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Softness parameters of a series of new organobimetallic compounds of general formula (SCN)2M(RHgXCN)2[M
= Mn(ll), Co(Il), Ni(II), Cu(II), Zn(ll),R =C6H4CH3, C6H4NOz, X =S, Se] have been derived. These compounds have been
studied by various physicochemical techniques also. Correlation of the softness parameters with various physicochemical data
e.g. infrared spectral, electronic spectral and stability constant data indicate that CH3C6H4HgSCN is.a better donor than
N02C6H4HgSCN and Co(NCS)z is a better acceptor than Mn(NCS)z and Zn(NCS)z. Also RHgSCN are better donors than
the corresponding selenocyanates.

Recently, the effective softness values of some lewis
acids and bases have been calculated and their

applications to vari0us chemical phenomena de­
scribed 1 --4. We have developed some new re­
lationships between softness values and the
physicochemical data of the compounds and these are
being reported here. These correlations have been
applied to a new series of organobimetallic systems.
The experimental results relate well to the softness
parameters.

Materials and Methods
Reagent grade (BDH) solvents were purified before

use. Pyridine was used from fresh bottles.
M(NCSh2py was prepared by reacting pyridine

with M(NCSh in acetone [M = Co(Il), Cu(II), Mn(II)].
m-Tolylmercury(II) chloride and m-nitrophenyl­
mercurY(I1) chloride were prepared by the diazot­
isation methodS. Organomercury(Il) chlorides were
converted into thiocyanates by reacting them with'
potassium thiocyanate in acetone in I:I molar ratio
and filtering off the precipitated potassium chloride.
The filtrate was concentrated by evaporating under
reduced pressure. On adding water to the concentrates,
organomercury(lI) thiocyanate separated out. It was
filtered, washed with water, recrystallized from
ethanol and dried in vacuo. The corresponding
organomercury(Il) selenocyanates were prepared by
reacting the organomercury(Il) chlorides with
potassium selenocyanates in acetone. After removing
the pota~ium chloride the filtrate was concentrated in
vacuo and 'petroleum ether was added when the
selenocyanates separated out. These were washed with
petroleum ether and dried in vacuo. The organomer­
cury (II) selenocyanates are unstable and start
decomposing into free selenium. It is better to keep

them in solution. These were characterized by
elemental analyses and infrared spectra.

Preparation of the complexes

(I) (SCNhM(NCSHgRh: M = Co(/I), 0-'.11), M1(I1);
X=S, Se; R=m-tolyl, m-nitrophenyl
The complexes were prepared ey reacting

M(NCSh2py (I m mol) with RHgSCN (2 m mol) using
suitable solvents. Ethanol, DMSO and ethyl acetate
were used for making liolutions of Co(NCSh2py,
Cu(NCSh2py and Mn(NCSh2py respectively.
RHgSCN were dissolved in the same solvents. The
reaction mixtures were stirred for 48 hr. A precipitate
was obtained in all the cases except for Cu(II)
complexes. The Cu(Il) complexes were prepared by the
addition of ethanol to the reaction mixture. The
complexes were filtered, washed with proper solvent
and dried in vacuo. Except the Mn(II) complexes,
which were recrystallized from ethanol-ethyl acetate
mixtures, all the complexes were recrystallised from
ethanol-acetone mixture. The corresponding seleno­
cyanate complexes of cobalt were prepared by stirring
solutions of Co(NCSh2py and RHgSeCN (I :2) in
acetone for 4 hr as described above. When
Mn(NCSh2py and Cu(NCSh2py were treated with
RHgSeCN in acetone or ethanol, free selenium was
liberated, so the complexes could not be isolated.

On heating the pyridine complexes of thio and
selenocyanate series in vacuo at 50-60°C, pyridine was
given off and the complexes of empirical formula
(NCShM(RHgXCNh [X=S, Se] were obtained.

