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SPECTROSCOPY LETTERS, 8(9), 669-684 (1975) 

GENERATION OF STIMULATED EMISSION BY GRBAT 

MOLFCUL8S AT I D W  TEMPERATWS 

M. V.Melishchuk , E .A. Tikhonov, M. T.Shpak 
I n s t i t u t e  o f  Physics, Academy of Sciences of the 

Ukrainian SSR, Kiev, USSR 

Abstract: The paper ou t l ines  the pr incipal  f e a t u r e s  of t he  

l o w  temperature dye o s c i l l a t i o n ,  primarily t h e  polymethene 

dye laser .  The key physical r e s u l t  is  r e l a t e d  t o  the nonhomogen- 

eoua broadening of  the dye l a s e r  t r a n s i t i o n s  a t  l o w  temperatures. 

For  the f i r s t  time the nonambiguous experiments run t o  confirm 

reasonably the dependence o f  t h e  fluorescence spec t r a  of t he  

polymethene dye solut ions on t h e  solvent ,  mean exc i t a t ion  

frequency and linewidth. 

The main f ea tu re  o f  dye stimulated emission spectra  a t  

low temperatures is the occurence o f  many narrow l i n e s  specify- 

ing all. the dyes. The o r ig ina t ion  of t h i s  quasi l ine s t r u c t u r e  

is explained by the  idea about the nonhomogeneous broadened 

t r a n s i t i o n s  of dye solut ions a t  low temperatures. 

INTm DUCTION 

The temperature region over which l a s e r  o e c i l l a t i o n  occurs 

on complex organic molecules ranges f r o m  4.2 t o  600°K [1,2,3,4] a 

High temperatures a t  which the act ive media of dyes a re  i n  the 
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670 MELISHCHLK, TLKHONOV, AND SHPAK 

gaseous state o f f e r  the challenge pa r t i cu la r ly  f o r  the l a s e r s  

where the e l e c t r i c  discharge was used instead of the o p t i c a l  

p ump ing . 
Low temperatures a r e  sometimes the necessary condition 

f o r  the o s c i l l a t i o n  threshold t o  be achieved (e.g. i n  semi- 

conductor l a s e r s ) .  I n  dye l a s e r s  the temperature e f f e c t  i s  

multiform. The dye l a s e r s  a t  very l o w  temperatures (below 77OK) 

seem not very promSsing i n  pract ice  because high-quality and 

s table  t o  o p t i c a l  damage matrices are  d i f f i c u l t  t o  obtain 

under these conditiuns. I n  t h i s  case the induced losses  are 

very large what i s  especial ly  undesirable for the cw o s c i l l a -  

t i o n .  On the other  hand, it may be o f  p r a c t i c a l  i n t e r e s t  t o  

use moderately low temperatures a t  which the dye solut ion 

becomes suff i c i e n t y  viscous and yet  op t i ca l ly  homogeneous 

(respect ively the quantum y i e l d  e s s e n t i a l l y  increases ,  t he  

photochemical bleaching is slowed down 153 ). Operation under 

above conditions r e s u l t s  i n  a higher eff ic iency of  dye l a s e r s ,  

especial ly  o n  polymethene dyes o s c i l l a t i n g  i n  the region 

7000-1200 

temperatures involves the d e t a i l e d  study of molecule spectro- 

scopic cha rac t e r i s t i c s .  Below some o r ig ina l  r e s u l t s  on the 

spontaneous and stimulated emission from the polymethene dye 

solutions a re  presented within the temperature range 300-4.2°K. 

1 

161 . The successful  use o f  dye l a s e r s  a t  low 

SFECTRAL CHARACTERISTICS OF pOLYFJX2HE3E DYES AT L3W 

TEMYFJUTURES 

The complex molecule model used i n  the o s c i l l a t i o n  

theory is  based on the idea of the homogeneously broadened 

t r a n s i t i o n s  i n  the dye molecule and gives a valuable r e l a t i o n  
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STIMULATED EMISSION BY GREAT MOLECULES 671 

where 

sec t ions ,  q0 is  the  pure e l e c t r o n  t r a n s i t i o n  frequency i n  cm- , 
KT is  t h e  thermal motion energy [7,8] . This  r e l a t i o n  holds  t r u e  

a l so  f o r  t h e  inhomogeneously broadened t r a n s i t i o n s  provided t h e  

energy d i s t r i b u t i o n  o f  c e n t r e s  is  o f  an equi l ibr ium type [g]. 

