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Abstract-p-Tolyl mercury thiocyanate and a-naphthyl mercury thiocyanate react with Co(NCS)aZpy and form a 
bimetallic pink compound of formula (py)z(SCN),Co(NCS)rHgaRa (R = p-tolyl and a-naphthyl group). On heating 
this compound in vacuum a blue compound (SCN),Co(NCS),Hg,Rr is formed. Nickel analogues 
(SCN)2Ni(NCS)rHg,Rr are formed by direct reaction of p-tolyl or a-naphthyl mercury thiocyanate with nickel 
thiocyanate. (SCN)rCo(NCS)rHg,R, and (SCN)rNi(NCS)rHgrRr act as Lewis acids and form complexes with 
bases. The Lewis acids and their complexes with various bases have been characterized by elemental analyses, 
molar conductance, molecular weight, magnetic moment, infrared and electronic spectral studies. These studies 
reveal that both the Lewis acids are monomers. In (SCN)rCo(NCSbHgaRr the Co(U) has tetrahedral geometry, 
where as in (SCN)2Ni(NCS)2HgrRr the Ni(II) has octahedral geometry through elongated axial bandings with 
SCN-groups of other molecules. Thiocyanate bridging of the type R-Hg-SCN-M [M = Co(U), Ni(II)] is present in 
the compounds. Pyridine and dimethylstdphoxide form adducts with these compounds by coordinating at Co(I1) or 
Ni(I1). The thiocyanate bridge is retained in these complexes. 2-2’bipyridyl ruptures the thiocyanate bridging in 
both the Lewis acids and forms cationic-anionic complexes of the type [M(I.-L)3][RHg(SCN)Jr. In both the type 
of complexes Co(H) and Ni(II) possess octahedral environment. The “softness” values have been used in a novel 
manner in proposing the structure of the complexes. 

INTRODUCTION 

A new class of organobimetallic compounds and their 
Lewis acid behaviour has been recently published by us.’ 
In this communication we report the synthesis and stu- 
dies of few more such compounds in which phenyl has 
been changed by a-naphthyl and p-tolyl group. 

EXPERIMENTAL 
Reagent grade solvents were purified before use. Cobalt and 

nickel thiocyanates were prepared by reacting their respective 
nitrates with potassium thiocyanate in ethanol. Co(NCSh(py), 
was prepared by the method described elsewhere.* Dimethyl- 
sulphoxide (dmso), 2-2’bipyridyl (bipy) and pyridine @y) were 
used as received. p-Tolyl mercury chloride and a-naphthyl mer- 
cury chloride were prepared by diazotization method&’ as des- 
cribed below: 

143 g (1 mmole) of a-naphthylamine was added to a mixture of 
450 ml of hydrochloric acid and 500 ml of water. To the mixture 
5OOg of ice was added and vigorously stirred. When the tem- 
perature reached 5°C solid sodium nitrite (about 69 g) was added. 
After stirring for about half-an-hour, the whole mass was filtered 
and any residue was rejected. To the clear filtrate a cold solution 
of 271 g (1 mmole) of mercuric chloride in 300 ml of hydrochloric 
acid was slowly added with vigorous stirring. Yellow-precipitate 
of RN2Cl~HgC12 was formed which was filtered after stir&z for - 
an hour. The compound was washed with water followeld by 
acetone and dried in air. Yield 417g. The whole compound was 
mixed with 114 g of copper powder in 2 1. acetone and cooled to 
WC, stirred for an hour, allowed to stand overnight and filtered. 
The residue was boiled with xylene, and filtered. On cooling the 
filtrate crystals of RHgCl were obtained. Yield 30 g. 

p-Tolyl mercury chloride was similarly prepared by using 
p-toluidine in place of a-naphthylamine. 

a-Naphthyl and p-tolyl mercury chloride were converted into 
their respective thiocyanates by reaction with potassium thiocy- 
anate (BDH) in 1:l molar ratio in acetone. KC1 was filtered off, 
and the filtrate was concentrated by evaporation. On addition of 
water to the concentrate p-tolyl mercury thiocyanate or a- 
naphthyl mercury thiocyanate precipitated, which was filtered, 
washed with solvent, recrystallized from acetone and dried in 

*Author to whom correspondence should be addressed. 

vacuum. Yield 28g. The purity of compounds was tested by 
elemental analyses and IR spectral band positions. 

p-Tolyl mercury thiocyanate m.p. 21O’C. (Found: N, 3.%; S, 
9.12; MC.: N, 4.01; S, 9.16%). a-Naphthyl mercury thiocyanate 
m.p. 155°C. (Found: N, 3.42; S, 8.29. Calc.: N, 3.42; S, 8.31%). 

