f o l l o w  A r r h e n i u s  e q u a t i o n  b e h a v i o r  
a;i t h e  a c i i v a t i o n  e n e r g y  i s  c a l c u l a t e d  a s  8 . 9  
Kcal/g-mole f o r  t h e  fo rward  r e a c t i o n  and 10.63 
Kcal /g-mole f o r  t h e  backward r e a c t i o n .  

INTRODUCTION 

The k i n e t i c s  of c o m p l e x a t i o n  be tween Ni ( 1 1 )  and 
8-Hydroxyquinol ine  ( o x i n e )  h a s  been  s t u d i e d  i n  a s o l v e n t  
e x t r a c t i o n  sys t em (1, 2 ,  3 ,  4 )  f o r  t h e  pti r ange  of 4.6 t o  
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13 74 L I  AND SMITH 

5.4 aL v a r i o u s  b n i c  s t r e n g t h s .  Although t h e  r e a c t i o n  h a s  
been r e p o r t e d  as Eirst o r d e r  i n  n i c k e l  i o n  c o n c e n t r a t i o n ,  
t h e  r e a c t i o n s  were co rnp l i ca l ed  by mass t r a n s f e r  p r o c e s s .  
The k i n e t i c  r a t e  c o n s t a n t  ineasured may be d i s t o r t e d  by 
d i f € u s i o n  r e s i s t a n c e .  

t o  e l i r n i n a t r  t h e  d i f f u s i o n  r e s i s t a n c e .  Th i s  equipment h a s  
been found t o  be s u c c e s s f u l  i n  t h e  measurement of t h e  true 
r e a c t i o n  ra te  c o n s t a n t  ( 5 )  between Fe (111) and o x i n e .  The 
f i n d i n g s  of  t h i s  s t u d y  can  be used f o r  f u r t h e r  u n d e r s t a n d i n g  
of r ?dCt ions  o c c u r r i n g  i n  t h e  i n d u s t r i a l  e x t r a c t i o n  of  
n i c k e l .  

In t h i s  s t u d y ,  a s topped- f low s p e c t r o p h o t o m e t e r  i s  used 

EXPERIMENTS 

The e x p e r i m e n t a l  work was performed wi th  a 
Durrum-Gibson Model D-110 Stopped-Flow Spec t ropho tomete r  a t  
t h e  wave leng th  of 255 nm. Temperature  c o n t r o l  was p r o v i d e d  
by a Rosemont t e m p e r a t u r e  c o n t r o l l e r  ( w i t h i n  _tO.l°C). 
K i n e t i c  d a t a  were r eco rded  u s i n g  a S o l t e c  310 s t r i p - c h a r t  
r e c o r d e r .  

1oni.c s t r e n g t h s  were a d j u s t e d  t o  0 .2  M by add ing  sodium 
p e r c h l o r a t e .  A c i d i t y  of t h e  r e a c t i o n  s o l u t i o n  was 
c o n t r o l l e d  w i t h  a b u f f e r e d  s o l u t i o n  of p o t a s s i u m  hydrogen 
p h t h a l a t e  and sodium h y d r o x i d e .  During a l l  t h e  r e a c t i o n s ,  
n i c k e l  i.on c o n c e n t r a t i o n s  were in l a r g e  e x c e s s  so t h a t  
p s e u d o - f i r s t - o r d e r  r e a c t i o n  a n a l y s i s  c o u l d  be used.  

A l l  t h e  c h e m i c a l  r e a g e n t s  used h e r e  were ACS g r a d e .  

