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ABSTRACT ; 

A ^road-band CARS system has been used to monitor on-line the 
laser induced disr ociaJion of benzene at 266 nm. The 
electronically excited C2 produced during the process has been 

f" aetected oy RECURS (Resonantly Enhanced CARS) in the visible. The 
t ; laser induced primary decomposition and secondary reactions have 
» been studied under coliiaional conditions upon addition of inert 

À (N2) and reactive (O2) partners. Reaction intermediates produced 
I in electronically excited states have been detected by time 
'-I resolved spontaneto emission spectroscopy performed with the same 
* 1 set-up in the absence of probe lasers. 

1. Introduction 
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Among different non-linear Raman spectroscopies, , 

Nfc vibrational CARS (Coherent ArtiStokes Raman Scattering, ^ 
probing Raman active vibrational modes) has proved to be a 
valuable on-line technique in the study of laser induced ] 
processes involving ias phase reactants, such as deposition 
of thin films or synthesis of ultrafine powders . The 
application of laser.: in total decomposition (mineralization) 
of gas-phase pollutants has been considered, test experiments 
have been started on benzene as a precursor of a large i 
family ox aromatic pollutants. Previous results indicated the i 
occurrence of unelficient collisionally induced processes ii. 
the IR and visib e . Direct collisionless C5H5 photolysis } 
has boen observed in the UV at 266 nm ; however effects of 
collisions on this process were not previously investigated. 

We have applied CARS techniqus in the studies of two 
: gas phase systems: CgHg/K2 and C5H5/O2 during IT' laser 

irradiation. Particular care has been taken to measure the 
parent dissociation and to identify the primary and secondary 
fragments. 
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2. Experimental 

The low resolution ( 6 - 2 0 cm" } CARS spectrometer, 
previously described , was built to detect single shot CARS 
s-'gnal in a wavelength range of about 40 nm in blue spectral 
region. Beams for CARS were produced by multimode W 'AG 
laser (JK) operated at the second harmonic and by a broad
band dye laser (SOPRA), operated with a suitable mixture of 
dye* Typical laser energies for CARS were 30 mJ at 532 nm 
ar " mJ in the red (620 - 640 nm). 

xperiments were performed in stainless steel four way 
crc flow reactor at fixed initial pressure of reactant 
ga'r After synchronization the UV photolysis beam (fourth 
harmonic of the Nd:\nG laser) crossed at right angle the two 
collinear visible beams used for CARS diagnostics. The CARS 
signals generated by the sp cies in the reactor were 
optically filtered and succe iively detected by an optical 
multichannel analyzer (OMA I' ' - EGfcG) placed at the exit of 
a ':aall monochromator. All .he electronics was triggered, 
with proper delays, by t.... computer control of the OMA 
detector which was operated in the fast gated mode. The 
system operated at 1 Hz repetition rate, single shots 
measurements were also performed. 

The same detector and data acquisition system were used 
to monitor time resolved spontaneus emission in the visible 
near UV. In this case filters used for CARS beau were 
bypassed with a quarz fiberglass coupling directly the centre 
of the reactor to the monochromator entrance slit. 

3. Results and discussion 
3.1 CMS spectra 

Under collisional conditions both in the case of pure 
CgHg and for the CgHg/N2 mixture, we have found that C2 In 
different electronically excited states is produced by a 
multi-photon laser photolysis at 266 nm in direct parent 
fragmentation. In fact, as shown in Fig. 1, together with 
CARS peak of CgHg (vi) scarcely attenuated we have detected 
the resonantly enhanced CARS bands of C2 which were 
characteristic of the foux-photon collisional process at 532 
nm and of 266 nm photolysis occurring in collisionless 
conditions . At variance with previous measurements at 532 
run , in the case of 266 nm excitation we could not ascertain 
the collisional nature of C2 production due to residual CgHg 
absorption. 

