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CARBON AS REFERENCE FOR NORMALIZING INFRARED 
PHOTOACOUSTI C SPECTRA 
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M.J.D. Low and G.A. Pa rod i  

New York U n i v e r s i t y  
4 Washington P lace  

N e w  York, N.Y 10003 

Depart  men t o f  C hemi s t r y 

Photoacoust i c  s p e c t r a  o f  s o l i d s '  are u s u a l l y  "source  

compensated," i .e.,  normal ized  f o r  d i f f e rences  i n  source emiss ion  

a t  d i f f e r e n t  wavelengths, and such compensation i s  done by 

comparing t h e  pho toacous t i c  spectrum o f  a sample t o  t h e  emiss ion  

spectrum o f  t he  source measured d i r e c t l y  w i t h ,  say, a 

pho toce l l , *  power meter,3 or p h ~ t o d i o d e , ~  o r  t o  t h e  

photoacoust i c  spectrum of "carbon" recorded under t h e  same 

c o n d i t i o n s  as t h a t  o f  the  sample. A v a r i e t y  o f  carbons has been 

used f o r  t h i s  purpose, i n c l u d i n g  carbon b l a c k  on ~ i l i c a , ~  soo t  

f r o m  a gas to rch ,6  and acety lene-sooted  b a k e l i t e , 7  such a 

re fe rence  substance be ing  assumed t o  be a f l a t  b lack  absorber.  

That  assumption appears t o  be v a l i d ,  as i n d i c a t e d  by the  c l o s e  
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LOW AND PARODI 664  

comparison o f  photoacoust ic  spec t ra  o f  carbons w i t h  d i r e c t l y  

measured spec t ra  o f  t he  e x c i t i n g  sources 1 9 8 9 9  observed i n  the  

v i s i b l e  reg ion ,  and would a l so  seem t o  app ly  t o  t h e  spec t ra  of 

F ig .  1. 

The t o p  two t r a c e s  o f  F i g .  1 are t h e  photoacoust ic  spec t ra  

o f  g ranu la r  chars r e s u l t i n g  f rom t h e  vacuum p y r o l y s i s  of sucrose, 

recorded w i t h  a P r ince ton  App l i ed  Research Corp. Model 6001 

spectrometer, compensated by r a t i o i n g  aga ins t  t h e  spectrum of a 

carbon standard.  The s i g n a l s  from the  chars were about one 

f i f t h  as s t rong  as t h a t  f rom t h e  standard, and t h i s  d i f f e r e n c e  

SUCROSE CARBON 

SUCROSE CHARRED AT 500°C in vacuo 

1 " " I " " ~ " " ~ ' " ' ~ '  
500 K)o IS00 2000 2500 nm 

2 0,000 IQOOO 5000 4000 cni" 

F i g .  I .  Spectra o f  carbon ob ta ined by c h a r r i n g  sucrose f o r  
1 and 12 hrs ,  recorded w i t h  a P.A.R.C. Model 6001 
spectrometer.  S, 6:  see t e x t .  The o r d i n a t e s  are  
d isp laced.  
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i n  s igna l  s t r e n g t h  can be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  p a r t i c l e  

s i z e  o f  t h e  s o l i d s .  The abrupt  changes i n  s lope  a t  800 nm a re  

a r t i f a c t s  caused by the  au tomat ic  o r a t i n g  change d u r i n g  t h e  

scan. I f  t h e  a r t i f a c t s  are de le ted  and t h e  segnents redrawn so 

t h a t  the  t r a c e s  j o i n  a t  800 nrn, t r a c e s  S r e s u l t .  Trace B was 

ob ta ined by r a t i o i n g  two spec t ra  o f  t h e  same carbon s tandard  and 

i s  u s e f u l  i n  i n d i c a t i n g  the  n o i s e  l e v e l  a t t a i n a b l e .  The s p e c t r a  

o f  t h e  two chars are " f l a t "  and i d e n t i c a l  ove r  much o f  t h e  

v i s i b l e  r e g i o n  and would be usuable as re fe rence.  The s p e c t r a  

remain e s s e n t i a l l y  f e a t u r e l e s s  bu t  change s l i g h t l y  i n  s l o p e  

through the  near-IR, b u t  d i f f e r  s u b s t a n t i a l l y  a t  l onger  

wavelengths. 