EQUILIBRIUM ANALYSIS 

In an aqueous s o l u t i o n  c o n t a i n i n g  n i c k e l  i o n s  and 
o x i n e ,  t h e  f o l l o w i n g  e q u i l i b r i a  can be r e c o g n i z e d ,  

HOx = H+ + Ox- 

H20x+ = HOx + H+ 

NiOx' = Ni + Ox- 

NiOx2 = NiOx' + Ox- 

++ 

where t h e  e q u i l i b r i u m  c o n s t a n t s  a r e  d e f i n e d  as 
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KINETICS OF THE COMPLEXATION OF NICKEL (11) 1375 

[Ni++] [Ox- 1 
R =  

1 [NiOx'] 

[NiOx'] [Ox- ] 
K =  

2 [NiOx2] 

Some r e p r e s e n t a t i v e  pK v a l u e s  f o r  t h e s e  c o n s t a n t s  can be 
found i n  t h e  l i t e r a t u r e  and a r e  l i s t e d  i n  Table 1. For t h i s  
s t u d y ,  the  pK values  a r e  t h e r e f o r e  taken a s  pKHI=lO, 
pKH2=5, pK1=10 and pK2=9. 

An o v e r - a l l  oxine mass ba lance  f o r  t h e  system gives  

(7) 

Equat ions ( 5 )  through ( 9 )  can  be combined t o  g i v e  

[H'] [Ni"] 2 [Ni++ J 2 

10-15 lo- lo  1 0 - l ~  
+ - +  ~ + 1 )  [OX ] + { 1 [Ox-j I -  

[ H + I  

Since the  pH and n i c k e l  c o n c e n t r a t i o n s  a r e  known, t h i s  
e q u a t i o n  can be so lved  f o r  oxine an ion  c o n c e n t r a t i o n s  i n  t h e  
system. And t h e r e f o r e ,  t h e  o t h e r  s p e c i e s  c o n c e n t r a t i o n s  can 
be computed and a r e  shown i n  Table 2 f o r  t h e  extreme pH 
v a l u e s  and n i c k e l  ion  c o n c e n t r a t i o q s  used i n  t h i s  s tudy.  

product of the  r e a c t i o n .  The amount of NiOx p r e s e n t  is 
about  two orders-of-magnitude less and t h e r e z o r e  i s  
n e g l i g i b l e .  Although t h i s  f i n d i n g  is c o n t r a d i c t o r y  wi th  
t h a t  repor ted  by Haraguchi e t  $$. ( 2 1 ,  i t  i s  supported 
by a s t a b i l i t y  s tudy  ( 7 )  of N i  and oxine complexation. 

I t  may be concluded t h a t  NiOx i s  t h e  predominant 

KINETIC ANALYSIS 

The e q u i l i b r i u m  a n a l y s i s  i n d i c a t e d  t h a t  under the  
c o n d i t i o n s  used i n  t h i s  Btudy, n i c k e l  and oxine r e a c t  t o  
produce t h e  complex NiOx . Reasonable r e a c t i o n  s t e p s  f o r  
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13 76 L I  AND SMITH 

Table 1. Representative Values of the Equilibrium 
Constants for the Nickel-Oxine System. 

Equilibrium Value Conditions Reference 

PK1 10.03 
PK1 9.55 
P K 1  9.9 

PK2 8.8 
P K 1  9.27 
PKH 1 9.90 
PKH2 5 . 0 1  

PKH 1 9.81 
PKH2 4.91 
PKHl 9.89 
PKH2 5.13 
PKHl 9.66 
PKH 1 9.86 
PKH2 5.01 

p=o . 0 T=2 5OC 
p=O .2 ( ~ ~ 0 3 )  ~=250c 
p=O. 1 (C104-) T=20°C 
p=O. 1 (C104-) T=20°C 
p=o . 0 T=2 5OC 
p=o . 0 T=2 O°C 
p=o . 0 T=2 O°C 
p=o . 0 T=2 5OC 
p=o. 0 T=2 5OC 
p=o. 01 T=2 O°C 
k=O. 01 T=2 O°C 
p=o. 1 T = 2  5OC 
p=O. 085 T=2 5OC 
p=O. 085 T=2 5OC 

Table 2 .  Equilibrium Concentrations for the Nickel-Oxine 
System at the Extremes of the pH and Nickel Concentrations 
used in this Study. 