PRKPARATION OF COMPLEXES 

(py)r(SCN)2Co(NCS)2Hg2R2(R = p-tolyl and a-nuphthyl) 
p-Tolyl mercury thiocyanate (6.98 g, 2 mmole) and a- 

naphthyl mercury thiocyanate (7.7g, 2mmole) were 
separately dissolved in 1OOml of ethanol. To each solu- 
tion an ethanolic solution of CO(NCS)~(~~)~ (3.33g, 
1 mmole) was added and stirred for 72 hr. A pink pre- 
cipitate appeared in each case, which was filtered, 
washed with ethanol and dried in vacuum. Both the 
complexes were crystallized from a mixture of acetone 
and ethanol. 

(py)#CN)2Co(NCS)2Hg&-tolyl)2-m.p. 215°C. 
(py)r(SCN)ZCo(NCS)zHg2(a-naphthyl)Fm.p. 204°C 

(SCN)2Cl(NCS)2Hg2R2 and (dmso),(SCN),Co(NCS),- 
HgJG. 

On heating the pyridme complexes in vacuum 
the pyridine is given off and blue compounds are 
formed, which were recrystallized from acetone. They 
have the general formula (SCN)2Co(NCS)2Hg,R,. On 
reaction with pyridme their parent compounds 
(py)&SCN)rCo(NCS)rHB,R, were again formed. When 
ethanolic solutions of RHgSCN and CO(NCS)~ were 
directly reacted (SCN)2Co(NCS)2Hg2R2 was not formed 
but CoHg(SCN)4 was formed instead. 

The dmso complexes were prepared by stirring 
(SCN),Co(IWS)zHg, (p-tolyl)z and (SCN)2Co(NCS)2Hg2 
(a-naphthyl)z in 50 ml of dimethylsulphoxide separately 
for 24hr. Pink complexes were formed, which were 
filtered and dried in vacuum. 

(dmso)2(SCN)2Co(NCS)2Hg2(P-tolyl)z m.p. 215°C 
(dmso),(SCN),Co(NCS),HB2(cr-naphthyl)z m.p. 204°C. 
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(SCN)2Co(NCS)2Hg2 (p-tolylb (0.873 g, 1 mmole) and 
(SCN)2Co(NCS)2Hg2 (a-naphthyl), (0.945 g, 1 mmole) 
were separately dissolved in 50ml of ethanol. To each 
solution an ethanolic solution of 2-2’-bipyridyl (0.468 g, 
3 mmole) was added and stirred for about 24 hr. Pink 
precipitate in each case appeared, which was filtered, 
washed with ethanol and dried in vacuum. The com- 
plexes were recrystallized from acetonitrile. 

[Co(bipy)J[p-tolyl Hg(SCN),], m.p. 146°C. 
[Co(bipy),][a-naphthyl Hg(SCN)J2 m.p. 135°C. 

(SCN)2Ni(NCS)2Hg2R2. p-tolyl mercury thiocyanate 
(6.987 g, 2 mmole) and o-naphthyl mercury thiocyanate 
(7.7 g, 2 mmole) were separately dissolved in acetone. To 
each solution a methanolic solution (1.75 g, 1 mmole) of 
Ni(NCS)2 was added and stirred for 72 hr. A bluish-green 
precipitate appeared in each case which was filtered 
washed with methanol and dried in vacuum. The com- 
plexes were recrystallized from acetone. 

(SCN)2Ni(NCS)2Hg2(p-tolyl), m.p. 238”(d) 
(SCNhNi(NCS)2Hg2(cu-naphthyl)2 m.p. 217”(d). 

and 

(SCN)2Ni(NCS)2Hg2 (p-tolyl)2 (0.873 g, 1 mmole) and 
(SCN)2Ni(NCS)2Hg2 (cu-naphthyl)2 (0.945 g, 1 mmole) 
were separately dissolved in 50ml of ethanol. To each 
solution an ethanolic solution of pyridine (0.2 ml, 
2 mmole) was added, and stirred for 36hr. Green pre- 
cipitate appeared in each case and was filtered, washed 
with solvent and dried in vacuum. Complexes were 
recrystallized from acetone. 