Inhomogeneous broadening i n  t h e  s p e c t r a  o f  complex molecules 

with the  cons tan t  d ipole  moment (merocyanine, phtal imide)  o r i g i -  

na t e s  from t h e  spread o f  t he  d ipole  moment o r i e n t a t i o n s  with 

r e spec t  t o  t h e  d i r e c t i o n  o f  t h e  l o c a l  f i e l d  r e s u l t e d  f r o m  t h e  

so lvent  molecules. Fo r  polymethene dyes,  t h e  o r i e n t a t i o n a l  

i n t e r a c t i o n  energy i s  n e g l i g i b l e  as compared t o  t h a t  o f  Van d e r  

Waals i n t e r a c t i o n  [IO] , and it is  t h e  d isordered  l i q u i d  s t r u c -  

ture  t h a t  is  respons ib le  for t he  s p e c t r a l  inhomogeneity. A t  

room temperatures ,  even i n  such viscous so lven t s  a s  g lyce ro l ,  

e thylene g lyco l ,  t h e  equi l ibr ium molecule d i s t r i b u t i o n  can be 

s e t  i n  during t h e  l i f e t i m e  o f  t he  exc i t ed  e l e c t r o n  s t a t e .  This  

r e s u l t s  i n  a good agreement between t h e  o s c i l l a t i o n  cha rac t e r i s -  

t i c s  and t h e  theory based on t h e  r e l a t i o n  (I).As t h e  temperature  

is lowered the  r e l a x a t i o n  processes  i n  t h e  l i q u i d  g e t  e s s e n t i a l -  

l y  slowed down, t h e  absorp t ion  and f luorescence  s p e c t r a  become 

s t a t i c a l l y  inhomogeneous. The long-wavelength band halfwidth 

of  t h e  absorp t ion  s p e c t r a  i s  l a r g e l y  caused by s t a t i s t i c a l  

p rope r t i e s  o f  t h e  g lassy  so lvent  r a t h e r  than by t h e  intramole- 

cu la r  processes ,  and f o r  one of polymethone dyes (e.g. crypto- 

cyanine) it can range f r o m  250 cm-I i n  propanol t o  690 cm-I i n  

g lycero l  [11] .Under these  condi t ions  it is impossible t o  ex t ra -  

Ca($), 6 , ( J )  a r e  t h e  absorpt ion and emission cross-  
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6 72 MELISHCHUK, TIKHONOV, AND SHPAK 

polate the ideas of the homogeneously broadened t r a n s i t i o n s  f o r  

t he  descr ipt ion o f  the o s c i l l a t i o n  processes a t  low temperatures. 

The fluorescence spectra  s tud ie s  a t  4.2'K sholk-ed t h a t  t he  

shape and halfwidth o f  t he  long-wavelength bands a re  eeeential-  

ly dependent on the spec t r a l  width and wavelength of t he  excit-  

ing radiation. FIG, I shows the  long-wavelength absorption 

spectrum (dotted curve) and relevant  fluorescence bands (curve 

1-12) of the 3-3'-diethyl-g,II ,I3 (penta-I" ,3",5"-triethyl)- 

t h i a th i azo l  inotricarbocyanine iodide,  excited a t  the d i f f e r e n t  

p u t s  o f  the  absorption spectrum by the quasimonochromatic 

l i g h t  with the l i n e  width 5 nm. 

It is  seen f r o m  FIG.1 t h a t  under exc i t a t ion  a t  the short  

wavelength edge the fluorescence spectrum is  wide and has the  

s t ructure .  The increase of the exci ta t ion wavelength r e s u l t s  i n  

an i n t e n s i t y  r e d i s t r i b u t i o n  i n  favour of  one m a x i m u m ,  the  band 

gets  narrower and s h i f t s  towards longer waves. The narrowest 

band with the halfwidth 5180 cm-' was observed under e x c i t a t i o n  

a t  the long-wavelength edge of the absorption band. With the 

temperature r i s e ,  the spec t r a l  dependence on the exc i t i ng  wave- 

length becomes weaker and a t  room temperature it vanishes. 
Similar dependences were observed f o r  a l l  the polymethene dyes 

presented i n  the  table .  

