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S u m m a r y .  - -  The fluorescence of C6H6, C6HsF, 1, 4-CGH4F 2 and C6F ~ 
excited by  a KrF  laser has been observed in the gas phase. The collision- 
less lifetime of C6H 6 (zilBz~) with 2000 to 3000era -x of vibratrional 
energy is 28 ns, which is a factor of two less than earlier results. Self- 
quenching of benzene leads to redistr ibution of vibrat ional  energy in 
the S 1 state. C6F ~ yields CFo when i r radia ted  by  the laser. 

1 .  - I n t r o d u c t i o n .  

B e n z e n e  has  been  an  o b j e c t  of p ionee r ing  r e sea rch  in  p h o t o p h y s i c s  for  

m a n y  years .  I t s  we l l - r e so lved  a n d  eas i ly  d e t e c t e d  a b s o r p t i o n  a n d  f luorescence  

s p e c t r a  were  f i rs t  a s s igned  in  1939 (1). S ince  t h e n  i t  has  p r o v e n  to  be  m o r e  

a d v a n t a g e o u s  to  e x t e n d  t h e  k n o w l e d g e  on t h e  <~ p r o t o t y p e  ~ b e n z e n e  molecu le  

a n d  t h e n  t r a n s f e r  to  o t h e r  molecu les ,  r a t h e r  t h a n  s t a r t i n g  w i t h  t hese  molecu les  

ab ini t io .  

One i m p o r t a n t  f e a t u r e  of b e n z e n e  p h o t o p h y s i c s  is t h e  inc rease  of d e c a y  

r a t e  a n d  dec rease  of f luorescence  q u a n t u m  y ie ld  w i th  t h e  v i b r a t i o n a l  ene rgy  

in  t h e  f i rs t  e x c i t e d  s ing le t  s t a t e  (2). A so-ca l led  (( t h i r d  channe l  ~), t h e  n a t u r e  

(*) Paper  preseuted at  the (~ European Conference on the Dynamics of Exci ted States ~, 
held ill Pisa, Apri l  14-16, 1980. 
(1) H. SPONER, G. NORDHEI~r A. L. SKLAR and E. TELLER: J.  Chem. Phys., 7, 
207 (1939). 
(2) K. G. SPEARS and S. A. RICE: J.  Chem. Phys., 55, 5561 (1971). 
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of which is not  definitely known (3), is t hough t  to be responsible for this effect. 

Radiationless transi t ions make  the  absorpt ion spect rum diffuse and sup- 

press fluorescence (~) a t  v ibra t ional  energies in $1 above 3000 cm -1. The 

K r F  laser used in this work with its pho ton  energy of 40200 cm -1 excites 

some vibrat ional  s tates of benzene near  this threshold with high intensity.  

I t  was the  aim of this s tudy  to observe the spectral  and t ime-resolved fluor- 
escence f rom these highly excited molecules to gain fur ther  informat ion  on 

the  collisionless and collision-induced energy flow. 

2 .  - E x p e r i m e n t a l .  

Figure  1 shows the exper imenta l  set-up, used in this work. A home-made  

excimer laser was employed for exci ta t ion of laser-induced fluorescence. The 

preionized T E A  laser was operated with ~ mix tu re  of k ryp ton  and fluorine 
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Fig. 1. - Experimental set-up. 

(a) M. JAcox, C. LARDEUX, R. LOPEz-DELGADO and A. TRAMER: Chem. Phys., 24, 
145 (1977). 
(4) a) J. H. CALLOMON, J. E. I~ARKIN and R. LOI'Ez-D:ELGADO: Chem. Phys. Lett., 
13, 125 (1972); b) C. S. PARM~NTER and M. W. SCHUYLER: J. Chem. Phys., 70, 92 (1966). 
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in helium. The tube was fabricated from P V D F  material  (kynar) and was 
resistent to fluorine. The main discharge burns between two aluminium elec- 
trodes of Rogowski type  and is driven by  a thyrat ron-switched Bliimlein 
circuit. The laser pulse has a F W H M  of ]7 ns and an energy of 100 mJ.  i t s  
spectrum is centred s t  248.4 mn and has a F W H M  of 0.36 nm. 

