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SPECTROSCOPIC STUDY OF COMPLEXES BETWEEN COBALT( I I AND NICKEL( I I )  
WITH ETHYL a-KETOCYCLOPENTYLCARBOXYLATE 
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INTRODUCTION 

As shown i n  a previous paper"! t he  e t h y l  a -ke tocyc lopenty l -  

carboxyl a te  (he rea f te r  HCBCP, according t o  i t s  non-systematic name 

carbetoxycyclopentanone) e a s i l y  undergoes a ke to-eno l ic  tautomerism, 

the  eno l i c ,  de-protonized species thus  forming coo rd ina t i on  compo- 
unds w i t h  M n ( I I ) ,  F e ( I I I ) ,  C o ( I I ) ,  N i ( I I ) ,  and Cu(I1).  I n  a d d i t i o n  
t o  t h i s  b identa te  l igand,  t h e  complexes u s u a l l y  con ta in  coordinated 
water molecules, thus  complet ing a d i  s t o r t e d  octahedral  coo rd ina t i on  
around t h e  m e t a l l i c  s i t e .  The immediate environment o f  t he  metal  
i n  these complexes i s  very s i m i l a r  t o  t h a t  e x i s t i n g  i n  t h e i r  a c e t y l -  
acetonate compounds, M(acac), (n=2 or 3 ) .  These - acac d e r i v a t i v e s  
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198 BANARES ET AL. 

have been w ide ly  s tud ied  i n  the  l i t e r a t u r e ,  and so ,  Co(I1) i s  known 

t o  form a complex [ C o ( a ~ a c ) 2 ( H 2 0 ) 2 ] ( ~ )  w i t h  near-octahedral coo rd i -  
na t i on  and t h e  water molecules i n  t r a n s  p o s i t i o n ( 3 )  (D4h symmetry). 
When dehydrated by heat ing  a t  331 K,the water - f ree  d e r i v a t i v e  has a 
tetramer s t ruc tu re ,  [Co(acac)2]4, i n  the  s o l i d  
again a t t a i n i n g  a d i s t o r t e d  octahedral environment around the  metal-  

l i c  s i t e .  
(6-8) 

thus  

S im i la r  s tud ies  have been c a r r i e d  ou t  w i t h  [N i (acac)2 ]  

I n  t h i s  paper, t he  spectroscopic ( V - U V )  parameters o f  t he  com- 

plexes formed between N i ( I 1 )  and Co( I1 )  w i t h  CBCP- are determined, 
and t h e i r  behaviour i n  several solvents a re  studied. I n  s p i t e  o f  
t h e i r  s i m i l a r i t y ,  t h e  Cobalt complex i s  e a s i l y  hydrolyzed i n  non-po- 

l a r  solvents by i t s  own coord ina t ing  water molecules, w h i l e  f o r  t he  
N icke l  analogL. . h i s  process does no t  seem t o  take  place. 

EXPERIMENTAL 

The complexes have been syn the t ized  according t o  (1  1 . A l l  che- 

mica ls  were from Fluka o r  Merck (p.a.1. The e l e c t r o n i c  spectra were 
recorded i n  a Shidmazu mod. UV-240 spectrophotometer w i t h  an i n t e -  
g r a t i n g  sphere accessory f o r  s o l i d  samples using MgO as a reference, 
and coupled t o  a mod. PR-1 graphic p r i n t e r .  
t i e s  were measured a t  room temperature using a Stanton MC-5 Gouy ba- 
1 ance provided w i t h  a Newport C electromagnet . 

