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ABBREVIATIONS 

biw 
phen 
nia 
CPY 
ent 
inh 
bit 
mit 
ist 
dmt 
abt 
pza 

= 2,2-bipyridine 
= 1, 1 O-phenanthroline 
= nicotinamide 
= cyanopyridine 
= ethylnicotinate 
= isonicotinic acid hydrazide 
= 4-benzylisothiazole 
= 4-methyliso thiazole 
= isothiazole 
= 2,4-dimethyl thiazole 
= Z-aminobenzothiazole 
= pyrazine-Zcarboxamide 
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tzt = thiazolidine-2-thione 
thn = thiohydan toin 
et11 = ethylenethiourea 
PPhJ = triphenylphosphine 
I’Y = pyridine 
en = etl~ylet~ediart~it~e 
trien = triethylenetetramine 
dmu = dimethylurea 
dm tu = dimethylthiourea 
nit = 4-ni troiso thiazole 
pzd = pyrazine-2,3-dicarbosamide 
eu = ethyleneurea 
thf = tetrahydrofuran 
dios = diosane 
an1 and anil = aniline 
EtOH = ethanol 
MeOH = methanol 
spy, amp and ampy = aminopyridine 
tzd = thiazolidine-2-dione 
pit = L-picoline 
acet = acetone 
dmf = N.M-dimethylformamide 
dmso = dimethylsulphoside 
ampyd and ampn = nminopyrimidine 

A. INTRODUCTION 

Compleses of metal thiocyanates and selenocyanates have been the sub- 
ject, of interest, and different workers have studied their different aspects. 
Porai-Koshits and Tsintsadze [I] reviewed the structure of thiocyanate com- 
plexes, and also included some selenocyanate complexes. Burmeister [ 2,3] 
described the effect of a large number of ligands on the change of &I--SCN 
bonding to M-NCS, and also reviewed linkage isomerism [4] which included 
thiocyalate ions. Norbury and Sinha [ 51 discussed in detail the problem 
associated with these effects. Balahura and Lewis [ 61 described the factors 
important in linkage isomerism, and gave a detailed account of these factors, 
which covered HSAB principle, st&ic, electronic, solvent. and kinetic effects. 
In another review Burmeister [7] emphasised the factors which were bonding 
mode determinants for coordinated thiocyanate ions. He described physical 
methods, diffraction studies, infrared spectroscopy, Raman spectroscopy, 
electron spectroscopy, nuclear magnetic resonance spectroscopy and photo- 
electron spectroscopy (ESCA); useful for determining thiocyanate bonding 
modes. Norbury [S] compiled work on chalcogenocyanates of different me- 
tal ions and described the basic knowledge of chalcogenocyanate ions includ- 
ing their preparation, molecular geometry, molecular vibrations and spectro- 
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scopic studies etc. Bailey et al. 191 discussed the infrared spectra of bimetallic 
tetrathiocyanatcs and seltnocyanates and described the effect of change of 
metal on the infrared active bands associated with the thiocyanate or seleno- 
cyanate ions. This review describes the Lewis-acid ch~aracter of bimetallic 
tetrathiocyanate and selenocyanate of CoHg( XCN)., (X = S, Se) type, which 
have hitherto not been discussed in any of the reviews and are of recent ori- 
gin. 

The structure of COH~(SCN)~ has been crystaflographicalfy established by 
Jeffery [ IO,11 1. The cobalt and mercury atoms are surrounded by four nitro- 
gen and four sulphur atoms, respectivciy, in approsimately tetrahedral 
arrangements, and the thiocyanate is bridged in between cobalt and mcrcul~ 
in the form of a polymeric chain. NiHg(SCN), - 2 H@ is the only such CO;II- 
pound where nickel is octahedral due to coordination with two molecules of 
water [ 121. Forster and Coodgame f 13-161 have been actively involved in 
infrared, magnetic and electronic spectral studies of bimetallic tetrathiocy- 
anates. 

The corresponding selenocyanates have also been studied, but compara- 
tively less is reported in the literature. Complexes of simpfe sefenocyanates 
were first reported by Nelson fl?] and their bonding modes were discussed 
by Pecife and co-workers [ 18,191 and Burmeister and Janaki f 20f. The crys- 
tal structure of CuMg(SeCN), was reported by Turco and co-workers f21] 
who showed that selenocyanate ion is bridged between cobalt and mercury 
similar to its thiocyanate analog. Burmeister [ 22-241 et al_ studied linkage 
isomerism in the complexes of various selenocyanates. Goodgame and 
co-workers [ 25,261 have described electronic spectral and magnetic proper- 
ties of [Co(NCSe)4j’-. 

Both bimetallic tctrathiocyanates and selenocyanates of general formula 
MM’( XCN)4 M = Mn( II), Fe( II), Co(H), Ni( II), Cu(II); M’ = Zn( II), Cd(II), 
Hg(II), Pd(I1); X = S, Se can be used as Lewis acids because t.he coordination 
numbers of M and RI’ in ~l~l’(XC~~)~ are four rather than their maximum of 
sis. An attempt could therefore be made to raise their coordination numbers 
to sis, by reacting them with Lewis bases. In other words they could behave 
as bi acceptors having two acceptor sites, one at M and the other at M’. 

Rivest and co-workers [ 27 ] first reacted CoHg( SCN), with Lewis bases and 
studied the products. They reported three types of compiescs: 

(i) Cationic-anionic 

(LL = ethylenediamine, 2,2’-bipyridine. IJO-phenanthroline) 

(ii} Monomeric bridged 

PPh,, ,.NCS, SCN 

PPh;‘- 
,C6:, 

/= 
HO 

NCS’ O’SCN 

I (PPh, = triphenylphosphine) 
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cm-’ was assigned to M-NCS, M = Mn(II), Fe(II), Co(II), Ni( II), Zn(II), 
Cu(II) in [M(NCS),J”- and at 200-230 cm-’ to IM-SCN in [M(SCN),]‘-. In 
changing from Td symmetry in [M(NCS),]‘- to Oh in [M(NCS),]‘- the band 
assigned to ~~~__~cs shows a negative shift and becomes weaker in intensity 
[ 161. If both vAI_+ and vnr--$ are present a bridging thiocyanate certainly 
exists. In the case of setenocyanate complexes, these bands appear 30-40 
cm-’ lower than the corresponding thiocyanate bands. 

MM’(SCN), forms three types of complexes and each of these can be dis- 
tinguished on the basis of their infrared spectra. The number of characteristic 

TABLE 3 

Cationic-anionic complexes of MM’(SCN)J and their spectral data 

(i) fil it1 octahedral coordirzation geometry 
The complexes of this series are [Co(bipy)3l[H~(SCN)Jl 12’71, tCo(phen)3lI~~(sCN~l 

12’71, [Co(phen)~][Cd(SCN)~ . phen] [28]. [Co(bipy)3I[Cd(SCN)Jf [as], [Co(nialtlfcd- 
(NCS),] [29], [Co(3-cpy),ItCd(NCS)~i [291. Co(3-cpyhsI[Cd(NCSkl 1291, Co- 
(bipy)3I[Pd(SCN)~l [35J, [Co(phen)3J[Pd(SCN)Jl [351. [<=~(~-~PY)~I[~~(NCS)~I [291. 
[Co(-I-cpy)(, ][Zn(NCS)a 1 [29], [Co(nia)~)[Zn(NCS)~] [291. [Co(ent),I[Zn(NCS)Jl [29], 
[co(inh)OIIZn(NCS).,] [29]. ICO(PY)~I[Z~(NCS)~I 128].lCo(phenLlIZ~(NCS)~ -~Iwnl 
[28], [Co(bipy)JJ[Zn(NCS).,f [as], [Ni(bitI~l[Zn(NCSI~] [45], [Ni(mit&,l[Zn~NCS~~l 
f-151, [Ni(nit)~][Zn(NCS)~] [45], [Ni(ist)~][Zn(NCS)~] [25], t~i(drnt)~l[Zn(NCS)~] 
[45], [Ni(abt),, ][Zn(NCS)aJ [45], [Nifpza)6J[Zn(NCS)~l [301, [Ni(~~t)~l[Cd(SCN)~~ 
[46], [Ni(thn)b][Cd(SCN)A] [46], [Ni(etu)&][Cd(SCN)af [46]. [Ni(phen)~l[Prf(SCN)~l 
[35l,[Ni(bipy)3I[Pd(SCN)~l [351, tCu(bipy)31[Hg(SCN)J] [991, [Cu(phen)3l[Hg(SCN)~l 
[WI, [Zn(bipy)31[Pd(SCN)Jl [351, [Ni(PPh3)JlIZn(NCS)~l 1311. 

In all these complexes, one or two absorption bands are generally observed correspond- 
ing to CN stretching mode in the range 2020-2110 cm- 1, two bands due to CS stretching 
mode in the range ‘720-860 cm-1 and two bands due to NCS bending mode in the range 
4 10-490 cm-j. Dq values in case of cobalt compleses are in the range 880-990 cm-‘, 
and in case of nickel complexes the range is 1010-1200 cm-l. The pecf values of cobalt 
complexes are around 5.00 B.M. and of nickel complexes around 3.00 B.M. 

(ii) AI in tetrahedral coordinafion geometry 
These complexes are (Co(etu)q][Cd(SCN)a] [46], [Co(thn)4)[Cd(SCN)q ] [46], [Co- 

(t~t)~l[~d(S~N)~l f461, [Co(~rnp)~l[Cd(N~S)~ I 1301, lCo~~-~ps~~IfZ~~~CS~~l t291, 
iCo(ampy)llfZn(NCS)~l 1301, IWw)~lIWS~N)~l E351, [<=d(bipy)~I[Pd(SCN1~J [351. 
[Pd(w)~lIHg(8CN)~l [351. IPd(bipy)2l[Hg(SCN)J) [351. 

In these complexes one or two bands appear in CN stretching region in the range 2040 
cm-‘, two in CS stretching region in the range 740-860 cm-* and two in NCS bending 
region in the range 440-480 cm- * . Dq values of these complexes are in the range 400- 
500 cm-‘. The peff values of cobalt complexes are in the range 4 .OO-4 -60 B.M. 

(iii) M in square planar coord~nutjon geometry 
These complexes are [Co(en):][Cd(SCN)q(cn)] [28], [Co(trien)z][Cd(NCS)d] (281, 

[Co(ttien)z][Zn(NCS)J] (281. 
In these complexes one band is observed in the range 2010-2050 cm-’ (CN stretching 

mode), two bands in the range 750-860 cm-’ (CS stretching mode) and two bands in the 
range 400-500 cm” (NCS bending mode). The &,fr values of these complexes are in the 
range 2.00-2.80 B.M. 
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bands for each type of thiocyanate or selenocyanate bonding has been derived 
by group theoretical calculations and the results are shown in Table 2. 

In cationic-anionic compleses, the cation has either Td symmetry 
[ M(L)_ I’* or 01, symmetry [ M( L)G]‘+ and the anion usually Td symmetry [M’- 
(XCN),]‘-. In the case of monomeric and polymeric bridged complexes, the 
symmetry of the molecules is C%,, however, the number of bands in each case 
differs. In some cases different symmetries have a!so been proposed [40]. 

