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H2-OCTAETHYLPORPHIN I N  AMORPHOUS POLYSTYRENE MATRIX: SPECTRAL 
HOLE BURNING AND SPECTRAL DIFFUSION 

Acad. Sci. ,  202400 Tartu,  Es ton ia  
* I n s t i t u t e  o f  Chemical Physics and Biophysics,  Es ton ian  Acad.Sci ., 

200104 T a l l i n n ,  Es ton ia  

Abs t rac t  A l l  exper imental  data a v a i l a b l e  on a low-temperature 
o p t i c a l  dephasing f o r  H,-octaethylporphin guest molecules i n  an 
amorphous po lys ty rene  hos t  a r e  discussed i n  r e l a t i o n  t o  s p e c t r a l  
d i f f u s i o n  processes. Some data pub l i shed  e a r l i e r  have once more 
been thorough ly  s t u d i e d  and some c o r r e c t i o n s  in t roduced,  a l s o  some 
new data a re  presented. A no tab le  dependence o f  t he  ho lew id th  on 
a bu rn ing  wavelength w i t h i n  the  i nhomogeneously broadened 0-0 ab- 
s o r p t i o n  band a t  T =  0.05 K has been observed. The s p e c t r a l  d i f f u -  
s i o n  i s  found t o  be a c t u a l  a t  T =  1.45 - 7  K and i s  n o t  a t  T<0.05 K 
and a t  T>8 K. 

I NTRODU CT I0 N 

A t  low temperatures the  o p t i c a l  homogeneous 1 inewid ths  r o f  i m p u r i t y  

mo7 ecul  es i n  amorphous hos ts  and t h e i r  temperature dependences r (T) 
d i f f e r  s t r o n g l y  from those observed f o r  t h e  same species i n  c r y s t a l s .  

Such a behaviour can q u a l i t a t i v e l y  be exp la ined i n  terms o f  so -ca l l ed  

two- leve l  systenis (TLS) o r  t unne l i ng  s t a t e s  i n  a One o f  t h e  l a -  

s e r  s p e c t r n s c c ~ y  inethods w i d e l y  used f o r  measuring o f  r i s  t h e  s p e c t r a l  

h o l e  bu rn ing  (HB).3y4 I f  measured under c e r t a i n  cond i t i ons ,  t h e  ho le -  

w i d t h  6 g ives  the  va lue  o f  2r. Some o t h e r  methods a r e  used t o  measure 

the  o p t i c a l  dephasing t ime T2, which g i ves  r as: 

1 

r = ( n T 2 ) - l  = (2 rT1 ) - l  t (rT;)-', 

where TI i s  t h e  t ime o f  ene rge t i c  r e l a x a t i o n  and T i  i s  t h e  pure  dephas- 

i n g  t ime. 
One o f  t h e  problems a c t i v e l y  discussed i n  t h e  l a s t  years '  l i t e r a -  

t u r e  i s  whether the  va lue  o f  6, ob ta ined by HB f o r  doped amorphous 

hos ts  a t  low temperatures, real ly y i e l d s  r ,  o r  an a d d i t i o n a l  broadening 
5 6D due t o  the  spec t ra l  d i f f u s i o n  processes (SDP) 

t h e  measurement t ime ' c ~ :  

takes p lace  d u r i n g  

6(T) = 2 r (T )  + 6D(T,~m) .  

[381]/113 
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114/[382] V. PALM AND L. REBANE 

6-10. On t h e  one hand, t h e  dependence o f  6 on rm has been repo r ted  , 
i n  some o t h e r  s tud ies  11-" cons iderab le  d i f f e r e n c e s  have been observed 
i n  T2 when measured us ing  d i ve rse  techniques w i th  d i f f e r e n t  T ~ .  

measured f o r  a l a r g e  v a r i e t y  o f  o rgan ic  doped amorphous hosts between 
0.3 and 20 K20-26; i t  has been found t h a t  i n  a l l  cases a t  T -t 0 6 ex- 
t rapo la tes  t o  t h e  f luorescence l i f e t i m e  l i m i t e d  va lue  6, = 2r0=  ( I T T ~ )  
a l s o  a un iversa l  law f o r  temperature dependence has been observed: 
6(T) - 6 0 ~ T 1 ' 3 .  This law has been i n t e r p r e t e d  as determined by t h e  tem- 

pera ture  dependence o f  r ,  because no SDP have been observedz6; many o f  
t he  measurements by o t h e r  authors, where SDP have been observed, have 
been found t o  be erroneous. 

On t h e  o the r  hand, t h e  temperature dependences o f  6 have been 

-1 , 

24-30 

In t he  present paper o p t i c a l  dephasing da ta  on a s p e c i f i c  amor- 
phous system, H2-octaethylporphin i n  po lys ty rene m a t r i x  (OEP-PS), w i l l  
be discussed and some conclusions about SDP i n  OEP-PS w i l l  be made. 

