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Abstract: Bond valence sums have been calculated for a series of Zn(II), Cd(II) di thiocarbamate complexes 
and their adducts. Values calculated from crystallographic distances predict the correct oxidation state of the 
metal centre in a wide range of structural types. The BVS analysis for the bisdi thiocarbamates of zinc, 
cadmium and their adducts has confirmed the valency of the central metal to be 2.0 as expected. In the case of 
zincdithiocarbamate complexes, the valence bond sums are in general greater than the sums for the adducts . 
The lower BVS values in the case of adducts are due to the change in coordination geometry from tetrahedral 
to octahedral . But in the case of Cadmium di thiocarbamate complexes and their adducts no observab le 
changes are seen in VBS values. Relatively larger size of cadmium ion compared to zinc ion, alleviates the 
strain involved in the transformation from tetrahedral to octahedral geometry. 

I N T R O D U C T I O N 
The chemist wishing to est imate an unknown bond length in a molecule or crystal is conf ron ted 

with an intimidating array of covalent radii, ionic radii, metallic radii etc., f rom which to choose The bond 
valence method 2 ·3 has recently had considerable success in predicting and interpreting bond lengths in ' ionic 
solids'. As it can be applied to estimate the bond lengths, vice-versa the sum of the bond lengths should give 
informat ion about the valence of the central ion. In the present s tudy, the B V S method is appl ied to 
complexes of zinc and cadmium dithiocarbamates to estimate the effective valences of the metal ions f rom the 
bond lengths reported from their crystal structures. 

The BVS method 
The valence vy of a bond between two atoms i and j is defined so that the sum of all the valences 

from a given atom i with valence Vj obeys 4 

Σ ν ϋ = V j 
j 

The most commonly adopted relationship for the variation of the bond length dy with valence is 
v y = e x p [ ( R y - d y ) / B ] 

Here 'B' is taken to be a universal constant equal to 0.37. The parameter Ry is the bond valence 
parameter. Two Ry parameters are used in the present calculations viz., R j (OK/B) and Ry (B/OK) which are 
reported by Bresse and O 'Keef fe 4 · 5 respectively. Ry (OK/B) is defined as 

(Vc j — Vc" i )2 

R y = η + rj — 
c i r i + c j r j 

where η and rj are size parameters of the atoms i and j involved in bonding and q , q are additional parameters 
associated with atoms i and j such that Ry = η + η - f ( q , q , η, rj) and if i = j then f = 0 Ry (B /OK) values 
reported in reference 4 have been used in the calculations. The Ry (B/OK) values were deduced f rom the 
structural data directly. Similar data reported by Brown and Altermatt 6 did not include the Ry values for Zn -
S, Zn - Ν and Cd - Ν bonds. Hence the calculations in the present analysis are limited to the use of the two 
Ry parameters only viz., Ry (OK/B) and Ry (B/OK) 

The formation of a complex of any metal ion with a multidentate ligand represents a compromise 
between the steric interactions in the ligand and the steric and electronic requirements of the metal 7 . The 

423 



Vol. 22, No. 7, 1999 Bond Valence Sum Analysis (BVS) of Metal Ligand Bond Lengths in Some 
Zn(II), Cd(II) Dithiocarbamate Complexes and Their Adducts 

bond valence sums (BVS) of the complexes 4 determined from the bond valance parameters 8 account for the 
valence of the central ion irrespective of the number of bonds and the strength of interactions. 

R E S U L T S A N D DISCUSSION 
Calcula t ions involving various parameters to determine Rj j (OK/B) , Ry (B/OK) for the listed 

complexes and a representative calculation of BVS values for [Zn(S2CNMe2)2] are given in Table 1 and 2 
respectively. The Bond valence sums (BVS) of various complexes are given in Table 3. and 4. The BVS 
values for zinc and cadmium adducts and bis dithiocarbamates are also compared with those whose strucures 
have been reported in the literature. 

