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SPECTROSCOPY LETTERS, 8 ( 9 ) ,  711-718 (1975)  

ON THE W H A N I S M  OF "HOLE BURNING" I N  VIBRONIC SPECTRA 

OF COMPLEX ORGANIC C0MpoUNl);j 
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The "hole burning" in continuous vibronic absorption 

spectra  on photobleaching of  dye solut ions was usual ly  in- 

vest igated by two methods. 

One s e t  of experiments cons is t s  of d i r e c t  measurements 

on l i g h t  absorption by the cry-ptocyanine solut ions i r r a d i a t -  

ed by a Rb-laser monopulse ( d b  = 14400 cm"). Prom the  

measurements on absorption of photobleaching rad ia t ion  of 

di f fe ren t  spec t ra l  width (AS = ? , A $  b2 = 0.05 cm-') 
4 bl 

Guiliano and Hess ' found the width of a supposed "hole" t o  

be 69) 1 cm-'. Using the  flashlamp rad ia t ion  f o r  measure- 

ment of the absorption spectrum of the bleached so lu t ion  

Spaeth and Sooy 

was sd< 4-0 cm-' and t h a t  the so lu t ion  did not  undergo pho- 

tobleaching outside the "hole" region. Contrary t o  these 

f a c t s ,  i t  was shown i n  o u r  experiments3 t h a t  the invest igat-  

ed solut ions undergo near ly  constant r e l a t i v e  bleacning 

along t h e i r  absorption spectra being: measured by means o f  

2 found t h a t  the width of a possible  "hole" 
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712 NEPORENT AND MAKOGONENKO 

rad ia t ion  of a probe dye l a s e r .  In s o  doing, i t  was noted 

t h a t  an increase i n  transmission f o r  bleaching rad ia t ion  

4 = d b  appeared t o  be more than t h a t  f o r  measuring radia- 

t i o n  of the broad-band probe dye-laser a t  d n = 9 (cf .  

Fig. 1). Bleaching of cryptocyanine solut ions i n  a wide 

spec t ra l  region was a l s o  observed by Bonch-Bruevich, Razu- 

nova and Skorobogatov '. Using a dye l a s e r  f o r  measurements, 

they f a i l e d  t o  observe any p e c u l i a r i t i e s  i n  the absorption 

spectra  of photobleached solut ions.  Lastly,  Uiourou, Drouh 

and Denariez-H~berge~ d i r e c t l y  observed the "hole" o f  the 

width 83 8 cm-' burned by a Rb-laser picosecond pulse.  

They used f o r  the measurements a p a r t  of the same radiat ion,  

the spectrum o f  which had been broadened by means o f  s e l f -  

phase modulation. 

The contradictory r e s u l t s  mentioned above are  t rea ted  

i n  d i f fe ren t  ways. The authors of Refs.1s2s5 considered the 

formation o f  the "hole" as  a "burning" o f  some components o f  

inhomogeneously broadened vibronic spectrum of cryptocyanine. 

On the c o n t r a q ,  in Ref.' the ground electronic  s t a t e  o f  a 

cryptocyanine molecule i s  considered as  homogeneously 

broadened one. Such broadening was ascribed i n  Ref. only 

to  the absorption spectra  o f  phthalocyanine solut ions,  s ince 

Gire' had observed no Fpectral  "hole" when these solut ions 

bleached. It  shou ld  be noted t h a t  i n  o u r  experiments3 cryp- 

tocyanine a ~ d  piithalocganines displayed trie similar proper- 

t i  1:s uf photobleacliing. 

2 

I n  anotLie1. s e t  o f  experiments Lhe spectral  hole  mas 

inves t iga t ed  by rx%ms uf r 'orced synciwonizntion o f  Rb-lasers 
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"HOLE BURNING" I N  V I B R O N I C  SPECTRA 713 

when a passively &-switched slave l a s e r  was pumped by a mo- 

nopulse of the master one, the former acting as the most 

sensit ive indicator of  the properties o f  the dye solution 

which f o r m  the Q-switch. G-power and Kaiser7 bleached 

Q-switches (crgptocyanine solutions) of two slave l a se r s  

by one master pulse, forcing them t o  operate simultaneously 

and t o  capture the frequency Sb o f  the master laser .  

