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ABSTRACT 

Two new Hofmann-type complexes. M (1.3-thiazolidins2-thionek Ni(CN)4 
(where M = Ni and Cd), were synthesized and characterid by elemental analysis, 
magnetic susceptibility data, lR and Raman Spectroscopy. Their structun: consist of 
planar i&te polymeric layers of (M-Ni(CN)4fw 1,3-thiazali&ne-2-thione 

coordinattxj to M atom above and below this layers is monodentate and S-bonded in 
these complexes. 
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INTRODUCTION 

Compounds like 1 . 3 - t h i m l i ~ Z - t h i o ~  (tt), containing a samdary 
thioamide group are of umidemble interest as ligands since they provide potential 
bondmg for metal ions in many physiological systems'. It is also important in 
flotation process and in photographic industry2 . 

The ligand exhibits thiol- thiom tautomrism. 

SH S 

Thiol form rhione form 

'Ihe absence of a v(S-H) at about 2500 cm-' a d  the psence of v(N-H) in the 
range of 2890-3310 an-' strongly suggest that the thione form to be predominant 
tautoxner in the solid state-'. The ligand contains three diffemnt mwtion centers, 
namely cyclic nitrogen and sulphur atoms and thiocarbonyl sulphur atom. It 
appears kom previous that in neutraf medium this Egand coordinates 
through the imido nitrogen or thione sulphur atoms: when operating in basic 
d i m  the m o n d o n  ( tt- ) bonds via cyclic nitrogen and exocylic sulphur atoms 

We have prepared two new bisil.3-thia7alidine-2-tone)mc-talO 
tetracyanonickelate complexes (abbreviated to M-Ni-tt,. MM), Ni(CN),, (M Ni 
and a}, to decide the site of coordination and to examine the chelating behavior of 
the ligaxui in Hob-type complexes. Spectral studics suggest that thc ligand 
behaves as a mondmtate li@, coordination cwwing through the thioke~onic 
sulphur atom. 

There is no complete vibmtional spectroscopic study on tt complexes of 
transition metals in the literature. In this study, detailed v i h t i o ~ l  assignment of tt 

in our complexes were carried out on the basis of normal coordinate analysis of tt. 

EXPERIMENTAL 

1,3-thiamlidine-2-thione was purchased from Mmk and recrystallid from 
hot water. 
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METAL 01) TETRACYANONICKELATE COMPLEXES 775 

M(tthNi(CN), were prepared by dissolving I mmol of K2Ni(CN)., in a 
mall volume of hot anhydrous MeOH containing 2.2-dimethoxypropme as a 
dehydrating agent. To this solution, 2 mmol of the ligand and 1 mmol of the metal 
halide dissolvtxi in anhvdrous MeOH was added respectively. The reaction mixture 
was s t i d  for two days at room temperature. The product obtained was filtered a d  
washed with dry ethanol and dried in a vacuum dessicator. 

Cd(tt)CI, was pmpad as described by De Flippo et al9. *he. composition of 
these known complexes were checked by metal analysis (,not reported here). 

Inbred spectra w m  taken on a F"lXt-Nicolet 10 spectrometer in KBr disc. 
Kaman spectra were worded on Jobin Yvon 4100 spectrometer. Mapt ic  
susceptibility measumnmt werc yerformed by Gouy Method at room tempatms.  

C, H and N micro analyses were carried out by using Hewlett-Packard 185 

elemental analyzer. Analytical data, room temperatm maptic  moments and colour 
of the complexes are listed in Table I. No UV-visible and molar conductivity 
measurement were carried out because of the insolubility of the complex in knnwn 
solvent. 

RESULT AND DIYCTJSSION 

The R spectra of M-Ni-tt complexes were compatible with each other, so 
thus only IR spectrum of Cd-Ni-tt complexes was given in Figure 1. Owing to the 
lack of structural data. the assignment was made by treating the tt molecule (Cd and 
the Ni(CN)4 (U,h, ions as isolated units. 

