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The electronic spectrum of the dimer of thiocarbonyl chloride 
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Abstraet-The electronic spectrum of the dimer of thiocarbonyl chloride has been measured and inter- 
preted in terms of DZh symmetry and with the aid of computer resolution and of CNDO molecular orbital 
calculations. Evidence is presented for sulphur-sulphur interactions. 

INTRODUCTION 

The dimer of 
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Fig. 2. The observed (dotted line) and computer-resolved (full line) spectrum of C,S,Q in ethanol solution. 

Table 1. Characteristics of theobserved and resolved spectra 
of thiocarbonyl chloride dimer in ethanol solution 

Observed Spectrum Resolved Spectrum 

246sh 4640 242 4750 14.94 2.15 

230 5840 223 4440 25.76 2.24 

207 12860 207 12630 27.65 1.93 

were placed along the z axis and the sulphur atoms 
along the y axis as in Fig. 1. Optimisations of the CSC 
and SCS bond angles and the C-S bond length were 
carried out with respect to the minimisation of the total 
energy of the molecule. The optimum values for the 
CSC and SCS angles were 106“ and 74” respectively and 
the optimum C-S bond length was found to be 0.173 
nm. 

The molecular orbital calculations show that there 
are four orbitals which are most probably concerned 
with the transitions in the observable region of the 
spectrum of the dimer. The group atomic orbitals 
which are used in the construction of the molecular 
orbitals are defined in Table 2 and their contributions 
to the molecular orbitals are shown in Table 3. 

The 3p, orbitals of the sulphur atoms interact in a 7~ 
manner and such interaction is expressed in orbitals 
bJu (sulphur-sulphur bonding) and b,, (sulphur- 
sulphur antibonding), these being the highest energy 
filled levels. The molecular orbital calculations show 
that the most probable lowest energy vacant orbital 
has a, symmetry (a*) and is C-S, C-Cl antibonding 
and C-C, S-S bonding The third highest energy 
filled orbital is of bzU symmetry and is bonding with 

Y\ 
respect to the C 

\/ 
C ring and is C-Cl antibonding. 

S 

DISCUSSION 

The i.r. and Raman spectroscopy of the thiocarbonyl 
chloride dimer show that it has a centre of symmetry 
and that the molecule most probably belongs to the 
Dlk point group [4,6]. 

The long-wavelength transitions of the monomer are 
‘PI~-*~R*, ‘x-+%* and ‘ns+‘n* [lo] which indicate 
that the long-wavelength transitions of the dimer should 
originate in orbitals mainly localised on the sulphur 
atoms. The CNDO calculations are consistent with 
such a conclusion and show that there are three transi- 
tions which may occur in the accessible U.V. region. 
These are bsu+ag (A,-rB,,), bl,-u, (AB-+B,,) and 
bzu--ms (Ag-+ B,,) in order of increasing energy. 

The b3u-+us transition is allowed by D2,, symmetry 
and would, therefore, be expected to be intense. The 
blsw.zs transition is forbidden by DZh symmetry but 
involvement of the sulphur d orbitals can cause the 
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Table 2. Group atomic orbirals of the thiocarbonyl chloride 
dimer 

Group Atomic 

orbital 

% 

G2 

G 
3 

"4 

G5 

G6 

G7 

G8 

G9 

G 
10 

Gil 

G12 

G13 

%4 

G15 

016 

% 

Contributions from Atomic Symmetry 

Orbitals (coefficients omittea) tD2tl) 