Soffer and McFarland8, using the metal-free phthalo- 
cyanine solution, and Hercher, Chu and Stockman 9 , using the 

solutions of phthalocyanines, a l s o  achieved pulse synchro- 

nization and frequency capture. These phenomena were observ- 

ed in Ref .8 i f  the pulse delay of the slave l a se r  did not 

exceed 400 psec. The pulse synchronization decreased t h i s  

time t o  50 nsec. The authors o f  Refs.8y9 considered the cap- 

ture of  the frequency d b  by the slave l a se r  with t h e  forrna- 

t ion of spectral  "hole" on the background of the residual 

absorption of the Q-switch bleached by the master pulse.The 

formation o f  the "hole" i n  the Q-switch absorption spectrum 

had also been proposed by Rass" and Soffer" i n  order t o  

explain spectral  narrowing o f  the Rb-laser with the forma- 

t ion o f  a giant pulse. 

In the whole s e t  o f  e ~ p e r i m e n t s ~ * ~ ' ~  the solutions o f  

cryptocyanine and o f  the phthalocyanines behave i n  the same 

manner, tha t  is in contradiction t o  the data and conclu- 

sions of Refs.2s6- Gloreover, o u r  experiments showed tha t  

phthalocyanine solutions need an o r d e r  factor  l o w e r  powers 

of the master laser for synchronization and frequency cap- 

ture. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



714 NEPORENT AND MAKOGONENKO 

A t  present there i s  no doubt tha t  the bleaching of 

dye solutions in the limits o f  the whole vibronic absorp- 

t ion band i s  associated with decrease i n  the population of 

the levels  of  the i n i t i a l  ground s t a t e  o f  molecules inves- 

tigated under suf f ic ien t  powerful radiation. (The distribu- 

t ion  of molecules between the excited levels  of the same 

(s inglet)  channel, the levels  of  isomeric configurations 

and s t a t e s  of other mult ipl ic i ty  ( t r i p l e t  ones) i s  the sub- 

j ec t  of calculation and investigation i n  a great number of 

papers). 

In re la t ion  t o  the "hole burning" we are compelled t o  

ascer ta in  tha t  the assumption o f  burning by means o f  bleach- 

ing radiat ion of  the components o f  inhomogeneous broadening 

of the absorption spectra of the solutions under investiga- 

t ion cannot suggest an exhaustive explanation f o r  the cont- 

radictory experimental data. In part icular ,  transmission of 

photobleached solutions depends on the experimental condi- 

t ions and on the properties o f  measuring radiat ion t o  a 

greater  degree than on the type o f  absorbing molecules. 

We are of  the opinion,  that distinguishing features  of 

the absorption spectrum of  photobleached solution which 

reveal as a "hole" near the bleaching radiation frequency 

d b  must be associated with diffract ion phenomena on labi l  

(dynamic) holographic l a t t i ce s .  Such l a t t i c e s  are formed i n  

the solutions under investigation as  a r e su l t  of  opt ical  

t ransi t ions i n  the absorption centers i n  the interference 

f i e l d  of bleaching and measuring beams. Depending on the 

following processes i n  the centers,  the l a t t i c e  may be 

amplitude o r  phase in character, but i n  a l l  cases a par t  of 
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"HOLE BURNING" IN VIBRONIC SPECTRA 7 15 

more powerful bleaching radiation d i f f rac ts  on t h i s  l a t t i c e  

i n  the direction of the weaker measurhg one. This diffrac- 

t ion e f fec t  gives r i s e  to frequency capture i n  the experi- 

ment~~'' and is responsible for seeming decrease i n  the ab- 

sorption near 4 
effective spectral  width of the frequency 9 
enough t o  provide the formation o f  the l a t t i ce .  An increase 

i n  the spectral  width of $, involves a decrease i n  the la t -  

t i ce  contrast  and the widening of the diffracted beam, i .e.  

the disappearance of  the "hole-burning" effect  i n  the expe- 

riments . 

d b i n  the experiments5, i n  which the 

is  small 

2-4 

It is also l ike ly  that the elevated transparency of 

photobleached solutions for the bleaching radiation 9 b 

(Fig. 1) established in is caused by the formation of  

a system o f  standing waves when t h i s  radiation in te r fe res  

w i t h  i t s  p a r t  ref lected f rom the walls of the cavity. In 

th is  case spa t ia l  redis t r ibut ion o f  the l i g h t  f i e l d  inten- 

s i t y  and nonlinear photobleaching of the solution in the 

regions of high f i e l d  in tens i t ies  r e su l t  in an increase in 

the observed transparency of the s t ructure  in comparison t o  

the solution influenced by t ravel l ing wave. The spectral- 

seleceive elevated transparency of the structure formed by 

standing waves i n  a passive Q-switch was applied by 

Schmackpfeffer and Weber'* (contrary t o  Refs. "O,"') f o r  

explanation of the spectral  narrowing o f  giant monopulses. 

Such a structure was observed in the experiments of Harri- 

son, Key, L i t t l e ,  Magyar and Ratzensteinl3. 