Magnetic s u s c e p t i b i l i -  

RESULTS AND DISCUSSION 

F igure  1 shows the  V-UV spectra of [Ni(CBCP)2(H20)2], bo th  i n  
the  s o l i d  s t a t e  and i n  CCl4 so lu t i on .  Two bands corresponding t o  
d-d t r a n s i t i o n s  are  recorded a t  ca. 660-760 and 390 nm, tha t ,  t a -  
k ing  i n t o  account t h e  near-octahedral oxygen environment around t h e  
m e t a l l i c  ion,  s i m i l a r  t o  t h a t  e x i s t i n g  i n  t h e  exa-aquo complex, can 
be ascr ibed t o  3 A2g(F) - 3 T (F) (v,) and 3 A (F)  - 3Tlg(P) (v,) 

l g  29 
t r a n s i t i o n s ,  respec t ive ly ,  t h e  f i r s t  one s p l i t t e d  by s p i n - o r b i t a l  
coupl ing.  
l i d  s ta te )  and 230 nm are recorded, and are due t o  t h e  l igand,  as 

I n  the  UV reg ion  two bands a t  290 nm ( s p l i t t e d  i n  the  so- 
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FIG. 1.- E lec t ron i c  spectra o f  [Ni(CBCP)2(H20)2]. (a )  i n  CC14 (b)  i n  

s o l i d  s ta te .  

the  UV spectrum o f  NaCBCP shows these two same bands a t  285 and 215 
nm . 

The band a t  660-750 nm showing a so wide s p l i t t i n g ,  makes some- 
waht d i f f i c u l t  t o  s t a t e  unambiguously the  p o s i t i o n  o f  i t s  maximum i n  
order t o  c a l c u l a t e  lODq and B y  and so, assuming a l o c a l  octahedral  
symmetry around the  m e t a l l i c  ion,  t h e  value o f  lODq has been de te r  - 
mined from t h e  magnetic p roper t i es  o f  t h i s  compound. For octahedral  

complexes with ground s t a t e  o f  symnetry A ( d  , N i ( I I ) ,  among o thers )  
t he  e f f e c t i v e  magnetic moment, peff, i s  g iven  by : 

8 

(9) 
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200 BANARES ET AL. 

where ps .o ,  i s  t he  magnetic moment due t o  sp in  only,  A i s  t he  sp in -  
o r b i t a l  coup l ing  (-315 cm-l f o r  N i ( I 1 ) )  and a=,(’). So, t ak ing  i n t o  

account t h a t  f o r  [Ni(CBCP)2(H20)2] peff=3.24 MB (2.83 MB f o r  sp in  
on ly ) ,  lODq r e s u l t s  t o  be 8920 cm-l. 

According t o  Ba l lhausen( l0 ) ,  the  energy o f  t h e  f i r s t  band f o r  

octahedral d species co inc ides  w i t h  lODq, and w i t h  the  t r a n s i t i o n  
energy r a t i o s  tabu la ted  by Lever‘”),  the  energy o f  t he  second t r a n -  
s i t i o n ,  from those o f  vl=8920 cm-l and v3=25640 cm-l(390 nm) r e s u l t s  
v2=14700 equ iva len t  t o  680 nm. Moreover, f rom expressions g i -  
ven by Bal lhausen( l0)  f o r  ul, v2, and v3 f o r  octahedral d species, 

the  value o f  B i s  given by 

8 

8 

2 2  

15v3 - 27vl 

2Ul + v3 - 3vi “3 B =  

and thus, B=908 cm-l f o r  [Ni(CBCP),(H,O),$. Taking B0=1030 cm-l f o r  
the  f r e e  N i  (11) ion(12) ,  t h e  nephelauxetic parameter B r e s u l t s  0.882. 
The Jdrgensen parameter ‘If” f o r  t h e  environment around the  N i  ( I 1  1 
c a t i o n  can be obtained cons ider ing  t h a t  10Dq=fxg and t h a t  g(Ni2+) = 

8700 cm -’ (13) ,  thus  ob ta in ing  f=1.025, very c lose  t o  those o f  wa - 
t e r  and oxalate.  

