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Experimental and Computational Section 

Sample preparation. FC(O)SSCl was prepared according to the recently published 
procedure,[1] by the ambient-temperature reaction of fresh-prepared ClC(O)SSCl[2] with 
dried TlF in vacuum conditions. The purity of FC(O)SSCl was checked by means of its 
FTIR, Raman and electron-impact mass spectra.[1] 

Matrix photochemistry experiments. A gas mixture of FC(O)SSCl with argon, in an 
approximately 1:1000 proportion, was prepared by standard manometric methods. The 
Ar gas (AGA) was passed through a trap cooled to –90ºC to retain possible traces of 
impurities. The mixture was then deposited on a CsI window cooled to ca. 10 K by 
means of a Displex closed-cycle refrigerator (SHI-APD Cryogenics, model DE-202), 
using the pulse deposition technique.[3-5] FTIR spectra of the matrix were recorded at 
resolutions of 0.5 and 0.125 cm-1, with 256 scans, using a Nexus Nicolet instrument 
equipped with either an MCTB or a DTGS detector (for the ranges 4000-400 or 600-
180 cm-1, respectively). Following deposition and IR analysis of the resulting matrix, the 
sample was exposed to broad-band UV-visible radiation (200    800 nm) from a 
Spectra-Physics Hg-Xe arc lamp operating at 800 W. The output from this lamp was 
limited by a water filter to absorb IR radiation and so minimize any heating effects. The 
FTIR spectra of the matrices were recorded at different irradiation times in order to 
follow the progress of the photolysis.  

Computational calculations. All quantum chemical calculations were performed using 
the Gaussian 03 program package.[6] Geometry optimizations were performed using 
standard gradient techniques by simultaneous relaxation of all geometrical parameters. 
The vibrational properties were calculated to characterize the structures as true 
minima, with no imaginary vibrational frequency, and to compare the theoretical 
wavenumbers of unknown species with the photoproducts obtained during the 
photolysis of FC(O)SSCl isolated in solid Ar. The interaction energy (E) in the 
molecular complexes were calculated and corrected for the basis set superposition 
error (BSSE) using the counterpoise correction procedure proposed by Boys and 
Bernardi[7] and the zero-point energy differences. The bonding properties of the 
complexes were interpreted by natural bond orbital (NBO) analysis in terms of “donor-
acceptor” interactions.[8] 

 
 



 
 
Table S1. Vibrational wavenumbers of the 1:1 OCS:ClSF molecular complexes calculated with the B3LYP/6311+G* approximation. 
Relative IR intensities are given between parentheses. 
 

(OCS···ClSF)-I (OCS···ClSF)-II (OCS···ClSF)-III (OCS···ClSF)-IV 
Assignment 

 (cm-1)  (cm-1) a 
 (cm-1)  (cm-1) a 

 (cm-1)  (cm-1) a 
 (cm-1)  (cm-1) a 

2122.8 (100) +6.5 2121.3 (100) +5.0 2114.4 (100) 1.9 2108.9 (100) 7.4 (C=O) 

870.7 (1) 5.1 871.3 (1) 4.5 874.8 (1) 1.0 881.7 (<1) +5.9 (C=S) 

717.1 (12)  0.1 714.7 (18) 2.5 717.6 (12) +0.4 715.2 (10) 2.1 (SF) 

510.4 (<1) 1.1 512.2 (<1) +0.7 511.0 (<1) 0.5 515.1 (<1) +3.6 (OCS) 

508.2 (<1) 3.3 508.0 (<1) 3.5 510.3 (<1) 1.2 513.2 (<1) +1.7 (OCS) 

499.9 (1) 2.8 500.8 (5) 1.9 503.1 (7) +0.4 499.7 (9) 3.0 (SCl) 

255.0 (<1) +1.8 253.1 (<1) 0.1 252.3 (<1) 0.9 256.2 (<1) +3.0 (SClF) 
 

a  = complex - monomer 

 
 



 
Table S2. Geometrical parameters (distances in Å, angles in degrees) of the 
1:1 OCS:ClSF molecular complexes calculated with the B3LYP/6311+G* 
approximation.  
 

