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SUI4NíARY

The main  theme in  the  research  o f  wh ich  th is  thes is  fo rms a  par t ,

i s  the  dephas ing  a f te r  e lec t ron ic  (v ib ron ic )  exc i ta t ion  o f  o rgan ic

gues t  mo lecu les  in  su i tab le  hos t  c rys ta ls  ( "mo1eeu lar  mixed c rys ta ls " )

a t  1ow tempera ture .  Our  p r imary  in te res t  in  th is  respec t  a re  pure ly

e l e c t r o n i c  S ^  -  S ,  s i n g l e t - s i n g l e t  t r a n s i t i o n s  o f  t h e  g u e s t .
U I

Chapter  I  i s  an  in t roduc t ion  to  the  sub jec t  and a lso  prov ides  a

quantum mechan ica l  background.  Our  research  be longs  to  the  f ie ld  o f ten

ca l1ed quantum e lec t ron ics .  The gues t  mo lecu les  rnay  exh ib i t  phase re -

laxa t ion ,  fo r  example  due to  in te rac t ions  w i th  the  c rys ta l l ine  env i ron-

ment  (phonon sca t te r ing) ,  tha t  change on ly  the  phase o f  the  exc i ted

molecu les  wh i le  popu la t íon  re laxa t ion  be tween the  molecu la r  1eve ls

does  no t  occur .  0 f  course ,  popu la t ion  re laxa t ion  a lso  is  a  phase d is -

tu rb ing  process .  For  the  sys tems s t .ud ied  by  us ,  phase re laxa t ion  can

be descr ibed in  te rms o f  the  op t ica l  ana logue o f  B loch 's  t ransverse

re laxa t ion  t ime Tr .  I t  can  be  measured by  induc ing  a  macroscop ic  phase

in  the  ensernb le  o f  gues t  mo lecu les  by  exc i ta t ion  w i th  coherent  ( laser )

l i g h t .  I n  c h e  t i m e  d o m a i n  o n e  m e a s u r e s  T ,  m o r e  o r  l e s s  d i r e c t . l y ,  w h i l e

in  the  f requency  domain  the  homogeneous w id th  o f  the  t rans i t ion  under

s tudy  is  measured.  Th is  w idrh  is  s imp ly  re la ted  Lo  T2.  A l though a t  1o \ , í

tempera ture  the  t rans i t ions  o f  in te res t  to  us  a re  o f ten  predominant ly

inhomogeneous ly  b roadened,  the  homogeneous w id th  (dephas ing  t ime)  can

s t i l l  be  measured,  us ing  a  number  o f  coherent  op t ica l  techn iques .  h lhen

\ r e  s t a r t e d  o u r  r e s e a r c h  i n  1 9 7 5 ,  t h e s e  t e c h n i q u e s  h a d  n o t  y e t  b e e n

a p p l i e d  t o  m o l e c u l a r  m i x e d  c r y s t a l s .  T h e r e f o r e ,  t h i s  p o s s i b i l i t y  h a d

f i rs t  to  be  demonst ra ted .  To  th is  end we s tud ied  the  c rys ta ls  in  the

t e m p e r a t u r e  r e g i o n . l  2  K ,  w h e r e  m o s t  i n t e r a c t i o n s  b e t w e e n  t h e  g u e s t

and i t s  hos t  env i ronment  rn rere  expec ted  to  be  f rozen,  so  the  f luores-
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cence  decay  wou ld  dom ina te  t he  dephas ing .

T b e  l a s e r a p p a r a t u s  u s e d  i s  d i s c u s s e d  i n  C h a p t e r  2 .  L I e  u s e d  s i n g l e

mode  cw  dye  l ase rs  i n  t he  Rhodamine  6  G  reg ion  ( -  5600  -  6200  8 ) ,  U " " -

su remen ts  we re  pe r f o rmed  i n  t he  f r equency  doma in  (Chap te r  3 )  as  we l l

as  i n  t he  t ime  doma in .  The  l a t t e r  expe r imen ts  we re  imp lemen ted  us i ng

lase r  f r equency  sw i t ch i ng  ( i n  Chap te r  5 ) ,  and  by  ga t í ng  t he  l ase r  beam

w i t h  a n  a c o u s t o - o p t i c  m o d u l a t o r  ( i n  C h a p t e r  7 ) .

