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SPECTROSCOPY LETTERS, 14(3), 163-185 (1981) 

NORMALIZING INFRARED FT PHOTOACOUSTIC SPECTRA OF SOLIDS 

Key Words: Photoacoustic Spectroscopy, Infrared, Carbon. 

Stephen M. Riseman and Edward M. Eyring 
Department of Chemistry 

University of Utah 
Salt Lake City, UT 84112 

INTRODUCTION 

Photoacoustic spectroscopy (PAS) has only recently emerged as 

a tool for the investigation of the vibrational spectra of 

condensed matter and surface adsorbates. Qalitative infrared 

(IR) photoacoustic spectra of various solid materials have been 

reported both di~persivelyl-~ and in the Fourier transform 

mode. In order to obtain quantitative information from a 

photoacoustic spectrum (as would be needed to monitor kinetics of 

surface reactions or for analytical purposes) it is necessary to 

convert the single beam spectrum into a double beam spectrum by 

ratioing against the spectral profile of the source radiation as 

it impinges on the sample. This is called source normalization. 

According to the composite piston model for the generation of 

the photoacoustic signal, the spectral irradiance may be 
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164 RISEMAN AND EYRING 

garnered from any sample which e x h i b i t s  photoacoust ic  s a t u r a t i o n  

throughout the e n t i r e  s p e c t r a l  region of i n t e r e s t .  The c r i t e r i o n  

f o r  s a t u r a t i o n  i s  t h a t  l 4  u s  - 10 pa, where us is t h e  thermal 

d i f f u s i o n  l eng th  of t he  m a t e r i a l  and ua i s  t h e  o p t i c a l  abso rp t ion  

length.  Another method of ob ta in ing  t h e  source i r r a d i a n c e  i s  t o  

f i n d  a material t h a t  has a f l a t  absorpt ion over t h e  region of 

in te res t .  In t h i s  case s a t u r a t i o n  is  not a necessary cond i t ion  

f o r  being a black body. In  t h e  v i s i b l e  region, it would seem t h a t  

any black substance would be s u i t a b l e .  However, Lochmuller and 

c ow0 rke  r s l5  i n  t h e i r  i n v e s t i g a t i o n  of va r ious  types  of 

manufactured carbons observed no tab le  d i sc repanc ie s  between 

va r ious  types of carbon when r a t i o e d  a g a i n s t  t h e  s i g n a l  output of 

t he  p y r o e l e c t r i c  d e t e c t o r  of a commercial PAS instrument .  They 

found t h a t  Nor i t  A deco lo r i z ing  carbon reproduces the  d e t e c t o r  

output most f a i t h f u l l y ,  and as  such i s  the  b e s t  m a t e r i a l  with 

which t o  normalize v i s i b l e  d i s p e r s i v e  photoacoust ic  spec t r a .  

5 In  the  mid-IR region (4000-1000 cm-') Low and Parodi 

i n v e s t i g a t e d  va r ious  types of carbon i n  o rde r  t o  determine whether 

they were s u i t a b l e  t o  normalize d i s p e r s i v e  IRPA s p e c t r a .  Their 

f i nd ings  w e r e  t h a t  t h e  use of carbon ( i n  any form o r  manufacture) 

i n  normalizing IRPA s p e c t r a  i s  ques t ionab le .  This is not 

s u r p r i s i n g  when one considers  t he  na tu re  of i n f r a r e d  ahsorbances 

s i n c e  even amorphous carbon e x h i b i t s  c e r t a i n  bonding 
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INFRARED FT PHOTOACOUSTIC SPECTRA 165 

c h a r a c t e r i s t i c s  t h a t  give rise t o  nonuniform absorbances i n  t h e  

mid-inf rared.  