The results obtained are  well agreed with the assumption 

of t he  inhomogeneously broadened t r a n s i t i o n s  for the  polymethene 

dye solut ions a t  l o w  temperatures. Indeed, t h e  fluorescence 

spectrum is wide and has the s t ruc tu re  which is believed t o  be, 

associated w i t h  the  overlapping o f  the spectra  from individual 
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MELISHCHUK, TIKHONOV, AND SHPM 674 

Dyes 

I 

I1 

I11 

I V  

V 

V I  

TABI;E 

NEUIle Absorpt . 
eak(nm) P ethanol 

solut ion)  

3-3 '-diethyl-S,II  (13 (penta-I" ,3" ,5"-triethyl) 

-thiathiazolinotricarbocyanin iodide 70 5 
3-3'-diethyl-S,II ,I3 (penta-I",3",5"-triethyl) 

-thiatricarbocyanin iodide 750 

1-1 '-dimethylindotricarbocyanin iodide 750 
t r iscyanine perchlorate 70 6 

1-1 '-dFmethylaminobenzyltrimethyncyanine 

perchlorate 695 

cryptocyanine iodide 715 

centers  since the  shortwavelength edge of t he  absorption band 

i s  due t o  the  contr ibut ion from a11 kinds of centers. Towards 

longer waves the number o f  centers  involved i n  absorption 

decreases r e s u l t i n g  i n  a narrowing o f  the fluorescence band 

under study. Due t o  the exc i t a t ion  of the long-wavelength 

absorption band edge by the quasimonochromatic r ad ia t ion  one 

can dis t inguish one kind of  centers  and estimate approximately 

the homogeneous width o f  t he  fluorescence spectrum of the long- 

wavelength band. A t  4.2'K the fluorescence band halfwidth f r o m  

a s ingle  center  i n  the pure e l ec t ron  t r a n s i t i o n  region is  found 

t o  be *I80 cE' which is  3 t o  4 times l e s s  than the absorption 

spectrum halfwidth. A t  room temperature the homogeneous and in- 

homogeneous widths are  comparable and equal t o  500-600 cm- . 
From the  temperature dependence o f  the s ingle  center  spectrum 
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STIMULATED EMISSION BY GREAT MOLECULES 

halfwidth it was found t h a t  i n  the  low temperature region 

(Tc T ,where T 

cosi ty  reaches 10" poises) t h e  fluorescence spectrum from t he  

sample exci ted by the monochromatic l i g h t  a t  the absorptian 

band long-wavelength edge is  described f a i r l y  wel l  by the  

vibronic spec t r a  theory f o r  t he  impurity centers  i n  the matrice 

[I21 . A t  temperatures higher than T t he  band broadening g e t s  

more rapidly than it is  predicted by the theory. This r e s u l t  

agrees with the above statement t h a t  i n  the  l i q u i d  phase of 

solut ions the  excited molecules can undergo a p a r t i a l  o r  comp- 

l e t e  r e d i s t r i b u t i o n  during the exci ted s t a t e  l i f e t ime  according 

t o  t he  l o c a l  f i e l d  spread i n  the  matrice. That i s  why many kinds 

o f  centers  contribute t o  the  fluorescence. Therefore, t he  inho- 

mogeneous spectrum broadening a t  room temperature can be detect-  

ed only by the picosecond l a s e r  spectroscopy methods while t he  

study of the "hole burning" f o r  the  polymethene dyes in t he  

nanosecond range yielded no expected r e su l t s .  [I31 . Previously 

received r e s u l t s  on some polymethene dye solut ions (300°K, nano- 

second t h e  in t e rva l )  can be in t e rp re t ed  a s  the Rayleigh 

sca t t e r ing  e f f e c t s .  [14, 151 
PECULIARITIES OF STIMULATED EMTSSION OF DYES AT I D W  

TEMPERATURES 

675 

i s  the temperature a t  which the solvent vis-  
g g 

g '  

The polymethene dyes (Table) i n  such alcohol solvents  as 

glycerol ,  diethylene glycol ,  propanol , ethanol ,  were invest igat-  

ed. The act ive media length u t i l i z e d  was 1.5-2 cm. For each 

solvent the cooling oonditione were empirically chosen so  t h a t  

the optical.ly t ransparent  matrices could be formed a t  a l l  tem- 

peratures studied. Longitudinal pumping was performed by the 
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676 MELISHCHUK, TLKHONOV, AND SHPAK 

single-mode ruby l a s e r .  The dye Laser operated i n  the  super- 

luminiscence regime. 