Molecular 
complex 1 

a 
2 

b req rvdw
c dp

d 

(OCS···ClSF)-I 100.8 75.0 3.53 3.17 0.36  

(OCS···ClSF)-II 100.8 88.8 3.80 3.60 0.20  

(OCS···ClSF)-III 101.0 104.3 4.13 3.60 0.53 

(OCS···ClSF)-IV 99.1 79.6 3.13 3.32 0.19 

 
a 
1= ClSF 

b 
2 = SSF for complex I, SSCl for complexes II and III, OSF for complex IV. 

c Sum of van der Waals radii.[9] 
d van der Waals penetretation distance, dp = rvdw  req. 



 
Table S3. E(SCF), ECP, E, BSSE and GEOM corrections (in kcal.mol-1), transferred charge (q) and orbital stabilization energy 
(E(2) in kcal.mol-1) for the 1:1 OCS:ClSF molecular complexes calculated using the B3LYP/ 6-311+ G* approximation. 
 

Molecular 
complex ESCF ECP E BSSE  GEOM q (e) )2(

*jiE


   Orbital interaction 

(OCS···ClSF)-I 0.45 0.03 0.02 0.43 +0.01 0.0034 0.62 
0.11 

np(S)  σ* (SCl) 
*(C=O)  σ* (S-F) 

(OCS···ClSF)-II 0.33 +0.05 +0.06 0.38 +0.01 0.0036 0.90 
0.07 

np(S)  σ* (SF) 
np(Cl)  *(C=O) 

(OCS···ClSF)-III 0.31 +0.10 +0.10 0.41 0.00 0.0044 0.21 np(S)  σ* (CS)  

(OCS···ClSF)-IV 1.31 0.68 0.67 0.64 +0.02 0.0092 
1.41 
0.98 
0.35 

np(O)  σ* (SCl) 
ns(O)  σ* (SCl) 
np(F)  *(C=S) 

 



 
 
Table S4. Vibrational wavenumbers of the 1:1 CO:ClSF molecular complexes calculated with the B3LYP/6311+G* approximation. 
IR intensities are given between parentheses. 
 

(CO···ClSF)-I (CO···ClSF)-II (OC···ClSF)-I (OC···ClSF)-II 
Assignment 

 (cm-1)  (cm-1) a 
 (cm-1)  (cm-1) a 

 (cm-1)  (cm-1) a 
 (cm-1)  (cm-1) a 

2205.8 (100) 5.9 2205.4 (98) 6.3 2223.0 (75) +11.3 2220.3 (100) +8.6 (CO) 

718.6 (86) +1.4 716.6 (100) 0.6 710.3 (100) 6.9 713.3 (93) 3.9 (SF) 

498.5 (55) 4.2 501.4 (45) 1.3 497.4 (38) 5.3 496.5 (73) 6.2 (SCl) 

251.8 (3) 1.4 252.0 (2) 1.2 251.5 (2) +1.5 254.7 (4) +1.5 (SClF) 
 

a  = complex - monomer 

 
 



 
Table S5. Geometrical parameters (distances in Å, angles in degrees) of the 
1:1 CO:ClSF molecular complexes calculated with the B3LYP/6311+G* 
approximation.  
 

Molecular 
complex 1 

a 
2 

b req rvdw
c dp

d 

(CO···ClSF)-I 100.7 78.8 3.32  3.32 0.00 

(CO···ClSF)-II 100.9 89.4 3.33  3.32 0.01 

(OC···ClSF)-I 100.4 88.9 3.25 3.50 0.25 

(OC···ClSF)-II 100.4 75.5 3.34 3.50 0.16 

 
a 
1= ClSF 

b 
2 = OSF for CO···ClSF complexes, CSF for OC···ClSF complexes. 

c Sum of van der Waals radii.[9] 
d van der Waals penetretation distance, dp = rvdw  req. 
 