4.60 0.502 9.31 234. 5 0 1 .  4.67 4.35 
2.509 2.14 53.8 135. 5.37 1.15 

5.40 0.502 11.6 46.1 18.3 5.81 6.72 
2.508 2.38 9.41 3.71 5 . 9 1  1.42 
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KINETICS OF THE COMPLEXATION OF NICKEL (11) 1377 

t h i s  complexa t ion  r e a c t i o n  may s t a r t  w i t h  t h e  e q u i l i b r i u m  
d i s s o c i a t i o n  of o x i n e .  as shown i n  Equa t ion  (11,  f o l l o w i n g  a 
r e a c t i o n  between n i c k e l  

k -1 

The above r e a c t i o n  
e q u a t i o n ,  

i o n s  and t h e  o x i n a t e  i o n s ,  

(11) 

s t e p s  produce t h e  f o l l o w i n g  r a t e  l a w  

d [NiOx'] 

d t  
= k+l[Ni++]a[Ox-]h - k l[NiOxC]C. 

By u s i n g  t h e  e q u i l i b r i u m  c o n s t a n t  K H 1 ,  Equa t ion  ( 5 1 ,  
Equa t ion  ( 1 2 )  can be  c o n v e r t e d  i n t o ,  

d[NiOxt] b + c  ~- = k 1  [HOx] - k l [ N i O x  1 , 
d t  

where 

Since t h e  n i c k e l  and hydrogen i o n  c o n c e n t r a t i o n s  a r e  
m a i n t a i n e d  as c o n s t a n t s  d u r i n g  t h e  r e a c t i o n s ,  t hey  have been 
combined wi th  t h e  o t h e r  c o n s t a n t s  for  e a s e  i n  m a n i p u l a t i o n .  
Making t h e  a s sumpt ion  t h a t  t h e  e q u a t i o n  is  f i r s t - o r d e r  i n  
ox ine  and n i c k e l  mono-oxinate and u s i n g  t h e  e q u a t i o n  f o r  
o x i n e  mass b a l a n c e ,  

[ItOxl = [IIOxJo - [NiOx ' ] ,  

e q u a t i o n  ( 13) produces  

d [NiOx'] 
--- = k 1  [ H O X ] ~  - ( k 1  + k - l )  [NiOx+] 

d t  

A t  e q u i l i b r i u m  t h e  i n i t i a l  o x i n e  c o n c e n t r a t i o n  can be s o l v e d  
t o  produce 
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1378 L I  AND SMITH 

Equat ion (17) i s  then s u b s t i t u t e d  back i n t o  equat ion  (16) 
and the  r e s u l t  s i m p l i f i e d  t o  produce 

where 

I n t e g r a t i n g  equat ion  ( 1 8 )  produces t h e  fol lowing b a s i c  
k i n e t i c  equat ion;  

[NiOx+] ,  - [NiOx'] 

[NiOx+Iw - [ N i O x + I o  
In  I 1 = kobs t .  

K I N E T I C  EQUATION I N  OPTICAL FORMULA 

The b a s i c  express ion  r e l a t i n g  c o n c e n t r a t i o n  and o p t i c a l  
absorbance i s  t h e  B e e r ' s  Law which can be w r i t t e n  as 

where A i s  the  absorbance,  E is the  a b s o r b t i v i t y ,  b i s  the  
pa th  l e n g t h ,  and c is  t h e  molar c o n c e n t r a t i o n  of the  
absorbing s p e c i e s .  For t h i s  s t u d y ,  the  path length  i s  
c o n s t a n t  and can be combined wi th  t h e  a b s o r b t i v i t y .  The 
t o t a l  absorbance for any s o l u t i o n  is t h e  sum of the  
absorbance5 of each of the  i n d i v i d u a l  s p e c i e s  involved.  
T h e r e f o r e ,  

++ 
A = E 1 [ N i  ] 0 + ~ ~ [ H o x ] ~ ,  

0 

(23)  
++ 

A = E ~ [ N ~  ] + E ~ [ H O X ]  + ~ ~ [ N i O x ' l .  

and 

These equat ions  are w r i t t e n  f o r  t h e  i n i t i a l  c o n d i t i o n s ,  t h e  
in te rmedia te  r e a c t i o n ,  and a t  e q u i l i b r i u m  r e s p e c t i v e l y .  