Normal coordinate analysis of tt have been reported by K. Geetharani and 
D.N. Sathyanarayam~'~ to check the empirical assignment and by Davillonova et. 
al.11 on the basis of Urey-Bradley force field to assign the complete fidamental 
vibrations. The tt wavenumbers observed in IR and Raman spectra of M-Ni-tt 
complexes, together with our measumnmt on solid tt are given in Table 2. The 
vibrational wavenumbem and assignment of solid tt taken from Davillonova et. al. 
ax included for comparison. Thar nomenclature is followed in assigning the tt 

modes in our complexes. 
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Compound Colour 

Ni-Ni- t t  cfrren 

KARACANANDTUFAN 

&ff C (95) H(YO) N (YO) 
3.1 R.M. 22.91 2.00 15.57 I 

TABI,E 1 

Analytical Results of M-Ni-tt Coniplems : Foud ( Calculated ) in %. 

Cd-Ni-tt  

(23.38) 1 (1.95) ’ (16.37) 
I 

Cream Diamaptic 25.97 1 2.10 14.05 
I 1 (26.12) 1 (2.17) I (13.93) ] 

I 100 

FlG. 1 Intiad spectra of (3-Ni-tt complex in KHr disk. 
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METAL (II) TETRACYANONICKELATE COMPLEXES 777 

We have also pqxu-ed and mdd the IR spectrum of the Cd(ttXIl2 camplex 
to decide the d i n a t i o n  site in nw complexes on the besis of shift of bands. For 
the purpose of comparison, vibrational wavenumber of Cd(tt)C12 complexes are 
given in Table 2. In the crystalline state, Kubiak and Glowiak12 have shown, by 
using X-ray d ik t ion  technique, that structure of Cd(tt) C12 complex is plymeric. 
with octahedrally coordinated Cd linked into idnite chns  by double C1 bridges, 
which are hxther condensed in pairs by C1 bridges. tt ligands are monodentate and 
S-bonded to the Cd (10 ion. There is also an intermolecular hydrogen bond between 
the N atom and equatorial C1 atom such as N-II---Cl. 

The Jirection of the shifts in the position of all the barads in the spectra of the 
complexes are the same indicating that the b m h g  pattern in these complexes must 
be similar. A comparison of the IR and Raman spectra of the ligand and the 
complexes brings about the following hcts to tight. 

a) The vm in the complexes are shifted towards l o w  wavenumb of 
about 50 cm-' using as refkence the value of 3420 Cm' for v m  for the fiee tigand 

in saturated CCl, A negative shift of this magnitude strongly suggest 
that these complexes are not N-bondd. Because the vm) shows a mgative shift of 
300 em-' in the N-bonded complexes such as cO(tt),Xz l4 and Cr(tt)& 15 (X=Cl, 
Br. Q. The shim of the position of vm) in our complexes could be explained on 
the assumption that metal ions are bonded to the thiocarbonyl sulphur only and 
hence. there would be a slight shift of electron density ti-om nitrogen towards the 
sulphur. Comparison of the spectrum of li+ With that ofthe Cd(ttCC1, complexes 
shows a negative shift of the order of 160 in NH strztching € r e q q .  This 
shift can be explained due to hydrogen b o a  between the hydrogen of the NH 
and halogen ofthe metal halide. 

b) The strong and sharp band at 1089 cm-' of the li@ having major 
contribution fiom exocyclic CS stretching v ~ s ) ,  is absent in the spectra of the 
complexes, We things that this band shifts to the lower fkquency region with 
complcx formation through S donor atom and overlaps with the strong band around 
1054 cm-' of five tt. 

c) The strong band at 585 cm-' of the ligand, having contributions from v 

( C I S , )  t 6(CS) t ring def., shifts to higher wave number indicating that the 
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METAL @I) TETRACYANONICKELATE COMPLEXES 779 

coordination take place via exwyclic; sulphur. b u s e  sulphur donating c;htuwIm of 
thioamide molecules has been established either by a lowering of the v (CS) band 
(as shown above) or by a raising of the 6 (CS) band of'the Coorciinated ligmd 3. As 
shown in Table 2, similar shiRs axe observed in the Cd(tt)C12 molecules. 

d') The chamtaistic t h i d d e  W s .  namely I, II and III at 1520 vs, 1295 vs 
and 997 s cm-' of the tke ligands are observed either as the same position or small 
psibve shift, however. thioamide W s  IV at 699 an̂ ' shift to lower wave number 
due to complexes formation whkh indicates the non-involvement of the ring sulphur 
and MI groups. The bands IIX and IV are considerable reduced in intensity on 
wmplexation. 

e) The band at 54 1 cm-' in free ligand undergoes downward shifts as verified 
in S-bonded complexes of tt 15. The strong band at 432 cm" of the ligand is masked 
by the strong b a d  around 426 cm" of the sheet vibration of the complexes. 

