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 sum^? - Le s i g n a l  photoacoust ique  s e  t rouve renforce' p a r  i ' i n t r o d u c t i o n  dc 
l i q u i d e  v o l a t i l e  dans l a  c e l l u l e .  Ce t t e  augmentation s e  remarque pour  un 
c o e f f i c i e n t  f a i b l e  d ' a b s o r p t i o n  op t ique  e t  unc p l u s  grandc f rkquence  de 
coupure e t  e s t  p r o p o r t i o n n e l l e  a  l a  p r e s s i o n  de l a  vapeur  du l i q u i d e .  Le 
s i g n a l  PA dcs  l i q u i d e s  s e  t rouve renforc;  avec  l a  temp6rature  q u i ,  \a son t o u r ,  
e s t  p r o p o r t i o n e l l e  2 l a  p rc s s ion  de l a  vapeur  pour  chaque tempe'raturc. 

Abs t r ac t  - The pho toacous t i c  s i g n a l  is  found t o  be  enhanced s e v e r a l  f o l d  by 
the  i n t r o d u c t i o n  o f  a  v o l a t i l e  l i q u i d  i n t o  t h e  c e l l .  The enhancement is more 
f o r  lower  o p t i c a l  abso rp t ion  c o e f f i c i e n t  and h i g h e r  chopping frequency and i s  
p r o p o r t i o n a l  t o  t h e  vapour p r e s s u r e  o f  t h e  l i q u i d .  The PA s i g n a l  from l i q u i d s  
i n c r e a s e s  w i th  tempcra ture  be ing  p r o p o r t i o n a l  t o  t h e  vapour p r e s s u r e  a t  each 
tempera ture .  

I n  t h e  cou r se  o f  our  i n v e s t i g a t i o n s  on t h e  tempera ture  dependence o f  pho toacous t i c  
s p e c t r a  from s o l i d s  we have observed i n  s e v e r a l  c a s e s  an i n c r e a s e  i n  t h e  s i g n a l  
w i th  i n c r e a s i n g  tempera ture  r each ing  sometimes a  maximum corrcsponding t o  t h e  b o i l -  
i n g  p o i n t  o f  wa te r .  \Je have a l s o  observed a  s l i g h t  enhancement oT the  PA s i g n a l  on 
t h e  adso rp t ion  of  gases .  On a n a l y s i s  o f  o u r  r e s u l t s  we have been a b l e  t o  show a s  
a  consequence t h a t  t h e  pho toacous t i c  s i g n a l  could  be  enhanced s e v e r a l  t imes  by t h e  
i n t r o d u c t i o n  of a  v o l a t i l e  l i q u i d  i n t o  t h e  c e l l ,  t h e  vapours o f  which presumably 
a r e  adsorbed on t h e  s u r f a c e  o f  t he  sample.  

The c e l l  and t h e  spec t ropho tone te r  used f o r  o u r  s t u d i e s  have been desc r ibed  
e a r l i e r 1 .  A schemat ic  drawing of t h e  c e l l s  used f o r  room tempera ture  and v a r i a b l e  
tempera ture  s t u d i e s  a r e  shovm i n  Fig .  l a  and l b ,  r e s p e c t i v e l y .  The sample h o l d e r  

Fig.  1  - C e l l  des ign schemat ics  f o r  room tempera ture  and v a r i a b l e  tempera ture  c e l l s  
( a )  and (b ) .  ( c )  D e t a i l s  o f  t h e  sample ho lde r .  
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(Fig .  l c )  is such t h a t  t h e  sample is  placed i n  an aluminium cup (8mm d i a ,  0.8 mm 
depth)  which i n  t u r n  is  placed on top  o f  a non-absorbing s o l i d  (such a s  s i l i c a - g e l  o r  
T i0  ) i n  a c a v i t y  i n s i d e  t h e  sample-holder.  The image of t h e  beam is  i n c i d e n t  on ly  2 
on the  samplc. A l i q u i d  i s  i n t roduced  i n  t h e  c e l l  by soak ing  t h e  non-absorbing s o l i d  
w i th  t h e  d e s i r e d  l i q u i d  wi th  t h e  h e l p  o i  a microsyr inge .  A GR 9602 e l e c t r e t  micro- 
phone was used f o r  t h e  s tudy .  The i l l u m i n a t i n g  sou rce  was a 200 N tungsten-halogen 
lamp. 