I n  C h a p t e r  3  p h o t o c h e m i c a l  h o l e  b u r n i n g  s t u d i e s  a r e  d e s c r i b e d  o f

d i m e t h y l - s - E e t r a z i n e  ( D M S T )  i n  d u r e n e  a n d  o f  s - t e t r a z i n e  ( S T )  i n  b e n -

zene .  I n  t he  DMST expe r imen ts  t h i s  t echn ique  r , / as  used  f o r  t he  f i r s t

t ime  t o  de te rm ine  homogeneous  w id ths  o f  mo lecu la r  m i xed  c r ys ta l  E ran -

s i t i o n s .  T h e  D M S T  r e s u l t s  s h o w e d  t h a t  a t  t e m p e r a t u r e s  <  2  K  t h e  c o n -

t r i bu t i on  o f  e l ec t r on -phonon  coup l i ng  t o  t he  homogeneous  w id th  o f  e l ec -

f r n n j n  q  -  q  f r n n c i t i ^ - .  i -  r h o c o  c . ' s t e m s  i s  s m a l l  o r  e v e n  n e g l j -- - - . . - . -  - 0  - l  - - * " "

g i b l e .  A f t e r  ou r  DMST resu l t s  became  kno r .m ,  IBM pa ten ted  t he  poss ib l e

app l i ca t i on  o f  pho tochem ica l  ho le  bu rn i ng  i n  op t i ca l  i n f o rma t i on  s to -

r a g e  s y s t e m s  o f  h i g h  d e n s i t y .  T h e  S T  e x p e r i m e n t s  y i e l d e d  t h e  s u r p r i -

c i n c  r a . " 1 f  r h . f  i .  t h e  S ^  -  S 1  t r a n s i t i o n  t h e  h o m o g e n e o u s  w i d C h  a t" u l

t he  s i des  o f  t he  i nhomogeneous  l i ne  appea rs  t o  be  l a rge r  t han  a t  t he

t o p .

I n  C h a p c e r  4  c h e o r i e s  a r e  d e v e l o p e d  f o r  s a L u r a t i o n  h o l e  b u r n i n g

w i t h  a  popu la t i on  bo t t l e -neck  as  \ r e l 1  as  f o r  pho tochem ica l  ho le  bu r -

n i n g .  I n  t h e  l a t t e r  c a s e  s í m u l a t i o n s  w e r e  p e r f o r m e d  o I  t h e  e x p e r i m e n -

t a l  h o l e  b u r n i n g  r e s u l t s  o b t a i n e d  f o r  p o r p h i n  i n  n - o c t a n e  ( b y  V ó l k e r

e t  a 1 . ) ,  f o r  D M S T  i n  d u r e n e  a n d  f o r  S T  i n  b e n z e n e .  I t  f o l l o w s  t h a t  f o r

DMST and  ST  ho le  w id ths  can  be  ob ta i ned  ( i n  t he  l im i t  o f  l ow  bu rn i ng

I  ^ L  ' . . '  L " - n i n o  t i m e )  r h r t  c t  í  l  1  n n r r a l  r r r í n p  r h e  Ip o w e r  a n o  s Í l o r l  D u r _ _ _  _  - . . _  n o m o g e n e o u s

w i d t h ,  d e s p i t e  t h e  f a c E  t h a t  r h e  p h o c o d i s s o c i a t i o n  p r o b a b l y  p r o c e e d s

b y  t h e  c o n s e c u t i v e  a b s o r p t i o n  o f  t w o  p h o t o n s .

C l r a p c e r  5  d e s c r i b e s  a n  o p t i c a l  f r e e  i n d u c t i o n  d e c a y  ( 0 F I D )  e x p e -

r i m e n t a l  s c u d y  o f  p e n t a c e n e  i n  p - t e r p h e n y l  ( e n e r g e r i  c a l 1 y  l o w e r  s i r e s )  .

The  mos t  s t r i k i ng  resu l t  i s  t ha t  t he  135  MHz  sw i t ched  OF ID  cu rves

show  a  consecu t i ve - two -componen t  decay ,  The  l ong  componen t  i s  comp le -

t e l y  de te rm ined  by  t he  f l uo rescence  l i f e t ime ,  i n  ag reemen t  w i t h  t l - r e

p h o t o n  e c h o  r e s u I L s .  T h i s  r e s u l t  w a s  t h u s  i n d e p e n d e n t  o f  t h e  e x c i t a -
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t ion  bandwid th  re la t i ve  to  the  inhomogeneous w id th ,  wh ich  was an  im-

por tan t  conc lus ion .  Our  OFID resu l t  i s  compared to  a  number  o f  op t ica l

coherent  s tud ies  o f  the  same sys tem by  o ther  au thors .  Some causes  fo r

the  consecut ive- two-component  behav iour  a re  cons idered.  Our  0FID rnea-

surements  ( in  cornb ina t ion  w i th  the  exper iments  o f  Chapter  7 )  y ie lded

a va lue  fo r  the  e lec t r i c  d ipo le  moment  o f  the  e lec t ron ic  S0 -  S l  pen-

tacene t rans i t ion .  A t  the  end o f  th is  chapter  the  de terminat ion  o f

p e n t a c e n e  g r o u n d - s t a t e  v i b r a t i o n a l  d e p h a s i n g  t i m e s  f r o m  l i n e  s h a p e

ana lyses  o f  measured emiss ion  l ines  is  d iscussed (wh ich  was a lso  done

f o r  D M S T  i n  C h a p c e r  3 ) .