In  accordance with the pseudo-f i r s t -order  k i n e t i c s  of 
t h i s  s t u d y ,  t h e  n i c k e l  i o n  is  p r e s e n t  i n  l a r g e  excess .  I n  
essence ,  t h i s  means t h a t  t h e  n i c k e l  i o n  c o n c e n t r a t i o n  i s  
e f f e c t i v e l y  c o n s t a n t ,  or  

[ N i + + ] O  = [Ni"] = [ N i + + ] ,  ( 2 5 )  
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KINETICS OF THE COMPLEXATION OF NICKEL (11) 1379 

P 
T = 30.1"C 

pH 4 . 6  

- 

1 ~ 0 x 1  = 5 . 5 8  x M 
[N. 1 = 1.004 x M 2+ 

1 

1 t I 

8 a 

9 
a 

9 

0 

. h 

8 

100 

10 -1  

10-2  . -  

0.0 0.5 1 .o 1.5 2.0 
Time (sec.) 

F i g u r e  1. Example of Optical Data versus Time Plot 
Used t o  Obtain the Observed Rate Constant, 

With the help of Equations ( 2 3 )  through (251 ,  the 
kinetic equation ( 2 0 )  can be converted into an optical 
density formula,  

A - Am 

EXPERIMENTAL RESULTS 

As may be seen from F i g u r e  1, a plot of 
(A-A_)/(Ao-Aa) versus reaction time on a semi-logarithmic 
scale gives a straight l i n e .  The experimental data follow 
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1380 LI AND SMITH 

Table 3. Experimental C o n d i t i o n s  and t h e  Observed R a t e  
Constants f o r  t h e  Nickel-Oxine S y s t e m  u s e d  fo r  Rate  Law 
Development. 

pH T e m p .  Ionic S t r e n g t h  Oxirie N i c k e l  Kobs Kobs Kobs 
0 

C M Mx105 Mx103 Run A R u n  B Run C 

4.60 30.1 

4.60 29.8 

4.93 30.2 

5.09 30.0 

5.40 29.9 

0.2063 5.58 0.502 
1.004 
1.506 
2.007 
2.509 

0.2057 6.17 0.502 
1.004 
1.506 
2.007 
2.509 

0.2056 6.37 0.502 
1.003 
1.505 
2.006 
2.508 

0.501 
1.003 
1.504 
2.005 
2.507 

0.2055 6.01 0.502 
1.003 
1.505 
2.006 
2.508 

1.357 1.473 1.481 
1.833 1.674 1.651 
2.193 1.769 2.150 
2.167 2.375 2.421 
2.455 2.571 2.540 

1.249 1.275 1.241 
1.756 1.733 1.798 
2.062 2.045 2.072 
2.358 2.602 2.507 
2.671 2.854 2.639 

1.826 1.570 1.603 
1.982 1.942 1.897 
3.294 2.736 2.210 
3.052 2.929 2.070 
3.130 2.884 3.692 

3.357 2.983 3.076 
5.041 5.890 5.275 
6.070 5.879 5.336 
6.610 7.189 9.812 
7.329 7.481 7.894 