(il) (SCNhM(NCSHgRh M =Ni(/I), 21(/1)
Solutions of Ni(SCNh (1.7 g, I m mol) in methanol

and Zn(NCSh (1.8 g, I m mol) in ethanol were
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prepared. These were separately mixed with an
ethanolic solution (2m mol) of RHgSCN and stirred

for 36 hr. The precipitates obtained were filtered,
washed with ethanol and dried in vacuo. The nickel(II)
complexes were recrystallized from OM SO-acetone
mixture while the Zn(II) complexes were recrystallized
from acetone. The corresponding selenocyanate
complexes of nickel were similarly prepared but the
stirring time was 4 hr. The zinc analogue of
selenocyanate could not be isolated due to its rapid
decomposition into selenium metal.

Sulphur was estimated as barium sulphate and
selenium as selenium metal. Cobalt, nickel, zinc,

manganese and mercury were estimated gravimetri­
cally by known methods. Nitrogen was estimated by
semi-micro Kjeldahl's method. The analytical results
are included in Table 1.

Infrared spectra of the complexes were recorded in
nujol or KBr on Perkin-Elmer spectrophotometer-62I
and Pye Unicam SP-3-300 spectrophotometer in the
range 4000-200 cm -1. Electronic spectra were
recorded in nujol or in solution on Cary-14 and Pye
Unicam SP-5-500 spectrophotometers. Magnetic

moments were determined by Gouy's method using

HgCo(NCS)4 as standard. Molar conductances of the

complexes were determined in DMF using a Philips
conductivity bridge model PR-9500. The stability
constants (log K) were determined on a Pye Unicam SP
5-500 spectf0Dhotometer using ethanol as the solvent.

Calculatiol of sojtness parameters
The softness of metal ions is expressed by E~ and

that of base ions by E,~" The softness of an atom in
neutral lewis-acids and neutral lewis-bases is termed as

effective softness; tht:se values are expressed by E~eff)

and E~~eff) respectively. The E~ or E~r value can be
derived using the Klopman equation6 and E:~eff) or
Ef.•.eff) value by a modified equation described
elsewhere 3. High negative values in case of lewis acid
and low negative values in casse of lewis base indicate
soft character while the reverse of that indicates hard

character. The matching between acid and base is
given by the following equation:

Matching = /1E~IIl= IE~eff) - E~~eff)1

---- "-'-~------~----'-----"'-'-""---"""'------'---'"'---.-',"---- ..... ------

Table 1~·Analytical Data of the Complexes
Complexes

Colourm.p. Found (Calc.), ""AMMagnetic

(C)

--.,--.-.---------- "---, .._,~--- -------( 0 h m - Icm2

mol-I)

moment
S

HgMNSe (B.M.)

(SCN)2Co(NCSHgC"H4CH 3h

Blue18014.6445.1445.886.40 41.704.42

(14.52)

(44.52)(45.99)(6.50)

(SCN) 2Ni(NCSH gC"H4 CH 3)2

Grey150(d)14.6345.806.626.40 40.712.99

(14.32)

(44.10)(6.58)(6.35)

(SCN) 2Cu(NCSHgc"H 4CH 3)2

Yellow210(d)10.2240.896.495.72 32.601.61

(11.18)

(38.87)(6.27)(4.70)

(SCN)2Mn(NCSHgC"H4CH 3)2

White28014.3941.196.186.29 42.065.9

(13.37)
(40.17)(6.05)(6.25)

(SCN)2Zn(NCSHgC"H4CH 3)2

White225(d)14.3845.057.506.29

(14.30)
(45.01)(7.29)(6.78)

(SCN) 2Co(NCSeHgC"H4CH 3)2

Blue224(d)6.6041.275.885.778.1551.694.50

(6.50)

(11.20)(5.80)(5.70)(8.52)