The laser beam illuminates a teflon cell 48 mm in diameter,  through one of 

the four suprasil windows. The cell is par t  of a vacuum line, which works 
at  pressures of 0.050 to 100 mbar.  The pressure is read out by  a MKS-Bara- 
tron-220 Torrmeter  below 20 mbar  and by ~ mechanical gauge at higher pres- 
sures. The gas fill in the cell could be changed from shot to shot or, flowing 
very  slowly, conserved for several shots. Before reaching the cell, the gas 
passed through a glass tube which allowed operation of a microwave discharge 
(2.45 GHz, 200 W). Chemicals of the highest commercially available pur i ty  
f rom Merck, EGA-Aldrichs and Messer Griesheim were used without  fur ther  
purification. The pur i ty  of all reactants  wt~s tested by  gas chromatography 
and the reactants  were outgassed before use. 

The fluorescence is dispersed by  a Job in -Yvon-THR monochromator  
( ] ~ 1 . 5 m ) ,  equipped with a holographic grating (2400 1/mm), with a resolu- 
t ion of 0.1 to 0.2 nm. The fluorescence was detected by  a I~CA 4831 photo- 
multiplier. A premplifier (F.'~cific Photometr ic  Ins t ruments  62/2A32) was in- 
tegra ted  into the PMT-Socket  and the signal fed to the 7A:19 amplifier of a 
t ransient  digitizer R 7912 or oscilloscope 7834 (Tektronix).  The transient  
digitizer enabled measurements of fluorescence t ime dependence and pulse 
height to be made. 

Signals were averaged in a minicomputer  DEC P D P  11/04, normally f rom 
50 to 150 times, to provide a signal-to-noise rat io bet ter  thun 30:1, and then 
evaluated by  using the Tek-SPS-BASIC software. Decay constants were found 
by comparing the averaged decay signal with the luser pulse convoluted with 
single exponential  decay functions. 

The spectra were measured stepwise with 1 to 10 shots per point. Some 
of them, especially those from fluorinated benzenes, had only weak structure 
on an intensive background. This s t ructure could be evaluated after sub- 
t ract iag a low-resolution spectrmn. This was computed by replacing each 
point  of the original spectrum by the average of 40 points next  to it. 

3 .  - R e s u l t s .  

The K r F  line at 248.4 nm is strongly absorbed by benzene and its fluo~'inated 

derivatives. The absorption from the electronic ground state (So) polml~tes 
excited vibrat ional  states in the first singlet ($1). Fluorescence from QH6, 
CeHsF, ],4-C6HdF2 and C6F6 was monitored spectrally and t ime resolved at 
pressures from 0.07 to ].4 mbar.  

1 4  - I1 N u o v o  C i m e n t o  B .  
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Fig. 2. - Fluorescence spectrum of benzene (1.05 mbar). 
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TABL~ I. -- Papulation o] vibrational states in the ]irst excited sinylet state alter excitation 
with the KrF laser pulse. 

Vibrational  s ta te  Vibrational  energy Share Expected 
(cm -~) (%) fluorescence 

11~ i v  1, 21~7 2~.9 6 ~ 11o ~ 17o ~ 1~ 

6 ~ 11~ lV~ 1~ 

13 2769 22.3 6~ 1~ 

6' 10 ~ 12 2948 4.6 6ol 10~ In 2 

6~ lO 1 1~ 

62 161 13 3126 29.8 6~ 1611 1~ 

o32 161 1. ~ 

91 11 2071 0.1 

102 11 2084 1.2 

61 165 11 2632 1.2 

61 162 171 11 2638 0.1 

no assignment given in ref. (~) 14.8 

3"1. Cells.  - T h e  a b s o r p t i o n  s p e c t r u m  of be nz e ne  a t  r o o m  t e m p e r a t u r e  

was r e c e n t l y  r e v i e w e d  b y  ATKISTSON a n d  PAR~E~TER (5). K n o w i n g  t h e  spec-  

t r a l  d i s t r i b u t i o n  of t h e  l a se r  l ine,  one can  c a l c u l a t e  t h e  r e l a t i v e  d i s t r i b u t i o n  

(5) G. H. ATKINSON and C. S. FARMENTER: J .  Mol. Speetrosc., 73, 20 (1978). 
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of upper  states,  p u m p e d  b y  the  laser pulse, using assignments and relat ive 

intensities f rom ref. (5) (table I ) .  H o t  bands  contr ibute  marked ly  to the ab- 

sorpt ion and popula te  levels with a v ibra t ional  energy around 3000 cm -1. 