Rapid scan Four i e r  t ransform photoacoust ic  spectroscopy 

(FTPAS) adds another  complication t o  f i n d i n g  an a p p r o p r i a t e  

r e fe rence  material. The r ap id  scan motion of one of t h e  

in t e r f e romete r  mirrors  gives  r ise t o  the  modulation t h a t  produces 

a photoacoust ic  s i g n a l  according t o  t h e  r e l a t i o n s h i p  below: 

f = 2 . v e l o c i t y  of mi r ro r  (cm/sec) - 3 ( c m - l )  

where i s  t h e  energy of each s p e c t r a l  element given i n  

wavenumbers. Thus, convoluted i n t o  t h e  photoacoust ic  s i g n a l  i s  a 

modulation dependence along with a wavenumber dependence, s i n c e  

each s p e c t r a l  element i s  modulated a t  a d i f f e r e n t  frequency. This 

complicat ion i s  absen t  from t h e  s tep-and-integrate  FT 

photoacoust ic  spectrometer.  l 6  Another consequence of using r a p i d  

scan motion as the  modulation source is suggested by t h e  r e s u l t s  

of t he  "composite pis ton" model of s i g n a l  generation: D i f f e r e n t  

modulation frequencies  probe d i f f e r e n t  depths  i n  t h e  sample. This 

has  a profound in f luence  when t h i s  technique i s  used t o  examine 

inhomogeneou,s o r  l aye red  samples which a r e  o p t i c a l l y  

t r anspa ren t .  l 2  That is ,  d i f f e r e n t  modulation frequencies  probe 

d i f f e r e n t  depths  i n  the  sample. The f a c t  t h a t  t h e  wavenumber a x i s  

of a FTPA spectrum is  a l s o  a modulation frequency a x i s  means a 

s i n g l e  FTPA spectrum w i l l  be probing s l i g h t l y  d i f f e r e n t  sample 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



166 RISEMAN AND EYRING 

depths over t h e  e n t i r e  s p e c t r a l  range because t h e  thermal 

d i f f u s i o n  l e n g t h  v a r i e s  i n v e r s e l y  with modulation frequency. 

The consequence i s  a f a c t o r  of 10 d i f f e r e n c e  i n  t h e  modulation 

frequency wi th in  t h e  range of 4000-400 cm-'. 

The purpose of t h e  p re sen t  i n v e s t i g a t i o n  is t o  determine t h e  

best  method f o r  normalizing FT i n f r a r e d  photoacoust ic  s p e c t r a .  I n  

o rde r  t o  achieve t h i s  end t h e  s p e c t r a  of e i g h t  d i f f e r e n t  

manufactured carbon samples were obtained a t  t h r e e  d i f f e r e n t  

scanning speeds,  chosen t o  co inc ide  with modulation f r equenc ie s  

commonly encountered i n  microphonic photoacoust ic  experiments 

(< 1000 Hz). These s p e c t r a  are then  compared wi th  t h e  output  of a 

deu te ra t ed  t r i g l y c i n e s u l f a t e  (DTGS) p y r o e l e c t r i c  d e t e c t o r  which i s  

s tandard on the  Nico le t  FTIR instrument i n  our l abora to ry .  

EXPERIMENTAL 

The carbon samples used were 

Washed ( P f a n s t i e h l  Labora to r i e s ,  

Carbon, Graphi te  (Sargent-Welch); 

Carbide);  Nuchar C-190-N (Eastman); 

Nori t  A (MCB); Nor i t  A, Acid 

Inc.  1; P i t t s b u r g h  Act ivated 

XC-3003 carbon p e l l e t s  (Union 

Charcoal woodpowder (MCB); and 

Darco G 6 0  (J. T. Baker Chemical Co.). Only samples taken from 

f r e s h l y  opened b o t t l e s  were used, and a l l  s p e c t r a  of t h e  same 

sample were measured i n  a per iod less than one hour t o  minimize 

sample contamination due t o  phys ica l  adsorpt ion.  Once i n s t a l l e d  

t h e  sample c e l l  was not moved i n  o rde r  t o  prevent complicat ions 
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INFRARED FT ~HOTOAC0USTI.C SPECTRA 167 

a r i s i n g  from minor d i s p l a c e m e n t s .  A l l  ca rbon  samples ,  e x c e p t  f o r  

XC-3003 p e l l e t s ,  were <74 pm i n  d i a m e t e r  (200 mesh). The XC-3003 

p e l l e t s  were - 1 mm i n  d i a m e t e r .  