í - h a n t s o y  Á  r F ó . t e  f h e o r c i - . í e a l I v  f h ^  . i - f  l " ó - . -  , 1 n ^ n  c  -  S ,  O F I D
I

o f  a n  i n t e r m e d i a t e  t r i p l e t  s t a t e  a c t i n g  a s  a  p o p u l a t i o n  b o t t l e - n e c k .

F r o m  t h e  a p p l i c a t i o n  t o  a  f e w p r a c t i c a l e x a m p l e s ,  t h i s  e f f e c t  a p p e a r s

t o  r e s t r i c t  c o n s i d e r a b l y  t h e  a p p l i c a b i l i t y  o f  0 F I D  a s  a  T r - d e t e r m i n a -

t ion  method.  The t ime l im i ts  imposed upon the  in t racav i ty  s rp i tched

O F I D  n e t h o d  a r e  d i s c u s s e d .

In  Chapter  7  the  observa t ion  is  descr ibed o f  f luorescence t ran-

s i e n t s  d u r i n g  S ^  -  q  o v o i t a r i ^ -  ^ í -  n a n t - e c o n p  i n  n - È o r n h p n y l  a t  -  2  K ,- - - ' " o  - 0  - l  - " ' * - * - -

and  t he i r  quan t i t a t i ve  t heo Íe t i ca l  s i r nu la t i on .  These  t r ans ien t s  aga in

a p p e a r  t o  b e  c a u s e d  b y  t h e  i n t e r r n e d i a t e  t r i p l e t  s t a t e  a c t i n g  a s  a  p o -

p u l a t i o n  b o t t l e - n e c k ,  t h u s  s h o w í n g  a n  e a r l i e r  i n t e r p r e t a t i o n  b y  Z e -

wa i l  e t  a l .  t o  be  i nco r rec t ,  F rom the  s imu la t i ons  f o l l ows  ( i n  co rnb i -

n a l i o n  w i t h  c h e  e x p e r i m e n t s  o f  C h a p t e r  5 )  a n  a c c u r a t e  v a l u e  f o r  t h e

( v e r y  s r n a l 1 )  q u a n t u m  y i e l d  o f  T  *  S l  i n t e r s y s t e m  c r o s s i n g  f o r  t h e

l owe r  s i t es .  An  OF ID  expe r imen t  pe r f o rmed  on  t he  h i ghe r  pen tacene  s i t es

s h o w s  a  b e a u t i f u l  i l l u s t r a t i o n  o f  t h e  t h e o r y  d e v e l o p e d  i n  C h a p t e r  6 .

I n  conc lus i on  we  s ta te  t ha t  t he  i n f l uence  o f  t he  i n t e rmed ia te

t r i p l e t  s t a te  upon  a  number  o f  cohe ren t  op t i ca l  expe r imen ts  whe re  t he

S  -  S  t r : n s í r i n n  i s  e r c i t e d .  i q  d e s c r i h e d  f h e o r p r ' i c e l l r ' ,  T h i s  i s- 0  " l  - - * ' ^ " ' - -

a p p l i e d  t o  a  n u m b e r  o f  p r a c t i c a l  c a s e s .  A c t u a l 1 y ,  i t  h a s  b e e n  s h o v r n

t h a t  p h o t o c h e m i c a l  h o i e  b u r n i n g  a n d  O F I D  a r e  a p p l i c a b l e  t o  m o l e c u l a r

m i x e d  c r v s f a l  s v s f e m s  2 t  f ê m n n r 2 l r r r p q  /  
"  K .  S n m e  e x n e r i r r l g n l g l  f e s u l E s

e m e r g e d  ( v a r i a t i o n  o f  h o l e  w i d t h  w i t h i n  t h e  S T  i n h o m o g e n e o u s  1 i n e ,

c o n s e c u t i v e - t w o - c o m p o n e n t  0 F I D  o f  p e n t a c e n e ) ,  o f  w h i c h  f u r t h e r  s t u d y

m i g h t  p r o v e  v e r y  i n t e r e s t i n g .  M o r e o v e r ,  L h e s e  I a t t e r  r e s u l  t s  s h o w
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t ha t  s i ng le  f r equency  l ase r  t echn iques  y i e l d  new  i n fo rma t i on ,  i n  add i -

t i on  t o  pu l sed  l ase r  pho ton  echo  measu remen ts ,  whe re  a  l a rge  pa r t  o f

t he  i nhomogeneous  l i ne  i s  exc i t ed .
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