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Abstract WE: repo r t  the observat ion o f  ant i-Stokes luminescence from the 
bul k o f  "purel' CdS. Thi s phenomenon i s expla ined by a cooperat i ve  absor- 
t i o n  mechanism o f  two photons enhanced by exc i tons  i n  the c r y s t a l .  

The so-cal led ant i-Stokes luminescence has been observed be- 

fo re  i n  d ~ ~ e d - m a t e r i a l s ~ ' ~ ' ~ ,  bu t  t o  our knowledge nobody has reported 

a s i m i l a r  e f f e c t  i n  pure ma te r i a l s .  Since both sequencial and coopera- 

t i v e  mechanismshave been proposed as explanat ion o f  t ha t  phenomenom4 i t  

i s  i n t e r e s t i n g  t o  look f o r  systems where the intermediate s ta tes  a re  

shor t- l ived,  s ince i n  t h i s  case f o r  a low l ase r  e x c i t a t i o n  the c o n t r i -  

bu t i on  o f  a sequencial mechanism w i l l  be n e g l i g i b l e .  

I n  t h i s  paper we repo r t  f o r  the f i r s t  t ime the observat ions 

o f  exc i t on  enhanced luminescence i n  the bu lk  o f  "pure" CdS, exc i ted  

by two photons i n  a cooperat ive mechanism. We have used a conventional 

l i g h t  sca t te r i ng  s e t  up w i t h  an argon ion  laser  f o r  the e x c i t a t i o n  l i- 

nes. The experiment was performed a t  10 K i n  a non i n t e n t i o n a l y  doped 

p l a t e l e t s  o f  CdS. The phenon~enom was observed already w i t h  a few m i l l i -  

wat ts  o f  Iaser  power. 

A-pure CdS would show i n  the  band gap reg ion o n l y  exc i t on  li- 

nes, these s ta tes  have normal l y  very shor t  l i f e  times, and a t  10 K = 
+ 

these l i n e s  are  near the Ar laser  energies. I n  f i g u r e  1 we show the 

a n t i  -Stokes spectra f o r  "pure" CdS a t  10 K obtained wi t h  4880 8,  4965 

8 and 5145 8 exci  t a t i o n s  l ines. Prominent Stokes luminescence can be 

seen i n  the  spectrum exci  ted by 4880 8 l ine,  Since the exc i  ton 1 ines a t  

10 K s t a r t  a t  energies near 19,436 cm-I (5145 8) our r e s u l t s  i nd i ca te  a 

two-photon abzorpt ion process enhanced by the i n t e r m e d i a t e e x c i t o n l e v e l s  
W i .  

* Permanent eddress: CCEN - Departamento de F ís i ca ,  IJFPa, p ~ .  - 
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Fig.1 - Luminescence spectra o f  "pure" CdS exc i ted  by two photons i n  a  

cooperat ive mechanism, t h e  l ase r  i n t e n s i t i e s  c o r r e s p o n d i n g  t o  less  

than 1 o Z 4  photons/(s.m2). 

I t  i s  we l l  known6 t h a t  the  t r a n s i t i o n  m a t r i x  element f o r  two- 

-photon absorp t ion  process i s  p ropo r t i ona l  t o  

WL - Wi 

-+ 
i 

where D i j  i s  the m a t r i x  element o f  the  e l e c t r i c - d i p o l e  moment between 
+ 

s ta tes  ] i >  and li>, E a re  the  1 i g h t  p o l a r i z a t i o n  vectors,wL i s  the  
L,s 

laser  frequency and wi i s  the  frequency obtained from the energy d i f f e -  

rence between any exc i t ed  s ta tes  li> and the ground s ta tes  o f  the e lec-  

t r o n i c  Hamiltonian of the c r y s t a l .  The symbols o and f stand f o r  the  

ground and the f i n a l  s ta tes  respec t i ve l y .  I n  general, wi i s  g reater  

than w which makes (wL-wi)-' smal ler  than (w - w ) - ' .  But i f  i t  hap- f' L  f 
pens t h a t  the  intermediate s t a t e  i s  between the i n i t i a l  and f i n a l  s ta -  

tes  (w0 < U .  c: W ) and has non-zero e l e c t r i c  d i p o l e  m a t r i x  elements, the- 
2 f 



r e  would be an enhancement o f  the  t r a n s i t i o n s  m a t r i x  element. I n  the  

present case these cond i t ions  can be f u l f i l l e d  by e x c i t o n i c  l eve l s  pre-  

sent i n  the band gap near the  conduction band5. Supposing t h a t  there  i s  

on l y  one intermediate exc i t on  leve1 co r i t r i bu t i ng  t o  the  process, t he  
- 2 

luminescence i n tens i  t y  must be p ropo r t i ona l  t o  (wL;-wi) . This i s  shown 

i n  f i g u r e  2, where we have p l o t t e d  the reciproca1 square roo t  o f  obser- 

Fig.2 - Rec 

energ i es . 

ved i n t e n s i t  

procal  square roo t  o f  the observed i n t e n s i t i e s  vs laser  

es vs laser  frequencies ( t he  i n t e n s i t i e s  w i t h  5145 8 l aser  

l i n e  a re  ve ry  weak, so we d i d  not  use them i n  the  f i g u r e  2 ) .  From f i g u -  

r e  2 we ob te in  the intermediate exc i  ton frequency cai equal t o  20,780t250 
- 1  

cm , which i s  c lose t o  the exc i t on  frequencies i n  CdS. 

I n  conclusion we c la im  tha t  the so c a l l e d  ant i-Stokes lumines- 

cence we observed i n  "pure" CdS i s  no th ing  more than the  luminescence 

r e s u l t i n g  fi-om absorpt ion o f  two photon (cooperat ive mechanism),enhan- 

ced by the sx is tence o f  the intermediate exc i t on  s t a t e  b e t w e e n  the 

ground and f i n a l  s ta te .  
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RESUMO 

O presente t raba lho apresenta resul tados da observação de l u -  
minescência ant i-Stokes do i n t e r i o r  de um c r i s t a l  de CdS "puro". Este 
fenômeno 6 expl icado por mecanismo de absorção cooperat iva de do is  f ó -  
tons ena l tec ido  por n í v e i s  de exc i tons  no c r i s t a l .  