The PAS sample c e l l  employed was d e s i g n e d  i n  o u r  

l a b o r a t o r y .  The sample was loaded  t o  a d e p t h  of 1 cm t o  a v o i d  

h e a t  t r a n s f e r  t o  t h e  bottom of t h e  cell .  The c e l l  i s  f a h r i c a t e d  

from s t a i n l e s s  s tee l  and i s  p o l i s h e d  t o  minimize l i g h t  

s c a t t e r t n g .  The c e l l  i n s i d e  d i a m e t e r  is 1 i n ,  d i c t a t e d  by t h e  

r a d i u s  of t h e  i n f r a r e d  beam a t  t h e  sample s u r f a c e ,  as measured by 

t h e  c o l o r  change of a h e a t  s e n s i t i v e  l i q u i d  c r y s t a l  (Ednninds 

S c i e n t i f i c ) .  The a c o u s t i c  c h a n n e l  is 1 mm i n  d i a m e t e r  and e x t e n d s  

1 5  mm t o  t h e  microphone, which is s e a l e d  t o  t h e  sample c e l l  hy a n  

"0" r i n g .  This d i s t a n c e  p r e v e n t s  s t r a y  l i g h t  €rom impinglnp, on 

t h e  mtcrophone. The Helmholtz  resonance  of t h e  c e l l  was 

c a l c u l a t e d  t o  he > 1 0 , 0 0 0  Hz by t h e  a p p r o p r i a t e  boundary v a l u e  

e q u a t i o n . 1 7  A N a C l  sample beam window was s e a l e d  t o  t h e  c e l l  by 

means of a n  "0" r i n g .  A N i c o l e t  7199A FTIR s p e c t r o m e t e r  was u s e d  

f o r  a l l  s p e c t r a l  meafiurements w i t h  m i r r o r  v e l o c i t i e s  of 0.058 cm 

sec-' c o r r e s p o n d i n g  t o  a f requency  f = 464 Hz a t  4000 cm-' and 

46.4 Hz a t  400 cm-' (VEL = 1); 0.074 cm sec-l, f = 592 t o  59.2 Hz 

( W L  = 4 ) ,  and 0.088 cm sec-', f = 704 t o  70.4 llz (VEL ~ ' 6 ) .  The 

h o r i z o n t a l  o u t p u t  beam from t h e  i n t e r f e r o m e t e r  was r e f l e c t e d  

downward by a 1" d i a m e t e r  go ld  c o a t e d  pyrex  m i r r o r  (Newport 

Research  Corp.) mounted 45' t o  t h e  h o r i z o n t a l .  (The m i r r o r  h a s  a 
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168 RISEMAN AND EYRING 

f l a t  - 97% r e f l e c t i v i t y  o v e r  t h e  mid-IR r a n g e . )  “he 

p h o t o a c o u s t i c  s i g n a l  was d e t e c t e d  by a R 6 K Model 4265 c o n d e n s e r  

microphone o p e r a t e d  w i t h  a Type 2804 power s u p p l y .  ‘ b e  s i g n a l  

p a s s e s  t h r o u g h  a p r e a m p l i f i c a t i o n  s t a g e  u s i n g  a Model 2619s R & K 

p r e a m p l i f i e r .  S i n c e  we c a n n o t  u s e  a l o c k - i n  a m p l i f i e r ,  i t  was 

n e c e s s a r y  to e n c l o s e  t h e  microphone and p r e a m p l i f i e r  in a n  a i r  

t i g h t  aluminum c a s i n g  t o  r e d u c e  t h e  e f f e c t s  of amhicnt  room n o i s e  

and d e c r e a s e  d a t a  a c q u t s i t i o n  t i m e .  The s i g n a l  p a s s e s  through 

A.C. coupled  c i r c u t t r y  t o  remove t h e  l a r g e  n.C. o f f s e t  o f  t h e  