In the case of cationic-anionic complexes, the thiocyanate ions are coor- 
dinated to M’ through sulphur and in case of selenocyanate through selenium, 
hence the M’-XCN bands are always in the region of X-bonded thiocyanate 
or selenocyanate. When M’ is Zn or Cd, the bonding is through nitrogen of 
thiocyanate. In the case of selenocyanates, the selenium is bonded to’ Cd and 
nitrogen to 211. The numbers of bands in the vCN, u,--, hscs and ~~~~~~~ 
regions arc presented in Tables 3 and 4. The position of v~,__~~. remains in 
the 200-230 cm-’ region and there is no band corresponding to ~~~~~~~~ 

Monomeric bridged compleses and their infrared spectral data are given in 
Tables 5 and 6. These complexes are of two types, one in which M acquires 
a tetrahedral coordination geometry and the other in which it is octahedral 
as shown in (VII) and (VIII). In the case of these compIeses both bridged and 
terminal NCX are present. The terminal NCX is generally X-bonded, the 

TABLE -1 

Cntionic-anionic complcses ol MM’(NCSC)J and their spectral data 

(i) .\I in octakcdral coordination geometry 
These complexes ;LTC [Co(py), ][Zn(NCSe)J] 1361, lCo(bipy)Jj[Zn(NCSe), . bipy] 

[361, (Co(ni~t),,]j’lln(NCSe)J] [37]. [Co(inh),,][Zn(NCSe)A] [37], [Co(cpp)(,][Zn(NCSe)~] 
[3i j, [Ni(en).l][Zn(NCSe)J -en] [38]. [Ni(trien)~][Zn(NCSe)~][35], [Ni(en)3][Hg- 
(SeCN)q J [38], [Ni(en),][Cd(NCSc),(en)] [38j. 

(ii) Jf in tetmhedral coorditlation geometry 
These compleses nre [Cog I[Zn(NCSe)A ] [361, [Cd(nia)A ][Hg(SeCN)A ] [37], 

[Cti(c~,s),][Hg(ScCN).,] [37]. 

(iii) Jf in square planar coordination geometry 
[Co(cn)l][Hg(SeCN), .en] [38]. 
In these complexes. one to two hands are generally observed each in CN stretching, 

CSe stretching and NCSe bending regions in the ranges 2070-2015 cm-*, 540-660 cm-* 
;knd 390-440 cm-‘, respectively. Dq values of octahedral cobalt complexes are in the 
range 1020-1050 cm-* and octahedral nickel in the range 1140-l 170 cm-l. Dq value of 
the tetrahedral cobalt complex is 459 cm- 1. The &ff values of octahedral cobalt and 
nickel complexes are around 5 .20 B.M. and 3.00 B.M., respectively. pelf value of the 

tetrahedral cobalt complex is 4.48 B.M. and that of square planar cobalt complex is 2.0 

B.M. Cd/Hg complexes are diamagnetic. 



TABLE 5 

Monomeric bridged complexes of IMM’( SCN)., and their complexes 

(i) 111 it1 oclahedral coordinalion &*eomelry 

These complexes are (nia)qCo(NCS)zHg(PPh3)z(SCN)z [44 1, (~?..)~(SCN)~CO(NCS)~~~~- 
(PPh,)2 [44], (nit):Co(NCS)zCd(SCN): [33], (4cp~)~Co(NCS)2Hg(SCN)2 [29 I, (nia)JNi- 
(NCS)2Hg(SCN)I 1321, (4-cpy)ANi(NCS):Hg(SCN)z [32]. (ctu)~Ni(NCS)zHC(SCN)z l.161. 
(thn)dNi(NCS)zHg(SCN)2 [46], (tzt),Ni(NCS),Hg(SCN): [IS], (C,u)JNi(NCS):I~~(SCN)~ 
[39], (dmu)~Ni(NCS)~flg(SCN)2 [39), (dmtu)~Ni(NCS)~Hg(SCN)2 [ 391. (py):(SCN):Ni- 
(NCS)zHg(PPh,)z [J-1]. (nia)~(SCN)~Ni(NCS)~Hg(PPh~)~ (-1-l 1. (ist)~Ni(NCS)~Cd(SCi\!)~ 
[45], (nit)qNi(NCS)2Cd(SCN)z [45], (mit)JNi(NCS);?Cd(SCN)2 [45], (dmt)lNi(NCS)2Cd- 
(SCN), [45]. (abt),Ni(NCS),Cd(SCN)2 [:15]. (bit),Ni(NCS)2Cd(SCN)l [*15], (py)?. 
(SCN):CU(NCS)~H~(PPIIJ)~ [-ILi], (nin)2(SCN)$u(NCS)2Hg(PPh.l)2 [-l-i 1. 

(ii) 111 in felrahcdral coordinafiorr geonwlry 

These complexes are (abt)lCo(NCS)2Cd(SCN)2 133 1, (P1lJP)~Co(NCS)~Ctl(SCN)2 [ 3.1 1. 
(3-apy)2Co(NCS)2Zn(SCN)2 [3-O]. (I-al,.v)2Co(NCS)rZn(SCN)2 1291, (PPIIJ)~C~(NCS)~ZII- 
(SCN)2 [~~).(PPII~)~C~(NCS)~HC(SCN)~ [271, (dmu)~Co(NCS)rfIC(SCN)? [391,(pzrl)2Co- 
(NCS)zHg(SCN)z 139 J, (etu)zCo(NCS)2Hg(SCN)z I-161, (Lzt)~Co(~CS)~HC(SCN)- [-16). 
(thn)2Co(NCS)2Hg(SCN)2 [46], (eu)+.Zo(NCS)zHg(SCN)2 [ 39 1, (tzt)z%n(NCS)zIlg- 
(SCN)? [46], (thn)2Zn(NCS)~Hg(SCN)2 [46). (ctu)~Zn(NCS)2lig(SCI’\‘)~ [461, (pzd):Zn- 
(NCS)2Hg(SCN)- [301, (p~)~(SCN)~Zn(NCS)-flfi(PI’II.~)I 143 J, (Ili;l)~(SCN)~Zu(NCS):II~- 

(PP13.3)2 143f. 

(iii) 111 in square planar coordination geometr\ 
(Ph3P)?Ni(NCS)zCd(SCN)r [34], (PhJP),Ni(NCS)zHg(SCN), [ai I. 
In these complcxcs, four bands are generally observed each due to CN strclching mode 

in the region 2020-2170 cm-l, CS stretching mode in thv region 720--860 cm-1 and 
NCS bending mode in the region 400-ASO cm- *. Dq values of octahedral cobalt com- 
plexes are in the range 1000-1050 cm-1 and those of nickel complrscs in the range lOSO- 
1080 cm-‘. p,ff values of octahedral cobalt. nickel and copper complexes arc in thr rang:c 
5-O-5.2, 3.0-3.3 and l-7-1.9 B.M., rcspcctiucly. AII Zn/Ffg complcses arc dinmagnctic. 
DO values of tetrahedral cobalt complexes are in the range 360-A60 cm-l and ~,~f values 
in the range 4.0-4.6 B.&l. All the nickel squaw planar complexes arc diamngnctic. 

ligand is attached to RI, and NCX to M’ through X. 

L NCX ,XCN L L NCX 
‘M’ ‘lw, 

\A/ ,XCN 

L’ ‘NCX’ 
‘nr, 

XCN L” ; ‘NCX’ XCN 

(VII) (\‘IlI) 

Because of the presence of both bridged and terminal bonded NCS, the 
number of bands corresponding to the various modes of NCX, e.g. CN(st), 
CX(st) and NCX(bend) is increased. The position of the M-SCN band remains 
unaltered. The bands corresponding to v,,I-scs show a negative shift in those 
complexes where M changes its coordination geometry from tetrahedral to 
octahedral [ 711 as shown in (VIII)_ In those complexes where the coordina- 
tion geometry remains tetrahedral such as shown in (VII) the position of 
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TABLE 6 

Monomeric bridged complexes of MM’(SeCN)J and their spectral data 

(i) Al in octahedral coordination geometry 
These complexes are (bipy)2Co(NCSe)2Cd(SeCN)2 [36}, (py).&o(NCSe)zCd(SeCN)z 

[36]. (3-cpy)ACo(NCSe)2Cd(SeCN)z [37]. (py)z(SeCN)$o(NCSe)zHg(PPh3)2 [44], (nia)z- 
(SeCN)2Co(NCSe)lHg(PPhx)z [4-I], (mit)2Ni(NCSe)2Hg(SeCN)- [42]. (py)z(SeCN)zNi- 
(NCSe)2Hg(PPha)2 [44],(nia)l(SeCN)2Ni(NCSe),Hg(PPh~)2 [44],(py)~Ni(NCSe),Cd- 
(SeCN)? [ 361, (3-cpy)JNi(NCSe)lCd(SeCN)z 1371, ( nia)+Ni(NCSe)$d(SeCN)2 [37 ], 
(3-apy),Ni(NCSe)aCd(SeCN)z [37], (bipy)2Cu(NCSe)zHg(SeCN)z [99 1. (phen)&u- 
(NCSe)lHg(SeCN)z [99], (nia)4Zn(NCSe)zHg(SeCN):! [37], (py)AZn(NCSe)zHg(SeCN)z 
[37]. (3cpy)aZn(NCSe)zHg(SeCN)2 [37], (py)2(SeCN)zZn(NCSe)zHg(PPh3)2 [44], 
(nia)z(SeCN)zZn(NCSe)tHg(PPhJ)l [44]. 

(ii) AI in tetrahedral coordination geometry 
These complexes are (PPh3)2Co(NCSe)zHg(SeCN)2 [34], (PPh3),Co(NCSe)&d(SeCN)2 

[3-I], (PPh3)zCo(NCSc)2Zn(SeCN)2 1341. 

(iii) IV in square planar coordination geometr;\ 

(PPh,)zNi(NCSe)lHg(SeCN)2 [34], (PPh3)zNi(NCSe)zCd(SeCN)z [34], (PPhJ)zNi- 
(NCSe)zZn(SeCN)2 [34]. 

In ail the above listed compieses. three to four bands are generally observed due to CN 
stretching mode in the range 2020-2190 cm-r, CSe stretching mode in the range 530- 
660 cm-1 and NCSe bending mode in the range 390-460 cm-r. Dq values of octahedral 
cobalt complexes arc in the range 1000-1050 cm-r and those of nickel complexes in the 
range 1000-l 100 cm-* _ ~-(=rr values of octahedral cobalt, nickel and copper complexes are 
around 5.00. 3.00 and 1.90 B.M.. respectively. All Zn/Hg complexes are diamagnetic. The 
Dq values of tetrahedral cobalt complexes are in the range 450-500 cm-r. 

vhl_NCS band remains almost unaltered. In the monomeric bridged complexes 
the M(NCX), unit invariably changes to L:M(NCX): or L,M(NCX)2, hence 
there is always an increase in the number of M-NCX bands due to change in 
symmetry from Td to Cs,,. 

Polymeric bridged complexes are included in Tables 7 and 8 along with 
their spectral data. In these complexes, only bridging NCX is present, hence 
the bands corresponding to VoN, vex and EjNcx modes are present in the range 
prescribed for bridging NCX group, and the number of bands is less, com- 
pared to monomeric bridged complexes. The bands corresponding to q+.__Ncx 
always show a negative shift because of the change of coordination geometry 
around M from tetrahedral in Lewis acid to octahedral in the complexes (IX). 