(SCN)2 N i(NCSeH gC"H4 CH 3)z

Sky blue220(d)6.5941.265.805.758.1455.893.02

(6.54)
(40.25)(5.78)(5.69)(8.42)

(SCN) 2Co(NCSHgC"H 4NO 2)2

Blue210(d)13.7042.936.205.99 42.904.28

(13.82)

(41.06)(6.18)(5.80)

(SCN) 2Ni(N CSHgC" H4 N02h

Grey21413.6842.916.195.18 41.052.98

(1302)
(40.80)(6.20)(5.76)

(SCN) 2Cu(N CSHgC"H 4NO 2)2

YellowI100d)13.6342.596.708.79 34.801.98

(12.60)
(39.59)(5.70)(7.99)

(SCN)2Mn(N CSHgC" H4 N 0 2)2

White26013.4041.887.695.75 40.875.90

(12.20)

(39.88)(7.68)(4.65)

(SCN) 2Zn(N CSHgC" H 4NO 2)2

White23013.1941.236.908.65

(12.10)
(39.22)(5.69)(7.65)

(SC NhCo( N CSHgC"H4NO 2h

Blue2586.2338.985.558.187.6952.904.40

(6.20)
(38.90)(5.50)(8.10)(8.20)

(SCN) lNi(NCSeHgC"H4NO 2)2
Sky blue250(d)6.2238.955.548.177.6851.493.01

(6.18)
(38.89)(5.49)(8.15)(7.42)

d = decomposed
----,~"--

--"._--_."'~._-_._-_ ....... "._-._ ...-,-_ ...----------._._-------~'--~.-
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A high value of L1E:m indicates better match.
Matching constant is derived by adding CFSE (eV) to
~E~m'

Matching constant = AE~m+CFSE (eV)

Results and Discussion

Softness parameters

(i) In the present study the lewis acids with R=m­
tolyl constitute the tolyl series and those with R
= m-nitrophenyl constitute the nitro series. The
softness values of N in RHgXCN (Tilble 2)
indicate that the N-ends in RHgXCN are hard.
The N-end in tolyl series is more hard than that
in the corresponding nitro series. In the
corresponding selenocyanate the hardness ofN­
end decreases.

(ii) The AE~m values (Table 2) indicate that
tolylmercury thiocyanate and selenocyanate
show better match with various M(NCSh than
the nitrophenylmercury thiocyanate or seleno­
cyanates. This observation is consistent with
inductive effects of methyl and nitro groups. The
change of R with different groups produces the
following matching order towards
M(NCShNCSHg. C6HsCOOC2HS
>NCSHgC6HsCOOC4H9
> NCSHgC6H4CH3 > NCSHgC6HsI
> NCSHgC6HsOCH3 > NCSHgC6HsCI
> NCSHgC6HsN02·

(iii) The AE:'m values indicate that RHgSCN has a
better match with the hard Mn2 + , than that with
the soft Zn2+.

(iv) These values have been related to the positions of
l'(CN), l'(CS), I5(NCS)and l'(M- NCS) bands in
the spectra of the complexes having similar
geometry around M, i.e. for cobalt, zinc and

manganese complexes in which M. is in
tetrahedral configuration. The AE:'m value and
the spectral band positions are presented in
Table 3. The l'(C- N) bands in the bridging
thioc;yanate occur at the highest wave numbers
in Zn(II) and at the lowest in Mn(II) complexes
showing a reverse relation with AE:' ••values. The
I5(NCS)and l'(M- NCS) band positions increase
from manganese to zinc complexes exhibiting
the same trend as the AE~mvalues. l'(C- S)bands
do not show any definite relation with AE:'m•

(v) The strength of the thiocyanate bridge between
M and mercury has been related to the difference
in softness values of the two metal ions. A higher
difference indicates greater stability8. Such a
difference is observed in the present complexes
(Table 4). The difference is highest in
manganese(II) complexes; hence, the thiocyanate
bridge is expected to be most stable in this case.
This stability is demonstrated by the fact that the
thiocyanate bridge in these complexes is not
ruptured on reaction with chelating bases like
2,2'-bipyridyl. The thiocyanate bridge in the rest
of the complexes is ruptured on such a reaction.
The L1E~ (M - Hg) does not give any definite
value on the basis of which cleavage of the bridge
can be predicted. It simply indicates comparative
stability of the thiocyanate bridge amongst the
vaFious complexes.