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

s t a g e .  A f t e r w a r d s  i t  is p r o c e s s e d  i d e n t i c a l l y  t o  t h e  s i g n a l  of  

one of t h e  s t a n d a r d  p y r o e l e c t r i c  d e t e c t o r s  which a re  h u i l t  i n t o  

t h e  N i c o l e t  i n s t r u m e n t .  S p e c t r a  were r e c o r d e d  a t  8 em-‘ 

r e s o l u t i o n  (2048 d a t a  p o i n t s )  w i t h  a sample s p a c i n g  o f  632.9 nm 

(He-Ne laser  w a v e l e n g t h ) .  This  c o r r e s p o n d s  t o  a t o t a l  mirror 

s t r o k e  of 0.13 cm. There is  a c o n s e q u e n t  1.1 msec i n t e r v a l  

between d a t a  p o i n t s  a t  VEL = 1, 0.86 msec a t  VEL = 4,  and 0.12 

msec a t  VEL = 6. The i n t e r f e r o g r a m s  were phase  c o r r e c t e d  and 

a p o d i z a t i o n  was performed by t h e  Happ-Cenzel  method h e f o r e  b e i n g  

t r a n s f o r m e d  i n t o  t h e  p h o t o a c o u s t i c  spec t rum.  

RESULTS AND DISCUSSION 

F i g u r e s  1-8 g i v e  t h e  FTIRPA s p e c t r a  of e i g h t  v a r i e t i e s  of 

c a r b o n  a t  the three d i f f e r e n t  s c a n n i n g  ve loc i t i e s  ment ioned  i n  the 
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INFRARED FT PHOTOACOUSTIC SPECTRA 169 

Fig. 1. Photoacoust ic  s p e c t r a  of Nor i t  A ( P f a n s t i e h l  Labora to r i e s ,  
I n c . ) ,  VEL = 1 - . a -  ; VEL = 4 - ; VEL = 6 - - - . 

experimental  s ec t ion .  Figures 9-12 p l o t  t h e  d i f f e r e n t  carbon 

samples scanned a t  t he  same v e l o c i t i e s .  There are s e v e r a l  

s t r i k i n g  a spec t s  of these  spec t r a .  For example, none of t h e  

carbon samples examined exh ib i t ed  a spectrum independent of 

scanning speed. Graphite,  charcoal  woodpowder and Darco G-60 

showed t h e  least  scan speed dependence of t h e  e i g h t  carbon 

samples. A spectrum of the  empty ce l l  (Figure 13) was obtained t o  

v e r i f y  t h a t  t h e  c e l l  window o r  o t h e r  components were not 
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I 1 I I I I I 1 I 1 1 1 I I 
4Ooo 3200 2400 1800 I400 1000 600 

WAVENUMBERS 

Fig,  2 .  PA s p e c t r a  of N o r i t  A (MCB),  VEL = 1 - - - ; VEL = 4 
-..I ; VEL = 6 - . 

con t r ibu t ing  s i g n i f i c a n t l y  t o  the  PA s i g n a l .  Atmospheric C 0 2  

(2387 cm-l and 667 em-') and H20 (1600 cm-') are c l e a r l y  

present .  Their r e spec t ive  abso rp t ions  are s l i g h t l y  wavelength 

s h i f t e d  compared t o  l i t e r a t u r e  t ransmission s p e c t r a  because they 

have not been source compensated. 

With the  except ion of Darco Cr60 and P i t t sbu rgh  Act ivated 

Carbon (Figures  4 and 7) a l l  carbon samples measured a t  VEL = 1 

produce broader  abso rp t ion  p r o f i l e s  than i n  t h e  s p e c t r a  a t  h ighe r  
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INFRARED FT PHOTOACOUSTIC SPECTRA 171 

Fig. 3. PA s p e c t r a  of Charcoal woodpowder (MCB), VEL = 1 --.- ; 
VEL = 4 - ; VEL = 6 - - - . 

v e l o c i t i e s .  For the exceptions a spectrum taken a t  VEL = 4 was 

only s l i g h t l y  broader than the  one taken a t  VEL = 1. These 

measurements were taken a t  50% of peak amplitudes. 