1.632 1.760 1.503 
2.762 2.964 3.063 
4.653 4.403 5.194 
5.272 5.343 4.632 
7.405 6.251 8.428 

the  s t r a i g h t  l i n e  q u i t e  w e l l  f o r  t h e  r e a c t i o n  t i m e  cover ing  
more than  twice of t h e  h a l f  l i f e .  This  i n d i c a t e s  t h a t  t h e  
r e a c t i o n  i s  f i r s t - o r d e r  i n  oxine f o r  forward and f i r s t - o r d e r  
i n  n i c k e l  mono-oxinate f o r  backward r e a c t i o n .  The observed 
rate c o n s t a n t  can be obta ined  from t h e  slope of t h e  s t r a i g h t  
l i n e .  They a r e  gresented  i n  Table 3 f o r  the  r e a c t i o n  
c o n d i t i o n s  a t  30 C and 0.2 M of i o n i c  s t r e n g t h  and f o r  
d i f f e r e n t  pH v a l u e s .  

A p l o t  of the  observed r a t e  c o n s t a n t s  versus  n i c k e l  i o n  
c o n c e n t r a t i o n  a t  c o n s t a n t  pH value  showed a s t r a i g h t  l i n e  
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9 

8 

7 

T = 30 k 0.8"C 

P =  
- CI pH5.40 - pH 5.09 - 0 pH4.93 
. 0 pH 4.68 - pH4.60 

0.20 M 

0' I 
I 

0.000 0.001 0.002 0.003 

Nickel Concentration (M) 

Figure 2. E f f e c t  of P ! i c k e l  Ion C o n c e n t r a t i o n  on the 
Observed-Ra te  C o n s t a n t .  

Figure 3. Effect of Hydrogen Ion Concentration on 
theobserved Rate Constant. 
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L I  AND SMITH 

Table 4 .  Rate Constants Determined from the Data in 
F i g u r e s  2 and 3 .  

[ Ni++ 1 k - k t l  P H  k-1 k + l  
M sec-1 sec-1 s e c-1 s e c-1 

0 . 0 0 0 5  1 . 3 7  2 . 3 2  x l o 7  4 . 6 0  1 .18  1 . 3 9  x l o 8  
0 . 0 0 1 0  1 . 4 8  5 .75  x l o 7  4 . 6 8  0 . 9 6  1 . 5 2  x l o 8  
0 .0015  1 . 4 5  8 . 7 0  x lC7 4 . 9 3  1 . 2 1  9 . 7 3  x l o 7  
0 . 0 0 2 0  1 . 8 4  6 . 4 4  x 10’ 5 . 0 9  2 . 6 9  1 . 6 6  x l o 8  
0 . 0 0 2 5  1 . 5 1  9 . 2 2  x lo’ 5 . 4 0  0 . 2 7  1 . 0 8  x l o 8  

Table 5 .  Experimental Conditions and the Observed Rate 
Constants for the Nickel-Oxine System at Different 
Tempe rat u re s . 

p H  Temp. Ionic Strength Oxine Nickel KObs Kobs Kobs 
0 
C M Mx105 Mx103 Run A Run B Run C 

4 . 6 0  2 0 . 9  0 . 2 0 6 3  5 . 5 8  
2 9 . 6  
4 0 . 3  

4 . 9 3  1 5 . 7  0 . 2 0 5 6  6 . 3 7  
2 1 . 2  
3 0 . 5  
4 0 . 0  
4 9 . 7  

5 . 0 9  2 4 . 7  0 . 2 0 5 7  4 . 8 6  
3 0 . 8  
3 5 . 9  
4 1 . 6  

5 . 4 0  1 5 . 2  0 . 2 0 5 5  6 . 0 1  
2 1 . 1  
3 0 . 0  
3 9 . 8  
5 0 . 7  

1 . 0 0 4  0 . 6 1 0  0 . 5 8 8  
1 . 2 6 6  1 . 3 2 8  
3 . 7 5 7  3 . 7 2 7  

1 . 0 0 3  0 . 6 9 7  0 . 7 3 3  
0 . 6 5 2  0 . 7 0 5  
1 . 5 5 5  1 . 5 6 5  
2 . 5 7 1  3 . 2 6 5  
3 . 7 5 7  3 . 5 9 1  