C,(s) + C2(8) % 
C1(P,) + C2(P,) b3u 

C,(Py) + C2(Py) b2U 

,s3w - 54(s) 
b2u 

S3(P,) + S4(P,) b3u 

ST(Px) - Sq(P,) 
big 

S3(Py) - S4(Py) 
% 

S$py) + S4(py) 
b2u 

C15(px) - Clg(p,l + C17(px) - Cla(p*) IB 

C15(p,) + CQ(p,) + C17(p,) + Cla(px) b3 
u 

C15(py) + Clg(py) + C17(py) + Cla(py) b2u 

C15(py) - Cl&y) + C17(py) - Cla(py) 
b18 

C15(p,l + C16(Pz) - C17(ps) - Cla(p,) Lg 

C15(Pz) - CQ(p,) - C17(p,) + Cla(Q 
b3u 

s3(az2) - s,taz2) 
b2u 

s3(aJ + s4taw) b18 
s3(az2) + s4(az2) 

*Ix 

xbcripts on atoaic aymbola refer to atomic positions as shown 

Table 3. Major group atomic orbital contributions to the 
molecular orbitals of the thiocarbonyl chloride dimer 

fl-OUP 
Atomic 
Drbital 

Gl 

G2 

G3 

04 

G5 

06 

G7 

Oa 

G9 

%o 

011 

% 

%3 

%4 

G15 

"16 

"17 

l- 

0.3819 

-0.1324 

-0.2478 

-0.3008 

0.2505 

!CUl.w Orl 

big 

-0.4587 

0.6673 

-0.1302 

0.3288 

:a1 

b3u 

-0.4400 

0.2046 

-0.53a7 

-0.2198 

0.1804 

73 
-0.0193 

0.3233 

0.2058 

0.2701 

511 
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transition to be locally allowed [lo] and, in con- 
sequence, more intense than is normal for a symmetry 
forbidden transition. 

The previous two transitions could be those observed 
in hexane solution (dielectric constant = 1.89) at 221 
and 235 nm, which in ether solution (dielectric con- 
stant=4.3) remain virtually unaltered at 218 and 234 
mn while in ethanol solution (dielectric constant=24.3) 
they appear at 223 and 242 nm with the appearance of 
a larger absorption band at 207 nm. It would seem that 
for transitions of an n+u* type the solvents are not 
exerting their usual influence. The third band observed 
in ethanol solution at 207 nm may be the blu++, 
transition which is orbitally allowed. A possible 
explanation of the spectra in hexane and ethanol 
solutions is the solvent stabilisation of the excited 
states in addition to the stabilisation of the non-bond- 
ing electron pairs in the ground state. This is shown 
diagrammatically in Fig 3. 

a9 - 
‘. 

\- 

b, - 
‘3 

ba, - I- 
‘. 

‘- 

b 2” 
-___-- 

A9 - 
‘..* 

hexcne ethmz4 hexane etharml 

ORBITALS STATES 

Fig. 3. The relative energies of the orbitals and electronic 
states of C&Cl4 in hexane and ethanol solutions. 

The bJ, and bl, orbitals have large contributions 
from the sulphur 3p, orbitals and since these. orbitals 
may interact with a polar solvent it would be expected 
that their energies would be lowered by such a solvent. 

The bz. orbital is una&cted by solvation and therefore 
the &“+a, transition moves to lower energy as solvent 
polarity increases because as a result of the stabilisa- 
tion of the excited state. In the case of the bl,+a, and 
bau+ug transitions the stabilisation of the excited 
states is offset by a very similar stabilisation of the 
non-bonding electrons ofthe sulphur atoms from which 
the bI, and bsu orbitals are mainly composed. 

The molecular orbital calculations indicate that the 
bsu orbital is higher in energy than the bl, orbital. This 
conclusion appears to fit in with the assignment of the 
long-wavelength absorption as being bjy-+ug) the 
reason for the ordering of energies of the two orbitals 
being suggested by the calculations. The interaction 
between group orbitals G6 and Cl2 in the bl, molecular 
orbital is SXl bonding, whereas the interaction 
between group orbitals G2 and G5 in the b3. molecular 
orbital is C-S antibonding. These two major inter- 
actions provide the reason for the bSu (S-S bonding) 
orbital being higher in energy than the bl, (S-S 
antibonding) orbital. 
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