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THIN-LAYER CHROMATOGRAPHIC-DI FFUSE 
REFLECTANCE INFRARED FOUR I E R 

TRANSFORM SPECTROSCOPIC ANALYSIS 

Phyllis R. Brown1 and Bernard T. Beauchemin, Jr.2 
I Department of Chemistry 
University of Rhode Island 

Kingston, Rhode Island 02881 -0801 
201in Hunt Specialty Products 

200 Massasoit Ave. 
East Providence, R hode Island 0291 4 

ABSTRACT 

Diffuse reflectance Fourier transform spectroscopy (DRIFTS) 
is used to gain abundant structural information about thin layer 
chromatographically (TLC) separated materials. Quantitative and 
qualitative in situ DRIFTS analysis can be accomplished consider- 
ing the effect of the TLC chromatographic support on the 
measurement of the TLC spot. Methods for in situ FTIR analysis of 
TLC spots are reviewed along with techniques proposed to overcome 
spectral interferences associated with the in situ measurement. 

optical 

INTRODUCTION 

Thin layer chromatography (TLC) is a simple and rapid sepa- 

ration method for the analysis of non-volatile compounds. TLC's 
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1002 BROWN AND BEAUCHEMIN 

un ique  c a p a b i l i t y  o f  s imul t aneous  sample a n a l y s i s  e n a b l e s  i t s  

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

f o r  t h e  a n a l y s i s  of d rugs .  It is u s e f u l  f o r  mon i to r ing  s y n t h e t i c  

r e a c t i o n s ,  s c r e e n i n g  d r u g  m e t a b o l i t e s  i n  b i o l o g i c a l  samples  and 

a n a l y z i n g  a n t i b i o t i c s  i n  f e r m e n t a t i o n  media (1). 

TLC i s  a chromatographic  t e c h n i q u e  which is p r e s e n t l y  enjoy-  

i n g  a r e s u r g e n c e  of  i n t e r e s t  (2) .  The s u c c e s s f u l  development of  

h i g h  performance l i q u i d  chromatography (HPLC) i n i t i a l l y  slowed 

t h e  i n t e r e s t  i n  TLC, however, t echno logy  improvements i n  IIPLC have 

f u e l e d  advances i n  TLC. Improvements i n  TLC p l a t e  c o a t i n g  mate- 

r i a l s ,  deve lop ing  t e c h n i q u e s  , and sample a p p l i c a t i o n ,  have l e d  t o  

t h e  development of h igh  performance t h i n  l a y e r  chromatography 

(IIPTLC) and improved e f f i c i e n c y  and p r e c i s i o n  o f  t h e  t e c h n i q u e  

( 3 , 4 ) .  These developments  have l e d  t o  h i g h  q u a l i t y  commercial ly  

a v a i l a b l e  TLC p l a t e s ,  p a r t i c u l a r l y  s u i t a b l e  f o r  q u a n t i t a t i v e  re- 

f l e c t a n c e  methods ( 5 ) .  Precoa ted  TLC p l a t e s  are a v a i l a b l e  w i t h  a 

wide r ange  of  chromatographic  s u p p o r t s  such  as normal phase s i l i c a  

g e l ,  a lumina,  or c e l l u l o s e ;  reversed-phase diphenyl,C-2,C-8,or C- 

18; cyano and amino ; i o n  exchange and c h i r a l  s u p p o r t s .  

TLC is used to  s e p a r a t e  a wide r ange  of compounds. After 

s p o t t i n g ,  development and p l a t e  d r y i n g ,  t h e  s o l u t e s  are i d e n t i f i e d  

by comparing t h e  d i s t a n c e  t h e y  m i g r a t e  t o  t h e  d i s t a n c e  s t a n d a r d  

materials mig ra t e .  D e t e c t i o n  of s e p a r a t e d  sample s p o t s  may be 

ach ieved  th rough  exposure  t o  i o d i n e  v a p o r s ,  c h a r r i n g  w i t h  
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DRIFTS ANALYSIS 1003 

s u l f u r i c  a c i d ,  

c o n t a i n s  a UV f l u o r e s c e n t  i n d i c a t o r .  The u s e  o f  s p r a y  r e a g e n t s  

a l s o  g i v e s  i n f o r m a t i o n  a b o u t  t h e  i d e n t i t y  of t h e  chromatographed 

material. Of t en ,  s p e c t r a l  measurement is d e s i r e d  t o  o b t a i n  s t r u c -  

t u r a l  i n f o r m a t i o n  

or v i s u a l i z a t i o n  under  W l i g h t  i f  t h e  TLC p l a t e  

and p o s s i b l y  i d e n t i f y  an unknown s p o t .  