. . 
The position of the vM*_~CN bands are, however, not disturbed escept in 
those cases where the ligands are also linked to M’(X)_ The number of bands 
due to vM_N~~ modes always increases due to a change in symmetry. In the 
case of complexes where the ligands are also attached to M’, the number of 



TABLE ‘7 

Polymeric bridged complexes of MM’(SCN).t and their spectral dttt:t 
- 

these complexes are I(~~~~~-F~(NCS):!~I~(SCN)~C [27], >(p~)zFe(iVCSfl~trz(SCN)1.~ 
1271, >(nia)lFe(NCS)rHg(SCN):< [32], :.(2-aprn)tF~(NCS)IHUtSCNfl~ 1321, r.(thf):Cn- 
(NCS)IHg(SCN)2< [27], >(diox)2Co(NCS)zHg(SCN)z< [27 ]. :~(PJ’)~UO(NCS)~~~C- 
(SCN)(. 127 f. ‘.f anil)2Co(NCS)2Hg(SCN)2< [2i], ~-(~-~~~)~CO(NCS)~II~(SCN~~.~ 13-91. 
“(3-apm)l?Co(NCS)~H~(S~N}~< 1291, ~(~l-ap?‘)~Co(NCSf:Hg(SCN)11<. [291. ~-(ct~t)zC~~- 
(NCS)2Hg(SCN)2c [ 291. >(ttia)~Co(NCS~~~f~(SCN)~~ [ 29 ]. :(3-cl)~)~eo(fucS,~t.ic- 
(SCNJZ<. {29]. >(ist),Co(NCS),H~(SCN):< 1331, >{bit)lCo(NCS),~lp(SCN)I(l,it)1-; 
[331, ~(~~~),CO(NCS)~UC(~~~)~(SCN)~< [30].. ~(2-amp)2Co(NCS)~Hg(SCN)2~ 1301, 
> (EtOH),Co(NCS)2Ptl(SCN),c 135 1, ~(3-cpy~,Ni(NCS)~t!fi(S-cpy),(SCN)~... 132 I. 
‘(3-cpy)2Ni(NCS)2f1C(J-cpy)I(SCN)I< 1321, =.(infr)-Ni(F\‘CS)2)fff(inIt)~(SCN)2.~ 1321, 
>(~a)~Ni(NCS~~~f~(p~a)~(S~N)~~ [30], >(ampp)lNi(NCS)~fifi(SCi\!),c. [30/. *list):% 
(NCS)~fg(ist)lfSCN)lc [45 j. ~(mit)INi(NCS)~Hfi(SCN)3~ [-Zsl. ~(bi~)~Ni(~CS)~ff~- 
(SCN)2< [15], >(dmt)~Ni(NCS)zHg(SCN)~< [4Fj], >(at,l)~Ni(NCS)~f_1~(SCN)~.~ (-15 1, 
~(t.hf)2Ni(NCS)zHg(SCN)~< (271. z(py)7Ni(NCS)2~Cfi(SCN),( [27 1. b(dios)2Cu- 
(NCS)zHg(SCN)2~ [99], >(3-apy)zCu(NCS)zHg(SCN)?: % [WI, >(p?:)2Zn(NCSI:Ilfi- 
(SCN)l< (271. ~(thf)2Cd(NCS)2ffC(SCN),c. [27]. ~(~Y),,C~(NCS)~~IC(SCN)~,~ [2-i], 
>(~leOH)~Zt~(NCS)~Pd(SCN)lc [3Ii]. 

In these complcses, two absorption hands are g!cnerally of~stra~c~f dw to CN strctcftinl: 
mode in tfw range 2060-2160 cm-“, two bands due to CS stretching mock* in lhr ranpc 
720-790 cmvJ and two bands due to NCS bending mode in the range 120-460 cm-t. llq 
values of octahedral cobalt compkxes WC in the range 890--I 030 cm-t ant? lhow ol 
nickel cotnpleses in the range 1000-1200 cm-t. fl,ff values of cobalt, nickrl and copper 
compleses arc around :5.00, 3.00 and 1 .QO B.M., rcspcctivcl\F. Zinc and cadmium com- 
plcses arc diamagnetic. 

TABLF: s 
Polymeric llridgctl com~~lexes of i\lM’(SrCN)_t and their spectra1 data 

AI itt oclaltedral coordkaliott gpotttrtry 

-_ 

This series includes the complcscs >(~Y)ICO(NCS~)~HC(SCCN)~~ [30]. --(3-cpy)7Cta- 
(N~~e)~H~(SeCN~~< f27 1, >(3-ap?r)ICofNCSe)lIig(SrCh’)z~ 13’7 1, /.(nia)lCo(NCScf2)IR- 
(SeCN)z< f37], z(inh)$o(NCSe)1Hg(SeCN):< 1371, r(ist)lCo(NCSc)l~i~(ist)~(S~*~N)r~ 

[42], >(mit)$o(NCSc)2Hg(SeCN)~< f42], ;.(bit)2Co(NCSc)lHfi(SeCN)~~ [43-j, :.(ist):Co- 
(NCSrftCd(ist)?(ScCN)l<c [42], ;-(bit)$IIo(NCSc):Cd(SrCi\!):-: [42], ).(p~))‘h’i(NCS~,):!,f~:- 
(SeCN),i [36], >(3-cF?:)1Ni(NCSe)lH~(ScCN)li (371. =.(3-ap?!)2Ni(iVCSr)2~ir(Sc~CN)2,: 
[37 J. >(inh)lNi(NCSe)~Hg(SeCN)~< [ 37 1, i(isL)~Ni(NCSc)rHR(istf2(ScCN~~~ l-121, 
~(bi~)~Ni(NCSe)~H~(SeCN)~~ [42], ~(ist~~Ni(N~Sc~~Cd(isf~~(SeCN~~~ [42]. >-(mit)~i\‘i- 
(NCSc~~Cd~Se~N}~< 1421, >(bit)~h’ifNeSe)zCd(SeCN)-~ [42]. iCu(NCScf~H~(ScCN)-.: 
[99], ~(~hr)~Cu(NCSe)~H~(SeCN~~ c [99]. z(diox)&t(NCSe)~Hg(SeCN)~~ [Q9], 
>(py)~Ctt(NCSe)2Hg(ScCN)2< [99], >(nia)$Tu(NCSe)~H~(ScCN)~-< [99]. :~(ap~)$tt- 
(NCSe):!Hg(ScCN)~< [99]. 

In these compleses, two absorption bands are generally observed due to CN stretching 
mode in the range 2100-2170 cm-t, two bands due to CSc stretching mode in thr ranw 
560-690 cm-t and two bands due to NC.% bending mode in the range 3SO--l55 cm-‘. ne 
values of octahedral cobalt compiescs arc in the range 1000-1050 cm-t and those* of 
nickef complexes in the range 900-l 100 cm-t. The peff values of cobalt, nickel nntf copper 
compieses are around 5.00, 3.00 and 1.90 BAT., respectively. 



bands due to the M’--SCN mode also increases. 

.$NCX, ,,XCN.$ 
,;- \. ; :, NCX 

AM, 
XCNT 

In all three types of compleses, M-L stretching bands are observed in the 
range 160-285 cm-‘, however the positions of these bands cannot be used 
to distinguish different types of complexes, they can onIy indicate cootdinn- 
tion of the ligands either to M or to &I’. 

Recently [40] a new class of mised dithio-diselenocyanates of general for- 
mula iVM’( NCS),( NCSe)2, have been synthesized and their Lewis acid charac- 
ter studied. They aIs0 form al1 three tyws of complexes, and are included in 
Tables 9---11. Because of the presence of both thio- and selenocyanate 
groups, the point group of the compleses is changed (Table 2) and accord- 
ingly the number of bands in z+-, vc- and 6 xcs regions is also changed. The 
numbers and positions of characteristic infrared spectral bands are given in 
Tables 9-l I _ 

C. ELECTRONIC SPECTRA AND MAGNETISM 

Electronic spectra and various derived spectral parameters, e.g. Dq and B’ 
have been found useful in establishing coordination geometries around M 
(&I = Co, Ni, Cu) in the MI\II’(XCN), compleses. Magnetic moments have simi- 
larly been usefui. 

TABLE 9 
Cationic-anionic complexes of MM’(SCN)~(SeCN)~ and their spectral data [40 1 

A1 itr octahedral coorditrafion gconzefry 
These complexes arc [CO(~~)~][C~(S~CN)Z(SCN):~, [Co(p~‘)cj[Zn(SeCN)2(NCS)21. 

[Co(bipy)j][Cd(SeCN)2(SCN)21, [Co(bipy)zl[zn(NCSe),(NCS)~], INi(py)aI(Cd- 
(SCCN)~(SCN)~ J. INi I[Zn(NCSe)~(NCS)z I, [WbipyI3 IICd(SeCWANCS)2 1, 
[ Ni(bipy), ]~Zn(NCSe)~(NCSf:! ]_ 

In these complexes two bands are generally observed each due to CN stretching, CSe 
stretching and CS stretching modes in the respective ranges 2050--2110 cm-l, 580-670 

cm-’ and 7 lo-780 cm-*, whereas three to four bands are observed due to NCX (X = S, 

Se) bending mode in the range 400-490 cm -I. Dq values of octahedral cobalt and nickel 

complexes are in the ranges 900-1000 cm-’ and 990-1080 cm-‘, respectively. ,%ff 
values of octahedral cobalt and nickel compieses art around 5.00 B.M. and 3.20 B-M., 
respectively. 



TABLE 10 

Mlonomeric bridged complexes 0T ~U~II’(SCN)~(SKN):: ;tnd tkir slwctml dilta 
___---AC_-- 

These complescs arc (t)ipyj2Cv(NCS)(NCSc~ff~C(SrCN)iSCNf [4Ot. (pyfaC’o(NCSI- 
(NCSe)Hg(SeCN)(SCN)(PPhJ)2 1-13 1. (t)ip~),Co(NCS)(NCSe)li~(ScCN)(SCh’)(PP~~~)~ 
[131, (py)~Co(NCS)(NCSe)Ctl(SeCN)(SCN)(PPh~)~ [J31, (I,il,~)::Cc~(NCS)(NCSs)C(I- 
(SCCN)(SCN)(PPI~.~)~ i-13 1, ( II.\‘)~C~(NCS)(I\JCS~)%I~(SCCN)~SCN)(I’P~I.,~~ [-I:-) 1. (bipy)$(t- 
~NCS~(NCSe)Z~l(SeCN~(SCN)(FP~~~~~ 1.13 j, (l,if,YfINi(NOS)f~CS1‘)H~:fSrCN)(SC~f 1-10 I. 
(PY)JN~(NCS)(NCS~)II~~(S~~C~‘)(SCN)(PP~~J)~ I-83 1, (bij~.\‘)~NifNCS)(NCSt~)iI~fScC~)- 
(SCN)(PPhJ)? I-131. (py)JNi(NCS)(NCSc)Cd(SrCN)(SCN)(PPh.t): [.131. (bipy):Ni(NCS)- 
[NCSe)Cd(SeCN)(SCN)(PPh.l)2 I-131, (pS)JiVi(NCS)(iJCSr)Zn(SrCN)(SCN)(PPh.,)~ [.131. 
(I~ipy)~Ni(NCS)(NCSa)Zn(SeCN)(SCN)(PPh,)2 (-13 1, (I,~~,~)~CU(NCS)(NCSI~)III~(S~CN)- 
(SCN) [SSl. 

(ii) 111 it1 tetrahedral cvvrdi~lafivt~ gcvmelry f-lo/ 

These con~plrsrs are ( PPII~)~CO( NCS)(I\ICSc)H~(ScCN)(SCN). (Pf’h.~)dhlNCS)- 
(NCSc!)Cd(SeCN)(SCN), (PPhJ)2C0(NCS)(NCS(~)Zn(ScCN)(SCN). 

~_______ _____--__-__.-- 

Tll~se completes ;W _.(py)2Co(NCS)( i\‘CSc)II~:(ScCi\!)(S(:N).: I.10 1, :Ni(r\‘CS:* 
(i\fOSe)~tg(SeCN)(SCN);. f-lo], :-~i(scS)(NCSc)Ccl~ScC’N)(SCN).: i-10 1, .Ni(XCS)- 
(~CSC~~II(S~CN)(S~N),~ f-lo], ‘(P\.)~~‘~(NCS)(NC’S~)I~II(S~.CS)(SC~\;‘~.’ (-10 1, CU(SCSI- 
(NCSe)I~G(SeCN)(SCN).~ [ 99 1, ;.(thTf:Cu( NCS)( IVCS~~)II~(SCCN)(SC:N)-. 199 I. 
~~(dios)~Cu(NCS)(NCSe)lig:(St~CS)(SCN)-: [ 99 1, ;-(*,).)~Cu(NCS~(~:CSc)Il~(ScCN)(SCN) 
[99]. r(nia)zCu(NCS)( NCSe)l~fi(S~~~N)(SC~)~ 199 1, I .(n[‘~‘)~Cu(NCS)(~CS~~)llc(SrCNI- 

(SCN)< [99]. 

