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Emission Spectra Excited In Benzene * 

Wm. Hayden Smith 

Princeton University Observatory 

Princeton, New Jersey 

Recently, an emission from molecular benzene has been observed 

in  our electron beam excitation source when benzene was used as a 

parent molecule for  the C molecule .. the  primary subject of our 

study. 

excited i n  a benzene system as observed by Robinson and Rosamund 4, it 

was f e l t  t h a t  our resu l t s  should be communicated t o  d ispe l  any ambiguity t h a t  

may remain f o r  t h i s  emission system. 

Experimental: 

1 
2 

Due t o  the discussion i n  t h i s  journal 2y3 concerning emission 

Our apparatus consisted of an rf-modulated electron source, a 

Seya-Ndoka monochromator with a band pass of 58, an EMI phototube, 

and a phase-shift measuring system t h a t  has been previously described 

in  d e t a i l  by Lawrence ’. 
excitation and the  resul t ing emissions yields  the l i fe t ime of the upper s t a t e  

of the emitting system. 120,~ was admitted in to  

our source where electrons of up t o  400 Volts were used t o  exci te  the spectra.  

Modulation frequencies of 0.96 and 0.54 MHz were used. 

Measurement of the phase s h i f t  between the input 

Benzene a t  pressures up t o  

* This Research i s  supported by the National Aeronautical and Space 

Administration Grant NsG-414. 
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W. H. SMITH 

Results : 

The molecular benzene emission spectrum excited i n  the electron 

source i s  given i n  Fig. 1. The r e s u l t s  of our l i fe t ime measurements 

are given i n  Table I. Donovan and Duncan have previously observed 

an emission spectrum i n  benzene excited by an electrodeless discharge 

under conditions chosen t o  y i e ld  only molecular exci ta t ion.  The l i f e t ime  

f o r  emission i n  the 26201 t o  27202 region was found t o  have a l i fe t ime 

r e l a t ed  by the following equation: 

pressure in  microns and r is  the r ad ia t ive  l i f e t ime  in  nanoseconds. 

low spec t r a l  resolution of 1002 makes it impossible fo r  the vibrat ional  

s t ructure  t o  be observed i n  t h e i r  experiment. The band system observed 

by Robinson and Rosamund overl ies  t h i s  region, but the equivalence of 

the emissions i s  not thereby established. 

6 

-1 r P 1.69 + 0.0207 p, where p i s  the 

The 

We can now show t h a t  both observations or iginate  i n  the wel l  known 

bpU-lAlg t r ans i t i on  in  benzene, and t h a t  they a r e  not due t o  an ionic  

species as suggested by Robinson and Rosamund . 4 

h e  t o  the flow system we use, the pressure i n  the exci ta t ion region 

is  at  l e a s t  20 times smaller than our measured pressure in  the sample block, 

therefore we cannot d i r e c t l y  apply a comparison with Donovan and Duncan's 

value fo r  r 6 ,  except by an extrapolation t o  zero pressure. 

we f ind the values t o  be i n  subs t an t i a l  agreement, 590 nanoseconds as measured 

by Donovan and Duncan 

indicating tha t  both a r i s e  from the same emitting species.  

The trend t o  shorter l i fe t imes t h a t  we observe at  longer wavelengths 

may represent a var ia t ion of l i fe t ime with vibrat ional  quantum number, 

o r  could also be due t o  an overlapping emission from another species 

blending i n  at longer wavelengths. 

If we do t h i s ,  

6 , and 610 nanoseconds as measured in  our experiment, 
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EMISSION SPECTRA EXCITED I N  BENZENE 

BENZENE EMlSS I O N  
I 82, -- 'A13 

FIGURE 1 

Emission Spectrum of Molecular Benzene 

i n  t he  2600 4 Region 

TABLE I 

Molecular Benzene Emission 

1g 
I A  

Band heads (8) r (extrapolated) 

2525 - 

2615 - 

2690 610 nsec. 

2760 530 nsec. 

2825 400 nsec. 

2890 - 

Values a re  preliminary and approximately f20%. 

w i l l  be given i n  a separate r epor t .  

Deta i l s  

7' ( r e f .  6) 

590 nsec. 
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W. H. SMITH 

The vibrat ional  spacing of the band heads i n  our spectrum given 

i n  Table I i s  e s sen t i a l ly  the same as t h a t  observed by Robinson and 

Rosamund 4, and has spacing corresponding t o  a vibrat ional  progression 

i n  the a 

apparent s h i f t  i n  wavelength i n  going from absorption t o  emission i s  

simply due t o  the change i n  posi t ion of the minima of the v ib ra t iona l  

V I' (993 cm-l) r i ng  s t re tching motion of benzene '. The 
2 

po ten t i a l  functions i n  the lA and s t a t e s  of benzene. The in t ens i ty  

d i s t r ibu t ion  in  emission depends completely upon t h i s  r e l a t i v e  posi t ion 

due t o  the Franck-Condon pr inciple ,  s ince a t  pressures of more than a 

few microns vibrat ional  re laxat ion i s  nearly complete by the time most 

molecules reradiate .  

l g  

The conclusion t h a t  must be reached then i s  t h a t  molecular benzene 

i s  responsible f o r  the observed emission in  a l l  the  instances discussed, 

even though the means and seve r i ty  of exci ta t ion a r e  s ign i f i can t ly  d i f f e ren t .  

REFERENCES 

1. W .  H. Smith, t o  be published 

2.  K. K. Innes, Spectrsc. Let ters ,  1 ( 2 ) ,  103 (1968) 

3. J. W .  Robinson, Spectrsc. Let ters ,  1 ( 2 ) ,  lo5 (1968) 

4. J. W .  Robinson and J. D. Rosamund, Spectrsc.  Let ters ,  1 (1) , 1 (1968) 

5 .  G. M. Lawrence, J. Quant, Spectrsc.  Radiant Transfer, 2, 359 (1965) 

6. J. W .  Donovan and A .  B. F. Duncan, J. Chem. Phys. , 2, 1389 (1961) 

7. G. Herzberg, "Electronic Spectra of Polyatomic Molecules", Pg. 555, 
D .  Van Nostrand, Princeton, N. J. (1966) 

184 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