Based on the above considerations i t  is easi ly  seen, 

t ha t  all results o f  interest ing experiments of  Derkacheva 
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716 NEPORENT AND MAKOGONENKO 
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Fig. I 

in  glycerol 
The absorption spectrum of cryptocyanine 

-i 

- of non-ixradiated solution (measured by a 

- of non-irradiated solution (measured by a 

- of photobleached solution (measured by a 

- of photobleached solution (measured by 

spectrophotometer) 

probe organic dye laser ) ,  

probe organic dye l a se r ) ,  

photobleaching radiation i t s e l f ) .  

and Petulchov'' can be explained by the act ion of the l a t t i c e  

formed i n  a dye solution by interact ion o f  two exciting 

beams. Narrow band generation is explained by the selecting 

action of such a l a t t i c e ,  and the "generation" i n  the di- 

rection symmetrical t o  the cavity axis is explained by 

diffract ion o f  this narrow band radiation a t  the l a t t i c e  

considered. 

Je succeded t o  prove i n  the mentioned above experiments 

analogous t o  tha t  the frequency capture of the 

master l a se r  by the slave one was precisely associated with 
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“HOLE BURNING” I N  V I B R O N I C  SPECTRA 717 

d i f f ract ion “injection” o f  a pa r t  of radiation o f  bleaching 

pulse 

mechanism. We used the properbj o f  OUT master l a s e r  with 

active Q-switching t o  l ase  i n  some conditions two-frequency 

i n t o  the cavi ty  of the slave l a se r  by the above 

pulses (frequencies 4 and 9 ) with spacing 2.2 cm” 
bl  b2 1 

when the width of each component was = 0.04 ern-.'. It was 

established that  if the passive Q-switched cryptocyan 

slave l a se r  was tuned t o  an i n t r in s i c  frequency 4 m S . ~  

it  captured both master l a se r  frequencies on synchroniza- 

t ion (Fig. 2),  with las ing only these frequencies. Such a 

r e su l t  would be impossible on burning of separate components 

i n  inhomogeneously broadened absorption spectrum o f  crypto- 

cyanine, since according t o  re l iab le  r e su l t s  o f  Refs’”, 

the hole width burned i n  this manner is about some more cm” 

i%;+sb2 

Fig. 2 
Pre quenc y cap t w e  

a - the emission spectrum of the slave l a s e r  

b - the emission spectrum of the master l a s e r  
c - the emission spectrum of the slave laser 

a t  frequency capture of the master one 

i n  a f ree  regime 
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7 18 NEPORENT AND MAKOGONENKO 

b l  
which can provide no advantage of burning frequencies 4 
and 4 
diffraction "injec tion" makes this advantage to be possible. 

compared to the intrinsic frequency 9,. The 
b2 

I. C.R.Giuliano and L.P.Hess, Appl.Phgs.Lett., 2, No.5, 196, 
(1966) 

2. M.L,S aeth and W.R.Soog, J.Chem.Phys., 48, No.5, 2315, 

3. V .A .Xr~&ov, G. V .Lukomsky, A .  G .Makogonenko and V .B. Shilov, 
(19687. 

Abstracts of the International Conference on Luminescence, 
Leningrad, A u g u s t  17-22, 7972. 

4. A M.Bonch-Bruevich, T .K. Razumova and I. 0. Starobogatov. 
Optika i Spektr., z, N0.4, 640, (1973). 

5. G.Mourou, B.Drouin and M.NI.Denariez-Rober@;e, Opt.Communs., 

6. F.Gires, L'onde Electrique, 3, N0.484,485, p.976,(1967). 
7. H.Opower and N.Kaiser, Phys.Lett., 21, No.6, 638, (1966). 
8. B.H.Soffer and B.B.McFarland, Appl.Phys.Lett., t3, No.7, 

166, (1966)- 

9. M.Hercher, iiJ.Chu D.L.Stochnan, I J U X  J.Quant.Electr., 2, 
No.11, 954 (1968). 

10. D.Rtiss ,  Z.Naturforsch., @, 696, (1965). 

11. B.H.Soffer, J.Appl.Ph;ys., 2, 2551 (1964). 

12. A.Schmackpfeffer and BAVeber, Z.angew.Phys., 3, No.6, 

13. H.G.Harrison, P.Key, V.L.Little 

14. L. D . Derkacheva and V . h . Pe tukhov, Quant . Elektronica(USSR) 

- 89 No.1, 56, (1973). 

413, (1967). 
G.Magyar and J.Katzen- 

stein, Appl.Phys.Lett., 3, No.8, 253, (1968). 

1, No.9, 1949, (1974). 
Received July 24, 1975 
Accepted September 2, 1975 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