OPTICAL DEPHASING DATA ON Ha-OCTAETHYLPORPHIN I N  POLYSTYRENE 

I t  has a l ready  been shown 31932 t h a t  a t  T e 0 . 5  K t h e  ho lewid th  6, 

measured by HB on S1 - S o  0-0 t r a n s i t i o n  o f  OEP-PS, depends on a wave- 
l eng th  A w i t h i n  t h e  inhomogeneously broadened abso rp t i on  band (see F ig .  
1, l e f t ) .  No essen t ia l  6 dependence on x has been observed a t  T > 1  K. 

We have once more thorough ly  s tud ied  t h e  HB spec t ra  measured e a r l i e r  
i n  31'32 and t h e  corresponding data p rocess ing  used f o r  o b t a i n i n g  t h e  6 

value. I t  has been found t h a t  t h e  compl icated temperature dependences 
o f  6 shown i n  F ig .  1 ( l e f t )  a re  s t i l l  v a l i d ,  Also, we found t h a t  a no t -  
ab le  dependence 6 on A occurs a t  T=0.05  K (see F ig .  1, r i g h t )  and t h a t  
near t h e  cen t re  o f  the  0-0 abso rp t i on  band 6 60. Here the  h o l e  narrow- 
i n g  i n  an o p t i c a l l y  t h i c k  sample was taken i n t o  account33, 6 i n  F ig .  1 
corresponds t o  t h e  ho lewid th  i n  t h e  beg inn ing  o f  t h e  bu rn ing  process i n  
an o p t i c a l l y  t h i n  sample. 

A l l  a v a i l a b l e  data on t h e  ho lewid th  f o r  OEP-PS, measured i n  t h e  
v i c i n i t y  o f  a s p e c i f i c  wavelength, x = 6 2 0 . 1  nm, are  presented i n  Fig.2. 

The HB data17, measured i n  t h e  f luorescence e x c i t a t i o n  spectrum a t  
T =  4.2 - 16 K, have been corrected: we g o t  b e t t e r  r e s u l t s  when a cons tan t  
a d d i t i o n a l  c o n t r i b u t i o n  was added t o  t h e  f u n c t i o n  which represents a 
Lorentz ian  approximat ion o f  t h e  HB spectra.  These co r rec ted  data a re  i n  

a good accordance w i t h  our HB r e s u l t s  measured i n  t h e  abso rp t i on  spec- 
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OEP-PS: SPECTRAL HOLE BURNING AND SPECTRAL DIFFUSION 
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FIGURE 1 L e f t :  Log- log p l o t  o f  t h e  ho lew id th  ( 6 - 6 0 )  versus T, measu- 
red  f o r  two bu rn ing  wavelength p o s i t i o n s  (7, -620.1 nm and 
7, I 621.8 nm) w i t h i n  t h e  i nhomogeneously broadened 0-0 ab- 
s o r p t i o n  band o f  OEP-PS.32 
R igh t :  6 versus A f o r  OEP-PS a t  T=0.05 K. Dot ted  l i n e  i n d i -  
cates the  6o l e v e l ;  s o l i d  l i n e  - t h e  contour  o f  t h e  0-0 ab- 
s o r p t i o n  band o f  OEP-PS. 

t rum a t  T =  1.5 - 16 K, and cou ld  be w e l l  descr ibed by t h e  TIe3 law. 
S t i l l  t h e  values o f  6 from t h e  l i t e r a t u r e 3 '  ( d o t t e d  l i n e  i n  F ig .  2) 
are  by a f a c t o r  o f  2 smal le r  than ours. Our op in ion  i s  t h a t  t h e  OEP-PS 
samples were poss ib l y  no t  i d e n t i c a l .  I n  a l l  r e f e r r e d  s tud ies  on o p t i c a l  

dephasing o f  OEP-PS except in3' t he  samples were prepared by thermal 
po l ymer i za t i on  (w i thou t  i n i t i a t o r )  o f  an OEP s o l u t i o n  i n  t h e  monomer, 
by us ing  t h e  same temperature regime (about 20 h a t  12OoC and then ano- 
t h e r  20 h a t  16OOC). So we exclude these data3' f rom t h e  f u r t h e r  d i s -  
cussion. As one can see from Fig.  2 ,  t h e  temperature dependence o f  t h e  
ho lewid th  rough ly  fo l l ows  the  "un i ve rsa l "  law TlW3 o n l y  a t  T>0.16 K. 
Holewidths were measured w i t h  T,. 10 s. The inc reas ing  o f  T, up t o  
600 s d i d  n o t  cause any a d d i t i o n a l  ho le  broadening. 