From Figures  9-12, i t  is apparent t h a t  d i f f e r e n t  carbon 

samples scanned a t  the  same speed more c lose ly  resemble each o t h e r  

than do spec t r a  of t he  same sample run a t  d i f f e r e n t  speeds, with 

t h e  exception of Nor i t  A (MCB) and Nuchar C-190-N scanned a t  VEL = 
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F i g .  4 .  PA s p e c t r a  of Darco G-60 ( J .T .  Baker Chemical C o . ) ,  VEL 
= 1 -..- ; VEL = 4 - ; VEL = 6 - - - . 

1. The spec t r a  of these two except ions a r e  much more s t r u c t u r e d  

a t  VEL = 1 than a t  VEL = 4 and VEL = 6 ,  where they c lose ly  

resemble the spec t r a  of the o the r  carbons. A l l  t he  spec t r a  a r e  

most f a i t h f u l l y  reproduced i n  t h e  region below 1200 cm- . 1 

For a l l  t he  samples s tud ied  the abso lu te  maxima of t he  PA 

s p e c t r a  s h i f t  from lower wavenumbers a t  VEL = 1 ( a l l  maxima wi th in  

the range 1380 cm-l t o  1300 ern-') t o  higher  wavenumbers when 

scanned a t  VEL = 4 and VEL = 6 .  The abso rp t ion  maxima of carbon 
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t I I 1 I I I I 1 1 I I I I 
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WAVENUMBERS 

Fig .  5. PA s p e c t r a  of Graphi te  (Sargent-Welch), VEL = 1 -..- ; 
V E L = 4 - ; V E L = 6 - - - .  

samples scanned a t  VEL = 4 usua l ly  were s h i f t e d  t o  a g r e a t e r  

s p e c t r a l  frequency than f o r  the same sample run at VEL = 6, but 

the  spread between the two never exceded 160 cm-' ( fo r  cha rcoa l  

woodpowder 1525 cm-' a t  VEL = 6, 1680 cm-l a t  VEL = 4 )  centered 

around 1550 cm-'. Again Nuchar C-1904 and Nori t  A (MCB) a r e  

anomalous because of t h e i r  g r e a t e r  degree of s p e c t r a l  s t ruc tu re .  
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Fig. 6. PA s p e c t r a  of Nuchar C-190-N (Eastman), VEL = 1 - - - ; 
VEL = 4 - ; VEL = 6 - * * -  . 

Figure 14 r e p r e s e n t s  t h e  response s p e c t r a  of t h e  Nico le t  DTGS 

d e t e c t o r  a t  f o u r  d i f f e r e n t  scanning v e l o c i t i e s  ranging from 0.160 

cm sec-l at  VEL = 15 to 0.440 cm sec-' a t  VEL = 30. V e l o c i t i e s  

lower than  0.160 cm sec-' could not  be recorded because t h e  s i g n a l  

produced is  g r e a t e r  than t h e  ana log - to -d ig i t a l  conve r t e r  w i l l  

a ccep t ,  and a convenient means of adequately a t t e n u a t i n g  the  

i n f r a r e d  beam w a s  lacking.  Figure 14 i n d i c a t e s  t h a t  t h e  s p e c t r a l  

response of t h e  DTGS d e t e c t o r  is independent of mi r ro r  ve loc i ty .  
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Fig. 7 .  PA s p e c t r a  of P i t t s b u r g h  Act ivated Carbon, VEL = 1 -..- ; 
V E L = 4 - ;  V E L = 6 - - - .  

This d e t e c t o r  e x h i b i t s  a response independent of t he  s p e c t r a l  

frequency, but changes l i n e a r l y  with modulation frequency i n  t h e  

same fash ion  as t h e  photoacoust ic  s i g n a l  from a t r u e  black body 

( sa tu ra t ed )  absorber.’ Thus t h e  response curve of t h i s  d e t e c t o r  

w i l l  d u p l i c a t e  t h e  output of t he  i n f r a r e d  source a f t e r  passing 

through t h e  in t e r f e romete r .  

