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Time-resolved emission spectrum of CS Δυ=1 band was observed with a Bruker 120HR. The 
CS molecule was produced with a pulsed discharge in a CS2 and He mixture. Duration of the 
discharge was 20 μsec, and 360 msec was covered to observe decay of emission intensities 
for vibrational levels up to υ=9.   
 
Introduction 

A number of on-going studies have been 
carried out for the key understanding of 
vibrational relaxation effects in conjunction 
with the excited vibrational states of some 
molecules.  

Recently, Aimi and Kawaguchi[1] have 
investigated CO emission intensity profile by 
using time-resolved Fourier transform 
spectroscopy (TR-FTS) and the rate constants 
for vibrational relaxation are reported for few 
vibrational states. Figure 1 shows the decay of 
CO emission, where the v=4 and 5 levels leads 
to fast decay compared to the other levels. On 
the other hand, CN radical showed no-vibrational 
 level dependence, indicating possible dominant  
decay process due to chemical reaction.  

In the present study, we applied the TR-
FTS to the CS fundamental bands to 
understand the decay process in comparison 
with CO and CN.  Many spectroscopic 
studies of CS have been reported, because of 
its atmospheric and interstellar interest. The 
vibrational relaxation of CS was first 
analyzed by Smith [2] where he showed that 
the state v=1 is rapidly relaxed by D2 
compared to He. Morley and Smith [3] 
reported the rate constants for the v=1 state 
relaxed by H2O, D2S, H2S and many other 
species. So far no studies reported for 
vibrational relaxation including high lying  
vibrational levels. 
 

Fig. 2 Experimental 
setup for TR-FTS 

Fig. 1 Decay curves of CO produced by a 
pulsed dischrage 



 
Experimental Details  
 

The experimental setup is shown in 
Fig. 2. Carbon monosulfide has been 
produced by a pulsed discharge in a 
mixture of CS2 (20 mTorr) and He 
(2 Torr), where a glass discharge cell 
of length (250 mm) with inner 
diameter of (11 mm) was used, and 
the current was 100 mA p-p with a 
pulse duration of 20 μs. The 
measurement was carried out with 
an HgCdTe detector and 0.07 cm-1 
resolution. An example of observed 
spectrum is shown in Fig. 3. 
  
Results, Discussion and Conclusion 
 

The emission spectra of CS in the Δv=1 (from v=1-0 to v=9-8) band were measured. The P- 
and R-branch ro-vibrational transition frequencies (rotational quantum number J ranging 
from 1 to 40) were assigned with confidence for all these states. It is encouraging that the 
observed lines are all close to the calculated line centers resulting in difference of 0.05 cm-1 
between them.  

Having the right assignment, we 
performed the Boltzmann analysis for 
the determination of rotational and 
vibrational temperatures. It is found 
that each of the vibrational states has a 
similar rotational temperature of the 
order of 370 K indicating that 
rotational relaxation is rapid for all 
these states. 

Fig. 4 shows the dependence of 
infrared intensity with time, as is 
expected exponential decay of CS. 
The fall decay constant varies among 
the vibrational states. As can be seen, 
the decay is more rapid for the v=5-4 band compared to the v=1-0 band. This indicates that 
the vibrational relaxation is predominant for the former then the latter. The exponential decay 
pattern for the states v=3-2 and v=4-3 are almost similar. The reason for this observed effect 
is not clear, however, investigation is underway. 
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Fig. 3 Observed emission spectrum of CS at a 
time after 90 μsec
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Fig. 4 Observed decay of CS 



 