 



 
Table S6. E(SCF), ECP, E, BSSE and GEOM corrections (in kcal.mol-1), transferred charge (q) and orbital stabilization energy 
(E(2) in kcal.mol-1) for the 1:1 CO:ClSF molecular complexes calculated using the B3LYP/ 6-311+ G* approximation. 
 

Molecular 
complex ESCF ECP E BSSE  GEOM q (e) )2(

*jiE


   Orbital interaction 

(CO···ClSF)-I 0.55 0.18 0.18 0.37 0.00 0.0014 0.16 ns(O)  σ* (SCl) 

(CO···ClSF)-II 0.57 0.26 0.26 0.31 0.00 0.0016 0.29 ns(O)  σ* (SF) 

(OC···ClSF)-I 1.03 0.60 0.58 0.45 0.02 0.0051 1.04 ns(C)  σ* (SCl) 

(OC···ClSF)-II 1.09 0.75 0.73 0.36 0.02 0.0081 1.84 ns(C)  σ* (SF) 

 



 
Table S7. Vibrational wavenumbers of the 1:1 CS2:ClF molecular complex 
calculated with the B3LYP/6311+G* approximation. IR intensities are given 
between parentheses. 

 

 (cm-1)  (cm-1) a Assignment 

1547.0 (100) 6.0 as (CS2) 

671.8 (<<1) 1.7 s (CS2) 

646.3 (32) 93.4  (ClF) 

403.3 (<1) +5.4  (CS2) 

393.3 (<1) 4.6  (CS2) 

 

a  = complex - monomer 

 
 
 

 
Table S8. Geometrical parameters (distances in Å, angles in degrees) of the 
1:1 CS2:ClF molecular complex calculated with the B3LYP/6311+G* 
approximation.  
 

 (SClF) req rvdw
a dp

b 

102.7 3.10 3.55 0.45 

 
a Sum of van der Waals radii.[9] 
b van der Waals penetretation distance. dp = rvdw  req. 
 

 



 
 
Table S9. E(SCF), ECP, E, BSSE and GEOM corrections (in kcal.mol-1), 
transferred charge (q) and orbital stabilization energy (E(2) in kcal.mol-1) for the 
1:1 CS2:ClF molecular complex calculated using the B3LYP/ 6-311+ G* 
approximation. 
 

ESCF ECP E BSSE  GEOM q (e) )2(
*jiE


   Orbital interaction 

2.18 2.21 1.86 0.31 0.35 0.0896 9.81 np(S)  σ* (ClF) 

 
 
 
 
 

 
Table S10. Geometrical parameters (distances in Å, angles in degrees) of 
ClSSF calculated with the B3LYP/6311+G* approximation.  
 

Geometrical parameter B3LYP/6311+G* 

r (ClS) 2.149 

r (SS) 1.954 

r (SF) 1.689 

(ClSS) 109.96 

(SSF) 106.78 

(ClSSF) 87.98 

 
  



Table S11. Vibrational wavenumbers of ClSSF calculated with the 
B3LYP/6311+G* approximation. IR intensities are given between parentheses 
 

 (cm-1) Assignment 

633.6 (100) (SF) 

542.8 (6) (SS) 

400.1 (55) (SCl) 

275.4 (7) (SSF) 

221.0 (3) (ClSS) 

128.8 (<19 (ClSSF) 

 
 
Table S12. Cartesian coordinates (in Å) of (OCS···ClSF)-I molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 3.0221 1.5525 0.2766 

C 2.8044 0.4279 0.1262 

S1 2.51893 1.1038 0.0760 

F 0.6161 0.9454 0.5665 

S2 1.2703 0.4407 0.0633 

Cl 3.2610 0.0715 0.1371 



Table S13. Cartesian coordinates (in Å) of (OCS···ClSF)-II molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 3.0707 1.3140 0.2896 

C 2.6848 0.2418 0.0974 

S1 2.1647 1.2168 0.1658 

F 3.2315  0.6606 0.1497 

S2 1.5750  0.6270 0.1033 

Cl 1.2368 1.3814 0.1911 

 
 