(py)2(SCN)2Ni(NCS)2Hg2 (p-tolyB2 m.p. 230”(d) 
(py)2(SCN)2Ni(NCS)2Hgz (a-naphthyl)z m.p. 255”(d). 

The bipyridyl complexes were similarly prepared by 
reacting ethanolic solutions of 2,2’-bipyridyl (0.468 g, 
3 mmole) in place of pyridme. 

[Ni(bipy)3][g-tolyl Hg(SCN),12 m.p. 162°C. 
[Ni(bipy),][naphthyl Hg(SCN)2]2 m.p. 166°C. 

The dmso complexes were prepared by the method 
adopted for corresponding cobalt complexes. 

Analyses of fhe complexes. The complexes were 
analysed for cobalt as anthranilate, nickel as dimethyl- 
glyoximate, sulphur as sulphate and mercury gravi- 
metrically as sulphide. Nitrogen was estimated by semi- 
micro Kjeldahl’s method. Analytical results along with 
melting points are presented in Table 1. 

Physical measurements. The molar conductances of 
the complexes were measured in dimethylformamide 
using a Philips conductivity bridge model PR-9500. The 
molecular weights were determined in dmso solution by 
the cryoscopic method. The magnetic susceptibility 
measurements were made at room temperature by 
Gouy’s method using CoHg(SCN)4 as standard. The 
diamagnetic correction were made using Pascal’s con- 
stants. Infrared spectra of the complexes were recorded 
as nujol mulls or as KBr pellets on a Perkin-Elmer 621 
spectrophotometer in the range 4000-2OOcm-’ and as 
polyethylene disc in the range 500-50 cm-’ on a polytech 
FIR. 30 Fourier spectrophotometer. Electronic spectra 

in the range 250-1800 nm were recorded on a Carl-Zeiss 
DMR-21 spectrophotometer. 

RESULTS AND DISCUS!JION 

M(NCS)2(py)2 or M(NCS)2(dmso)2 reacts with 
RHgSCN and forms an adduct of general formula 
L2(SCN)2M(NCS)2Hg2R2 (L = py, dmso). The pyridine 
or dmso is given off when the adducts are heated in 
vacuum, leaving behind a compound of general formula 
(SCN)2M(NCS)2Hg2R2 which is termed as Lewis acid. 
The Lewis acids when reacted with pyridine or dmso 
again form the adducts. On reaction with a strong base 
like 2-2’bipyridyl, the Lewis acids form cationic-anionic 
complexes. The structure of these complexes are dis- 
cussed below. 

1. Adducts. L2(SCN)2M(NCS)2Hg2R2 and Lewis acids- 
(SCN)2M(NCS)2Hg2R2 (L = py, dmso; M = Co, Ni and 
R = p-tolyl, cu-naphthyl) 

Both the adducts and the Lewis acids are non-conduc- 
ting in dimethylformamide. The molecular weight data 
(Table 2) of (py)2(SCN)2M(NCS)2Hg2R~ indicate that 
they are monomeric. The molecular weight of 
(SCN)2M(NCS)2Hg2R2 could not be determined on ac- 
count of insufficient solubility, however, the cobalt 
complex may be assumed to be monomeric, on the basis 
of the tetrahedral coordination of the cobalt atom but the 
octahedral nickel complex is presumably polymeric. The 
adducts can be formed by reaction of pyridine or dmso 
with the Lewis acids which in turn can be reformed by 
heating the adducts in vacuum. 

For deriving structural information the spectra of 
RHgSCN have been iirst studied. The solid phase spectra 
shows the presence of UC-N band at 2182, UC-S at 729, 
vHg-S at 235, SSCN at 446, and uHg-C at 459 cm-‘. On 
the basis of this information the unit cell of RHgSCN has 
been considered to have a dimeric centrosymmetric 
model, where a four membered Hg2S2 ring is formed.6 
The position of these bands is considerably changed 
when the spectrum is recorded in methanol. The vC-N is 
observed at 2136 and vHg-S at 283 cm-‘. This indicates 
that bridging through sulphur of thiocyanate is destroyed 
in solution. It has been considered safer to derive shifts 
from the spectral data in solution phase. On comparison 
of the various bands of RHgSCN with the corresponding 
bands of L2(SCN)2M(NCS)2Hg2R2, changes are observed 
in vC-N, vC-S and vHg-S bands (Table 3). The vC-N 