The fluorescence spec t rum at  1.05 m b a r  is p lo t ted  in fig. 2. I t  s tar ts  a t  

250 nm with strong bands  on a low background.  Fu r the r  to the  red, i~ has 

a m a x i m u m  and a tail with poorly resolved structure.  Subt rac t ion  of the back-  

ground evaluated in the  way described above  results in the line spec t rum 
shown in fig. 3. By  following the  selection rules, worked out b y  PAR~rE~TER 
et al. (6), the  s t ructure  is assigned to resonance fluorescence f rom the four 
mos t  popula ted  states,  containing 82 % of all S~-benzene. Most in tens i ty  is 

t !  

expected to occur in progressions in v~ with Ave ~ J: 1 (~). As shown in 
fig. 3, 19 of the  33 m a x i m a  can be assigned to them. 

Fluorescence lifetimes of benzene were measured a t  various pressure f rom 

0.07 to 13.5 m b a r  and wave- lengths  f rom 254.78 to 315 nm. I n  fig. 4 the  overall  
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Fig. 4. - Decay rates of benzene fluorescence vs. pressure and wave-length. 
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(~) A. E. W. KNIGHT, C. S. PARMENT:EI~ and M. W. SCHUYLER: J.  ATI~. Chem. See., 
97, 1993 (1975). 
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lifetimes vs. pressure and fluorescence wave- length are p lo t ted  in a three- 

dimensional form. At  short  wave-lengths,  l ifetimes describe the decay of single 
vibronic levels (254.78 and 255 .98nm:  1~6~10 ~ and 1~6216~; 265 .15nm:  

1~]1~17 ~, see fig. 3), at  longer wave-lengths the background does not  allow 
any  ass ignment  of the fluorescence to individual  states. 

At  low pressures the fluorescence decay t ime  is a lmost  independent  of 

wave-length.  I t  is the eollisionless lifetime of the initially excited upper  states. 

Ex t rapo la t ion  to zero pressure yields v - -  (28 ~= 2) ns. 

Only a t  short  wave-lengths do the  lifetimes show Stern-Vollmer behaviour  

(i.e. l IT  vs. p is a s t ra ight  line). Lifetimes increase with pressure around 
270 nm,  are independent  of it at  280 nm and slightly decrease in a bent  line 

at  the  red tail of the spectrum.  Therefore, a t  higher pressure lifetimes va ry  

dramat ica l ly  with the  wave-length,  e.g. at  13.3 mbar ,  changing f rom 265.15 
to 275 nm,  the  decay t ime increases f rom 8.5 to 42 ns. 

3"2. C6H~F and ],4-C6H4F2. - I n  contras t  to benzene itself, the t ransi t ions 

C6H~F 1B1 ~ 1A1 C2v, T0.o ~-- 37 819 cm -1 , 

,4-C6H~F2 1 B 2 u ~  lAg D2h , To, o ~ 36 840 cm -1 , 

are allowed, since the  sixfold s y m m e t r y  is reduced by  the  fluorine atoms.  The 

absorpt ion spectra  of these benzenes in the region of the K r F  line are given 
in ref. (7,s). 

The fluorescence spectra  show a large amoun t  of background,  which was 
subt rac ted  for assigning the structure.  I n  the ease of C6HsF this can be done 
by  using the total ly  symmet r ic  modes r~ and ~1~. 

The fluorescence spec t rum of 1,4-C6H4F~ is divided into two par ts  by  a 
min imum in in tens i ty  near  the 0-0 transit ion.  I n  the blue par t ,  four local 
m a x i m a  are observed which are assigned to 

(7a)22] '~ 36 814 cm -1 272 n m ,  

(7a)~1~ 37 200 cm ~ 269 n m ,  

2 1 (~a)21 o 37672 cm -1 265 n m ,  

(7a)~] ~ 38 058 cm -~ 263 n m ,  

40159 cm-1 249nm).  

(7) •. •. WOLLMANN: J. Chem. Phys., 14, 123 (1946). 
(s) C. D. COOPER: J. Chem. Phys., 22, 503 (1954). 
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+~he modes are probably excited by  coupling laser energy into the near-resonant  
strong mode, given in brackets.  

Lifetimes of the excited states of C+H~F and ],4-C6H~F2 have been measured 
at  280 and 290 nm, where the continuous background is strong, they  increase 
with increasing pressure, similar to benzene at  270 nm. 