The V-UV spectra o f  [ C O ( C B C P ) ~ ( H ~ O ) ~ ]  are shown i n  F ig .  2 .  On- 

l y  one band, m u l t i - s p l i t t e d  and centered a t  ca. 500 nm, can be ascr i -  
bed t o  a d-d t r a n s i t i o n .  Taking i n t o  account t h a t  the  e f f e c t i v e  mag 

n e t i c  moment f o r  t h i s  compound i s  5.05 MB (3.87 f o r  psa0  and 5.20 
t he  compound should e x h i b i t  t h e  expected weak f i e l d  MB for ’o rb i ta l  

con f igura t ion ;  i n  such a case, t h e  observed band a t  ca. 500 nm should 
be ascr ibed t o  t h e  t h i r d  spin-al lowed t r a n s i t i o n  4T1g(F) - 4Tlg(P) 
f o r  d species i n  an octahedral environment. The band a t  358 nm has 

been ascr ibed t o  a charge t r a n s f e r  process i n  (octahedral  o- 
xygen environment), wh i l e  bands a t  lower wavelengths co inc ide  w i t h  
those repor ted  f o r  [ N i  (CBCP)2(H20)2] and NaCBCP. 

7 magnetic measurements as octahedral  h igh  sp in  d species have a T 

7 

For t h i s  complex the  value o f  lODq cannot be obtained from t h e  
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FIG. 2.- Elec t ron i c  spectra o f  [ C O ( C B C P ) ~ ( H ~ O ) ~ ] .  (a )  i n  CC14 (b )  i n  

s o l i d  s ta te .  

ground term and t h e  magnetic moments a re  usua l l y  temperature depen - 
dent. On t h e  o ther  hand, i t  cannot e i t h e r  be obtained from t h e  spec  

trum, as on ly  one band i s  recorded. However, The spectroscopic p a r e  

meters (10Oq and B) can be t e n t a t i v e l y  est imated from Jdrgensen e- 
quation, 10Dq=fxg, t a k i n g  f=1.025 (as deducted above) and g(Co2+) = 

(10) 9000 cm - l ( 1 3 ) .  , 
v3=(225B t 1000q2 t 180DqB) f o r  h igh  spin,  octahedral  d species, 

B would then be 885 cm-l, and t a k i n g  Bo=971 cm-l f o r  t h e  f r e e  Co(I1) 
ion(12) ,  e=0.911. 

I n  such a case, 10Dq=9220 cm-l. A s ,  according t o  
2 t 7 
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202 BANARFS ET AL. 

It should be stressed t h a t  the  f values here used do no t  corres- 

pond t o  t h a t  o f  t he  pure CBCP- l igand,  bu t  t o  the  [(CBCP)2(H20)2] en- 
vironment around the  m e t a l l i c  i o n  as a whole, and assuming an oc tahe 

d r a l  geometry. 

The two compounds here s tud ied  are no t  expected t o  polymerize 
i n  the  s o l i d  s t a t e  i f  t h e i r  s i m i l a r i t i e s  w i t h  the  corresponding - acac 

de r i va t i ves  o f  these same metals a re  considered. However, t h e i r  
behaviours i n  non-polar solvents are very d i f f e r e n t .  Whi le t h e  spec- 

trum o f  [Ni(CBCP)2(H20)2] i n  CC14, benzene, to luene o r  CH2C12 r e  - 
mains unchanged w i t h  t ime, t h a t  o f  [ C O ( C B C P ) ~ ( H ~ O ) ~ ]  changes from 
pink t o  brownish-green and f i n a l l y  a greenish p r e c i p i t a t e  i s  o b t a i -  
ned. F ig .  3 showsthe spectra recorded a f t e r  d i f f e r e n t  t imes; t h e  

band a t  ca. 500 nm i s  s t e a d i l y  missed, wh i l e  a new band a t  ca. 600 

nm develops. These changes s l i g h t l y  depend on t h e  na ture  o f  t h e  sol- 
vent and the  complex concentrat ion,  bu t  i n  a l l  cases the  ke to-  form 