(ii) AI in fefrahedral coorditlafivtl gcvtttetry 
These complexes arc --_ Co( NCS)( NCSe)i lc( S&X)( SCN 1-Z [ -10 ]1. . . Co( SCS )( SCSVjCC1- 

(SeCN)(SCN)< [ -10 I, -.Co(NCS)(NCSe)Zn(SrCN)(SCN)/. [JO]. 
In these complcses one to two bands arc ~:cncrall~ obcrvc*d cllle to C:tcll CN strc~tchin~, 

CSc stretching and NCX bending modes in the ritllges 21 I O-21 60 cm-l, 590~GiO cm-’ 
and 390-490 cm-I, rcspoctive~y. Two to thrr!c t~antfs are obscrvcti cittt! to c!? stl3!tCtliW! 
mode in the range 700-790 cm-8 _ Octahcdrnl cobalt c~t~plcs ~~XWSSCS fly ~;lluc OF 9’75 
cm -I. Dq values or octahedral niclirl and tctrnhcdral cohnIt com~~lrws arc’ in the I‘illl~CS 

990-1070 cm-’ and 470-500 cm-‘. rcspcctivcly. /J,ff V.?lllct Of ClCtitll~!dlXl COlXIlt CO!Il* 

plex is 5.14 B.&l. M,ff values of 0ct;dledral nickrl and tctrahctlral col~lt complwc*s arc 
around 3.10 and 4.30 B.M.. rcspcttively. j&fr values of octA~edr;tl cwppcr cump!t:.st*s iire 
around 1.90 B.M. 
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(i) Cobalt cotnpleses 

Octahedral 
The electronic spectral parameters and magnetic moments of octahedral 

and tetrahedral complexes are listed in various Tables. In octahedral cobalt- 
(II) complexes, three transitions namely ‘T,, + ‘I.,, ‘Trsd ‘A?,( F)(v~) 
and ‘Ttg - 4TI,Pw3) are possible. Generally vI and u3 are observed. vl is 
broad and vJ is a multiple band and may be mixed with spin forbidden transi- 
tions. vr is generally not observed, being formally a two electron transition 
[ 761. The bands due to vi are observed in the region 5400-12 000 cm-’ and 
those due to v3 in the region 20 000-23 000 cm-‘. Using the values of V, and 
v.~, values of the spectral parameters Dq, B’ and p of the compleses have been 
calculated with the help of matrices of Tanabe and Sugano [ 771. The values 
reported here are quite appropriate for octahedral cobalt (II) [ 731. We have 
used these data only to establish the stereochemistry, not to distinguish the 
nature of the complexes. In the monomeric bridged type of comples the 
cobalt has generally been found to have a tetrahedral configuration whereas 
in polymeric and cationic-nionic complexes, it has an octahedral configura- 
tion. The magnetic moment values of octahedral complexes are in the range 
4.9-5.2 B.M. 

Since the cobalt has octahedral configuration in both cationicanionic and 
polymeric bridged compleses, distinction between these two is more reliably 
made by molar conductance data. 

Tetrahedral 
Tetrahedral Co(II) compleses have magnetic moment values in the range 

4.2-4.6 B.M. Their electronic spectra contain intense bands in the regions 
14 000-19 000 cm-’ and 6400-8000 cm-’ which arise from the transitions 
Q, 4 ‘7’i.J P)( uJ) and ‘Aa -, ‘TIg( F)(u,) respectively_ The vz band splits into a 
triplet when the cobalt has CzV symmetry [ 781. Using o2 and v3 band energies 
Dq. B’ and fl values are calculated. The electronic spectra of the monomeric 
bridged complexes provide an important indication to distinguish them from 
polymeric complexes, because the cobalt in the latter case never has a tetra- 
hedral configuration_ In certain cationic-anionic complexes cobalt has a 
tetrahedral coordination geometry because of the presence of a [COLJ]‘+ 
cation. A distinction between such cationicanionic and monomeric bridged 
complexes is drawn on the basis of the number of bands appearing in the v2 
region, though some times Co(I1) in Td symmetry also shows splitting of Y,_ 
In cationic-anionic complexes the cation [COLT]‘-’ has Td symmetry and 
frequently only one band is observed for the v2 transition. In the case of mo- 
nomeric bridged type of complexes, the environment around cobalt changes 
to L,CO(NCS)~ which has CpV symmetry, hence the v2 band is split into a tri- 
plet. The Dq va!ues in the two cases are also different. The cationic-anionic 
and monomeric bridged complexes have accordingly been distinguished with 
the help of electronic spectral data. Distinction between the two may also 
be made on the basis of conductance data. 



Generally, the configuration of Co( II) complexes is clctcrminccl lay the 
nature of the ligand field [Sol. However, Nishikawa and Yamada 181 1 1laVc 
reported that in some cobaltfll) con~plescs the stcric requirement of the 
ligand alone determines the configuration of the complcs. Such a case has 
been observed in planar cobalt compleses. The magnetic moment of thcw 
complexes is generally in the range 1.9--._ 3 36 BAI. Nyholm a~x.l co-\vorkc~rs 

1 SZ,S3 ] and Nishikawa and Yamado 1 Sl 1 have reported a low magnetic mo- 
ment as one of the typical characteristics of cobalt(1 I) having a planar con- 
figuration. RelatiVcly Iittle is known about the electronic spectra of such com- 
plescs. In salcomine and related complexes [ Sl] a shnq) peak at S333 cm-’ 
has been considered to be diagnostic of Co(II) compleses with a l)lanar con- 
figuration- This peak has been ascribed to an electronic transition from ‘&, 
to “Azp or ‘E,. Nishida and Kida l S9 f have made a comporativcly dctailcd 
study and have shown that. in near infrawd and visible region, thw com- 
pleses show three bands, mainly due to the transitions ‘A 1c - ‘IA,, 
‘.4 Ir 4 %;: and ‘A, c -, ‘Erl, appearing at about 4000, 7000 ruicl 18 000 wl-'. 
respectively. In our coml~lescs f 281, the bands at 5000, 7000 and ‘15 000 
orn-’ have similarly been assigned to the transitions ‘_<I Ilf. 4 ‘I:“,,, ‘;\ ,% - ‘Bza 
and ‘AIR - %!AK:, respectively_ These compleses have magnetic moments of 
about 2 B.&l. 

Close examination of square planar coniplcses of cobnlt( 1:) in the litera- 
ture reveals that the ethylenediamine unit is present in most of the casts. Pw- 
haps it is this moiety whiczh fulfills the stereochemical rcquircmcnt of the 
square planar compleses of cobalt( II). In the lxcscnt work, lignnds which 
form square planar complescs are also etf~yIcneclinminc and triethylenctetra- 
amine. The low spin complexes of these ligancls with COH~(SCN)~ wxe lcsft 
unesplained by Rivest and co-workers [ 27 1, but the complcscs can bc con- 
sidered to have a square planar configxirntion. 

Nickel commonly prefers octahcclral and squaw l~lanar configurations. 
Electronic spectral bands and magnetic moment values arc diagnostic 01’ thaw 
configurations. In octahedral compleses three transitions are obscrvccl 1 C;5~. 
The bands in the region 23 500-31 340 cm-’ arise from the transition 
3Rza + 3T,,(P)(v3), near 14 500-16 000 cm-’ from 3A II: -, “Tl,( F)(v~) and 
near 10 700-9000 cm-’ from .‘AzE 4 ” f.,,( F)(v,). The vJ ba~~ds aw oftcw 
split when there is departure from O,, symmetry to a lowc~ symmetry. 
Furlani [86] and Ballhauscn and Liehr [S’?] first independently calculatccl 
the energy levels of nickel in a distorted octahedral c~lviro~~nie~~t, anti 
showed that departure from cubic octahedral symmetry results in the splitt- 
ing of orbital triplets J7’1, and 'T. Lc, producing an increased numbrr of clcc- 
tronic transitions. In cationic--nnionic complcses, the cation 1 i%iL,,]” has 
Oh symmetry, hence the vz band is not split. In polymeric bridged and mono- 



merit bridged complexes, the symmetry is often C2,. due to the presence of 
(SCN),L2Ni(NCS), and L.,Ni(NCS): units, respectively. This change in symme- 
try may cause splitting of the v2 bands and demonstrates a possible point of 
~isti~l~tioll between cationic-anionic and bridged complexes. The splitting 
is, however, not observed when the iigand is nitrogen atom. The distinction 
between monomeric and polymeric bridged type is difficult on the basis of 
the nature of the electronic spectral bands, however, it can be made, though 
not very reliably, on the basis of Dq values which differ in the two cases. 

Magnetic moments of the octahedral monomeric and polymeric bridged 
compleses span the range of effective magnetic moments observed for 
nickel(H). Distortions in these complexes result in departure from cubic Oh 
symmetry to lower symmetry, yielding magnetic moments closer to the spin- 
only vaIue_ In Catiolli~~tlioIlic compfeses, where cubic symmetry is retained 
the magnetic moments are not so close to the spin-only value. 

Squat-e platlw eompleses 
Most square planar compleses of nickei(I1) exhibit a strong absorption 

band in the visible region betxveen 15 000 and 25 000 cm-‘, and in many 
cases a second more intense band between 23 000 and 30 000 cm-‘. These are 
referred to as V, and V, bands [ 84,88-901. Square planar complcses of 
nickel(I1) with sulphur donor ligands [ 911 generaliy exhibit an additional well 
defined band of lower energy than v3, referred to as v1 f 92-94 1. In square 
planar amine complexes, the energy separation between the d, z- yz orbital 
and the nest lowest orbital is invariably greater than 10 000 cm-’ 
[S4b,95,96]. In the present study, the nickel has been found in square planar 
geometry only in monomeric bridged or cationic-anionic compleses. This 
geometry has not been observed in polymeric bridged complexes. Both in 
monomeric (341 and cationicanionic complexes 1341 the nickel acquires a 
square planar coordination geometry when the ligand is triphenylphosphine, 
but certain compleses of this ligand are also octahedral [ 401. 

The majority of Cu(II) complexes give rise to orbitally non-degenerate 
ground states involving a static form of distortion, i.e., elongated tetragonal 
octahedral having D 4h symmetry. Such complexes exhibit one absorption 
band in the visible region near 16 000 cm-’ which can often be resolved into 
three components, rssigned to transitions from dsg, dzz and d,,, d,, to anti- 
bonding and half filled d,: _ 2.z level [ 84b, 971. 

In DJ symmetry the ‘Tzc (in Oh) level is split into ‘E + ‘A$, whilst the ‘Es 
level is unaffected. Thus we expect two transitions corresponding to ‘E + ‘E 
and ‘E + ‘A,. Certain trigonally distorted copper derivatives such as tris- 
(dipyridyl) and tris(o-phenanthroline) copper(H) (03 symmetry) give rise to 
two well defined absorption bands near 6000 cm-’ and 15 000 cm-’ [ 981. In 
our bridged complexes [991 a broad band at about 15 000 cm-’ is observed. 
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The broad band is not well resolved into its components. The presence of a 
single band at 15 000 cm-’ indicates that in our bridged compleses, the 
copper has tetragonal rather than trigonal octaheclral configuration around 
Crif II) [ 161. 

In cationic-anionic complexes, ltowever we observe bands near 6000 cm-’ 
and near 15 000 cm-’ indicating the presence of a trigonal octahedral struc- 
ture for Cu( 11) having D., symmetry [ 9S 1. Since the eiectronic spectra of only 
a few of these copper compleses have been studied [ 991, this cannot be used 
as a reliable guide to distill~~is~i bridged from catiotiic~niotiic complcses. 
However, on the basis of data available copper in bridged complexes has 
approximately D1,, symmetry and in cationic-anionic approximately D, 
symmetry. On the basis of this difference, the two can be differentiated by 
electronic spectra, but more reliably on the basis of conductance data. 