3"3. C+F 6. - Hexafluorobenzene belongs to the same symmet ry  class D6h 

~s benzene itself. The location of To,o is not  known exactly,  because the ab- 
sorption spectrum is diffuse; To,o probably  lies near 290 nm (9). The sym- 
met ry  class of the lowest excited singlet should be B2~ as S~ in benzene or B1, 
~s T~ in benzene, because the electron configuration is equal in bo th  molecules. 
For  B~  and B2~ the transit ion is electronically forbidden and becomes vibron- 
ically allowed by  e2 -modes. 

:Figure 5 shows the gas phase fluorescence spectrum of C6F6, together  with 
a spectrum of liquid C6F+. The relaxed spectrum observed in the liquid starts  

d 

o 

, i 1 i 1, 
240 290 340 390 4/+0 490 

it (nro) 

Fig. 5. -Fluorescencc spectra of hexafluorobenzenc vapour (left) and liquid (right). 

at  the 0-0 transit ion and continues to the red, the gas phase spectrum has 
its maximum at 290 nm. The slight s t ructure  of the gas phase spectrum can 
be explained by  two progressions, d o and i ~ bo th  start ing at  the strongest 
peak at  33 998 cm 1 with v' 1 ~  507 cm -1 and v~ ~-- 540 cm -1. By  assigning the 
strongest peak to 60 as in benzene, the 0-0 transit ion lies at  34441 cm -~ 
(v~ ~ 443 em -~) or 290.4 nm. 

Under  quasi-static conditions (extremely low flow, 17 mbar  pressure), 
after  5- -10  shots a much stronger fluorescence can be seen in the gas phase 
than  tha t  of C6F6 itself. I ts  spectrum and temporal  behaviour  are tha t  of 
SVL fluorescence of CF2 (A~B~, v2----6) (fig. 6). 

(9) D. PHILLIPS: J. Chem. Phys., 46, 4679 (1967). 
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The decay t ime of the CF~ emission was measured  a t  various pressures 
of C6F6. A Stern-Vollmer plot  gave a collisionless l ifetime of 55 ns and a 
quenching ra te  of 2.5.10~dcmS/mols.  I n  contras t  to C6Fs, i rradiat ion of 

C6HF5 leads to hardly  any  CF2 fluorescence. 

4 .  - D i s c u s s i o n .  

4"1. Resonance ]~uorescence and collisionless li]etime o] benzene. - Benzene 

was one of the first molecules, to which single-vibronie-level exci ta t ion (SVL) 
was applied (~). B y  means of this technique,  quan t i t a t ive  da ta  on the decrease 
of lifetime and fluorescence q u a n t u m  yield a t  higher v ibra t ional  energies were 

obtained. Above  about  2000 cm -1 of v ibra t ional  energy in St ,  low q u a n t u m  
yield of fluorescence, s t ray  light and  small separat ion between bands  make  

it diffLcult to obtain reliable results, as the  large scat ter  in the radia t ive  life- 

t imes shows. On the other hand,  above 3000 cm -1 mos t  bands are diffuse in 

absorpt ion and yield no fluorescence. 

The excimer laser yields pulses of about  55 cm -1 band  width. Because of 

the  high densi ty of the absorpt ion spectrum,  the  laser excites four levels. Three  

of them are due to hot  bands and have  a v ibra t ional  energy of 2770 to 3130 cm -~, 
the  four th  has 2160 cm -1 (table I) .  The assignments of the spec t rum show 
tha t  11~17~1 ~ a~nd the hot  bands yield resonance fluorescence with similar in- 
t:ensity. :From ref. (db) it is known,  however,  t ha t  the fluorescence of the 
hot tes t  band,  6216112, is ve ry  weak. Since it was not  compared  with  one of 
the other  bands excited here and our exci ta t ion/detect ion migh t  be  more  

sensitive, we cannot  rule out the ass ignment  6216~1~-. 
By  examining the shape and the position of the peaks  belonging to the 

o a ~ ~ 2 a2~6~12 it seems tha t  fluorescence overlapping progressions 611~, 6o10~1~, -1 ~ ~ ,~, 
f rom 13 contr ibutes  to it. SP~A~S and R~c~ (~) found some fluorescence ~t 

248.44 nm as well, which they  assign to I s. Since they  could not  speetral ly 

resolve it, contr ibutions of the neighbouring bands cannot  be  excluded in 

their  work. 
The question whether  the 13 fluoresces or not  is of theoret ical  importance.  