(vi) The L1E:'m values derived from M(NCSh and N­
end of RHgSCN are higher as compared to the
corresponding values derived from RHgSeCN.

(vii) The formation of (SCNhN(NCXHgRh can be
attributed to reaction between M(NCSh and
RHgXCN, the former acting as an acid and the
latter as a base. The matching constant values of
this acid base system have been calculated

Table 2-The t1Et nmValues Derived from Eln(eff)of M and E~eff)of N-end of RHgSCN

RHgXCN

E~eff)ofE~eff)ofE~eff)E~eff)ofE~eff)ofE~eff)of
N-end of

Mn=2.48Co= -3.52Ni = -2.98 C u ( I I)
RHgXCN

= -7.31Zn=5.20

Et

£\Etnm£\Etnm£\EtnmL\EtnmL\Etnmnm C2HsCOOC6H4HgSCN
-12.7010.229.189.725.397.50

C~9COOC6H4HgSCN

-11.549.068.028.564.236.34

CH3C6H4HgSCN

-11.168.687.648.183.855.96

IC6H4HgSCN

-10.968.497.457.993.665.77

CH3OC6H4HgSCN

-10.948.467.427.963.635.74

CIC6H4HgSCN

-10.858.377.337.873.545.65

°2NC6H4HgSCN

-10.698.217.177.713.385.49

CH3C6H4HgSeCN

-11.108.627.588.103.795.90

N02C6H4HgSeCN

-10.598.117.077.613.285.30
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Table 3-lnfrared Spectral Data of Complexes and Relationship Between !'!E~mand Some Infrared Spectral Band Positions(em I)Complexes