D. QUANT1TATlVE SOFTNESS AND STRUCTURE OF TIIE COMPLEXES 

The application of quantitative softness values to the eIucidation of struc- 
ture of complexes of bimetallic tetrathiocyanates and selenocyanates is a 
new approach discussed here in detaii. 

(i) Formation of the three types of complexes depends upon the nature of 
M and &I’. When both M and M’ belong to class ‘a’ type metals, the thiocy- 
anate bridge in the tetrathiocyanate is ruptured on reaction with pyridine or 
its derivatives, and cationic-a;~iotlic compleses are formed. tVhen %I 
belongs to ‘a’ type and M’ to ‘b’ type metals, the thiocyanate bridge is 

TABLE 12 

Relation twtwecn AE,,‘~(RI-&I’) and m&ire OF the compiescs of Wkl’( SCN)J with 
pyridine and its derivatives 

co/ f.lg 
Nilllig 
Zn/ IQ 
ColPd 
Ni/Pd 
Cd/ Hg 

Co/Cd 
NilCd 
ZnlPd 
Pd/ Ilg 
CO/Zk 
Ni/Zn 

CdlZn 
Cd/Pd 

-0.22 -4 .S6 4.6-I 
-0.28 -4.S6 1.55 

-1.29 -4.S6 3.57 
-0.22 -3.1’7 2.95 
-0.28 -3.17 2.65 

-2.2’7 -4.86 2.59 

-0.22 -2.2i 2.05 
-0.28 -2.27 1.99 

-1.29 -3.17 1.88 
-3.17 ---tS6 1.69 
-0.22 -1.29 1.07 
-0.26 -i.29 1.01 
-2.2-i -1.29 0.98 
-2,2-i -3.17 0.90 

D.B. 
P.B. 
P.B. 
M.B. 
R1.B. 

M.B. 

k1.B. 
M.B. 
M.B. 
C.A. 
CA. 
CA. 
CA. 
C.A. 

CA. = Cationic-tmionic; M.B. Monomeric bridged; P.B. = Polymeric bridged. 
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rcttained and polymeric bridged complcses are formed [ 291. Since M and M’ 
have different softness the stability of the thiocyanate bridge is related to 
their quantitative softness value. The softness values E,,s of M and M’ were 
calculated by using Klopman’s equation [ 1001 and the difference evaluated. 
The difference was designated 4Ez (M-M’) and related to the stability of 
thiocyanatc bridge in i\IM’(SCN)J and subsequently to the nature of the com- 
plexes. These results, presented in Table 12, clearly indicate the relation 
between the nature of the complexes and AE,,‘f(M-M’) [ 411. 

(ii) This relation holds equally wc~ll for the corresponding tetraselenocyan- 
atrls in respect of their reaction with pyridine and its derivatives. However, it. 
has been observed that. the nature of the compleses Formed by reaction with 
bipyricline is different. in tetrathiocyanates and tetraselenocyanates. Tetxa- 
thiocyanates form cationic-anionic compleses [ 271, whereas the correspond- 
ing tctraseleilocyanates form monomeric bridged compleses [ 361 with this 
ligand. This revc,als a difference in the stabilities of thiocyanate and selenocy- 
anatc bridges. Similarly, different behaviour was shown by MM’(NCS),- 
(NCSe), in respect of certain reactions [:lOl. To relate these esperimental ob- 
seivations with the softness of M and M’ a new relation was developed [ 401. 
‘The quantitative softness values of -NCX anti -XCN wcbrc added to the soft.- 
ness values of XI and M’, respectively. The softness values so derived were 
termed as total softness designated by the symbol TE,,!:. The difference in 
total softness 4TE,, i (ill-I’d’) of M and M’ was evaluated and related to the 
stability of thiocyanate and selenocyanate bridges. The calculation of total 
softness and derivation of the difference was done by adopting the follow- 
ing procedure. 

TE,,+Q = E,,i(M) -I- dE,,,z(NCS) 

TE,,‘$ M’) = E,,Z( M’) + M,,, q SCN) 

ATE,,i.( M-M’) = TE,,:s( M) - ?‘E,,S(M’) 

TE,,zj M) = E,,z( M) + 4 E,,, “I( NCSe) 

‘.E,,.t(AJ’) = E,,‘i(M’) + dE,,,‘c(SeCN) 

i!J’I_‘,,‘:( M--+1’) = TE,, !I( M) - TE,,*( M’) 

n;IAl’(hrCS) 2 (NC&) 2 

‘fE,,~(iVI) = E,,%(M) + ZE,,,‘(NCS) + 2E,,,f(NCSe) 

TE,,~(%l’) = E,,*(M’) + ZE,,,s(SCN) + !i!E,,,t(SeCN) 

ATE,,~:( M-M’) = TE,,“( kl) - TE,,g( M’) 
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TABLE 13 

TE,,s valws of M and M’ and their dilference in Lewis acids 

Complexes T&:(M) TE,,f(M’) ATE,,: (M-M’) 

zC!o( NCSC)~ Hg( S&N )2 c -35.94 
.:-&I( NCS)( NCSe)Hp( SrCN)(SCN)i -34.2s 
>CO(NCS)~H~(SCN)~< -32.62 
>Ni(NCSe)~Hg(SeCN)~i -36.24 
Y Ni( NCS)( NCSe)Ha(SeCN)(SCN)< -34 -58 
.:.Ni(NCS)2Hg(SCN)z< -32.92 
>CO(NCS~)~C~(S~CN)~< -35.94 
;.Co( NCS)( NCSe)Cd(SeCN)(SCN& -3-1.2s 
>Co(NCS)zCd(SCN)z < -32.62 
>Ni(NCSe)zCd(SeCN),*:. -36.24 
> Ni( NCS)( NCSe)Cd( SeCN)(SCN)< -34 5s 
>Ni(h’CS)2Cd(SCN),c -32.42 
>Co(NCSc)zZn(ScCN),< -35.94 
>CCo(NCS)(NCSe)Zn(ScCN)(SCN)< -3J .2S 
=Co(NCS)2Zn(SCN)Z< -32.62 
‘.Ni(NCSe)~Zn(SeCK)~< -36.24 
:~Ni(NCS)(NCSr)Zn(ScCN)(SCN)~ -3-1.5s 
i Ni( NCS):Zn(SCN)2< -32.92 

-22.54 
-24.09 
-25.67 
-22.51 

-24 .O‘J 
-25.67 
-19.90 
-21.48 
-23.06 
-19.90 
-21 AS 
-23.06 
-lS.SS 
-20.46 
--33 0-I __. 
-lS.SS 
-20.46 
-22.0-l 

13.43 
10.19 
6.95 

13.i3 
10.49 
7.25 

16.04 
12.60 
9.56 

16.24 
13.10 
936 

1’7.06 
14.12 
10.58 
li.36 
14.12 
10.88 

-NCS or --NC.% indicates N-bonded, -SCN or -S&N indicates S- or Se- 
bonded. The quantitative softness values of the various Iigands of NCS or 
NCSc have been calculated by using Klopman’s equation. 

The results of total softness TE,,: of M and M’ and ATE,,~(M-PA’) derived 
from them in MM’(SCN),, MM’(SeCN), and MM’(SCN)2(SeCN)2 are presented 
in Table 13. The difference in total softness ATE,,‘(M--M’) of M and M’ are 
highest for tetrasclenocyanates and lowest in tetrathiocyanates. This indi- 
cates the following stability order for the -NCX-bridge [ 401: MM’(NCSe), > 
MM’(NCSe)Z(SCN)2 > MM’(NCS),_ It is on account of this difference that 
bipyridine and certain other ligands form different types of compleses with 
these Lewis acids. 

(iii) A difference has been reported between the structures of compleses 
of triphenylphosphine with CoHg(XCN), (X = S, Se) and the qualitative 
requirement of the H.S.A.B. principle [ 1011. Tripheny!phosphine becomes 
attached to cobalt or nickel as shown in (XI)_ Whereas according to the soft- 
soft interaction [ 1011 it should link to mercury as shown in (XII). 

PhJP\, ,NCX, 
,Hg/ 

XCN 
SI 

Ph,P 
/CO\ 

NCX ‘XCN 

XCN, NCX 
co’ ‘Hg’ 

PPh, 

XCN’ ‘NCX’ 
x11 

‘PPh, 

When pyridine and triphenylphosphine simultaneously react with CoHg- 
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(NCS)_, the situation is different [ 441. Pyridine is attached to cobalt and tri- 
pl~euylphosphine to mercwy as shown in (XIII). These linkages are satisfac- 
torily esplained by ATL’,,~(M--M’). The total softness of cobalt and mercury 
were calculated by adopting the following equations. 

TI$qCo) = E,,qCo) + 4E,,,Q,y) + 2E,,,qNCS) 

rE,,;‘(Hg) = E,,f(Hg) + 2E,,,z(PPh,) + W,,,+jSCN) 

?.7Y:,,‘c( Co-Hg) = TE,,:( Co) - TE,, “( Hg) 

The VnllleS Of 3’fE,,i( Co--Iig) in respect of alternative structure (XIV) was 
L&O derived by adopting a simil,ar procedure. The difference in total softness 

Tt\RLE I-1 

ATE,,%- 
(M-hl’) 

A -29.95 

B -33.62 
A -29.9s 
B -32.G2 
A -29.9s 
B -32.62 
A -31.6-1 
B -35.9-l 
A -30.0-l 
B -32.68 
A -31 .iO 
B -36.0 
A -3OSl 
B -3-1.2s 
:\ -30.88 
B -3-I .2S 
A -3O.Sl 
B -3-I .2s 
A -55.50 
B -46.18 
A -G3.18 
B -49.50 
A -60.12 
B -4G.24 
A -56.0 
B -46.68 
A -63.8s 
B -50.0 
A -59.89 
B -50.57 

-25.66 

-28.S2 
-23.07 
-26.23 
-22.09 
-25.25 
-22.50 
-2'7.2-1 
-25.66 
-2S.82 
--33 50 _-. 
-27.2-l 
-2-l .09 
-28.04 
-25:iS 
--23.-1-l 
-20.51 
-24.4 G 
-2ss2 
-38.11 
-27.24 
--II .12 
-28.82 
-42.70 
-28.82 
-3s.14 
-27.2-l 
-41.12 
-27.24 
-36.56 

‘I .32 
3.SO 
G.91 
6.39 
7.89 
7.37 
9.-l 1 
Y.iO 
4.38 
3.86 
9.20 
8.76 
G.i2 
6.24 
9.38 
8.8-l 

10.30 
9.s2 

2G.68 
s.o-1 

36.14 
8.38 

31.30 
3.54 

‘v.18 
-8.54 
36.64 

8.88 
32.65 
14.01 

A = Prohblr structure; B = Alternative structure. 
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of cobalt and mercury in respect of (XZI) was higher indicating a @eater possi- 
bility for this structure, and supporting the observed results [44]. 47’&,,5- 
(M-M’) values for a number of other compleses have also been calculated 
and the results are included in Table 14. Higher values of A7’E,,f( M-M’) 
have indeed been found in those structures established csperimentally. 