The results of Callomon st al. (da) have  shown tha t  especially bands with 

7/~ > 3  tend to show no fluorescence. Thus 6o~1~ shows no fluorescence a t  

3288 cm -1 of v ibra t ional  energy, but  the 7~ s ta te  does at  3077 c m - k  Based  
on this, mechanisms were developed which explain the  opening of channel  

three by  an enhanced internal  conversion with v~ as accepting mode  (~). 

(lo) B. K. SELINGEtr ~nd W. WAR~: J. Chem., 53, 3160 (1970). 
(11) a) M. G. PRAIS, D. F. HELLE• ~lld K. F. FREED: Chem. Phys., 6, 331 (1974); 
b) M. JAC0~: Chem. Phys. Lett., 47, 466 (1977). 
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The collisionless lifetime of 28 ns, measured here, is considerably smaller 

than  the 48 ns average measured in this spectral region by  SPEARS and ICIcb~. 

These authors  had to correct for s t ray light, since they did not  spectrally 
resolve fluorescence and admit  tha t  these lifetimes are too long. Moreover, 
together  with the quantum yield of 0.07, measured at high vibrat ional  energies, 

the radiat ive lifetime increases--with large sca t t e r - - f rom 300 ns at low vibra- 
t ional energies to 700 ns at 13. I f  we use our total  lifetime of 28 ns, it 
increases only moderate ly  to 400 ns, much more in accordance with results for 

CoD6 (12). 

4"2. Continuous spectra and collision.induced e]]ects. - Two different kinds 
of fluorescence can be seen in large molecules. Single vibronic levels show a 
selection-rule-determined line spectrum, especially in highly symmetric  mol- 

ecules. On the other  hand, a statistical distribution of molecules over the levels 

in a given energy band shows a smooth fluorescence intensi ty distribution, 
which, since the number  of transitions per wave-length is higher than  the 
reciprocal Doppler  width, cannot  be resolved into lines. The intensity function 
varies steadily with the vibrational energy in the lower state, in contrast  to 
resonance fluorescence spectra. Since all modes (except of the high C-H radial  
vibrations) are populated,  selection rules have little influence on the shape of 
the spectrum, i.e. can only cause slight local maxima in strong transitions. 

The relative wave-length dependence of the smooth fluorescence from a small 
energy band is described by  the product  of the density of final states and the mean 

Franck-Condon factor. In  a moleculc like benzene, the energy density in the 
ground state increases with increasing vibrat ional  energy (,3). The mean Franck- 
Condon factor is known from the Franck-Condon envelopes of the impor tant  
progressions and has a maximum when the transit ion energy is ,~pproximately 
equal to the 0-0 transition. As a result, we get a continuous spectrum, which, at 
small vibrat ional  energies in the upper state, starts at the 0-0 transition wave- 
length, has ~ maximum somewhat shifted to the red and ~ long tail fur ther  to 
the red end. I f  we increuse the vibr,~tional energy in the upper state, the spec- 
t rum shifts steadily to the blue. 

Statist ical  distributions which show continuous spectra are prepared in 
different ways:  by  irradiation of background absorption, by isoenergetic energy 
flow in the molecule and by collisions. 

Hexafluorobenzene shows an unresolved absorption spectrum, l ts  con- 

t inuous gas phase spectrum is, therefore, caused by  excitation of a statistical 
distribution of modes. They have a vibrat ional  energy of about  5800 cm ~. 

The fluorescence is considerably shifted to the blue, compured with a relaxed 
liquid-phase spectrum. Since the gas phase spectrum has its maximum near 

(12) A. S. ABRAMSOI~-, K. (~. SPEARS and S. A. :RICE: J. Chem. Phys., 56, 2291 (1972). 
(13) 5[. BIxo~ and J. JORTNER: J. Chem. Phys., 48, 715 (1968). 
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the 0-0 transition, and is not  shifted to the red, its shape is obviously deter- 

mined by  the Franck-Condon envelope ra ther  than  by  the increase of energy 
density (see fig. 5). 