f',.£~mvCNvCS()NCSvHg-CvM-NCSvHg-S

(SCN) 2Mn(NCSHgC6H4NO 2)2

8.212150775445464300226
2070

710

(SCN)2Co(NCSHgC6H4NO 2)2

7.172160690441464296229

(SCN)2 Zn( N CSHgC6H4N 0 2)2

5.492175765432458290225

2060

697

(SCN)2 Mn( NCSHgC6H4 CH 3) 2

8.682155772440463310210
2065

692

(SCN) 2Co(NCSHgC6H4 CH 3) 2

7.642175780435465300220
2075

618

(SCN) 2Zn( NCSHgC6H4CH 3) 2

5.962160710441496296228
2074

690

(SCN)2Mn(NCSHgC6H4COOC 2H 51,

lQ.222150755445 308

(SCN) 2CO(NCSHgC6H4 COOC 2H ,) 2

9.182155760445 295

(SCN) 2Zn( NCSHgC6H4 COOC 2H 5)2

7.502172698435 395

(SCN)2 Mn(NCSHgC6H4COOC4H 0) 2

9.062160775445 305

(SCN) 2CO(NCSHgC6H4COOC 4Ho) 2

8.022160772442 298

(SCN) 2Zn(NCSHgC6H4COOC.H 9)2

6.342175698432 295

(SCN) 2N i(NCSHaC6H4NO 2)2

2170740425456308220
2090

665

(SCN)2CU(NCSHgC6H. NO 2)2

2165778430460305227
2062

693

(SCNhNi(NCSHgC6H.CH,b

2145760425468305220
2070

695

(SCN) 2Cu(NCSHgC6H4 CH ,b

2160750418464298227
2070

695

(SCN) 2CO(NCSeHgC 6H. CH ,) 2

2165690440460290
2050

630410

(SCN) 2N i( NCSeHgC 6H.CH ,) 2

2172628430470288
2135

660408

(SCN) 2Co(NCSeHgC 6H4NO 2) 2
2160650445465485

2145
670410

(SCNh Ni( NCSeHgC 6H4NO 2)2
2172660435468280

2125
680425

---.'-- ..'--.,,---------,-.----, ..--- ----

£\1(el1) of M in M(NCS),: Mn(ll)= - 2.48, Ni(II) = - 2.98, Co(ll) =
-3.52, Zn(II) = -S.20. Cu(Il) = -7.31.

Table 4-Difference in Effective+Softness Values (Etn(el1) of
M and Hg or E+n (M-Hg)

-'---------,.--- -----~-----
Hg

MnNiCoZnCu

R=C6H.CH3

-6.283.83.32.761.081.03

R=C6H.N02
-6.944.46 3.93.421.74 0.37

R=C6H.COOC.H"
-6.504.02 3.52 2.981.30 0.81

R=C6H.COOC2H,

-6.614.133.633.091.410.71

have been experimentally determined (Table 5).

The log K values of the complexes of tolyl series
are higher than those for the complexes of nitro
series. The log K values of the cobalt complexes
are the highest and that of the zinc are the lowest.
The complexes of thiocyanate series have higher
log K values than the complexes of selenocyanate

Etn (M-Hg)(SCNbM(NCSHgRl,

(Table 5). Cobalt complexes have the highest
value amongst the complexes with tetrahedral
stereochemistry arount M. The cobalt(I1) is
also expected to have higher stability constant
according to the established order of stabilities9.
The matching constant values are higher in the
case of the complexes of the tolyl series than
those of nitro series. On the basis of matching
constant values the following order of stabilities
is obtained in different cobalt thiocyanate
complexes.
NCS > C4H9COOCoH4HgSCN
> C zH5COOC(,H4HgSCN
>CH3C(,H4HgSCN > NOzCoH4HgSCN

The above sequence indicates that the
thiocyanate ion is a better donor towards
coba1t(lI) than RHgSCN. The matching
constant values in the case of RHgSCN
complexes are higher than those for the
corresponding complexes of RHgSeCN.

(viii) The stability constants {log K) of the complexes
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Table 5-Matching Constant and Stability Constants of (SCNhM(NCXHgRh

Complexes

/iEnm10DqCFSEMatching.Stability

(cm -1)
(eV)constantconstant

(log K)M in tetrahedral environment (SCN)2Mn(NCSHgC6H4COOC 2H 5)2

10.220010.22

(SCN) 2Co(NCSHgC6H4 COOC 2H 5)2

9.1846604 ..6913.87

(SCN)2Zn(NCSHgC6H4COOC2H5h

7.50007.50

(SCN)2Mn(NCSHgC6H4COOC4Hgh

9.06009.06

(SCN)2Co(NCSHgC6H4 COOC4Hg)2

8.0247204.6812.70

(SCN)2Zn(NCSHgC6H4 COOC4Hg)2

6.34006.34

(SCN)2Mn(NCSHgC6H4CH3h

8.68008.684.11

(SCN)2Co(NCSHgC6H4CH 3)2

7.6454004.6212.266.11

(SCN) 2Zn(NCSHgC6H4CH3)2

5.96005.963.73

(SCN)2Mn(NCSHgC6H4N02)2

8.21008.213.89

(SCN)2Co(NCSHgC6H4NO~2

7.1747004.6911.865.97

(SCN)2Zn(NCSHgC6H4NO~2

5.49005.493.44

Co(NCS)~

11.9645504.4816.44

(SCN) 2Co(NCSeHgC6H4CH 3)2

7.5857004.5912.175.62

(SCN)2Co(NCSeHgC6H41'1l02h

7.0748404.6711.744.86

M in octahedral environment (SCN)2Ni(NCSHgC6H4 CH 3)2

8.17\01305.9314.105.59

(SCN)2Ni(NCSHgC6H4N02)2

7.7195206.0213.734.20

(SCN)2 Ni(NCSeHgC6H4 CH3) 2

8.12104005.8814.004.08

(SCN)2Ni(NCSeHgC6H4NO~2

7.61101005.9313.643.97

series. These observations are consistent with the
trends in L1E:"", and matching constant values.