SCN<~tl’ NCS,,qy 

./co: Hg” 
Py 

SCN PbhJ NCS/ Gy ‘PY 

Co[ Ag(SCI\!),jz is also a bimetallic thiocyamite compound, but is structur- 
ally different from MM’(SCNfi. In this compound, the cobalt prefers a tetra- 
hedral and silver a linear [48] coordination geometry. Similarly, in.other 
analogous compounds, e.g. CO[C~(SCN),]~ [SO], Ni[Ag(SCN),], 1521, Co[Ag- 
(SeCN),], [ 491 and [NiCu(SCN),]2 [ 511, the two metals have a preference 
for different geometries. This class of bimetallic thiocyanate or selenocyanate 
is energetically less stable then CoHg(XCN),, in which both the metals are in 
tetrahedral coordination geometries. In synthesizing these bimetallic thiocy- 
anates or selenocyanates and their complexes, care was always taken about 
the choice of solvent. In water or other highly polar solvents, Co[Ag(SCN):]: 
or its analogs are not formed. Ethylacetate, ethplenedichloride or n-hesane 
are used to prepare these compounds. In a systematic study it was sl~own 
[ 481 that bases having donor numbers [ 1021 and dieiectrie constants less than 
11 and 36, respectively, do not have any effect on these compounds. Bases 
having donor numbers in the range 17-30 and dielectric constants below 36, 
form polymeric bridged complexes and retain the thiocyanate bridge. Bases 
having donor numbers higher than 30 and dielectric constants less than 36, 
rupture the thiocyanate bridge and form c&ionic--anionic complexes. The 
compounds decompose into AgSCN and CO(NCS)~ in bases with dielectric 
constants above 36, irrespective of their donor numbers. Dimethylformamide 
and dimethylsulfoxide which have dielectric constants higher than 36, how- 
ever, form polymeric bridged compleses when used as ligands in non-po1,a.r 
organic solvents. The Lewis bases which form coordination compleses with ’ 
Co[ Ag(SCNfz],, have higher covalent parameters {C,) than electrovalent 
(E,) t1031. 

Co[ Ag(SCN)I],, Co[Cn(SCN),]~, Ni[Ag(SCNI,] 2 and CoIAg(SeCN),jz 



TABLE 15 

Cation+-anionic complescs OF M[ iU’(SCN)z ]: and their spectral data M - Co(lI), Ni(II); 
M’ = Ag( I), Cu( I) 

Thcw compltses are [Co(anilf,)IAgfSCN)~]2 f-I81, lCo(ppf,, lf:Q(SCN~z 11 f481, 
[cof,~ia)(,][Xg(SCN)-l]I [as]. [Co(tti~ts)~l[A~~SCNf~l~ [4SI, fCo(phenf3f(AgfSCN)2II 
[4S], ~CO(I~~;I)~I[CU(SCN)~I~ I501. ~CO(PY)L,~[CI.GSCWZI~ [501. ICot~liet\),lICu(SCN)~l~ 
[50]. [Co(f,ip?r)J][Cu(SCN)212 [50]. INi(I~ipy)~l[.~~(SCN)~l~ 1531. [Ni(plwn)~l[Ag- 
(SCN)212 [Rl?], [h’i(nia)(,l[Ag(SCN)IJl [fjl?]. fNi(p~)(,l[Ag(SCN)212 [521, [Ni(apyk,l[Ag- 
(SCN)2 l2 [52], f~i(anil)(,1[Afi(SCN)2]r! 1521, [Niftu)l,Ift\g(SCN)1fI f521, INi(ctuk,II.W- 
(SCN)I j: [52j. LNi(pztf)(,j[.;\g(SCNlz 1: f52 I, [Ni(~y)~l[CufSCN)~lr [til 1, [Ni(ni~)~llCu- 
(SCN)zj: (511, [Ni(a-ap?t),]jCu(SCN)2]2 I51 1, [Ni(3-apf)al[Cu(SCN):!l~ [51 1. [Ni- 
(-I-~?~!:),][CU(SCN)I]I [rjl 1, [R’ifpic),,](Cu(SCN)2]2 151 1, [Ni(apm),,f(Cu(SCN)~]~ [5f], 
[h’i(bipv).~]]Cu(SCN):!/: [ 51 1. [Ni(p~lcn).~J(CutSCN)~]:! 151 1. 

(ii) 31 its tetrahedral coordinatiott gcornetry 
Thaw compleses are [Co(I~ic)~][Cu(SC~~~ 12 [ 50 1, fCo(3-amp)~l(Cu(SCNf~f [60 1, 

[Cof-l-:tllm)~][Cu(SCNfI]~ [50], [Co{ 2-amp)2 J[Cu(SCN):12 150), [Co(3-ampy.)~]fCu- 
(SCN): 12 [SO]. 

In these complrses cne to two bands are observed due to CN stretching mode ~II the 
range 2080-2110 cm-*, one to two bands (CS stretching mode) in the range T-30-i60 
cm-t nnd one to two bands (NCS bending mode) in the range -120-460 cm-l. Dq values 
of octahedral cobalt complexes are found to be in the range 900-1000 cm-1 and those of 
octahedral nickcI corn&-xes in the range 1000-J 100 em-1 _ p,ff values of octahedral 
cobalt and nickel complcses arc around 5.00 and 3.00 B.M., respectively. Wq raiucs of 
tetrahcxlrcit cobalt compluses are in the range 100-500 cm-1 anti the potf values around 
1.50 B.&l. 

TABLE 1 G 

Cationic-anionic comI~lcses of Co[hg(SeCh’):]~ and their spectra1 data [-I91 

(if 31 irt octattedral toordination geometry 
Thcsc comptrses are ICo(nia),,l[Ag(SeCN)212, ICo(i~9fc,I[Ag(ScCN):!]~, [Co(bipf).xI- 

[t\g(ScCN)::]2, [Co(phcn)J][Ag(SeCN)z]2. 

[ii) M ift tctrairedrat coorditratiou geometry 
These complescs are fCof4-nmpy)d l( Ag(SeCN)~l~, [Co(pic)~][ Ag(ScCN): 1~. [Co- 

f”-nmpy)-][.;\g(ScCN)2lI, [Co(Qmpn)~l(Ag(SeCh’)2]1. 
In these complexes one to two bands are observed in CN stretching region in the range 

20iO-2110 cm-‘. one band (CSe stretching) in the range 530-560 cm-* and one band 
(NC% bending) in the range 380-410 cm -1. Dq values of octahedral cobalt complexes 
are in the range 890-940 cm-1 and those of tetrahedral complexes in the range 390-450 
cm-l. &if vntucs of octahedral and tetrahedral cobalt complexes are around 5.00 and 4.50 
B.&I.. rcspcctiwly. 
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TABLE 17 

Monomeric bridged complexes of M[ M’(SCN)~]~ and their spectral data 

(i) :\I in tetrahedral coordination geornctry 
[Ag(SCN)z], . Co(PPh.l)z [48]. 

(ii) dl in square planar coordination bzeoeornetry 
[Cu(SCN)z 12. Ni(PPhj)J (51 I. 
In these complexes two bands arc’ ohserved each due to CN stretching, CS stretching 

and NCS bending modes in the ranges 2080-2130 cm-l. i20--560 cm-’ and 4 1 O--l80 
cm-l, respectively. 09 and /.1,11 values of cobalt complex are -IGY cm-’ and 4.46 B.M., 
respectively. 

have been synthesized, and on the basis of their infrared, electronic spectral 
and magnetic properties, a zig-zag structure consisting of thiocyanate or seleno- 
cyanate bridge has been proposed [49]. This structure was mainly based upon 
its similarity with the crystal structure [ 1041 of AgSCN. 

MfM’(XCN),~, (M = Co(II), Ni(II); RI’= Ag(i), Cu(I); X = S, Se) can also be 
used as Lewis acid similar to CoHg( XCN),, because the coordination numbers 
of cobalt or nickel can be raised from four to sis. Accordingly a number of 
bases have been reacted with these Lewis acids and the complexes formed 
classified in three groups and listed in Tables 15-19 along with their spectral 
and magnetic moment data. 

TABLE 1s 

Polymeric chain complcses of M[ R.I’(SCN)-12 and their spectrnl dntn 

(i) di in octahedral coorditlatiort gconzetry 
These complexes are [Ag(SCN)2]2. Co(acet)J [48 1, [ A~(SCN)ZII . Co(dios)z 1481. 

[Ag(SCN)2]2 - C~(tlmT)~ [-IS]. [Ag(SCN)1]2. Co(dmso)z [48]. [t\g(SCN)212. Co(thf): 
(481, [Ag(SCN)z]I. Co(EtOH)2 [-IS], [CU(SCN)~]~. Co(dios)2 [AS], [Cu(SCN)zj: . Co- 
(thf), [50]. [Cu(SCN)z]? .Co(dmf), [50], [CU(SCN):]Z. Co(dmso)z [50], [CU(SCN):]~. 
Co(anil)l [50], [ Ag(SCN):lz . Ni(diox)z [52], [Ag(SCN)2]2. Ni(acet)z [52]. [Ag- 
(SCN)~]~ . Ni(tlmf)z [52), [Cu(SCN)zJ2. Ni(thf):! [51 1. [CU(SCN)~]~ . Ni(dmf)l [ 51 1. [Cu- 
(SCN),]2. Ni(dmso)z [51], [Cu(SCN)2]2. Ni(dios)l [51 1. 

iii) 111 in tetrahedral coorditlation geometry 
These compleses are [Ag(SCN)2]2. Co [AS 1. [CU(SCN)IJ: . Co [50 1. 
In these complexes. lwo bands arc generally observed each due to CN stretching. CS 

stretching and NCS bending modes in the ranges 2120-2180 cm-’ ,720-i80 cm-’ and 
430--4iO cm-‘, respectively. Dq values of octahedral cobalt and nickel compieses are in 
the ranges 960-980 cm-1 and 960-1050 cm-‘, respectively. Dq values of tetrahedral 
cobalt complexes are in the range 460--4SO cm-‘. p,_.!f values of octahedral cobalt. tetra- 
hedral cobalt and octahedral nickel complexes are around 5.10. 4.40 and 3.00 B.&l.. 
respectively. 
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I’olymeric chain complescs ol’ Co[Ag(SeCN)_j_ , 7 and their spectral data [-IS] 

(i) .I1 in octalrcdral coordination geonwl~ 

[ .Q(SrCN)2j-. Co(ncet)l. [Ag(SeCS)zj:. Co(thf):, [Ag(SeCN)2]~. Co(dmso)2, [Ag- 

(S&N): 12 . Co(anil)2, [ Ag(ScCN)~]~ . Co(tlmf):. 

(ii) 31 ire (r(rakcdral coordinatiotr gcotnctry 

[ r\g(SrCN )1]2 co 
In these, complesrs two bnnds are obwrved in each CN stretching. CSr stretching and 

NC.% bending regions in the ranges 2118-2155 cm-‘, X0-610 cm-’ and 385-420 cm-‘, 
respectively. Dq values of octahedral cobalt compleses are in the range S90--~00 cm-’ 

and that of tetrahedral comples is -139 cm-’ _ p,ff values of octahedral cobalt complcses 
are around 5.00 B.&I. Tetrahedral complcs pos~csses the peff value of 1.58 B.M. 

(i) Polymeric chnin complexes 

_Ul five Lewis acids, viz., Co[ .;\g(SCN)2]., Co[Cu(SCN),],, Co[Ag(SeCN),]:, 
Ni[ Ag(SCN)2] 1 and Ni[ Cu(SCN),]2 so far reported, form polymeric chain 
compleses. Such compleses are formed by weak bases such as ethanol, ace- 
tone, tetrahydrofuran, diosane, dimethylformamide and dimethylsulfoside. 
:\niline forms polymeric chain compound with Co[ Ag(SeCN)2]2 [49], but a 
cationic-xnionic complex with Co[Ag(SCN),], [4S]. These ligands link to 
cobalt or nickel and raise their coordination number to six. The infrared 
spectra indicate the presence of only bridged thiocyanate or selenocyanate. 
The positions of the bands in the v c.. cs, Gscs regions of these complexes 
and of the parent Lewis acids are in the same range. This indicates that the 
basic structure of the parent Lewis acids is not altered. A negative shift is 
however, observed in the vco_scs mode, due to a change of coordination 
number from four in the Lewis acid to six in the compleses [ 711. The mag- 
netic moments and electronic spectra also support a change in coordination 
geometry of cobalt or nickel from tetrahedral to octahedral. Various ligands 
which form these complexes show features of coordination through their 
donor atoms. On the basis of these results the structure (XV) has been pro- 
posed for the compleses. 