According t o  t h e  temperature change of the  o s c i l l a t i o n  

spec t r a  we have two p a r t i c u l a r  temperature rangee: I) from 

T=3?0°K t o  T=Tg ; 2) from T=T t o  T=4.2'K. 
g 

I) Temperature Range from T = 3 0 ° K  t o  T=T . 
the  s p e c t r a  show t h e  s h i f t  of t h e  mean genera t ion  frequency 

with no change i n  the  spectrum width and a l s o  t h e  lowering of 

t he  o s c i l l a t i o n  th re sho ld ,  a s  t h e  s o l u t i o n  g e t s  cooler ,  In d i f -  

f e r e n t  so lven t s  t hese  p e c u l i a r i t i e s  a r e  displayed in d i f f e r e n t  

ways. 

a )  Glycerol. A s  t he  temperature i s  lowered f r o m  N O O K  t o  IW°K 

the  mean o s c i l l a t i o n  wavelength s h i f t s  towards s h o r t e r  waves 

almost without  t he  o s c i l l a t i o n  threshold  change. The s h i f t  

magnitude i s  d i f f e r e n t  f o r  a v a r i e t y  o f  dyes and weakly depends 

on t h e  o p t i c a l  dens i ty  o f  so lu t ion .  For  i n s t ance ,  f o r  t h e  dye I 

(see Table) t h e  s h i f t  i s  found t o  be 2 4 0  2, f o r  t he  dye I11 - 
90 9. With t h e  f u r t h e r  s o l u t i o n  cooling t h e  spectrum shows no 

s h i f t .  The o s c i l l a t i o n  spectrum of the  dye I a t  d i f f e r e n t  

temperatures T > T  is  shown i n  FIG. 2. 

b) Dyethelene ~ l y c o l .  A t  temperatures  ranging from P O 0 K  t o  

270'K t h e  dye I shows a s h i f t  o f  t he  uean o s c i l l a t i o n  wave- 

length  towards longer  waves wi th  a simultaneous lowering o f  

the  th re sho ld  (approxiniately t h r e e  t imes ) ;  i n  t he  range 270°K 

t o  Im°K the  spectruui s h i f t s  towards sho r t  waves involving no 

change of t he  threshold  and wi th  f u r t h e r  cool ing shows no s h i f t .  

c)Ethanol. Over the  whole temperature range we have t h e  s h i f t  

towards longer  waves with a simuitaneous lowering of t he  thPes- 

Within t h i s  range 
0 

g 
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STIMULATED EMISSION BY GREAT MOLECULES 677 

FIG. 2 

hold pumping power by an order o f  magnitude. The s h i f t  i s  more 

rapid i n  the high temperature region and is saturated near T=T 

The temperature dependence o f  the  mean o s c i l l a t i o n  wavelength 

f o r  t h e  dye 1 in d i f f e r e n t  solvents  are p lo t t ed  in  FIG. 3.  
The qua l i t a t ive  explanation of these s h i f t s  i s  as f o l l o w s :  

the o s c i l l a t i o n  spectrum s h i f t  t o w a r d s  s h a r t  waveleagths cor- 

r e l a t e s  w i t h  t h a t  i n  the fluorescence spectrum within t h e  same 

temperature range. The iong-wavelength s h i f t  is due t o  non- 

stat ionary processes i n  generation atudied a t  room temperature 

i n  Ref. [I61 . For ethanol 

conditions a re  created s ince a t  lower temperature the so lu t ion  

quantum y i e l d  becomes s ign i f i can t iy  larger .  Th i s  r e s u l t s  i n  

an e s sen t i a l  13wering o f  the osc i l l  a t i o n  threshold and, since 

a l l  the spectra have been obtained a t  the same pumping power, 

g ' 

as  a solvent ,  more favourable 
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678 MELISHCHUK, TLKHONOV, AND SHPAK 

730 - 

725 - 

720 - 

> roo 200 300 T O K  

FIG. 3 

each spectrum corresponds t o  t h e  appropr ia te  excess  of p u p -  

ing  over t he  threshold  (e.g. a t  B O O K  gp=&,hrt a t  1 8 0 ° K  

JP =I0 gthr). This  i n t e r p r e t a t i o n  agrees  wi th  t h e  curve 

dependence i n  FIG. 3 vs t h e  so lvent  v i s c o s i t y  a t  room tempe- 

r a t u r e ,  I n  v iscous  so lven t s  t he  increase  of quantum y i e l d  ie 

not l a r g e  t h e r e f o r e  the  temperature s h i f t  of t he  f luorescence  

spectrum con t r ibu te s  mainly t o  t h e  o s c i l l a t i o n  spectrum 

behaviour. For  nonviscous so lven t s ,  i n  t he  temperature range 

with the  l a r g e s t  increase  o f  t h e  quantum y i e l d  t h e  s h i f t  due 

t o  the  nons ta t ionary  invers ion  of populat ion i n  t h e  dye mole- 

cu les  dominates over t h e  temperature s h i f t  o f  t he  f luorescence 

spectrum. 