Infrared spectral studies
The infrared spectral bands due to v(CN), v(CS),

J(NCS), v(Hg- S) and v(Hg- C) modes of tolyl and
nitrophenyl mercury thiocyanates and selenocyanates
are almost in the same region (Table 3). The positions
of these bands are considerably changed on
complexation with M(NCSh- Both the v(CN) and
v(CS)bands show positive shifts while the bNCS shows
a negative shift. These changes indicate bridging
nature of RHgXCN. The v(Hg-S) and v(Hg-C)
modes also show positive shifts. Two additional bands
at 2070 and 300 cm -1are observed, which are assigned
to v(CN)and v(M- NCS), originating from M(NCSh
The bands assigned to bridging v(CN), v(CS) and
J(NCS) occur at different positions in the complexes of
tolyl and nitro series. The v(CN) and v(CS) bands in
tolyl series occur at higher wave numbers than the
corresponding bands in the nitro series. These changes
in band positions with change in R can be attributed to
different inductive effects of the two groups. The
terminal N-bonded v(CN) and v(M- NCS) bands
originating from M - NCS moiety also occur at
different positions in the tolyl and nitro series. The
positions of v(CN) band show no definite sequence
whereas the v(M- NCS) bands in the tolyl series occur
at higher wave numbers. The position of v(M- NCS)
changes with change in the metal. The v(Hg- S) and

v(Hg- C) bands in tolyl mercury thiocyanate and
nitrophenylmercury thiocyanate, appear at 200 and
460 cm -1 respectively. These bands show a positive
shift on complexation.

The corresponding complexes of RHgSeCN show a
similar behaviour. The presence of four bands in the
v(CN)region can be explained on the basis of change in
local symmetry around cobalt from Td in thiocyanate
complexes to C2v in selenocyanate complexes.
Similarly there is a change in symmetry around nickel
in both the cases. Based on these symmetries the
numbers of bands have been calculated. The number
of bands observed in case of (SCN)2Co(NCSHgRh is
consistent with the calculated number whereas in case

of thiocyanate analogues two bands are present
against the expected one (T~. This is on account of the
splitting of T2 mode, possibly because of the presence
of bridged and terminal thiocyanates. Additional
bands are also observed due to v(CSe)and v(NCSe).

The far infrared regions show bands at 300 cm -1
due to v(M-NCS) [M =Co, Mn, Zn] and at 270cm -1
due to v(Ni- NCS). A lower value in case of v(Ni
- NCS) is indicative of the presence of octahedral
geometry around nickel 1 0 whereas in other cases the
configuration around the metal ion is tetrahedral.

Electronic spectral studies
The electronic spectra of cobalt complexes of tolyl

series show the presence of two intense bands in the
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Table 6-Electronic Spectral Band Parameters (in cm -1)

Complexes

V3V2VIIODqB'P

(SCNhCo(NCSHgC6H4CH 3)2

130008300 54008400.84

(SCN) 2Ni(NCSHgC6H4 CH 3)2

282001775010120101305730.83

(SCN) 2Co(NCSeHgC6H4CH 3)2

160509520 57005900.86

(SCN) 2Ni(NCSeHgC6H4CH 3)2

271001669010400104009170.98

(SCN) 2Co(N CSHgC6H 4N 02)2

169008010 47006820.71

(SCN) 2Ni(NCSHgC6H4N 02)2

2618017030950095207320.72

(SCN) 2Co(NCSeH gC6H4NO 2)2

162108230 48407480.67

(SCN)2Ni(NCSeHgC6'B4NO 2)2

261001010010020101008830.85

regions 13000cm -I and 8300 cm -I which are assigned
to the transitions 4A2-.4TI(P) (V3) and 4A2->4TI(F)