-_4g-S s- 

c L c 
N 

N 

;+0: 

I\! 

N 

CL c 

-S S-Ag- 
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(ii) Dimiclear bridged complexes 

These complescs have been reported only for Co[ Ag(SCN),], [4S J WCI 
Ni[ Cu(SCN),], ] 51 ]_ Triphrnylpkosphinc is the sole ligand which forms SUCK 

compleses with both Lewis acids. Perhnps the bulky lignnd obstructs the 

formation of a polymeric chain complex, and subsequently clinuclenr corn- 
pleses are formed. The infrared spectra of these compleses indicate the prc- 
sence of both bridging and S-bonded thiocyanates. The electronic spc~tra 
and magnetic moments demonstrate the prt~sence of a tct.rahcdral coordination 
geometry for cobalt in Co[ Ag(SCN),], - 2 PPh,, and square planar geomctrJ 
for nickel in Ni[Cu(SCN),]I - 2 PPh,,. In the far infrared region the presence 
of Co-P and Ni--P is detected. On the basis of these results the* structurr 
(XVI) has been proposed. 

S--Ag-s 
C C 
N N 

--. ,Co’ 
PPh J 

PPh;/ ‘N N 
C C 
s-Ag-s 

(XVI) 

(iii) Cationic-anionic c0n~plese.s 

These compleses are formed by all five Lewis acids reported so far. The 
Lewis bases which form such complcses generally have strong base strength. 
Pyridine and its derivatives, phenanthroIine and bipyridine <are such ligands. 
The infrared spectra demonstrate the presence of only S-bonded thiocyatxltc 
or selenium bonded selenocyanate. The far infrared region indicates the pre- 
sence of Co-L or Ni-L bands. The electronic spectra and magnetic moments 
show that cobalt(I1) or nickel(II) are octahedral. On thct basis of these ohscrva- 
tions, a cationic-anionic formula consisting of the cation 1 ML,. ]‘* (&I = CO. 
Ni) and anion [M’(SCN)L]2 ‘-(M = A&I), Cu(I); X = S. Se) has been sugg(Astcd. 
In certain cases the cation has a tetrahedral configuration [ 50,5,3]. ‘Illc ligancls 
forming such cations are 4-aminopyridinc, picoline and bidentatc 2-amino- 
pyridine and 2-aminopyrimidine. 

F. COMPARATIVE STABILITY OF LE\t’IS ACIDS M[hl’(SCN),j, (hl = Co. i\‘i; &I’ = 
A& cu; s = s. SC) 

The Co[ Ag(SeCN)2j2 appears more stable than Co[ .Ag(SCN),], in rcsptct 
of its reaction with certain bases. For instance, aniline, pyridine, dimet.hyl- 
formamide and dimethylsulfoside cause decomposition of Co[ Ag(SCN),], 
into AgSCN and Co(NCS)?, when added directly in the absence of any non- 
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polar solvent. These ligands, however, do not decompose Co[ Ag(SeCN& 1: 
but form well defined complexes, The former is also decomposed by water 
at room temperature, whereas the latter decomposes only after boiling in 
water. This indicates that the selenocyanste bridge between Co and Ag is 
more stable than the thiocyanate bridge. An approach based upon quantita- 
tive softness can expkin this difference in stability. Adopting the same prace- 
dure as above the differences in total softness values of cobalt and silver in 
Co[ Ag(SCN)2]2 and Co[ Ag(SeCN),]2 have been derived in the following 
manner. 

7x,,, $( Co) = E,,QCo) + XE,,, “(NCX) + X,,,“(L) 

7Y&‘(Ag) = E,,“( Ag) + xE,,,*f XCN) 

U-‘E,,*(Co--Ag) = TE,,f(Ag) - ?‘E,,+(Co) . . . I 

The Lf7’.E,,f(Co-_Ag) values obtained equal 32.54 for CO{A~(S~CN)~]~ and 
31.82 for Co[Ag(SCN),]?. A higher value for Co[ Ag(SeCN),J, is consistent 
with the @eater stability for the selenocyanate bridge, and explains the differ- 
ence in behaviour of the two in respect of their reaction with various iigands. 

The &TE,,z(Co-Agf values for the complexes L,Co[ _“\g(SCN)l]z and L&o- 
[Ag(SeCN)YJ2 have atso been derived and the values are included in Table 20. 

In each case the ATE,$(Co-Ag) vjlues are higher for the selenocyanate 
complcses than for their thiocyanate analogs. 

Adopting the same procedure 9TE,,~(M--M’) (M = Co(II), Ni(I1); &I’= 
Ag(I), Cu(1)) has been calculated for aII the Lewis acids, and tabulated in 
Table 21. The ATE,,G(M-M’), suggest the following order of stabiIity for 
these Lewis acids in respect of their reaction with Lewis bases: Co(Ag- 
(SeCN),]z > CofCufSCN),], > CO[&(SCN)~], > NifCu(SCN),], > Ni(Ag- 
(scx)~]:. 

This order is in consonance with the observed results, Trip~i~nylphosphin~ 
forms a bridging oompfes with NifCu(SCN),], [51f and a cation&-anionic 
comples with Ni[ Ag(SCN),lI [ 521. Since the bridge in NifCu(SCN),], is 
retained, it uan be presumed that it has a more stable bridge compared with 
Ni[ Ag(SCNj,],. 

TABLE 30 

4TE,,*(Co-Ag) vaiucs in the compleses Co[Ag(SCN):]-. * 2L 

Compkses 4TE,g(Co-Ag) AT&,,f(Co-Agf 
X = Se X=S 

Co[ Ag(XCN)z]: 32.54 31.82 
(acet):Co[ Agf XCNf?]? 53.94 53.12 
(thf)ZCofAg{SCN)1]2 55.80 55.02 
(dmf)$of Ag( XCN)z 1;~ 53.72 53.02 
(dmso)lCo[ Ag(XCN)2]~ 54.50 53.80 



TABLE 21 

Lewis acids ?‘E,,Qi\I) ?‘E,,2(til’) 17’f<,,i’(M-%I’, 

CO[A~(SCN)~ I2 51.3-l 19.08 31 .s2 

Co[ Cu(SCN)> I2 61.34 IS.97 32.37 

Co[ I\~(SCCN)~ II. 51.1’0 lS.26 32.s-I 

Ni[ .-\g(SCN)2 1: 50.4S 19.0s 3i.40 
--- ------_ -__--___---- 

G. TRIMETALLIC THIOCYANATES PI)lMfI~(SCl\‘)c,l (XI = Co(II), Ni(Il); S = S. Se) 

Scaife [ 1051 was successful in synthesizing Hg[ til,Zn( 1 -,\‘) (NCS)_,] 
M = Mn( II), Fe( II), Co( II), Ni( II) and Cu( II), but these were not furthw 
studied. We tried to synthesize M[CoHg(XCN),,I M = Zn(lI), Cd( II), f’l~(II)r 
X = S, Se, but could only obtain Pb[CoHg(NC_X),,] by direct reaction of three 
thiocyanates viz., Hg( SCN)I, Co( SCN), and Pb( SCS)l [ 106-1081. The struc- 
ture of these Lewis acids has been proposed on the basis of infrared spectral, 
magnetic moment, electronic spectral and conductance studies. It has hccn 
established that lead is in the form of a cation Pb” and the other spccics fortn 
an anion [CoHg(XCN),]‘-. A bridged structure (XVII) has been pro~~osccl for 

the anion [lOSl_ 

;coI( 
NCX, 

NCX’ 
dxcNj I- 

..XCNl 
(XVII) 

This compound has also been treated as a Lewis acid, hecause of the un- 

saturation in the coordination numbers of cobalt, mercury and lead. Upon 
reaction with different types of Lewis bases, various complcses have been 
formed, and are listed in Table 22. In all the compleses whether they arc 
formed with weak bases like tctrahydrofuran, ciimethyisulfosicle or strong 
bases like pyridine, bipyridine, phenanthroline, bridging between cobalt and 
mercury in the anion is retained and the structure of the Lewis acid and of 
the complexes remain very similar (XVIII). 

r 
SCN 

PbLai 
,? /NCS, Ii’ 

/CO\ 
SCN :, 

Hg( 
SCN 1 

L NCS’ :, 
; (L = bipy, phen) 

SCNj 

(XVIII) 

Phenanthroline and bipyridine cause cleavage of the thiocyanate Iwidge 
in CoHg(SCN)J and lead to the formation of cationic-anionic compleses 
[ 271. These ligands are, however, unable to cause cleavage of the thiocyanatc 
bridge in [CoHg(SCN)6]‘-. This estra stability in case of [CoHg(SCN),.]‘- 
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Ccmlpttscs of fb [ %I IIg( SCN I(, I and their spcctrnl data (M = CO, Ni; X = S, Se) 

(i) i\l in ocfafledral coorditlaliotz geeofucl~ 
Tiles? compkses are Pb[(dmso)~(SCN)~CofNCS)~Hg(SCN~~l IlO6L Pb[(thf)~(SCN):~o* 