S p e c t r a l  i d e n t i f i c a t i o n  of  a TLC s p o t  is  u s u a l l y  time consu- 

ming and problematfc .  To o b t a i n  s p e c t r a l  i n f o r m a t i o n  o f t e n  re- 

q u i r e s  t h e  removal of  t h e  s e p a r a t e d  material from t h e  chromatogra- 

p h i c  s u p p o r t  and f u r t h e r  sample p r e p a r a t i o n  p r i o r  t o  s p e c t r o s c o p i c  

measurement. Such t r e a t m e n t  may l e a d  t o  Contaminat ion , degrada- 

t i o n  o r  l o s s  of  t h e  s p e c i e s  o f  i n t e r e s t .  

A l t e r n a t i v e l y ,  s p e c t r o s c o p i c  i n f o r m a t i o n  abou t  TLC s e p a r a t e d  

I n  s i t u  q u a n t i t a t i v e  measure- materials can  be o b t a i n e d  i n  s i t u  . 
ment of TLC s p o t s  can  be  accomplished by dens i tome t ry ,  e i t h e r  i n  

r e f l e c t a n c e  or  f l u o r e s c e n c e  ( 6 ) .  T y p i c a l l y ,  f i x e d  wavelength 

d e t e c t i o n  i s  used ,  u s u a l l y  i n  t h e  u l t r a v i o l e t  s p e c t r a l  r e g i o n ,  and 

t h e r e f o r e  l i m i t e d  q u a l i t a t i v e  i n f o r m a t i o n  abou t  t h e  sample i s  

d e r i v e d  from t h e  d e t e c t o r  d u r i n g  t h e  q u a n t i t a t i v e  measurement. I n  

s i t u  u l t r a v i o l e t - v i s i b l e  o r  f l u o r e s c e n c e  s p e c t r a  may be  o b t a i n e d  

u s i n g  scann ing  dens i tome t ry  (7) .  

Monitor ing t h e  i n f r a r e d  s p e c t r a l  r e g i o n  by i n  s i t u  d i f f u s e  

r e f l e c t a n c e  F o u r i e r  t r a n s f o r m  spec t roscopy  (DRIFFS) e n a b l e s  b o t h  

q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r i z a t i o n  of a TLC spot w i t h  
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1004 BROWN AND BEAUCHEMIN 

one measurement. T h i s  quantitative/qualitative a s p e c t  i s  p a r t i -  

c u l a r i l y  u s e f u l  when TLC-DRIFTS is  used t o  f o l l o w  a l a b i l e  com- 

pounds such  as diazonaphthoquinones used i n  t h e  m i c r o e l e c t r o n i c s  

i n d u s t r y  (8). 

O p t i c a l  measurement of  i n f r a r e d  s p e c t r a  of by use  of  a n  FTIR 

s p e c t r o m e t e r  r e q u i r e s  measurement of background and sample (9). 

I n  s i t u  TLC s p o t  measurement r e q u i r e s  t h e  background measurement 

of a p o r t i o n  of t h e  TLC s u p p o r t  exposed t o  a l l  chromatographic  

c o n d i t i o n s ,  b u t  free of  any sample.  The f i n a l  i n f r a r e d  spectrum of  

a TLC s p o t  is o b t a i n e d  by e i t h e r  r a t i o i n g  sample and background 

measurements o r  s u b r a c t i n g  background spectrum from sample spec- 

trum. Of t en ,  s t r o n g  i n f r a r e d  abso rbances  of t h e  chromatographic  

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

a b o u t  t h e  sample i n  t h e s e  s p e c t r a l  r e g i o n s .  A number of  approaches  

t o  t h e  FTIR measurement of i n f r a r e d  s p e c t r a  of  TLC s p o t s  have 

evolved TLC 

p l a t e  i n t e r f e r e n c e s .  

which a t t e m p t  to  d e a l  w i t h  t h e  problem of background 

T h i s  review will c o n c e n t r a t e  on r e c e n t  developments  of 

i n f r a r e d  r e f l e c t a n c e  s p e c t r o m e t r y  of TLC s e p a r a t e d  s p o t s .  Emphasis 

w i l l  be p l aced  on d i f f u s e  r e f l e c t a n c e  i n f r a r e d  F o u r i e r  t r a n s f o r m  

s p e c t r o m e t r y  o f  TLC s p o t s  (TLCDRIFTS). Comparison of  a n a l y s i s  of 

TLC s p o t s  by TLC-PAS ( p h o t o a c o u s t i c  i n f r a r e d  F o u r i e r  t r a n s f o r m  

spec t roscopy)  and TLC-FTIR ( t r a n s m i s s i o n  i n f r a r e d  F o u r i e r  t r a n s -  

form spec t roscopy)  w i l l  be  p r e s e n t e d  where a p p r o p r i a t e .  
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Depending on t h e  n a t u r e  of t h e  i s o l a t e d  TLC s p o t  and t h e  g o a l  

of t h e  a n a l y s i s ,  t h e  c h o i c e  of i n f r a r e d  measurement of a TLC s p o t  

can be e i t h e r  i n  s i t u  o r  after t r a n s f e r  t o  an i n f r a r e d - t r a n s p a r e n t  