(V2) respectively (Table 6). The corresponding bands in
the complexes of nitrophenyl series appear at 16900
and 80I0cm -I. The D", {3' and {3 values derived from V2

and I' 3 also differ in the two series. The Dq values in the
tolylmercury(II) thiocyanate and selenocyanate are
higher showing better interaction with cobalt
thiocyanate. This observation is consistent with the
results obtained from infrared spectral data and
softness parameter, I1E~m' The magnetic moment
values in these cases are also indicative of tetrahedral
geometry around cobalt. The local symmetry around
cobalt appears to be Td because there is no splitting in
the electronic spectral band II. The selenocyanates
show a similar behaviour but the D" values are higher
than those for the thiocyanate complexes.

Presence of tetrahedral geometry in Mn(I1) and
Zn(II) complexes can be predicted on the basis of
similarity in number of bands in v(M- NCS) region
with that in Co(II) complexes. The analytical data and
the preference for this geometry by these metal ions
also support the presence of tetrahedral geometry. In
case of manganese the magnetic moment values (5.9
B.M.) also favour tetrahedral geometry.

The electronic spectra of nickel complexes in solid
and solution phases show some variation hence spectra
have been recorded in mull. The mull spectra show the
presence of three bands (Table 6) assigned to the
transitions 3A2g-> 3 T2g (VI)' 3A Ig-> 3 Tig (V2) and 3A2g

->3TIJ..P) (1'3)' These spectral band positions are
indicative of the presence of octahedral geometry
around nickel. The positions of spectral bands and the
parameters derived from them in tolyl and nitrophenyl
series are different. The D q values in the case of tolyl
series are higher than those in the nitro series in
agreement with conclusions drawn from softness
parameter values. The {3values, however, show greater

delocalization in nitro series. The D q values of
selenocyanate complexes are higher than those of their

thiocyanate analogs. The magn'itic moment valuesalso support octahedral configuriiion around nickel
which can be explained on the basis of axial

..,..
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coordination from the sulphur end of thiocyanates
from adjacent layer in solid phase12•

In solution phase, the axial coordination through S­
end is perhaps disrupted by the solvent, as a result of
which the positions of the electronic spectral bands are
changed. The split nature of 1'2 band also indicates that
there is departure from 0h symmetry around nickel
and possible presence of D4h (ref. 13, 14).The magnetic
moment values are very close to spin only value, which
also support departure from Oh symmetry. The
complexes are non-conducting in nature. The copper
complexes in general give rise to orbitally non­
degenerate ground states involving a static form of
distortion resulting in elongated tetragonal octahedron
having D4h symmetry. Such complexes exhibit one
absorption band in visible region near 16000 cm-I
which can often be resolved into three components
assignable to transitions from dxY' dZ2 and dyz levels to
antibonding and half filled dx2_y' (ref. 15, 16) levels.
In the complexes of tolyl series bands at 10300 and
l4700cm -I are observed which may be due to the
splitting of the band expected to appear at 16000
cm -I. The magnetic moment values (1.98 B.M.) also
indicate the presence of octahedral configuration with
extensive distortion. The octahedral configuration by
copper is perhaps achieved by elongated axial
coordination through the free sulphur end of adjacent
layer as in the case of nickel, hence, a similar structure
having an elongated axial band can be proposed. Since
the axial coordination is weak, it is readily replaced by
polar solvent on account of which the positions of
peaks in solid and solution phase electronic spectra
differ.

On the basis of these studies the structures I and II
are proposed for various complexes.

SCN, /NCSHg'R
M

SCN/ 'NCSHgR

lil'lill , I'
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