I n  Figures  13 and 12 p l o t t e d  along with t h e  carbon sample 

s p e c t r a  is  t h e  DTGS d e t e c t o r  response, and i n  every case t h e  s p e c t r a  
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WAVENUMBERS 

Fig. 8. PA s p e c t r a  of XC-3003 p e l l e t s  (Union Carb ide ) ,  VEL = 1 -..- ; VEL = 4 - ; VEL = 6 - - - . 

obtained a t  VEL = 1 most c l o s e l y  resemble t h e  DTGS curve. Spec t r a  

a t  Vn = 4 were omitted for brev i ty .  The DTGS d e t e c t o r  response 

peaks a t  1240 em-', and i t s  broad p r o f i l e  i s  very c l o s e l y  matched 

by charcoal  woodpowder (maximum a t  1275 ern-'), Darco G-60 (maximum 

a t  1340 em-') and Graphi te  (maximum a t  1300 em-'), a l though no one 

carbon would y i e l d  a h o r i z o n t a l  l i n e  when r a t i o e d  a g a i n s t  t h e  DTGS 

de tec to r .  
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Fig. 9. PA s p e c t r a  of f o u r  d i f f e r e n t  carbons sampled a t  VEL = 6: 
Darco 6-60 -.- ; N o r i t  A ( P f a n s t i e h l )  -.-- ; P i t t s b u r g h  
Act ivated Carbon - - - ; XC-3003 p e l l e t s  - . 

The s p e c t r a  of Nor i t  A (Figure 15) obtained from two 

d i f f e r e n t  vendors are observed t o  be v a s t l y  d i f f e r e n t  i n  t h e i r  

pho toacous t i c  response. The Nori t  A (MCB) shows t h e  presence of 

d i s c r e t e  absorbances whereas the  sample obtained from P f a n s t i e l  

Labora to r i e s ,  Inc. does not. This  may be a t t r i b u t a b l e  t o  any 

number of reasons but demonstrates t h a t  it would be impossible t o  

choose a u n i v e r s a l  carbon r e fe rence  material, j u s t  as Low and 

Parodi have a s s e r t e d .  5 
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Fig.  10. PA s p e c t r a  of f o u r  d i f f e r e n t  carbons sampled a t  VEL = 6: 
Charcoal woodpowder - - - ; Nuchar C-190-N - ; N o r i t  
A (MCB) -..- ; Graph i t e  -.- ; DTGS d e t e c t o r  - - . 

The profound v e l o c i t y  dependence of t h e  s p e c t r a  of a l l  carbon 

samples i s  not very s u r p r i s i n g .  The r e s u l t s  i n d i c a t e  t h a t  a l l  t h e  

carbons s t u d i e d  are very s t r o n g  i n f r a r e d  abso rbe r s  even though 

they are a l l  less than  i d e a l  f o r  producing pho toacous t i c  

background spec t r a .  The s p e c t r a  of i n d i v i d u a l  carbons a t  t h e  

t h r e e  d i f f e r e n t  scanning v e l o c i t i e s  c l e a r l y  i l l u s t r a t e  one 

inconvenience of r a p i d  scan FTPAS: This  i s  t h e  unique modulation 
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Fig .  11. PA s p e c t r a  of fou r  d i f f e r e n t  carbons sampled a t  VEL = 1: 
N o r i t  A ( P f a n s t i e h l )  - ; P i t t s b u r g h  Act iva ted  Carbon 
- - - ; XC-3003 p e l l e t s  -..- ; Graph i t e  --- . 

dependence of each s p e c t r a l  element. Not only does t h i s  mean that 

each  s p e c t r a l  frequency is being probed a t  d i f f e r e n t  thermal 

d i f f u s i o n  l eng ths ,  but a l s o  impl ies  t h a t  i n  the  case  of s t r o n g  

abso rbe r s  such as carbon t h e  s i g n a l  i s  observed t o  advance through 

success ive  s t a g e s  of s a t u r a t i o n .  F u l l  s a t u r a t i o n  i s  achieved a t  

modulation f r equenc ie s  corresponding t o  less than  1200 cm-', i.e. 