CeHsF and 1,4-C6HdF2 are also excited in a background absorption region. 
The maxima assigned above in 1,4-C6HdF2 show tha t  the intramolecular  energy 
flow is efficient, even during the short lifetime of the difluorobenzene. Thus 
the state (7a)211, which is not  excited directly, fluoresces strongly. 

The benzene spectrum exhibits a large amount  of resonance fluorescence, 
which shows tha t  in benzene the collisionless energy flow is not  fast  enough 

to depopulate the discrete vibronic levels completely, in spite of the longer 
lifetime of benzene and the high energy density at  the vibrat ional  levels ex- 

cited in the experiment.  The background emission is still much stronger com- 

pared to resonance fluorescence than  in benzene excited at  a longer wave- 
length (253.7 nm (~4)). This can be caused by  the higher energy densi ty  at  

the vibrat ional  energies of S~ pumped by  the  excimer laser. The background 
is shifted to the blue compared with excitat ion at  lower photon energies. 

The temporal  behaviour  of benzene fluorescence depends in a complicated 
way on the pressure. The vibrat ional  energy of the electronically exci ted 
molecules decreases by  collisions and thus they  reach levels which have longer 
collisionless lifetimes than  the initially excited state. Thus it m ay  happen  

that ,  monitoring a given emission wave-length, one sees at  low pressure fluor- 
escence from high vibronic levels with short lifetime, at high pressure fluor- 
escence from levels near the vibrationul ground state  in S~, which have much 
longer lifetimes. The effective lifetime then increases with pressure or, at  least, 
does not  decrease as fast as the initial vibronic states are quenched. In  this 
way it is possible to interpret  fig. 4. 

At  a wave-length of 255 nm only discrete vibronic levels fluoresce. They  
are quenched by  benzene to a statistical distribution, which does not  emit  
at this wave-length. The rate constant is 5.10 ~* cm3/mol.s. 

I t  is well known from the l i terature tha t  this high rate  in benzene self- 

quenching is not  due to v-v t ransfer but  to Coulomb interactions. The process 

! tf f/ I !  / f 

C.H6(S~, v~) d- C6H.(So, vi) --> C~H.(S0, v s ~>vi ) d- C~H.(S~, vj<v~) 

has the same effect as a vibrat ional  deact ivat ion unless the molecules are 

distinguished by  isotopic substi tution (1~). 
At  all longer wave-lengths, the decay rate  increases more slowly with pres- 

sure, since statistical distributions of lower vibrat ional  energy interfere. As 
fig. 4 shows, the effect is very  drastic near 270 nm at  the false origin 60 of the 

benzene fluorescence. 

(~a) j .M.  BLONDEAU and M. STOCKBURGEtr Ber. Bunsenges. Phys. Chem., 75, 450 (1971). 
(15) C. S. PARM~NT~n and K. Y. TANG: Chem. Phys., 27, 127 (1978). 
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The irregular behaviour of lifetime in benzencs can be approximated by 
the (( step ladder model ~)(~). This model reduces the vibrational manifold 
in the excited state to a ladder formed by a single harmonic mode. The decay 
constant  of the (~ steps ~ increases linearly with the vibrational quantum number. 

The model qualitatively shows tha t  the strong pressure dependence of the 
measured lifetimes can be explained by variation of decay rate with the vibra- 
tional level (~:). The mathematical  evaluation, however, makes essential use 
of a solution of stochastic equations for the population of the vibrational 
states. Since we need to introduce not only population factors, but  also spectral 
distribution of emission, we cannot quanti tat ively apply this model to our results. 

4"3. Photodissociation. - The appearance of CF~ in the photolysis of C6F 6 

at 248 nm is surprising, since the molecule contains strong chemical bonds and 
is photochemically stable at  wave-lengths longer than  230 nm (is). I t  can 
only be explained by mult iphoton absorption. We propose a mechanism 
(eq. (4.1) to (4.6)), which explains our results: 

(4.]a) C6F6(8o) + hr~ -~ C6F6(S~), 

(4.2a) CoFo(S~) -~ C~F~(~o) + hr~,, 

(4.2b) C6F~($2) -~ CsF 4 : CF2, 

(4.3) C~F4_-- CF2 ~ hv -+ CF2(X ~A~, v~, v~, v3) -~ CsF~, 

(4.4) CF~(~A~,v~ ,v~ ,v .~ )  ~ ' ~ ~ C]~2(X A1, 0, 0, 0), 

(4.5) CF:(2~ ~A~, 0, 0, 0) -~ hr~ -~ CF2(AiB~,O,  6 , 0 ) ,  

(4.6) CF:(A ~B~, 0, 6, 0) -+ CFe()~ ~A~, v~, v.~, O) -~- hr~.  