T A B L E 1. Size parameters 

Bond Ry (OK/B) Rjj (B/OK) 

Zn - S 2.08 2.09 
Z n - N 1.77 1.77 
Zn - Ο 1.63 1.70 
Zn - I 2.38 2 .36 
Cd - S 2.28 2.29 
C d - Ν 1.96 1.96 
Cd - I 2.57 2 .57 

T A B L E 2. BVS values for |Zn(S 2 CNMe 2 ) 2 l 

Bonds dij vy (OK/B) vy (B/OK) 

Zn - S 2.312 0.534 0.549 
Zn - S 2.333 0.505 0 .519 
Zn - S 2.373 0.453 0.465 
Zn - S 2.429 0.389 0.400 
Zn - S 3.036 0.075 0.078 

V, = 1.956 2.011 

T A B L E 3. Bond Valence sums for zinc complexes 

Compound Coordination Vj(OK/B) Vj(B/OK) Ref. 
number 

[ Z n ( S 2 C N M e 2 ) 2 ] 4 1.96 2 .01 9 
[ Z n ( S 2 C N E t 2 ) 2 ] 4 1.94 1.99 10 
[Zn(S2CNMe2)(C7H4NS2)2]- 4 1.91 1.94 11 
[Zn(deadtc) 2 ] 4 1.88 1.93 12 
[Zn(bipiptds)I 2 ] 4 2.00 1.96 13 
[ Z n ( S 2 C N M e 2 ) p y ] 5 1.94 1.98 14 
[ Z n ( S 2 C N M e 2 ) ^ - O C O M e ) ] " 5 1.83 1.95 15 
[Zn(pipdtc)2(bipy)] 6 1.85 1.89 16 
[Zn(mdtc) 2(bipy)] 6 1.84 1.88 17 

T A B L E 4. Bond Valence sums for cadmium complexes 

Compound Coordination Vj(OK/B) Vj(B/OK) Ref. 
number 

[ C d ( S 2 C N E t 2 ) 2 ] 4 2.03 2.09 18 
[ C d ( S 2 C N C 6 H 1 2 ) 2 ] 4 1.98 2.04 19 
[Cd(deadtc) 2 ] 4 1.97 2.02 20 
[Cd(bipiptds) I 2 ] 4 2.14 2.16 13 
[Cd(S 2 COEt) 2 ( l ,10-phen) ] 6 1.97 2.00 21 
[Cd(S 2 CSBu) 2 (b ipy) ] 6 2.02 2.05 22 
[Cd(pipdtc)2( 1,10-phen)] 6 2.00 2.03 23 
[Cd(pipdtc)2(bipy)] 6 2.03 2.07 23 
[Cd(mdtc) 2( 1,10-phen)] 6 2.00 2.03 24 
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The Vi(OK/B) and Vi(B/OK) values for the zinc complexes are 1.90±0.05 and 1.96±0.04 
respectively. Of the two sums, Vi(B/OK) is very close to 2.0. In the case of the parent, zinc dithiocarbamate 
complexes the valence bond sums are in general greater than the sums for the adducts. The values can be 
assumed to be close to 2.0 without any serious mistake because the BVS values are based on different bond 
distances which have uncertainities indicated by esd 's . 2 5 Therefore both the BVS values (Vi(OK/B) and 
Vi(B/OK)) are close to 2.0 indicating the valence of the zinc in the complexes. Change in coordination 
number and change in coordination environment around the zinc ion in the complexes have adjusted 
themselves in such a way that the valency of the central ion is satisfied. The Zn-S distances in the adducts 
are longer than the Zn(dtc)2 complexes. The presence of an additional neutral ligand causes an increase of the 
Zn-S bond lengths. The increase in Zn-S distances in the adducts indicates the weakening of the bond and 
this is very well in keeping with the BVS values obtained in the present study. 

Similarly for the cadmium complexes, of the two BVS values, Vi(B/OK) (2.01±0.05) is close to 2.0 
rather than Vi(OK/B) (1.96± 0.04). In all the cadmium complexes, whether four coordinated or six 
coordinated, the BVS has been found to be close 2.0. Once again this confirms the valency of the cadmium in 
the complexes to be 2.0. The observed valency of the zinc and cadmium ions in many of the adducts have 
been found to be supported by a few representative investigations using XPS and CV recently '6 ·1 7 ·2 3 . 

The BVS analysis for the bisdithiocarbamates of zinc and cadmium and their adducts has confirmed 
the valency of the central metal to be 2.0 as expected. Besides that, this indirectly proves the correctness of 
the crystal structures determined in the present study 6 . 
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