I n  Fig. 2 we show t h e  normal ised  PA s p e c t r a  of As2S g l a s s  i n  t h e  presenceof  a i r  a s  
w e l l  a s  d i e t h y l  e t h c r  i n  t h e  c e l l .  The i n t e n s i t y  o? t h e  s i g n a l  is  found t o  be  enhan- 
ced s e v e r a l  f o l d  i n  t h e  presence  o f  e t h e r .  I t  is  however, found t h a t  t h e  enhancement 
is h i g h e r  f o r  lower abso rp t ion  c o c f f i c i e n t ( F i g .  2b).  Th i s  dependence is  g e n e r a l  and 
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Fig. 2 -a)  Normal.ised PA s p e c t r a  o f  As2S3 g l a s s  i n  p re sence  of  e t h e r  and a i r .  
b )  Ra t io  o f  Icther/Iair f o r  v a r i o u s  wavelengths.  

c )  Phase dependence of  t he  s i g n a l  a s  a f u n c t i o n  o f  wavelength.  

i s  found i n  s e v e r a l  ca ses .  There is a l s o  a marked change i n  t he  phase dependence o f  
t h e  s i g n a l  (Fig.  2c) .  The enhancement is  found t o  be  independent o f  t h e  power o f  
t h e  i r r a d i a t i n g  sou rce ,  n a t u r e  of  t h e  samplc h o l d e r  ( t e f l o n  o r  aluminium) s l i t  wid th ,  
o r  t h e  geometry o f  t h e  microphone wi th  r e s p e c t  t o  t h e  sample. There i s  a dependence 
on t h e  l e n g t h ,  l g ,  o f  t h e  gas  phase above t h e  sample , the  enhancement be ing  l a r g e r  f o r  
s m a l l e r  l g .  

In Fig. 3a we show t h e  changes of t h e  i n t e n s i t y  o f  t h e  PA s i g n a l  (Iliq) a t  

600 nm f o r  Cr203 i n  t h e  presence  of v a r i o u s  l i q u i d s  i n  t h e  c e l l .  A l i n e a r  
r e l a t i o n  is  observed between Iliq and t h e  vapour p r e s s u r e ,  p,  of t h e  l i q u i d .  In  

accordance  wi th  t h e  above r e s u l t  t h e  PA s i g n a l  i n t e n s i t y  from l i q u i d s  a l s o  
i n c r e a s e s  w i th  tempera ture  b e i n g  p r o p o r t i o n a l  t o  t h e  vapour p r e s s u r e  o f  t h e  l i q u i d  
a t  each tempera ture .  P ig .  3b shows the  r e s u l t s  ob ta ined  du r ing  c o o l i n g  from a .001 M 
aqueous s o l u t i o n  o f  mcthylene b l u e  t h e  wavelength be ing  660 nm. The enhancement t h a t  

is observed t h e r e f o r e  s ecns  t o  be  l i n e r a l y  r e l a t e d  t o  t h e  vapour p r e s s u r e  of t h e  
l i q u i d .  

In  Fig.  4 t h e  enhancement observed from carbon b l ack  a t  v a r i o u s  chopping f r equenc ie s  
(250 - 1600 Hz) is  shown. While t h e  s i g n a l  i n  t h e  presence  of a i r  ( I  a i r  ) shows t h e  
normal w-l dependence, t h e r e  is a change t o  an  w-% dependence i n  t h e  presence  of 
e t h e r .  ,.This dependence is most prominent a t  t h e  h i g h e s t  f r equenc ie s .  The approach 

t o  a w-- dependence seems t o  i n d i c a t e  t h a t  f o r  high chopping f r equenc ie s  t h e  flow 
of h e a t  i n t o  t h e  gas  phase by t h e  u s u a l  RG mechanism is  l e s s  impor tant  t han  t h e  
e f f e c t s  due t o  t h e  h e a t i n g  of t h e  adsorbed l a y e r  on t h e  sample. 
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b )  P l o t  of I v s  P (vapour p r e s s u r e  a t  v a r i o u s  tempera tures  f o r  a  0.001 >I 
aqueous sg+u t ion  o f  Elethylene b lue .  
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Fig.  4 - Frequency dependence o f  PA s i g n a l  from carbon black i n  t h e  presence  of 
e t h e r  and a i r .  

I.le s e e  from above t h a t  t h e  enhancement is dependent on $ and w.  I n  g e n e r a l  t h e  
r e l a t i o n  between I and I may be w r i t t e n  a s  

l i q  a i r  

/I = 1 + C(6,ro)p 
'liq a i r  

where p ( i n  mm Hg) i s  t h e  vapour p r e s s u r e  o f  t h e  l i q u i d ,  C(B,U) is  a  cons t an t  f o r  a  
p a r t i c u l a r  o p t i c a l  abso rp t ion   coefficient^ and chopping frequency w. C  i n c r e a s e s  
w i th  dec reas ing  B and i n c r e a s i n g  w.  l v p i c a l l y  C has  v a l u e s  ranging from 0.003 t o  
0.02 s o  t h a t  t h e  enhancement i n  t h e  p re sence  of e t h e r  a t  20° C (p  = 430 mm) is  2 t o  
9  t imes .  