f requencies  less than -150 Hz. The FTPA spectrum of carbon moves 
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WAVENUMBERS 

Fig. 1 2 .  PA s p e c t r a  of fou r  d i f f e r e n t  carbons sampled a t  VEL = 1: 
N o r i t  A (MCB) - ; Darco G-60 -..- ; Charcoal 
woodpowder - - - ; Nuchar C-190-N --- ; DTGS d e t e c t o r  - - .  

out of f u l l  s a t u r a t i o n  toward  t h e  high wavenumber end (4000 ern-’) 

of the mid-infrared spectrum. The reason the  PA s p e c t r a  of t h e  

same carbon sample a t  t h r e e  d i f f e r e n t  sampling v e l o c i t i e s  a r e  most 

f a i t h f u l l y  reproduced i n  the  low wavenumber r eg ion  and t h e  

g r e a t e s t  d i sc repanc ie s  occur a t  t h e  high frequency end i s  t h a t  a t  

the high frequency end the  FTPA spectrum has moved out of t h e  

region of t o t a l  s a t u r a t i o n .  
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Fig. 13. PA spectrum of empty PA ce l l  sampled a t  VEL = 1 - - a -  ; 
V E L = 4 - ;  V E L = 6 - - - .  

The above conclusions are s u b s t a n t i a t e d  by FTPA s p e c t r a  of 

5 m t h i c k  polyethylene shee t s .  The spectrum of polyethylene 

should not  be compromised by s a t u r a t i o n  e f f e c t s  because of t he  low 

e x t i n c t i o n  c o e f f i c i e n t s  of t h i s  mid-infrared absorber.  The 

s p e c t r a  run a t  the  t h r e e  d i f f e r e n t  v e l o c i t i e s  (VEL = 1,4 ,  and 6)  

are found t o  be abso lu te ly  congruent. 
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Fig. 14 .  DTGS d e t e c t o r  response ,  sampled a t :  VEL = 15 - - - ; 
VEL = 20 - * -  ; VEL = 25 - - a -  ; VEL = 30 - . 

Thus, carbon i n  a l l  v a r i e t i e s  w i l l  be less s u i t a b l e  a s  a mid- 

i n f r a r e d  source  r e f e r e n c e  material f o r  r a p i d  scan  FTPA 

spec t roscopy than  f o r  d i s p e r s i v e  PA spec t roscopy.  

CONCLUSIONS 

We have seen  t h a t  no form of carbon is s u i t a b l e  for e i t h e r  

d i spe r s ive '  o r  FT pho toacous t i c  source  no rma l i za t ion  a t  mid- 

i n f r a r e d  wavelengths. 

A more e a s i l y  s t anda rd ized  no rma l i za t ion  method f o r  FTIRPAS 

would employ a double beam i n  space arrangement where a f r a c t i o n  
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Fig. 15. PA spectra of Norit A at VEL = I: Pfanstiehl Laboratories 
; MCB - . - - -  

of the 3ncoming beam is diverted into the DTGS detector, or any 

detector whose response function closely matches that of an ideal 

photoacoustic black body absorber. The two signals (sample and 

reference) would then be ratioed before going to the data handling 

electronics. This technique would also correct for the noise of 

transient source fluctuations. The sensitivity of the DTGS 

detector at mirror velocities useful in taking microphonic PA data 

is so great that only 1% of the beam need be diverted to it thus 
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184 RISEMAN AND EYRING 

r e t a i n i n g  p r a c t i c a l l y  a l l  of t h e  throughput advantage of FT 

spectroscopy. 

I n  examining any highly absorbing mid-inf r a r e d  sample, such 

as coa l ,  r ap id  mirror  v e l o c i t i e s  must be employed f n  an  FTPA 

s p e c t r a l  measurement so t h a t  s a t u r a t i o n  e f f e c t s  are not  observed. 
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