N 
C 

?\ 

R-Hg\s/Hg-R 
C 
N 

band is observed in the region 2125-2170 cm-’ and UC-S 
in the region 72&795 cm-‘. These changes indicate that 
the thiocyanate of RHgSCN becomes bridging probably 
by coordination to M through its N-end. 
A band in UC-N region in the range 2060-2080 cm-’ is 

also observed, which is assigned to N-bonded terminal 
thiocyanate arising from M-NCS and can be supported 
from its analogy to the reported band in M@JCS)22L.’ In 
the case of Lewis acids the bands assigned to UC-N, 
VC-S and SNCS are present almost in the same region in 
which they are present in their corresponding adducts. 
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The slight changes in band positions are due to change in 
stereochemistry around M. The change in vC-N stretch- 
ing band positions due to change in stereochemistry is 
well described elsewhere.’ The r&f-NCS bands in the 
case of cobalt Lewis acids are observed at about 
308cm-‘, which on adduct formation shift to 240cm-‘. 
This negative shift shows the change from tetrahedral 
configuration to octahedral on adduct formation.‘*’ Such 
a change is not observed in nickel analogues because of 
the presence of octahedral configuration in both the 
Lewis acids and their adducts. A band assigned to vM-N 
(py) is observed at about 270cm-’ in pyridine adducts 
and at 378 cm-’ in dmso adducts which is assignedlo~” to 
vhf-0 These bands are absent in the Lewis acids. 

The electronic spectra of the Lewis acids and the 
adducts as discussed later indicate that cobalt in 
(SCN)&l(NCS)2Hg2R2 is in tetrahedral coordination and 
the nickel is octahedral. The octahedral geometry in case 
of nickel is perhaps acquired by axial coordination 
through sulphur of the thiocyanate group of the adjacent 
layer.” In the case of L2(SCN)M(NC&HgzR2 both 
nickel and cobalt acquire the octahedral configuration. 
The ,magnetic moment values of (SCN)2Co(NCS)2Hg2R2 
are 4.1-4.2B.M. and of L2(SCN)2Co(NCS)2Hg2Rz are 
4.92-5.1 B.M. In the case of (SCN)2Ni(NCS)2Hg2R2 and 
their adducts these values are in the range 2.85-3.31 B.M. 
On the basis of above results the following structures 
(Figs. l-3) can be proposed, pending confirmation by 
single crystal X-ray analysis. These structures are further 
supported by: 

(I) The far IR spectra of the Lewis acids and their 
adducts show the presence of bands in the region 45% 
470, 210-220, 160-190 and 79-91 cm-‘, which can be 

R-\ /Ncs 
‘CO’ 
/ 

RMSCN 
cs 

(R = p-tolyl and a-naphthyl.) 

Fig. 1. 

(R = p-tolyl and a-naphthyl.) 

Fig. 2. 

(M = CO, Ni; L = py, dmso and R = p-tolyl and wnaphthyl.) 

Fig. 3. 

assigned to vHg-C, vHg-SCN, .SN-M-N and SS-Hg-C 
vibrations respectively.‘**” The presence of these bands 
support the proposed structure. 

(II) All the linkages shown in the structures are con- 
sistent with the requirements of HSAB principle. 

(III) Quantitative softness values as discussed later 
also support various linkages. 

(IV) Local symmetries around cobalt and nickel show 
that cobalt in (SCN)2M(NCS)2Hg2R2 has Ta symmetry 
and in L,(SCN),M(NCS),HgR, has Ddh symmetry. The 
nickel in its Lewis acids and adducts have D4,, sym- 
metry. The number of IR active bands calculated for 
these symmetries and the observed number of bands are 
in good agreement (Table 4). 

(V) The cobalt and nickel are in their preferred coor- 
dination geometries in Lewis acids and in their adducts. 
Mercury, too has the preferred linear structure. 

(VI) Organomercury halides have been shown to have 
poor acceptor properties,‘4 hence the linkage of pyridine 
and dimethylsulfoxide to cobalt or nickel instead of 
mercury is more justified. 

2. Cationic-anionic complexes. [M(bipy)3j[RHg(SCN)& 
The bipyridyl complexes of both the Lewis acids show 

a different behaviour. Their molar conductance values 
(132-136 cm-’ mhos/moles) in dimethylformamide show 
that they are 1:2 electrolyte. The IR spectra of the 
complexes indicate the absence of bridging and N-bon- 
ded thiocyanate. Two bands in the vC-N and vC-S 
regions are observed which are in the range of S-bonded 
thiocyanate’5 (Table 3). 