(NCS)~H~(SCN)~] [106], [Pb(py)~][(py)Z(SCNt~Co(NCS),HI(SCN)-] flO6k tPb(tiiaf.r]- 
[(ni;,)I(SCN)2Co(NCS):Hg(SCN)2 1 [106]. [Ph(4-ampy)a I[(-I-ampyMSCNkCo(NCSf:Hg- 
(scN)~] [ ios]. [Pb(bipy)21[(bipy)(SCN)lCo(NCS)2Hg(SCN)l(l~ipy)f 11061. [Pb(phenkl- 
f(ph~n)(SCN)lCo(IWCS)~figfSCh’)~(pl ren)] [ 106 ]. Pb[(clmso)~(SeCN)~Co(NCSe)z~g- 
(S&N)?] [Ior]. jPl~(p~~)Jf~(py)l[ScCN)~Co(NCSe)~H~~ScCN~~l [lO7]. tPb(nia)~l{(~~ia)~- 
(SeCN)2Co(NCSc)lHg(SeCN)zJ [ 1071, [ Pb(3-nmpy)~][(3- ;~n~p~~)2(ScCN)1?Co(NCSe)~f~~- 
(S~CN)~J [Io’i]. [Pb(;l-ampy)J][(-l-ampy)2(SPCN)2Co(NCSc)~Hg(SeCN)2I [lOiL [Pb- 
(2.ampyd)A j((2-ampycI)l(SeCN),Co(NCSe)lEIg(SeCN), I 1107 I, tWWw)2 Ii( 
(SeCN)~Co(~CSe)~H~(SeCN~~ ] [ IO7 1, , t~t~(phen)~f[fpt~en)(SeCN)~Co(NCSe~~f-Ig- 
(S&N)2] [lOi J, Pb[(clmso)~(SCN)~Co(NCSe)~Hg(SCN)::] [lOs], IPb(p?:)JJI(py)-(SCN)2CO- 
(NCSe)2Hg(SCNj2J [lOS]. [Pb( nia)J][(nia)~(SCN)2Co(NCSe)~Hg(SCN)L!] [lOSi. [Pb- 
(3-an~py)~][(3-ampy)~(SCN)~Co(NCSe)~~I~(SCN)z] [ 10s ]. [Pb(~-amp?.)Jll(~-a,lrpy)~- 
(SCN)~Co(NCSe)~I?g~SCN)~J [lOS], [Pb(2-altlpyd)~]~(- 9-;tmp~d)~(SCN)~Co(NCSe)~Hg- 
(SCN)2j [ lOS1, [Pb(bipy)l ][(bipy)(SCN)ZCo(NCSe):Hg(SCN)z ] [lOS]. [Pb(phell)z]- 
[ (phen)(SCN)&o(NCSe):Hg(SCN):] [ lOS], Pb[(d mso)~(ScCN)~Co(NCSu)~Hg(SCN): ] 
(iOS], jPb(py)~]tf(py)2(SeCN)~Co(NCSe)21~g(SCNf2] (lOS]. (Pb(nin)~][(nia)~(SeCN)~- 
Co(NCSe):Hg(SCN), J [lOS], [Pb(3-amppfGl[f3 -anlpy)~(ScCN)1Co(NCSe)2Hg(SCi\‘)If 
[ ZOS], [Pb(B-;unpyd)q jf(2-:tmpyd)2(ScCN)~Co(NCSc)~Hy(SCN)~] [lOS]. [Pb(*g-amPy)~ ]- 
((4-nmpy)~(SeCN)~Co(NCSc)~Hg(SCN)~j [ 1061. (fb(bip)-)~][(bipy)(ScCN)1Co(MCSe)21_lg- 
(SCN)ZJ (LOS], [Pb(pflen)~]I(phen)(SeCN)~Co(h’CSe)~I~~(SCN)1 j [ 10s 1. PbI(EtOkl)z- 
(SCN~~~i(~CS)~Hg(SCN)~ ] (106], Pb[(dmso)-(SCN)-Ni(NCS)2Hg(SCN)2] IlOG], Pb- 
[(thf)l(SCN)~Ni(NCS)~?Ig(SCN)~] [ 1061. [Pb(py).,j((p\‘)~(SCN)2~i(NCS)II_1g(SCN)2] 
[ 1061, (Pb(nia)A ][(nia)2(SCN)2Ni(NCS)zHg(SCN)J] [106], Pb[(-l-nmpy)J ][(-I-nmpsk- 
(SC~)~Ni(~CS)~Hfi(SCN)1] [ 106 ]. lPb!bipy)-][(l,ipy)(SCN)~Ni(NCS)2Hg(SCN)2(bip?r)] 
(106], [Pb(phen)-]((phenffSCN)2Ni(NCS)~Hg(SCN)(pl’c”)] [ 1061, Pb((EtOII)z- 
(SeCN)~Ni(NCSe)~I4g(ScCN)~] [ 107 ]. Pb((dmso)~(SeCN)~Ni(NCSc)~Hg(SeCN):) [ 107 1, 
[Pb(py).+][(py)~(SeCN)2Ni(NCSe)~Hg(SeCN)2] [ 107 ]. [Pb(nia)~]((nia)~(ScCN):Ni- 
(NCSe)2Hg(ScCN)z] [lO’i], (Pb(3-ampy)~]f(3-ampyf~(SeCN)~Ni(NCSe)~IIg(SeC~~~l 
[lo’l], ~Pb(4-an~py)~][(-t-ampy)~(S~CN)~Ni(NCSe)~Hg(SeCN)~] [10’7]. [Pb(2-ampycfL]- 
((2-ampyd)z(SeCN)2Ni(NCSe)2Hg(ScCN)2] (107 1. (Pl,(bipy)l ][(bipy)(SeCN)2Ni(NCSe),Iie- 
(ScCN):] (10’7 ], Pb(phen)z[( phen)(SeCN)zNi(NCSe)2Hg(SeCN)2 1 [ 107 1. 

(ii) df in ~ett.~itedral coordittation geometry 
Pb[(SCN):Co(NCS)JIg(SCN)2] (1061. Pb[(PhxP), CO(NCS),H~(SCN)J] [ 1061, Pb- 

[(ScCN)2Co(NCSc)$Ig(SeCN)2] 1107 ], Pb[(SCN)-,Co(NCSe)lHg(SCN)2] [ 108 j, I%- 
((Ph,P)$o(NCSe)&(SCN)JI jlOS], Pb[(SeCN)2Co(NCSe)2Ha(ScN)z] [ lOS]- 

(iii) Al itt square planar coordination geometry 
Pta((Ph3P):Ni(NCS)~Hg(SCN)_,] [ 1061. 
In all thtse complexes three to four absorption bands are observed due to CN stretching 

mode in the range 2030--2l’iO cm- 8. In case of thiocyanate compiexes four bands appear 
in the IR spectra due to CS stretching mode (TIO-S50 cm-‘), and for selenocyanate com- 
plexes (530-690 cm-l) due to CSe stretching mode. In case of mixed thio-selenocyanate 
complexes four bands are observed in the range 600-850 cm-1 which covers both CS and 
CSe stretching regions. In alt the tompiexes three to four bands are observed in the range 
400-500 cm-1 due to CX stretching mode. Dq values of octahedral cobalt and nickel 
complexes arc found to be in the ranges 850-1050 cm-* and 860-1100 cm-‘. respectively. 
The p,ff values of octahedral nickel and cobalt complexes are around 3.20 B.&I. and 5.00 
B.M., respectively. Dq values of tetrahedral cobalt complexes are found to fx in the range 
440-490 cm-1 and p,ff values around 4.20 B.M. 
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has also been espiained on the basis of total softness values. The total soft- 
ness values of cobalt and mercury in CoHg(SCN), and [CoHg(SCN),,]‘- have 
been calculated by adopting the procedure described in preceding paragraphs, 
and the difference in the total softness values of cobalt and mercury ATE,,f’- 
(Co-Hg) has been derived in both cases. The ATE,;t(Co--Hg) values in case of 
CoHg(SCN), and [CoHg(SCN),]‘- are 4.43 and 5.84 respectively. The higher 
value indicates greater stability of the thiocyanate bridge in [ CoHg( SCN),, I’-, 
and espiains the difference in behaviour of the two in respect of their intcr- 
action with phenanthroiine and bipyridine. 

H. LICAND EFFECT. COMPLEXES OF klkI’( SCN)J hl = Co(I1). Ni(ll): M’ = %II( II). 
Cd(lI). Hg(II); S = S, SC 

The effect of different iigands on various MM’( SCN), has been divided 
into three groups as mentioned below. 

(i) Strong ligands (ethylenediatnine, pftetzatl throline, Dipyt-iditte) 

Ethyienediamine always forms the cationic-anionic type of compics 
h-respective of the nature of i’vl and M’ in MM’(,XCN),. Bipyridine and l~henan- 
throiine also form cationicanionic type compieses with ail types of tctm- 
thiocyanates and seienocyanates with the esception of MM’(SeCN)~ and 
MM’(SCN)2(SeCN), (!\,I = Co, Ni; Al’ = Hg) where monomeric bridged com- 
plexes are formed. 

(ii) Weak ligands (Cetr-ahyclrofuran, diosane, dittlelftyifortnatt~idc, cIitncChyl- 
sulfoside) 

They form polymeric bridged co~npicscs with all types of tetrathiocyan- 
ates and seienocyanates. These iigands are quite weak and are unable to rup- 
ture the thio or seienocyanate bridge of MivI’( SCN),. 

(iii) itltermediate ligcmds (pyriditle and their derivatives) 

They form polymeric bridged complexes with CoHg(XCN)4 and NiHg- 
(XCN),-CoCd(SCN), and NiCd(SCN), form cationic-anionic compieses 
with these iigands, however, their seienocyanate analogs form monomeric 
bridged complexes. CoZn(SCN,) and CoZn(SeCN), form cationicanionic 
type compleses. CoCd(SCN),(SeCN)2 and NiCd(SCN)2(SeCN)I form mono- 
meric bridged compieses. Isothiazoie and its derivatives also act as bases of 
intermediate strength. These ligands form polymeric bridged compieses with 
MM’(XCN), (M = Co, Ni; M’ = Hg; X = S, Se)_ With CoCd(SCN), and NiCd- 
(SCN), they form monomeric bridged compieses, but with their seienocyan- 
ate counterpart, polymeric bridged complexes are formed. However, CoZn- 

(SCN), an d NiCd(SCN), form cationic--anionic cotnpiexes with the same 
iigands. 
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TABLE 23 

Relation between base strength of ligands and nature of complexes 

Lewis acids Strong Weak 
ligands ligands 

Intermediate 
ligands 

CoHg(SCN)a 
CoHg(SeCN)J 
CoHg(SeCN)z(SCN)z 
NiHg(SCN)J 
NiHg(SeCN)z(SCN)z 
ZnHg(SCN)A 
CoPd(SCN)+ 
NiPd(SCN)q 
CdHg(SCN)., 
CoCd( SCN)‘, 
CoCd(SeCN)J 
CoCd(ScCN)2(SCN)2 
NiCd(SCN)., 
NiCd(SeCN)J 
NiCd(SeCN)2(SCN)2 
ZnPd(SCN)4 
PdHgfSCN)., 
CoZn(SCN)J 
CoZn(SeCN)a 
CoZn(SeCN)2(SCN)z 
NiZn(SCN)., 
NiZn(SeCN)J 
NiZn(SeCN)2(SCN)2 
ZnCd(SCN)~ 

CA. 
M.B. 
M.B. 
C.A. 
M.B. 
- 

CA. 
CA. 
- 

C.A. 
C.A., M.B. 
CA. 
CA. 
C.A. 
CA. 
C.A. 
C.A. 
C.A. 
CA. 
CA. 
C.A. 
C.A. 
CA. 
C.A. 

P.B. 
P.B. 
P.B. 
P-B. 
- 
P.B. 
P.B. 
P.B. 
P-B. 
P.B. 
- 
- 
P-B. 
- 
- 
P.B. 
M.B. 
P.B. 
- 
- 

P.B. 
P.B. 
- 

P.B. 

P.B. 
P.B. 
P.B. 
P.B. 
P.B. 
P.B. 
M.B. 
M.B. 
P.B. 
C.A. 
P-B., M.B. 
M.B. 
C.A., M.B. 
M.B., P.B. 
M.B. 
M.B. 
C.A. 
CA. 
CA. 
CA. 
CA. 
CA. 
C.A. 
C.A. 

C.A. = Cationic-anionic; M.B. = Monomeric bridged; P.B. = Polymeric bridged. 

Triphenylphosphine always forms monomeric bridged compleses, prob- 
ably, due to the presence of buiky phenyl groups which cause steric hindrance. 
In this case the base strength of the ligands plays a less important role than 
the steric hindrance factor. 

The relation between the nature of the complexes and the nature of the 
ligands is shown in Table 23. 

Double ligand complexes 

Certain compleses have been reported [43,44] in which two different 
ligands are attached to M and M’, respectively. These complexes have been 
called ‘double ligand complexes’_ In such cases the complexes are always of 
the monomeric bridged type. Bipyridine forms cation&anionic complexes 
C4OJ with CoM’(SCN)I(SeCN)2 and NiM’(SCN)2(SeCN)2 (M = Zn, Cd) but 
when the same ligand reacts with these Lewis acids together with pyridine, 
monomeric bridged complexes are formed [43] in which bipyridine is coor- 
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dinated to M and pyridine to M’. This shows that the stability of the 
-NCX- bridge is increased in such a situation. 

These Lewis acids show a slightfy different behaviour towards various 
ligands. Weak bases like dmf, diox, thf, dmso etc., form polymeric bridged 
complexes, whereas strong and intermediate bases like py, nia, bipy and phen 
always form cationic-anionic complexes with these Lewis acids. Aniline 
forms cationic-Iionic complex with Co[Ag(SCN)2], and polymeric bridged 
complex with its selenoeyanate anafog. CO[CU(SCN)~]~ also forms polymeric 
bridged complex with aniline. This shows that selenocyanate bridge is more 
stable than thiocyanate, and the bridge in Co[Cu(SCN),J, is more stable than 
in Co[ Ag(SCN)J,. Triphenylphosphine always forms monomeric bridged 
compleses with these Lewis acids. The single chain thiocyanate or selenocyan- 
ate bridging between M and M’ appears to be weak in these Lewis acids com- 
pared to the bridge in NIM’(XCN),, because even the intermediate ligands 
cause deavage of these bridges. 

Complexes of ~br~~~(XC~~~ J(M = Co(H), Ni(IIk X = S, Se) 
In the case of [ CoHg(XCN),,]‘- the thio or selenocyanate bridge has extra 

stability because neither bipy nor phen cause their rupture. 
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