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From cyclic linear sweep voltammograms of some Cr(IlI)  complexes it is 
evident that  after electron transfer ligand groups are expelled relatively slowly 
in DMSO and the te t ra  coordinated complex is formed. The rate constants 
could be determined in some cases by the methods of cyclic voltammetry.  The 
following compounds were examined: [Cr(en)a] 3+, [Cr(acac)(en)z] 2§ [Cr(acae)a]. 
[Cr(dien)z] a+, [Cr(DMSO)~]a§ [Cr(ur)a] a+. For  [Cr(en)a] a+ the energy of 
activation could be determined as well. 

The dependence of the velocity of ligand elimination on complex structure 
is discussed. 

U~ter,s~chu~g vo~ Ligondenav,~tav,schreaktio,~e~ ei~ige.r Cr(III )-KompIexe mittel,s' 
cyclischer Vollammetrie 

Bet der Reduktion einiger der folgenden Cr(III)-Komplexe in DMSO 15~13t 
sieh auf Grund der Voltammogramme auf eine Ligandenabspaltung und 
Bildung der vierfaeh koordinierten Cr(II)-Komplexe sehliegen: [.Cr(en)a] a+, 
[Cr(acac)(en)2]2 +, [Cr(acac)a], [Cr(dien)z] a+, [Cr(DMSO)~] a+, [Cr(ur)c~ a§ Fiir das 
[Cr(en)a] a+ konnten Geschwindigkeitskonstante und Aktivierungsenergie dieser 
nachgelagerten Reaktion best immt werden. 

Der Einflug der Struktur  des Komplexes auf die Zerfallsgeschwindigkeit 
wird diskutiert.  

Introduct ion 

The cyclic l inear  sweep v o l t a m m o g r a m s  o b t a i n e d  for some Cr ( I I I )  
complexes  in D M S O  showed some unusua l  fea tures .  Thus  an a d d i t i o n a l  
anod ic  and  an a d d i t i o n a l  ca thod ic  peak  a p p e a r e d  in the  v o l t a m m o g r a m  
of  the  [Cr(e~)a] s+ ion t in D M S O  af te r  severa l  cycles  had  been run  

t The following abbreviations are used: en = ethylenediamine; acac 
= aeetyl aeetonate ; dien.= diethylenetriaamine ; DMSO = dimethylsulfoxide ; 
vr = urea. 
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(Fig. 1). We a t t r ibu te  this to a chemical reaction following the electron 
t ransfer  which consists in the expulsion of a b identa te  ligand group and 
the conversion of  the octahedric  complex into the t e t racoord ina ted  
Cr(II)  complex. This react ion is a very  fast  one in aqueous solutions 1 
and is caused by  the strain existing in the p r ima ry  octahedric  Cr(II)  
product .  I n  D M S O  On the other  hand  this react ion m a y  be much  slower 
as the exper iments  of  M a k i  2 on the complex [Cr(en)2(CN)2] + ion have 
shown 3. 

We pursued this quest ion by  vary ing  the ligands and examining its 
effect on the rate  of  l igand elimination in the Cr(II)  complex. The 
method  of  cyclic v o l t a m m e t r y  was employed.  

Experimental 

The potentiostat AMEL Mod. 552 was used. I t  is specially designed for use 
in non-aqueous solvents. The potentiostat was combined with a low frequency 
generator permitting a wide range of sweep rates. For registering the current 
signal the adapter AMEL Mod. 550 in conjunction with an x-y-recorder was 
employed. 

The complex compounds were prepared according to the literature 4-1~ As 
supporting electrolyte we used N(C4Hp)4 "C104. 

A saturated Ag/AgC1 (aq) electrode served as reference electrode to which 
the potentials in this paper refer. Its potential against SCE amounted to 
- -25inV.  The bottom of the sha,ft of this electrode was closed by a glass frit 
with small pores, so that effectively no water could penetrate ; this bottom was 
filled with saturated NaC1 solution in order to avoid KC104 precipitation. 