2)  Temperature Range from T=T t o  T=4.2'K. 

hhen approaching T=T t h e  o s c i l l a t i o n  band is markedly g 
broadened, t h e  o s c i l l a t i o n  threshold  remains unchanged or 

increases .  A s  a r u l e ,  t h e  l a r g e s t  increase  of the  threshold  

occurs i n  more v iscous  so lvents .  The o s c i l l a t i o n  spectrum 
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STIMULATED EMISSION BY GREAT MOLECULES 679 

broadens quickly. In t h e  narrow temperature reg ion  not  h igher  

than 20-W°K, the  spectrum width i s  3 t o  4 t imes as l a r g e  and 

a l a rge  broadening towards longer  waves i s  seen. With t h e  

f u r t h e r  lowering of temperature  the  o s c i l l a t i o n  band width is  

scarce ly  changed but  t h e  short-wavelength p a r t  of t h e  spectrum 

d i f fuses  near  T 

E 

and becomes narrow-line a t  4.2'K. (Fig.  4). 
g 

The frequency spacings from t h e  e x c i t a t i o n  l i n e  

remain constant  i n  t h e  same dye i n  d i f f e r e n t  so lvents  and 

can serve  as a dye c h a r a c t e r i s t i c .  Simultaneously with t h e  

narrow-line s t r u c t u e ,  i n  t he  d i f f u s e  p a r t  of the  spectrum 

sharp absorp t ion  bands a r e  observed. The whole spectrum is 

somehow dependent on t h e  s o l u t i o n  o p t i c a l  dens i ty  and t h e  

pumping power. For  t he  optimal th reshold  o f  t h e  o p t i c a l  

dens i ty  o s c i l l a t i o n  (d=4-5 f o r  t he  pumping frequency) and t h e  

pumping power above t h e  threshold ,  a d i f f u s e  background 

appears i n  t h e  s t r u c t u r a l  p a r t  of t h e  spectrum. For t h e  

dens i ty  above the  optimal no s t r u c t u r e  can be observed. F o r  

t he  d e n s i t i e s  below optimal only t h e  s t r u c t u r a l  spectrum is 

FIG. 4 

O s c i l l a t i o n  spectrum f3r t h e  dye I s o l u t i o n  (g lyce ro l ) .  
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680 MELISHCHUK, T M O N O V ,  AND SHF’AK 

exhibited. When the  so lu t ion  density is optimal t he  number 

of l i n e s  increases  near the diffuse p a r t  o f  the spectrum and 

i n  t h i s  region the spectrum is not reproduced f o r  every 

pumping pulse. The s h i f t  of the exc i t a t ion  frequency by 4 cm” 

leads t o  a correspondent s h i f t  of l i n e s ,  

General regul a r i t i e s  of the change in the o s c i l l a t i o n  

spectra  within the  temperature range T 4 T  can be qual i ta t ive-  

l y  explained from the comparison with the l o w  temperature 

fluorescence spectra  of t h e  relevant  dye solutions.  As it was 

mentioned above, a t  !I< T the systems under study show inhomo- 

geneous broadening and dependences of the curve shape and peak 

posi t ion on the exci t ing l i g h t  wavelength. With the f u r t h e r  

temperature decrease, i n  the fluorescence spectra  the  crude 

s t ruc tu re  is formed, whereas t h e  o s c i i l a t i o n  spectra  have the 

f i n e  s t ructure .  The fluorescence spectrum from the  dye I V  i n  

glycerol exci ted by the l i g h t  with < A ?  = 694 nm and width 

50 nm a t  4.2’K is pictured i n  PIG. 5. The stimulated emission 

spectrum obtained under the  exc i t a t ion  by ruby laser is  

schemati call y shown. 

g 

g 

The group of narrow bands of  the dye o s c i l l a t i o n  spectrum 

is shown t o  l i e  i n  the region of fluorescence spectrum. To 

prove t h a t  the quasi l ines  observed l i e  within the  fluorescence 

spectrum t h i s  l a t te r  should be defined under conditions s i m i l a r  

t o  those o f  exck$tion. They a r e  d i f f i c u l t  t o  be r ea l i zed  simul- 

taneously.Vdhen the  frequency condition was v io la t ed  we succeed- 

ed t o  observe the fluorescence spectrum o f  t he  dye I V  w i t h  the 

zero-phonon peaked t r a c e s  on the  general d i f fuse  background. 