The electronic spectra of the complexes as discussed 
later indicate that cobalt and nickel are in octahedral 
configurations. The magnetic moment values also sup- 
port this cordiguration. The Dq values of the complexes 
are close to the reported Dq values of [Co(bipy)3]2+ ion. 
The far IR spectra shows the presence of bands at 260 
and 285 cm-’ for vCo-N and vNi-N respectively. On the 
basis of these observations we can suggest that the 
cation has cobalt or nickel duly coordinated with three 
molecules of bipyridyl. The anion possibly has a tri- 
coordinated mercury linked with two S-bonded thiocy- 
anate ions and one aryl group. The n-i-coordinated struc- 
ture of mercury is also supported by the number of 
bands in the vC-N and vC-S regions. The anion has Czv 
symmetry and is expected to give two bands in these 
regions. Two bands against each are actually present. 
Tricoordinated mercury compounds have been reported 
by earlier workers also.‘6*17 The preference of bipyridyl 
for cobalt or nickel in comparison to mercury is in 
conformity with the HSAB principle’* and bEiLl 
requirements, The far IR spectra show the presence of 
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Hg-SCN band at 210 cm-’ and absence of r&o-NCS or 
uNi-NCS band. 

On the basis of these results the following structure 
(Fig. 4) can be proposed to cationic-anionic complexes. 

Electronic spectra. The electronic spectra of the com- 
plexes have been recorded as nujol mulls in order to 
avoid the effect of solvolysis in solution. In the case of 
(SCN)2Co(NCS)2Hg2 two intense bands assigned to 
4A2+4Z’2(F) (Ye), and 4A2+4T,(P) (v*) transitions were 
observed at about 16,400 and 7850cm-’ respectively. 
The v2 band was not split showing the presence of Td 
symmetry around cobalt. The Dq values derived from y3 
and u2 bands are about 480 cm-‘. This value is higher 
than the reported” Dq value of [Co(NCS),12’. This in- 
crease in ligand field strength is consistent with the 
Cotton’s observation.20 It has been reported that when 
the free sulphur end of N-coordinated thiocyanate ions 
become bound to other ions such as Hg2+ the con- 
tribution of the N-coordinated thiocyanate to the ligand 
field around the first metal is enhanced. In 
L2(SCN)2Co(NCS)2Hg2R2, three bands in the region 
20,830-21,600, 16,500-17,800 and 8000-8900 cm-’ are 
observed assignable to 4T,,+4T,,(P) (q), 4T,,+ 
4A2g( v2) and 4 T,, + 4 T2J Y,) transitions respectively. The 
u2 band being two-electron transition is very weak. The 
spectral parameters Dq, B’ and /3 have been calculated 
from v2 and y3 bands. The Dq values so obtained have 
been compared with vl band position and both are very 
close. The band position, spectral parameters and the 
magnetic moment values (Table 5) support octahedral 
conliguration around cobalt in the adducts. In case of 
cationic-anionic complexes three bands are also obser- 
ved which are assigned to 4T1,+4T,,(P)(v3), 4T,,+ 
4A2g( y) and 4T,, +4 Tzg( vl) transitions. These bands are 
present in the region 21,260-21,600, 16,490-17,710 and 
892&93OOcm-’ respectively. The position of the bands 
in case of the cationic-anionic complexes have higher 
value as compared to corresponding band positions of 
the pyridine adducts. The Dq value (945 cm-‘) of the 
cation[Co(bipy),]‘+ is higher than the Dq values 
(890 cm-‘) of the adducts. [Co(bipy)3]2’ is expected to 
have higher value than L2(SCN)Co(NCS)2Hg2R2. The 
higher Dq value supports the existence of such a cation. 