1 . 0 0 3  1 . 4 0 1  1 . 6 3 7  
1 . 9 2 1  1 . 7 0 9  
2 . 6 6 0  3 . 1 0 0  
4 . 4 9 6  3 . 6 3 3  

1 . 0 0 3  1 . 4 4 6  1 . 1 1 3  
1 . 3 8 6  1 . 2 3 5  
1 . 7 9 8  1 . 9 3 4  
4 . 1 7 8  4 . 8 5 7  
5 .781  5 . 7 8 1  

0 . 5 7 0  
1 . 4 4 7  
2 . 6 2 3  

0 . 6 7 4  
0 . 7 2 7  
1 . 5 4 3  
2 . 8 2 8  
3 . 1 4 1  

1 . 4 6 6  
1 . 9 1 6  
3 . 4 5 9  
4 . 0 3 9  

0 . 9 2 9  
1 . 2 6 6  
2 . 1 6 0  
5 . 8 7 9  
5 . 7 8 1  
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F i g u r e  4. E f f e c t  of Temperature on the R e v e r s e  Rate 
C o n s t a n t .  

with a p o s i t i v e  s lope  a s  can be seen from Figure 2 .  This  
i n d i c a t e s  t h a t  the r e a c t i o n  is  f i r s t - o r d e r  w i t h  r e s p e c t  t o  
n i c k e l  i o n  c o n c e n t r a t i o n .  Another p l o t  of the  observed r a t e  
c o n s t a n t s  versus  the  i n v e r s e  of the  hydrogen ion 
c o n c e n t r a t i o n  a l s o  g ives  a s t r a i g h t  l i n e  as  shown i n  F igure  
3 .  This i s  nn i n d i c a t i o n  of an inverse  f i r s t - o r d e r  r e a c t i o n  
with r e s p e c t  to the  hydrogen ion  c o n c e n t r a t i o n .  Therefore ,  
the  observed r a t e  c o n s t a n t  ; Equat ion (19)  can be w r i t t e n  
a s  

[Ni"]  
kobs = K k -- + k - 1 .  ( 2 7 )  

[H+1 
111 +1 

Taking the  pKHl v a l u e  a s  10, t h e  forward c o n s t a n t ,  k + l ,  
and the backward r a t e  c o n s t a n t ,  k-l, can then be computed 
from the  sloped and the  i n t e r c e p t s  of these  s t r a i g h t  l i n e s .  
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Figure 5. Effect of Temperature on t h e  Forward Rate 
Ccnstant . 

They are listcj in Table 4 .  
1 .2320.42  sec 
is 8.90+0.90~10 sec , With these kinetic rat 
constants, the K value can be estimated as 10 (at 

The average value of k+l i s  
and-€he average reverse rate constant 

4 
1 

30OC). 

THE TEMPERATURE EFFECT 

The observed rate constants, kobs, at different 
temperature are measured and are listed in Table 5 .  Using 
the same procedures as mentioned in the above the rate 
constants, k 
estimated. 
semi-logrithmic scale indicate that both reaction rate 
constants follow the Arrhenius equation quite well as may be 
seen from Figures 4 and 5 .  The activation energy, Ea, and 
the frequency factor i n  the Arrhenius equation can then be 
calculated and are shown in Table 6 .  

and k-l at different temperatures can be 
'#e plots of rate constants versus 1/T on a 
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T a b l e  6. Activation Parameters for the Nickel-Oxine 
System. 

k A Ea AH AS AG 
sec-1 s e c-1 LXLL d c a l c a l  

gmol gmol gmol K gmol 

k + l  3 . 7 6  x l o 7  1 . 2 5  x lo1* 8 9 0 0  8300  3 . 9 8  7120 

k-l 7 . 8 1  x 10-l4.87 x l o 7  10630 10000  10.3 6970  

F i g u r e  6. E f f e c t  of  the Ionic Strength on the O b s e r v e d  
Rate Constant. 
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1386 L I  AND SMITH 