Table S14. Cartesian coordinates (in Å) of (OCS···ClSF)-III molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 4.7969 0.3348 0.0105 

C 36516 0.1682 0.0046 

S1 2.0995 0.0570 0.0250 

F 1.6726 1.4689 0.7089 

S2 1.9472 0.5428 0.6364 

Cl 2.8040 1.1253 0.2034 



 
Table S15. Cartesian coordinates (in Å) of (OCS···ClSF)-IV molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 1.5692 0.8354 0.0499 

C 2.6301 0.3704 0.0109 

S1 4.0643 0. 2551 0.0414 

F 0.9679 1.2146 0.0634 

S2 1.5180 0.3494 0.0347 

Cl 3.5508 0.0305 0.0545 

 
 
Table S16. Cartesian coordinates (in Å) of (CO···ClSF)-I molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

C 4.060 0.1668 0.0037 

O 2.9407 0.3064 0.0021 

F 0.0436 1.3412 0.0003 

S 0.3788 0.2796 0.0015 

Cl 2.4373 0.2438 0.0012 

 
 



 
Table S17. Cartesian coordinates (in Å) of (CO···ClSF)-II molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

C 3.8048 0.1589 0.0090 

O 2.6807 0.2558 0.0063 

F 2.2091 1.1390 0.0049 

S 0.6250 0.6519 0.0035 

Cl 0.8467 1.3930 0.0004 

 
 

 
Table S18. Cartesian coordinates (in Å) of (OC···ClSF)-I molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 3.7022  0.1721 0.0068 

C 2.5800 0.2676 0.0084 

F 2.2409 1.1242 0.0050 

S 0.6476 0.6592 0.0035 

Cl 0.8569 1.3910 0.0004 

 
 
 
 



 
Table S19. Cartesian coordinates (in Å) of (OC···ClSF)-II molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

O 4.0038 0.1068 0.0008 

C 2.9056 0.3559 0.0001 

F 0.0113 1.2653 0.0002 

S 0.4378 0.3372 0.0010 

Cl 2.4916 1.1757 0.0007 

 
 

 
Table S20. Cartesian coordinates (in Å) of the 1:1 CS2:ClF molecular complex 
calculated with the B3LYP/6311+G* approximation. 
 

Atom x y z 

C 1.3969 0.8781 0.0000 

S1 0.000 1.5927 0.0000 

Cl 1.6850 0.8169 0.0000 

F 2.6981 2.1952 0.0000 

S2 2.7841 0.1809 0.0000 

 
 
 

 



Table S21. Cartesian coordinates (in Å) of ClSSF calculated with the 
B3LYP/6311+G* approximation. 
 

Atom x y z 

Cl 1.9710 0.4915 0.1166 

S1 0.3369 0.8150 0.3745 

S2 1.2897 0.2169 0.5281 

F 2.0291 0.9062 0.4934 

 
 

 



 

 
Figure S1. Plots as a function of irradiation time of the relative intensities of the 
bands assigned to anti-gauche form of FC(O)SSCl with respect to the 
absorptions of the syn-gauche conformer in the IR spectrum of an Ar matrix 
initially containing FC(O)SSCl and Ar in the proportions 1:1000. 
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(OCS···ClSF)-III 
 

 
 
 
 
 
 
 
 

(OCS···ClSF)-IV 
 

 

Figure S2. Schematic representation of the most relevant orbital interactions for 
the 1:1 molecular complexes between OCS and ClSF calculated with the 
B3LYP/6-311+G* approximation. 
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Figure S3. Schematic representation of the most relevant orbital interactions for 
the 1:1 molecular complexes between CO and ClSF calculated with the 
B3LYP/6-311+G* approximation. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure S4. Schematic representation of the most relevant orbital interaction for 
the 1:1 molecular complex between CS2 and ClF calculated with the B3LYP/6-
311+G* approximation. 
 



 

 
 
Figure S5. Molecular model of ClSSF calculated with the B3LYP/6-311+G* 
approximation. 
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