The electronic spectra of the nickel Lewis acids, their 
adducts and cationic-anionic complexes show the 
presence of three bands in the region 25&W-28,570, 
15,87&18,500 and 901&11,360 cm-’ which are assigned 
to 3A2g d3Ti,(P)(4), 3Az, +3 T,,(F)(& and 3&, + 
3T2g(F)(~,) respectively. The Dq values derived from v2 
and V~ bands or from Y, bands show that Lewis acid has 
the lowest value and the cationic-anionic complexes 
have the highest value. This difference in Dq values is 
perhaps due to the difference in moieties around nickel in 

(M = Co, Ni; L = bipyridyl- and R = p-tolyl and a-naphthyl). 

all the three cases. In the Lewis acid the nickel has 
(NCS)2Ni(NCS), moiety and in the adducts has 
L,Ni(NCS)4 and in the cationic-anionic complexes has 
[Ni(bipyh] moiety. The thiocyanate being at the weaker 
and of the spectrochemical series will have a lower Dq 
value than bipyridyl which is at the stronger end of the 
spectrochemical series. The highest Dq value in case of 
cationic-anionic complexes and its closeness to the 
reported2’ Dq value of [Ni(bipy)J2’, indicates that nickel 
is linked only with bipyridyl. 

Quantitative “sofmess” values 
Quantitative “softness” values of metal ions in 

different compounds and of ligands, have recently been 
lused in deriving choice of linkages in a complex, its 
structures and relative metal ligand bond 
strength. 18.19.22.23 

The “softness” of metal ions has been 
denoted by E.2’ and of bases by Em2+, and the 
difIerence between the two by AE2.L. The “softness” 
values of various metal ions and bases involved in the 
present series have also been calculated by the method 
described elsewhere,lg and are presented in Table 6. 
These values have been applied in the following manner: 

(1) The pyridine, dmso or bipyridyl when reacted with 
any of the Lewis-acids has two sites for linkage, one at 
M[Co(II) or Ni(II) or Zn(II)] and the other at mercury. 
The AEiL values derived for M-py linkage and Hg-py 
linkage show that the former will be preferred because of 
higher value of AEG (Table 7). The experimental results 
also support this linkage. 

(2) The difference in total “softness” ATET(M-Hg) 
values of h4 and Hg has been indicative of the stability of 
thiocyanate bridge between M and HgF3 The difference 
in total “softness” between M(II) and Hg(I1) of the three 
Lewis acids of the alkyl series (Table 8) shows the 
following order of the stability of the thiocyanate bridge: 
Ni-Hg > Co-Hg > Zn-Hg. 

The difference in total “softness” values in Zn-Hg 
Lewis acids is the lowest, hence the thiocyanate bridge 
between these two metal ions is the,weakest. On reaction 
with pyridine Co-Hg Lewis acids form adducts, whereas 
in case of Zn-Hg Lewis acid the thiocyanate bridge in 
between Zn-Hg is broken. This may be on account of 
lower ATE.‘+(Zn-Hg) value. It is interesting to note 
that Zn-Hg Lewis acid of p-tolyl’ forms adducts with 
pyridine. The ATE,“(Zn-Hg) derived for this Lewis 
acid is 14.449 which is, higher as compared to alkyl 
series, and it is perhaps on this account the thiocyanate 
bridge between Zn-Hg is stable. 

(3) Metal ligand bond strength has recently been 
represented in terms of matching constant.” The match- 
ing constant data in case of Lewis acids and their ad- 
ducts have been calculated by the following equation and 
are presented in Table 9. 

‘Matching constant = ]En2+ - Em2+] t CFSE. 

A reference to Table 9 shows that the complexes 
where M = Ni(I1) have higher value than the cor- 
responding cobalt complexes. The zinc analogues have 
the lowest value. The sequence of stability is in con- 
sonance with the Irving-Williams stability sequence.24 
The matching constant value also indicate that the 
-naphthyl complexes are comparatively more stable than 
the p-tolyl complexes. 
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Table 7. Matching (AEZ) between metals and ligands 

Ligands AEf(C+L) E&,,(Ni-L) AE;,,,(Zn-L) AEn*m(Hg-L) 

pyridine 10.75 10.97 7.171 6.14 
dmso 10.49 10.71 6.552 5.88 
2-2’ bipyridyl 11.06 11.28 7.121 6.45 

The matching (hEi,,,) has been derived from the difference in softness values of metal 
ions and the ligand.‘9 The higher is the value of AE:,,, the better is the matching. E*+ of 
mefal ions:-Co+* = - 0.38, Ni*+ = - 0.16, Zn” = - 4.318 and Hg2+ = - 4.99. 