2 .Ni (CN)4 Group Vibrations 

In IIofinann-typ complexes studied previously16-*8, the Ni atom in 
Ni(CN)4 IS squawplanar surrounded by the carbon ends offour CN ions. Therefore. 
it is reasonable to assume that our complexes also have squawplanar Ni(CN)4 
moeities. In order to assign the bends attributable to Ni(CN4 ions in the spectre of 
our Complexes, we refm to the work of h4c Coullogh et. aI.19 who presented 
vibrational data for the d t s  NazNi(CN)4 in the solid state and assigned the 
fundamental vibration of the isolated Ni(CN)4 ions on the basis of D a  symmetry. 
' l k s e  are given in Table 3 for wmpison with the assignments for groups in our 
complexes and 3-chloropyndh complexes20 Vibmtional wave numbers of 
Ni(CN), mode of our complexes appear to be much higher hen those of free 
Ni(CN)d ion as shown in Table 3. This upwards shifts, especially, at v ( m  and Sw,- 
rw mode explained as meL;hanical coupling between the M-N and C-N stretching 
vibration? and o b d  wth various Hofinann-type complexes. The vibrations of 
the Ni-CN-M sheet stmctum for ow complexes axe found to be similar to 
Hotinann's 3-chloropyridine complexes, showing that the [M-Ni(CN)41m layers 

havebeenpreserved. 

CONCLUSION 

'h analytical results indicate that these complexes have two l i d s  
molecules in the unit cells. Spectral results also show that the tt molecules behave as 
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TABLE 3 
The wavenumb (cm- ) of Ni(CN)4 group vibrations in M-Ni-tt complexes 1 

Assignment N%Ni(CN),a M-NiJCIPyb M-Ni-tl 

Ni Cd Ni cd 
vI A , ~  V ( ~ ~ )  2 1 4 9 ~ ~  (2186~~)' ( 2 1 7 5 ~ ~ )  (2186~s)  

V4 Big V(CN) 2141s (2174s) (2165 s) (2176s) 

V8 Eu V(CN) 2132 2164 s 2155s 2163vs 2 1 4 9 ~ s  

v ( I 3  CN) 2087 w 2130w 2115vw 2129vw 2113vw 

2128 s 

v g  E, v(Ni-CN) 543w 555 w 548 w d d 

~ 1 2  A2 , 1~ (NiCN) 448 456 m 4 4 5  d d 

433 9 

42 1 
V ~ O  EU 6(NiCN) 441 s 420 vs 441 S 426 s 

a : Taken fiom ref.19. b : Taken fiom ref.2o, c : Raman bands are given in 
peranthesis, d : Obscured by the fidamental vibration5 of the ligad. 

mmdentate ligands a d  coordination occurs via exocyclic S atom to C!d(IQ and 

Ni(1I) atoms in our complexes. Recause Cd(II) ion, being soil, should prefer to bond 
to soft donor atom such as sulphur. Effective magnetic momeats of Ni-Ni-tt 

complexes are around 3.1 R.M. This value MI within the normal mnge for 
octahedral sttxeochemistry around Ni(ID complexes. These result? are similar to 

those for ~IoSnann-type complexes16-'8. 

Cm the basis of above observation, the following structures can be attributed 
to these complexes that b i r  structure consist of layers of two-dimensional 
polymeric sheets formed from Ni(CM4 ions bridged by M(ttb2 cations. In m h  sheet 
the Ni atoms are surroimded by four carbon atoms of cyamde anions in a s c ~ m  

planar environment. The M atoms have six-coodination with four nitrogen ends of 

bidentate CN ligarxls in p l m  and two suphur donor atom of tt molecules up aruj 
down this plane. The sheets are stacked on top of another by means of the force 
between the tt molecules. 
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