A d d i t i o n a l l y ,  t h e  o p t i c a l  dephasing data ob ta ined  by means of d i f -  
f e r e n t  techniques w i t h  sma l le r  T, a re  presented i n  F ig .  2 (see t h e  cap- 

t i o n ) .  The c o n t r a d i c t i o n  t h a t  e x i s t s  between t h e  t r a n s i e n t  HB re -  
~ u l t ~ ' ~  (T = 

racy  o f  6 values measured by t h e  Doppler s h i f t  t e ~ h n i q u e ~ ' ~ .  A slow 

s )  and o t h e r  data i s  poss ib l y  due t o  a sma l le r  accu- m 
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116/[384] V. PALM AND L. REBANE 

I l o  ’[ OEP-PS (620.1 n m )  

FIGURE 2 Log- log p l o t  o f  t h e  ho lew id th  ( 6 - 6 0 )  versus T, measured i n  
t h e  absorp t ion  spectrum (empty c i r c l e s ,  data f o r  T 5 1 . 5  K 
f rom ref..32) and i n  t h e  f luorescence e x c i t a t i o n  spectrum 
( f i l l e d  c i r c l e s ,  data17 co r rec ted )  f o r  OEP-PS a t  x ~ 6 2 0 . 1  nm; 
t m  = 10 s .  Dot ted  l i n e  - HB data30 f o r  OEP-PS (sample n o t  
i d e n t i c a l ) ,  ‘ I ~ =  102 s. Fo r  the  o t h e r  o p t i c a l  dephasing data, 
measured by d i f f e r e n t  techniques, 6 i n d i c a t e s  21’: A - t r a n -  
s i e n t  HB793, T,,,= 10-4 s (upper p o i n t ) ,  T ~ =  10-5 s ( lower  
p o i n t ) ;  @I - photon echole, T = 10-8 s; o - photon echo’s, 
r m = 2 0  s (upper p o i n t ) ,  T,=’€o-~o s ( l ower  p o i n t ) ;  t - r e -  
sonance f luorescence, ~ ,=10-e  s (data17 co r rec ted ) .  

temperature dependence o f  r (between TOa5 and TO’’), observed by pho- 
t o n  echo technique18 (tm= 

Fig .  2 by o n l y  one p o i n t  (T = 1.7 K) , 

The resonance f luorescence data17, measured a t  T = 5 - 11 K,  have 
been cor rec ted :  t he  s p e c t r a l  curves17 have been processed by us ing  an 
improved procedure. We a p p l i e d  t h e  general  non - l i nea r  leas t -square  pro-  
~ e d u r e ~ ~  t o  approximate these s p e c t r a l  curves w i t h  mod i f i ed  f u n c t i o n .  

s )  a t  T =  1.6 - 2.15 K, i s  represented  i n  
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OEP-PS: SPECTRAL HOLE BURNING AND SPECTRAL DIFFUSION [385]1117 

This func t i on  includes as an add i t i ona l  p a r t  the convolut ion o f  a Lo- 
ren tz ian  ( f o r  the homogeneously broadened spect ra l  l i n e )  w i t h  a spec- 
t r a l  shape o f  the H B - f i l t e r ,  which was used as a spect ra l  device. 17 

CONCLUSIONS 

Some conclusions about SDP i n  OEP-PS could be der ived from the  analy- 
s i s  o f  t he  o p t i c a l  dephasing data r e f e r r e d  t o  (Fig.  2 ) .  The contr ibu-  
t i o n  o f  SDP t o  6 i s  r a t h e r  small (sD<<2r) a t  T > 8  K and a t  T10.05 K 
( a t  l e a s t  near the  centre o f  the 0-0 band, see F ig ,  1). There i s  a con- 
s iderable c o n t r i b u t i o n  (tiD 121') o f  SDP w i t h  c h a r a c t e r i s t i c  times 
T,,< 10 s a t  T = 1.45 - 7 K; a t  T = 1.5 K i t  seems most probable t h a t  

T,,> 
s. So i n  the case o f  OEP-PS t h e  "un iversa l "  law T l W 3  f o r  the 

temperature broadening o f  the holewidth, which i s  near ly  v a l i d  i n  the  
range T=0.16 - 16 K, i s  determined no t  on ly  by the  temperature broaden- 
i n g  o f  r as assumed28, b u t  t he  temperature dependence o f  6D must be 
taken i n t o  account as w e l l .  

The dependence o f  6 on X, observed a t  very low temperatures (Fig. 
l), i s  ev iden t l y  caused by a corresponding dependence o f  r ( f reez ing  

o f  SDP i s  assumed). Lowering o f  T makes the  i n t e r a c t i o n  o f  t h e  guest 
molecule w i t h  TLS states t o  be more l o c a l .  TLS, which are l o c a l i z e d  
near t h e  impur i ty ,  obviously cause changes i n  the t r a n s i t i o n  energy, 
which are co r re la ted  w i t h  the dynamic l i n e  broadening e f f e c t .  31 
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