Table 8. Total “softness” ditference “ATE2.‘(M(Hg)” values 

Lewis acids ATq(Co-Hg) ATE,,+(Ni-Hg) ATE.+(Zn-Hg) 

(SCNkM(NCS)zHgz(CH,)z 14.48 16.65 13.10 
(SCN),M(NCSkHsz(C2Hs)z 14.34 16.47 12.97 
(SCN),M(NCSkHg2(C,H, 11.94 12.77 11.46 
(SCNkM(NCSkHg2(C,H,), 14.24 16.33 12.97 

ATE,+(M-Hg) have been calculated by adopting the equation reported elsewhere.z2 

Table 9. Matching constant values of the complexes 

Canplexes W 6sE CFSE 

(an-l) hn-1) 
4 

Matcpg const;nl. 

(e.v) '&& + CFSE) 

&CN)2Co(NCS +Hg2 (&M.olyl)2 480 39&O 4.939 9.X" 14.246 

(~)2C0(NCS)2H92(~~aphthyl)~ 475 39,?Go 4.31m 9.360 14.327 

wN)2NiMCS)2Hg2(p-tolyl!2 1020 53,760 6.:i;5 0.597 15.252 

(S~)2ni(NcS)2Hg2(d_na~thyl)2 1026 53,668 6.656 A.61F 15.274 

bCN)2zn(NCSqg2( ptolyl)2 P 7.544 7,54t 

(ly)2(sclrJ),C0(NCS)2H92(ptolyl)~ 690 3S#480 4.770 8.193 12.963 

(WI2 (SChl)2CO(NCS)*Hg2(4~a~~'lrthyl)* 90s 38,336 4.153 8.208 12.961 

~~u)2~~~*Ni~NcS~*~2~Iito:yl~2 1073 53,124 6.566 7.428 14.014 

(~)~(")~"iQCS)~HgZ(q-na~thyl)~ 1057 53,688 6.656 9.618 15.274 

(ml2 bCN~2~(NCS)2Hq2+tolyl)2 - 6.422 6.422 

(anso)2k3CN)2C~(NCS)2Hg2 (p-tOlyi)L 794 39,248 4.866 7.653 12.519 

(hso)2bCN)2Co(NCS)2Hg2(~naphthyl)2 756 39,552 4.9w 7.667 12.571 

(~s~)~(SQU)~N~(~S)~HP~(~~~~~~)~ 1,006 53,940 6.607 6.69 13.577 

(&uIo)~ (S~)2Ni(NCS)2HB2(~napht~l)2 1,007 53,316 6.609 7.533 14.142 

Comparison with alkyl mercury thiocyanate complexes 
(1) Alkyl mercury thiocyanate RHgSCN-[R = CHs, 

C2Hs, C3H7, C4H9, GH,,] react with CO(NCS)~ 
and form the Lewis acids of general formula 
(SCN)K!o(NC!$Hg2R2. The aryl mercury thiocyanates 
ArHgSCN-[Ar = CaHS, CH&H.,, CIOH71 do not react 
with Co(NCS),, to form the corresponding Lewis acids. 
They however, react with Co(NCS),(py), and form ad- 
ducts of general formula (py)2(SCN)2Co(NCShHg&4r)z. 
On heating these adducts in vacuum, the pyridine is 
given off and Lewis acids are formed. 

(2) The dimethylsulphoxide forms stable complexes 
with aryl derivatives whereas the dmso complexes of 
alkyl derivatives are very unstable. 

(3) The Dq values of (SCN)2Ni(NCS),Hg,R, (R = 
methvl. ethvl. oronvl, butyl, amyl, p-tolyl and a-naph- 

thyl) as presented in parentheses indicate th at n-amyl 
mercury thiocyanate has the highest ligand field strength 
and the n-propyl mercury thiocyanate has the lowest. 
The spectrochemical series can be drawn in the following 
order. 

n-CSH,,HgSCN(1070) > &,,,H~HgSCN(1026) 
> a- CH&H,HgSCN( 1020) 

C2H,HgSCN(l018) > CHjHgSCN(1016) 
> R- C.,H9HgSCN(101S) 

CgH,HgSCN(l014). 

(4) When Co(D) and Ni(I1) are replaced by Zn(I1) in 
the Lewis acids the behaviour become entirely different 
in alkyl and aryl analogs. On reaction with pyridine the 
alkyl derivative-(SCN)2Zn(NCS)2Hg,R2 decompose 
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whereas the aryl analogs (SCN)2Zn(NCS)2Hg2Ar2 forms 
well defined complexes. 

“J. R. Ferraro, Low Frequency Vibrations of Inorganic and 
Coordination Compounds, Chaps. 5 and 7. Plenum Press, New 
York. 
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