By absorption of one photon (4.1a), the fluorescence of C6F6 (4.2a) is ex- 
cited. The states reached thereby can also serve as intermediates for the two- 
photon absorption (4.1b). C~F8 then has about 15 eV of energy and under- 
goes isomerization (4.2b). 

The precursor of CF2 is probably CsF 4 ~ CF~ (4.3). 
The fluorescence spectrum of CF~ from C6F6 photolysis (4.6) is the s,~nlc as 

from SVL excitation of the state .4~B1(0, 6, 0) (19) (fig. 6). This shows tha t  
no electronically excited CF~ is formed (4.3). Therefore, the CF2 can be de- 
tected only from its laser-induced fluorescence spectrum ((4.5) and (4.6)). 

(16) K. F. FREED and D. F. HELLER: J. Chem. Phys., 61, 3942 (1974). 
(1~) R. P. STEER, M. D. SWORDS and D. PnILLIeS: Chem. Phys., 34, 95 (1978). 
(is) A. K. BASAl, G. P. SEMEL[U, and J. U~GER: J. Phys. Chem., 70, 1337 (1966). 
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C]~2(X1A1) on ly  ~bsorbs  t h e  K r F  luser  rud i~ t ion  in  i ts  v i b r o n i c  g r o u n d  

s tu te  (~a). W e  suppose  t h u t  t h e  i n d u c t i o n  p e r i o d  of CF~ f luorescence  is seen,  

becuuse  CF2 comes  v i b r ~ t i o n u l l y  e x c i t e d  f rom (4.3) ~nd h~s to  be  quenched ,  

be fo re  i t  cun be  de t ec t ed .  D u r i n g  t h e  17 ns  of pu l se  d u r u t i o n ,  no s igni f icunt  

v i b r u t i o n a l  quench ing  can  t uke  p l ace  ~t  t he  p res su res  used  in th i s  e x p e r i m e n t .  

The  a u t h o r s  wish to  t h u n k  Prof .  H .  GG. WAGNER for  his i n t e r e s t  in th is  work .  

(xg) D. S. KING, P. K. SCtIENCK and J. C. STEPHENSON: J .  Mol. Speetrox., 78, 1 (1979). 

R I A S S U N T O  (*) 

Si ~ osservata nella fase di gas la fluorescenza di C6H6, C6HsF, 1, 4-C6H4F 2 e C6F 6 
ecci ta t i  da un laser a KrF.  La  vit~ media senza collisione di C6H 6 (~I~B2~) con 
un'energia vibrazionale da 2000 a 3000 cm -~ b 28 ns, eiob due volte pifi piccola ehe 
nei precedenti  r isultat i .  L 'autospegnimento del benzene por ta  alla r idistr ibuzione del- 
l 'energi~ vibrazionale nello s~ato 5'1. C6F ~ dh CF~ quaudo b i r radiato col laser. 

(*) Traduzione a eura della Redazione. 

Oayopecnemma 6enao~a n ero t~TOpnblx IlpOH3BO~UblX B ra3onofi ~paae, nn~lYUnpOBannan 

KrF-~ia3epoM. 

PeaIoMe (*). - -  B ra3oBo~ qba3e Ha6n~o~aeTcn qbJlyopect~eHm~a C6H 6, C6HsF, 1, 4-CaH4F2 
H C6F 6, BO36ym~eHHbIX KrF-na3epoM. BeccTOnKHOBrITenbHOe BpeMa ~K~I3HI~ C6Ha(A~IB2~) 
npa 3HaqeHnaX aa6patmoHuo~ aHeprrm or  2000 )Xo 3000 CM -1 COCTaBnaeT 28 HC, qTO 
B ~Ba pa3a MeribnIe npe~,t~ymHx pe3ynbTaTOB. CaMorameHrm 6eri3oJia np~IBO~rIT K 
nepepacnpe;IeneHnm Bn6paunonno~ aHepraa B S 1 COCTO~[HnI/I. C 6 F  6 npeBpamaeTc~ B CF2 
npri o6ny~teHnri na3epoM. 

(*) Hepeeec)eno peOamlueiL 