Two methods were used to determine the reaction rates. First method: 
after reaching the first reduction peak corresponding to the reduction of the 
Cr(III) complex the potential was kept constant for a time z and then the linear 
sweep was reversed. A new peak is then observed in the anodic half cycle which 
increases with v (e.g. Figs. 1 and 2). The latter one is due to the oxidation of the 
product formed in the chemical reaction after charge transfer, the former 
mentioned peak is due to the unchanged primary product. In case of stationary 
conditions during the period v and the height (ipa) of  the first peak being 
proportional to the concentration of the primary unconverted octahedral 
product, a concentration--time dependence may be obtained. I t  was found to 
be logarithmic, corresponding to a first order decomposition reaction (e.g. 
Fig. 3). 

The second method consists in determining the ratio of the anodic (ipa) tO 
cathodic (~pc) peak currentsll,ls; this ratio is directly proportional to the rate 
constant of the succeeding chemical reaction, provided certain conditions are 
fulfilled n. /%--the heterogeneous rate constant of charge transfer--was found 
by Nicholson's method for quasi-reversible processeslS ; k/ is  the rate constant of 
the following chemical reaction. 

Results 

The c o m p l e x  ]-Cr(en)aJ (Cl04)a was examined by  both  methods.  
Cyclic v o l t a m m o g r a m s  are shown in Fig. l,  the anodic peaks af ter  
different hal t ing periods z in Fig. 2; Fig. 3 shows first order  react ion 
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Fig. 1. Cyclic voltammogram for 5" 10-421/[Cr(en)a] (C104)s ; 25 ~ 1 first cycle ; 
2 tent,h cycle 
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Fig. ~-. Anodie half-cycle for 1 �9 ]0-3M [Cr(en)a] {C~lO4)a with different halting 
periods (in seconds) 
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plots  accord ing  to the  f irst  me thod  for va r ious  t e m p e r a t u r e s ;  a t  25 ~ 
we tbund kj = 3.3" 10-2s -1 a t  a Cr ( I I I )  conc e n t r a t i on  o f l "  10-aM. W e  
app l i ed  the  second m e t h o d  for the  same  cond i t ions  w r y i n g  the  sweep 
ra tes  and  o b t a i n e d  a mean  va lue  : kf = (3.42 +_ 0.03) �9 10 -2 s -1, so bo th  
me thods  agree  well. The  t e m p e r a t u r e  dependence  of  kf was d e t e r m i n e d  
by  the  f irst  m e t h o d  and is shown in Tab le  1 and  Fig.  4. I t  l eads  to an 
a( . t iva t ion  energy  E A = 21 kca l  tool -1. This  va lue  is of  the  usua l  o rde r  
of m a g n i t u d e  for  l igand  exchange  reac t ions  14. 

30. 
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Fig. 3. Dependence of the anodic peak current on v for various temperatures, 
semilogarithmic plot ; 1 �9 10-~M [Cr(en)~ (C104)~ 

The  fol lowing e l e m e n t a r y  s teps  m a y  rep resen t  the  overa l l  r educ t i on  

process.  
- k s  

[Cr(en)a] 3+ + e -  ~ [Cr(en)3] 2+ (1 a) 

[Cr(en)~] 2+ ~ [Cr(e~t)z] 2+ + en ( l b )  

ks = 4.5" l0 -4 cm s -1 ; ]c~ -= 3.4. l0 -e s-1 (at 25 ~ 

The  [Cr(en)2 (acac)] + decomposes  in a s imi la r  w a y  once i t  is fo rmed  
by  r educ t ion  of  the  C r ( I I I )  complex .  The  r a t e  c o n s t a n t  was d e t e r m i n e d  
b y  the  m e t h o d  of  Nicholson and  Shain  n a n d  f o u n d  to  be k f =  
= 4 �9 l 0  - ~  s - 1 .  



Table 

Ligand Exchange Reactions of Cr(IH) Complexes 1291 

Temperature dependence of kf: the rate constant of the succeeding 
homogeneous chemical reaction; 1 �9 10-SM [Cr(en)a]2+ 

T/~ 10s kl./s-1 

25 3.3 
30 5.0 
35 15.3 
40 18.4 
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Fig. 4. Arrhenius plot for the rate constant of ligand elimination: [Cr(en)~+ -~ 
[Cr(en)~] 2+ + en 

The introduction of yet  another  acac ligand into the  complex ion 
reduces the rate  constant  of ligand elimination considerably. For  the, 
[Cr(en) (acac)2] + complex only a weak shoulder could be detected in the 
anodic half-cycle. Poisoning effects occur in this case and did not allow 
a quant i ta t ive  determinat ion of the rate  constant.  The reaction rate  
seems to be very low. 