The enhancement o f  t h e  pho toacous t i c  s i g n a l  over  t h a t  normally observed i n  a i r  
( adequa te ly  desc r ibed  by t h c  KG theory2)  could be  a t t r i b u t e d  t o  t h e  p h y s i c a l l y  
adsorbed l a y e r  (probably  a  m u l t i l a y e r )  on t h e  s u r f a c e  of t h e  sample. P e r i o d i c  h e a t  
f low t o  t h e  s u r f a c e  of t h e  s o l i d  could  cause  a  p e r i o d i c  evapora t ion  and condensat ion  
of a  p a r t  of t h e  p h y s i c a l l y  adsorbed l a y e r .  S ince  t h e  p h y s i c a l l y  adsorbed l a y e r  is  
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l i q u i d - l i k e ,  t he  e x t e n t  o f  evapora t ion  would be  p r o p o r t i o n a l  t o  dp/dT of t h e  l i q u i d  
a t  t h e  ambient tempera ture  (and hence e s s e n t i a l l y  t o  t h e  vapour p r e s s u r e  of t h e  
l i q u i d )  when t h e  s u r f a c e  tempcra ture  is i n c r e a s e d  by a  sma l l  amount dT. The desorhed 
vapour could  causc  a  momentary (non-equilibrium) i n c r e a s e  i n  t h e  p r e s s u r e  w i t h i n  t h e  
c e l l  thus  s e t t i n g  up a n  a c o u s t i c  wavc. l-loreover c o l l i s i o n a l  h e a t  t r a n s f e r  from t h e  
ho t  desorbcd l i q u i d  molecules t o  t h e  a i r  molcculcs  could a l s o  l e a d  t o  a  thermal  wave. 
The problem then becomes one o f  s o l v i n g  coupled equa t ions  f o r  p r e s s u r e  and tempera- 
t u r e  i n  t h e  vapour phase.  E s s e n t i a l l y  s i m i l a r  equa t ions  were so lved  by McDonald and 
1detsel3 f o r  t h e i r  "mechanical" p i s t o n  model. The model used by us ,  which we s h a l l  
c a l l  t h e  "adsorbed p i s ton"  modcll i s  5hcn cxpccted  t o  g i v e  the  same dependence a s  
those  observed by McDonald and Wetsel  namely a h i g h e r  enhancement f o r  low 6 and 
high w .  IJe no te  t h a t  t h e  "adsorbed" p i s t o n  e f f e c t  would be  much pronounced than  t h e  
"mechanical" p f s t o n  e f f e c t  a s  t h e  e f f e c t i v e  thermal  expansion c o e f f i c i e n t  o f  t h e  
adsorbcd l a y e r  on deso rp t ion  is  expectcd  t o  be much l a r g e r  than t h e  bu lk  thermal  
expansion c o e f f i c i e n t  invoked by McDonald and w e t s e l 3  i n  t h e i r  "mechanical" p i s t o n  
e f f e c t .  

The enhanccrnent of t h e  pho toacous t i c  s i g n a l f r o m  condensed m a t e r i a l s  due t o  t h e  presence  
of l i q u i d  vapours i s  q u i t e  u n i v e r s a l  and is  applicable n o t  only  t o  s o l i d s  bu t  a l s o  
t o  b i o l o g i c a l  sys tems such a s  g e l s ,  membranes, l eaves  e t c . ,  o r  t o  t h i n  f i l m s  and 
even t o  l i q u i d s .  The technique  shou ld  t h e r e f o r e  he  r a t h e r  u s e f u l  i n  t h e  p r a c t i c e  
of pho toacous t i c  spect roscopy.  A consequence of t h i s  work i s  t h a t  i t  may be  neces- 
s a r y  t o  reexamine t h e  i n t e r p r e t a t i o n s  of t h e  phase and frequency dependence o f  photo- 
a c o u s t i c  s i g n a l  e s p e c i a l l y  where s u f f i c i e n t  c a r e  has  n o t  been taken t o  remove 
p h y s i c a l l y  adsorbed gases  o r  f o r  s t u d i e s  i nvo lv ing  l i q u i d s  and b i o l o g i c a l  m a t e r i a l s .  
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