The e n t h a l p y  of a c t i v a t i o n  a t  25OC can  be c a l c u l a t e d  

AH = Ea - RT. 
by 

The e n t r o p y  and t h e  f r ee  ene rgy  of a c t i v a t i o n  can t h e n  be 
computed by 

and 

AG A l l  - TAS . 
These a c t i v a t i o n  p a r a m e t e r s  a t  25OC are a l s o  l i s t e d  i n  
Tab le  6.  

t h a t  t h e  e n t r o p y  b a r r i e r  i s  not  predominant  d u r i n g  t h e  
a c t i v a t i o n  of t h i s  complexa t ion  r e a c t i o n .  And t h e r e f o r e  i t  
may be c o n s i d e r e d  t h a t  t h e  e n t h a l p y  of a c t i v a t i o n  i s  t h e  
c o n t r o l l i n g  f a c t o r  f o r  t h i s  complexa t ion  r e a c t i o n .  

The r e l a t i v e l y  small e n t r o p y  of a c t i v a t i o n  i n d i c a t e s  

I O N I C  STRENGTH EFFECT 

I o n i c  s t r e n g t h  was v a r i e d  from 0.124 M t o  0.204 M ,  w i t h  
t h e  t e m p e r a t u r e ,  pH, and n i c k e l  c o n c e n t r a t i o n  h e l d  c o n s t a n t .  
Lower i o n i c  s t r e n g t h s  were no t  s t u d i e d  t o  be s u r e  t h a t  t h e  
i o n i c  s t r e n g t h  d i d  no t  change d u r i n g  t h e  r e a c t i o n .  The 
b u f f e r  s o l u t i o n  a l s o  l i m i t  t h e  i o n i c  s t r e n g t h  t o  go any 
h i g h e r .  Wi th in  t h i s  narrow i o n i c  s t r e n g t h  r a n g e ,  as may be 
s e e n  from F i g u r e  6 ,  t h e  i o n i c  s t r e n g t h  e f f e c t  i s  n o t  
s i g n i f i c a n t .  

CONCLUSION 

The k i n e t i c s  of t h e  r e a c t i o n  between n i c k e l  and o x i n e  
are f i r s t - o r d e r  w i t h  r e s p e c t  t o  b o t h  n i c k e l  and o x i n e .  The 
r e a c t i o n  i s  i n v e r s e - f i r s t - o r d e r  w i t h  r e s p e c t  t o  hydrogen i o n  
c o n c e n t r a t i o n  from pH 4.60 t o  5.40. The a c t i v a t i o n  of  t h i s  
complexa t ion  r e a c t i o n  i s  e n t h a l p y  c o n t r o l l i n g  r a t h e r  t h a n  
e n t r o p y  c o n t r o l l i n g .  The i o n i c  s t r e n g t h  e f f e c t  i s  n o t  
s i g n i f i c a n t  f o r  t h e  c o n d i t i o n  of t h i s  s t u d y .  

NOMENCLATURE 

Symbol 

A 

b 

D e s c r i p t i o n  

- (1) O p t i c a l  abso rbance  
- ( 2 )  Frequency f a c t o r  in t h e  Ar rhen ius  

- O p t i c a l  p a t h  l e n g t h  
Law 
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C 
Ea 
AG 

AH 
h 
K 
k 

* HO 

k+ 1 
k-l 

R0 
N 

AS 
t 
E 

lJ 

Subscripts 

0 
obs 
rn 

Superscripts 

a,b,c,d 

REFERENCE S 

Concentration 
Activation energy 
Free energy of activation 
Standard enthalpy of reaction 
Enthalpy of activation 
Planck's constant 
Equilibrium constant 
Rate constant 
Forward rate constant 
Reverse rate constant 
Avagadro I s number 
Gas constant 
Entropy of activation 
Time 
Molar absorbtivity in Beer's Law 
Ionic strength 

Initial value 
Observed value 
Equilibrium value 

Reaction orders in rate laws 
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