o f  the  f r e e  l i g a n d  (charac ter ized  by s t rong i.r. absorpt ions a t  1725 
and 1755 cm-’) can be recovered from the  so lu t i on ,  wh i l e  t h e  p r e c i  - 
p i t a t e  has been found t o  be (X-ray d i f f r a c t i o n )  a Coba l t ( I 1 )  oxide. 
This same e f f e c t  i s  observed i f  ace t i c  ac id  i s  used as a solvent,  
bu t  i n  t h i s  case the  green s o l u t i o n  (band a t  ca. 600 nm) appears i m -  
mediately a f t e r  s o l u t i o n  o f  t he  complex, and then tu rns  t o  a p ink  

co lour  (probably Coba l t ( I 1 )  acetate),  t he  ac id i c  p roper t i es  o f  t h e  
so lvent  avoiding the  p r e c i p i t a t i o n  o f  t he  oxide. 

The k i n e t i c  ana lys is  o f  t he  decomposition process has been car -  
r i e d  ou t  from the  i n i t i a l  decomposition ra tes ,  ro (measured as t h e  
slopes a t  time=O t o  t h e  curves absorbance o f  t he  band a t  600 nm vs. 
t ime)  f o r  d i f f e r e n t  concentrat ions,  as the  process lead ing  t o  an he- 

terogeneous system makes meaningless studying changes i n  absorbance 
o f  bands o r ig ina ted  by appearing o r  desappearing species. 

F igure  4 shows t h e  r e s u l t s  o f  such an ana lys is  f o r  t he  process 

From data i n  t h i s  f l g u r e  i t  can be concluded tak ing  place i n  CC14. 
t h a t  the  process f o l l o w s  a f i r s t  order mechanism w i t h  a r a t e  law 

r = k [complex] 
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0 

FIG. 3.- Spectra o f  [CO(CBCP)~(H~O)~ ]  d isso lved i n  CC14(5x10-3M) a f -  

t e r  d i f f e r e n t  standing t imes ind ica ted(min1 on the  curves. 

The r a t e  constant,  as given by t h e  slope o f  the  s t r a i g h t  l i n e  i n  
F ig .  4, i s  4x10 -5 s-l 

Taking i n t o  account t h a t  t he  r e a c t i o n  i s  f i r s t  order, and the  
na ture  o f  t h e  f i n a l  products, t he  t e n t a t i v e  mechanism dep ic ted  i n  

F ig .  5 can be assumed. According t o  t h i s  mechanism, i t  seems plau- 

s i b l e  the  m ig ra t i on  of two protons from t h e  coordinated water mole- 

cu les  t o  t h e  CBCP- moiet ies,  thus recover ing t h e  ke to-  form (more 
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I 

0.6 - zero intercept :  -1x10-~mol 1-lS-l  
-5  s-l - slope: 4x10 

reg. coef.: 0,98 
- 
- 

0.4 - 
I0 
0 

c 

:? - 
- 

I 

0 0.5 1.0 1.5 2 
[complex J (mol.I-1) a 10 

FIG. 4.- K i n e t i c  a n a l y s i s  o f  s e l f  h y d r o l y s i s  o f  [ C O ( C B C P ) ~ ( H ~ O ) ~ ] .  

FIG. 5.- A p o s s i b l e  mechanism f o r  s e l f  h y d r o l y s i s  o f  [ C O ( C B C P ) ~ ( H ~ O ) ~ ]  

i n  CC14. 
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stable in non-basic media that the enolic one if un-coordinated), 
and leading to the precipitation of hydrated Cobalt(I1) oxide. 

The reason why this process occurs for the cobalt complex, but 
However, some insight 

Both complexes being high spin, 

not for the nickel analogue remains obscure. 
can be obtained' if the Crystal Field Stabilization Energies (CFSE's) 
for both complexes are considered. 
the CFSE will be -8DqCo and -12DqNi (I5). Taking for Dq the values 
calculated above, the CFSE's would be 7380 and 19700 cm-l for Co(I1) 

-1 . and Ni(II), respectively, corresponding to 88 and 127 kJ mol , i.e., 
the nickel complex would be more stable than the cobalt one because 
of its CFSE, so probably avoiding its self-hydrolysis. 
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