The [Cr(acac)a]- ion is stable aiS far as we could find; vol tammetr i -  
cally, no elimination of ligand could be detected. 

For  [Cr(ur)6] (C]O4)~ we observed a very fast ligand elimination. 
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After the second cycle an additional cathodic wave appears in the cyclic 
voltammogram. After about 15 cycles there was no further change in 
the cyclic voltammograms (see Fig. 5). 

The 0bservations may be explained by the following mechanism. 

lOgA 

! -,,ov 

15. 

Fig. 5. Cyclic voltammograms for 1.5 �9 10-aM [Cr(ur)a] (C104)3 ; the number of 
the consecutive cycle is shown in the diagram 

During the first cathodic half-cycle the Cr(II) complex ion is ibrmed, 
]igand elimination taking place almost simultaneously. The tetracoor- 
dinated complex ion formed is oxidized during the following second 
anodic half-qycle and is then slowly reconverted into the original 
hexacoordinated ion by incorporating two ligand groups. This reaction 
is so slow, tha t  the tetracoordinated complex ion also shows up during 
the next, the third (cathodic) half-cycle, when it is reduced to the 
tetracoordinated Cr(II ) complex. 
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Half-cycle 1 (cathodic)'  

[Cr(ur)6] a+ + e- ~- [Cr(ur)6] 2+ 
[Cr(ur)~ 2§ ~ [Cr(ur)4] 2+ + 2 ur 

(2a) 
(2b) 

Half-cycle 2 (anodic): 

[Cr(~r)4]~+ ~-  [Cr(~r)4] 3§ + e-  

[Cr(ur)4]a+ + 2 ur--]-Cr(ur)a] ~+ 

(2c) 

(2d) 

Half-cycle 3 (cathodic) 

[Cr(vr)~]a+ + e-  

[Cr(ur)e]a+ + e- 

~[Cr(ur)4]  2+ (2e) 

,-~ [Cr (ur)~] 2+ (2f) 

For  constant sweep rate v. the stat ionary ratio of concentration of 
tetra- to hexacoordinated complex ion reached after several cycles is 
determined by kf/kf,. 

An anodic peak indicating the oxidation of the oetahedrie Cr(II) 
complex could not be detected even at a scanning speed of 20V s -1 
showing tha t  reaction (2b) is too fast. 

The stable [Cr(dien)~] 3+ ion does not decompose after reduction to 
the Cr(II) compound, it is stable even in aqueous solution 15. Nor could 
any conversion be detected when [Cr(DMSO)e~ (C104)3 w~s reduced. 

Discussion 

The experiments show that  the speed of the decomposition reaction 
of the octahedrie Cr(II) complex mainly depends on the nature of the 
ligand and less on differences in thermodynamic stability. Decom- 
position will take place if the octahedric Cr(II) complex is thermo- 
dynamically not sufficiently stable to compensate for the steric strain. 

Ligand elimination may be suppressed or slowed down, if it is 
possible to relax steric strain by an alteration in electronic density 
within the complex or by some special influence of solvution. 

The importance of solvation is known and demonstrated by the fact 
tha t  [Cr(en)a] 2+ immediately decomposes in aqueous solution while the 
elimination reaction is markedly slower in D M S O .  

In the series [Cr(en)a] 2+, [Cr(en)2(acac)] +, [Cr(en)(acac)2] ~ and 
[Cr(acac)a]- the rate constant of ligand elimination after reduction 
decreases with rising number  of ocac groups in the ion. For  the 
[Cr(acac)a]- we could not  observe any ligand elimination. This ~s 
evidently due to the chelate rings which delocalize electron density. 
Electron delocalization is insufficient in [Cr(en)2(acac)] ~ in this ease the 
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lower symmetry  and the probably less favourable solvation dominates 
and leads to a very slow decomposition as shown by the voltammo- 

rams which did not, however, allow quantitative evaluation. 
The [Cr (DMSO)~  2+ is a special case. Ligand exchange with the 

solvent should be easy but would lead to no change in composition, the 
free ligand is present in the maximum possible excess and will favour, of 
course, the hexaeoordinated structure, 

For [Cr(ur)a] ~+ the possible electron deloealizatibn is insufficient. 
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