F i g u r e  2 shows the photoacoust ic  spec t ra  o f  t he  same chars  

recorded w i t h  a single-beam d i s p e r s i v e  spec t romete r lo  i n  t h e  

I R  range. The spec t ra  were normal ized  by r a t i o i n g  a g a i n s t  t h e  

spec t ra  o f  g raph i te ,  (powder scraped f rom a h i g h - p u r i t y  

e l e c t r o d e  f rom U l t ra -Carbon  I n c . )  and show s u b s t a n t i a l  

s t r u c t u r e .  For example, t he  t o p  t r a c e  c l e a r l y  i n d i c a t e s  t h e  

presence of 0-H and C-H abso rp t i ons  and o the r  f e a t u r e s  below 

2000 cm-'. S u b s t a n t i a l  changes occur  upon f u r t h e r  p y r o l y s i s  

( lower  t r a c e ) ;  t hese  w i l l  be d iscussed elsewhere. Obv ious ly ,  

m a t e r i a l s  which are " b l a c k "  i n  the  v i s i b l e  are n o t  n e c e s s a r i l y  

so i n  t h e  I R .  More s i g n i f i c a n t  i s  t h e  o b s e r v a t i o n  t h a t  t h e  I R  

soec t ra  of the  chars con t inue  t o  change and f a i n t  s t r u c t u r e  
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I I I I I I 

4000 3000 2000 1000 cm' 

F ig .  11. I R  spec t ra  o f  the  samples o f  F i g .  1. The o r d i n a t e s  are 
d isp laced.  

p e r s i s t s  even a f t e r  h e a t i n g  a t  900°C, when the  spec t ra  o f  t he  

chars approach t h e  spec t run  o f  t h e  re fe rence g raph i te .  However, 

so do t he  spec t ra  o f  o ther  blacks.  

F i g u r e  3 shows scale-expanded segnents o f  spec t ra  o f  o t h e r  

carbons (which m igh t  ve ry  w e l l  be used as s tandards)  r a t i o e d  

aga ins t  t h e  spec t run  o f  t h e  re fe rence  g raph i te .  The spec t ra  
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PROPANE 

0 CANDLE 

BENZENE 

s 

4000 3000 cm" 

F ig .  111. I R  spec t ra  o f  soots.  The o r d i n a t e s  are d isp laced.  

show small  d i f fe rences ,  b u t  these are a r t i f a c t s :  t h e  compensated 

spec t run  o f  each carbon, i n c l u d i n g  t h a t  o f  t h e  re fe rence  

graph i te ,  changes when one o f  t he  o the r  t h r e e  carbons i s  used as 

re fe rence.  I t  i s  thus  not a t  a l l  c l e a r  what t h e  " c o r r e c t "  

spec t run  i s  or migh t  be. Consequently, some care must be taken 

i n  choosing a re fe rence,  and t h e  need f o r  cau t ion  becomes more 

s t r i n g e n t  i f  c a r b o n - l i k e  m a t e r i a l s  are examined, e s p e c i a l l y  when 

s tudy ing  molecu la r  species on t h e  sur faces  o f  such m a t e r i a l s .  

The need f o r  an adequate compensation method i s  apparent. 

However, t h e  use o f  carbon i s  ques t ionab le .  

I t  i s  well-known t h a t  the  chemical and phys i ca l  p r o p e r t i e s  

o f  f i n e l y - d i v i d e d  ca rbons - -p rec i se l y  t h e  t ype  o f  m a t e r i  a1 which 

would seem t o  be d e s i r a b l e  t o  use f o r  compensation--are g r e a t l y  

dependent on t h e  method o f  p r e p a r a t i o n  and treatment;  t h e r e  are  

many d i f f e r e n t  carbons. O f  these, most and perhaps a l l  would be 
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LOW AND PARODI 668 

s u i t a b  

s t r o n g  

e as re fe rence  f o r  compensat 

d i s c r e t e  absorp t ions  bu t  a 

ng spec t ra  showing r e l a t i v e l y  

weak background, e.g. 9 

and i t  migh t  be p o s s i b l e  t o  choose one p a r t i c u l a r  carbon 

re fe rence  m a t e r i a l  by comnon consent. However, t h e  c a p a c i t y  of 

carbons f o r  chemisorp t ion  and phys i ca l  adso rp t i on  i s  no to r ious ,  

so t h a t  i t  seems l i k e l y  t h a t ,  even i f  a s i n g l e  m a t e r i a l  were 

chosen, d i f f e r e n t  r e s u l t s  would be ob ta ined  i n  d i f f e r e n t  

1 aborator ies,  and p o s s i b l y  i n  the  same l a b o r a t o r y  a t  d i f f e r e n t  

times, because o f  changes o f  t h e  re fe rence  brought about by 

s o r p t i o n  and deso rp t i on  e f f e c t s .  I t  would thus  seem b e t t e r  t o  

avoid carban and use d i r e c t  measurements o f  t h e  e x c i t i n g  source 

10-12 

t o  compensate spectra.  
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