(FIG. 6). 
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I - 
690 700 7 / 0  720 730 7YO 750 A, nrn 

FIG. 5 

It should be noted t h a t  t h i s  spectrum resu l t ed  from many 

centers  s ince  it has been obtained under e x c i t a t i o n  by He-Ne 

l a s e r  a t  t h e  sho r t  wavelength slope of the absorption spectrum. 

When operating in the  superluminiscence mode ( o r  o s c i l l a t i o n  

mode) the maximum enhancement of the dye so lu t ion  i n  the  

region of  these t r aces  occurs r e s u l t i n g  i n  the s t r u c t u r a l  

o s c i l l a t i o n  spectra.  
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682 MELISHCHUK, TIKHONOV, AND SHPAK 

Thus, inhomogeneous broadening o f  the absorption and 

fluorescence bands o f  the polymethene dye so lu t ions  exhibited 

i n  the  l o w  temperature region under the  monochromatic exc i t a t -  

ion(probab1y also a t  WO°K under picosecond pulse exc i t a t ion )  

suggests the following i n t e r p r e t a t i o n  f o r  the narrow l i n e  

s t ruc tu re ,  

1)Under exc i t a t ion  on t he  short  wavelength absorption spectrum 

edge, the absorption is  contributed from the  groups o f  centers  

w i t h  t he  e l ec t ron ic  and vibronic t r a n s i t i o n s  a t  resonance 

w i t h  the exc i t i ng  l i g h t  frequency. Therefore, the s t ruc tu re  

i n  the s t b u l a t e d  emission spectra  may be associated with 

d i sc re t e  vibronic t r a n s i t i o n s  i n  d i f f e r e n t  kinds of centers ,  

The spacings i n  the frequency scale  between the  exc i t a t ion  

and o s c i l l a t i o n  l i n e s  correspond t o  the v ib ra t iona l  wave num- 

bers o f  the  ground s t a t e  ( in the  case of exc i t a t ion  i n  the 

pure e l ec t ron ic  t r a n s i t i o n  region) o r  t o  t h e i r  combination 

w i t h  t h e  v ib ra t iona l  wave number8 of the  exci ted e i ec t ron ic  

state ( i n  the case o f  exc i t a t ion  i n  the  vibronic t r a n s i t i o n  

region). 

2 )  The s h i f t  o f  l i n e s  in t he  o s c i l l a t i o n  spectrum with the  

change o f  t h e  exc i t a t ion  wavelength r e s u l t s  f r o m  the inhomo- 

geneous broadening of t he  absorption and fluorescence bands, 

Since the  s h i f t  of t he  e x c i t a t i o n  frequency only by 4 cm’ 

brings about the o s c i l l a t i o n  l i n e  s h i f t  it can be assumed tha t  

the homogeneously broadened fluorescence spec t r a  have the f i n e  

s t ruc tu re  due t o  the zero-phonon l ines .  

3) T h i s  nonreproduceability of  some d i sc re t e  l i n e s  i n  the 

o s c i l l a t i o n  spectra  can be explained i n  terms of  a competition 

between the o s c i l l a t i n g  modes ex i s t en t  i n  the lasers w i t h  in- 

I 
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STIMULATED EMISSION BY GREAT MOLECULES 683  

homogeneously broadened transitions of the active media. 

The papers [I7, 18, 19, 203 studied a1 so the stimulated emission 
spectra from the dye solutions at low temperatures where the 

fine structure is interpreted in terms of stimulated Raman 

scattering of the pumping light on the electronically excited 

dye molecules. However the principal criterion of the Raman  

scattering based on the relation between the excitation and 

scattering frequencies becomes ambiguous because of the inhomo- 

geneous broadening. Other arguments favouring the essentially 

larger gain coefficient of the oscillation due to the stimulat- 

ed fluorescence as compared to that of the resonance R a m a n  

scattering are given in Ref. [2I, 223 . 
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