In the case of UV dissociation . f CgHg/02 mixture, data 
reported in Fig.2 show that nearly all CgHg was decomposed in 
a single shot. The intense narrow features located on the 
slope of broad 470 nm band, assigned to transitions in the 
Swan's band of C2 photofragments, were detected although 
heavily cut by the interference filters used to select .he 
CARS beam. The reaction between CgHg fragments and O2 
occurred with a sudden pressure increase (bv almost a ftctor 
2) followed by a slow decrease probably related to the 
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condensation of some final products. 
IJV photolysis of C 6H 6 /N 2 mixture 
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F i g . l 
CARS spectra of C6H6/N2 (20/60 Torr) i n i t i a l mixture ( a ) , and 
photofragments ( b ) . 
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Fig. 2 
CARS apeccra of C6H6/02 (20/60 Torr) initial mixture (a), and 
più tofragment» i b ). 
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3.2 Tin* resolved emission ^at» 
Time resolved omission spectra of the electronically 

excited fragments hav£ shown tne presence of CH, CH and 
probably CO and C together with C2 as reaction 
intermediates. Spectroscopic b&nd contour fits of the 
strongest CH (A-X) and (B-X) emission, shown in Fig. 3 and 
Fig. 4, respectively, indicated an equilibrium reaction 
temperature of the order of 3000 K nearly constant in the 
fifst 2 ms after the U.V. laser pulse. Af* r the formation of 
CH and C2 , late ionic fra intents were t ^tected ( Fig. 5 ), 
formed, tosti/ at lower temperature (as inferred from the fit 
of CH ~n- L band, not shown). 

3.3 Discussion . 
As points out in , the measurements of the 

multipi.oton order of che process were extremely difficult due 
the fact that optical or electrical attenuation of the UV 
beam was changing either the space or time overlap uf 
photolysis laser with the probe lasers. Thermodynamical 
considerations in suggest however the need of more than 
two-photon at 266 nm to produce the high electronically 
excited C2 states responsible for the observed RECARS 
signals. Work is in progress to continue this investigation 
on cold CgH^ molecules espanded in supersonic molecular beam 
, where experiments in collisioril and collisicnless 

conditions can be performed. 
As far as the CgHg/02 mixture is concerned, on the 

basis of present data we suggest the following initial 
reaction pattern: 

2hv 
C6H6 + 2 C2 — » 2 CH + 2 CO +• C2 + 2 H2O 

whrre the primary products (mostly CH and C2) are formed at 
high temperature in electronically excited staes. 

The large non resonant background in Fig.:' is due to 
ultrafine solir". particles dispersed inside the reactor. The 
identification of the size and phase composition of this 
grey-brown powder was performed by optical and scanning 
electron microscopes as well as by X-ray diffractometry. 
Thest studies reav&aied the presence of 3pherical particles 
with different diameters and varius degree of transparency. 
It can be expected that the solid particles produced by UV 
assisted process contain molecular polymers, graphite and 
amorphous carbon. Preliminary X-ray diffraction studies 
indicate also the presence of graDhite-like paracrystalline 
particles produced probably by homogenous gas phase 
nucleation at low pressure. On the basis of microscope 
bindings, the occurrence of an ultrafine diamond-like phase 
-•an be also suggested. Up to now it is not yet clear whether 
non-diamond phases are attached to the diamond-like phase or 
not. 
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CH A—X emission band 
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Fig. 3 
Emission spectrum of CH A-X band recorded during C5H5/O2 reaction 
(no gate, 16 ms exposure time). Calculations have been performed 
assuming vibrational and rotational temperature in equilibrium. 
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Emission spectrum of CH D-X band recorded during CgHg/Oj reaction 
(with gate: delay«900ps, width-400>s). Calculations assumed 
equilibrium between vibrational and rotational temperatures. 
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C6H6 fragment emission vs. delay 
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F i g . D 
Tine resolved emission intensity of fragments collected at 
different delays during the OV laser induced C6H6/02 reaction. 
Peak intens i t i es (not corrected for the OMA spectral 
responsivity) are measured with 100 ps gate width. 
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