s u b s t r a t e .  I f  t h e  TLC s e p a r a t e d  material is thermally o r  photo- 

chemica l ly  l a b i l e ,  t h e n  a n  i n  s i t u  technique  i s  d e s i r a b l e .  I n  

q u a n t i t a t i v e  a p p l i c a t i o n s , a n  i n  s i t u  measurement approach is 

necessary  t o  minimize sample loss, where as f o r  q u a l i t a t i v e  a p p l i -  

c a t i o n s ,  s p o t  t r a n s f e r  t o  a non-infrared absorb ing  s u b s t r a t e  

allows measurement of s p e c t r a  f r e e  of s t a t i o n a r y  phase i n t e r f e r e n -  

ces and more amenable t o  computer s e a r c h i n g  of s p e c t r a l  d a t a  

bases .  

The f i r s t  demonstrat ion of  i n  s i t u  measurement o f  TLC s p o t s  

was done by P e r c i v a l  & G r i f f i t h s  us ing  d i r e c t  t r a n s m i s s i o n  measu- 

rement of  s p o t s  s e p a r a t e d  by si l ica gel on s i l v e r  c h l o r i d e  TLC 

p l a t e s  (10). A t h i n  adsorbent  c o a t i n g  and i n f r a r e d  t ransparency  of  

t h e  AgCl s u p p o r t  permi t ted  enough energy throughput  t o  a c q u i r e  

s p e c t r a  of t h e  adsorbed s p e c i e s  a t  1 t o  10 microgram l e v e l s  of 

material. S e v e r a l  amino a c i d s ,  i n c l u d i n g  g l y c i n e  , a long  w i t h  a 

few d y e s  were s t u d i e d .  Thei r  approach produced u s e f u l  i n f r a r e d  

s p e c t r a  i n  t h e  2200 t o  1300 cm-1 r e g i o n  ,however, t h e i r  work was 

l i m i t e d  t o  non-commercially a v a i l b l e  AgCl s p e c i a l t y  p l a t e s .  

Gomez-Taylor and G r i f f i t h s  a l s o  used i n f r a r e d  t r a n s p a r e n t  

q u a l i t a t i v e  AgCl p l a t e s  coa ted  w i t h  s i l i ca  g e l  t o  o b t a i n  i n  s i t u  
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1006 BROWN AND BEAUCHEMIN 

s p e c t r a  of p e s t i c i d e s  (11). They proposed t o  a v o i d  i n f r a r e d  

s c a t t e r i n g ,  which r e d u c e s  t h e  ene rgy  th roughpu t  a t  h i g h  i n f r a r e d  

f r e q u e n c i e s  ,by c o a t i n g  t h e  a d s o r b e n t  p l a t e  w i t h  f l u o r o l u b e  p r i o r  

t o  measurement. L a t e r  , t h e  d e t e c t i o n  l i m i t s  of  t h i s  t r a n s m i s s i o n  

t e c h n i q u e  were reduced th rough  t h e  u s e  of programmed m u l t i p l e  

development (PMD) which i n c r e a s e d  t h e  ch romatograph ic  r e s o l u t i o n  

and fou r - fo ld  c o n c e n t r a t e d  e a c h  sample s p o t  on t h e  TLC p l a t e  

compared t o  c o n v e n t i o n a l  TLC. S p e c t r a  i n  t h e  2000 t o  1200 cm-1 

i n f r a r e d  r e g i o n  of 10 nanograms o f  a s t r o n g  i n f r a r e d  a b s o r b e r  

(mthy lene  b l u e )  were measured by t r a n s m i s s i o n  a f t e r  PMD t r e a t m e n t  

of t h e  a lumina  on s i l v e r  c h l o r i d e  p l a t e  ( 1 2 ) .  

G r i f f i t h s  and F u l l e r  were f i r s t  t o  demons t r a t e  i n  s i t u  d i f -  

f u s e  r e f l e c t a n c e  i n f r a r e d  F o u r i e r  t r a n s f o r m  s p e c t r o m e t r i c  (DRIFTS) 

a n a l y s i s  o f  TLC s p o t s  (13) .  TLC s p o t s  were c u t  f rom aluminum 

backed s i l ica  g e l  p l a t e s  by means of a punch and p l aced  a t  t h e  

f o c u s  o f  t h e  D R I F T  s p e c t r o m e t e r .  In a n o t h e r  r e f l e c t a n c e  approach  

by G r i f f i t h s  and F u l l e r  (14) ,  t h e  i s o l a t e d  s p o t  , t o g e t h e r  w i t h  t h e  

s i l ica  g e l ,  were s c r a p e d  from t h e  TLC p l a t e  and measured by 

DRIFTS. A p o r t i o n  of t h e  n e i g h b o r i n g  s i l ica  g e l  was used as back- 

ground and s i m i l a r i l y  t r e a t e d .  Sample p r e p a r a t i o n  c o n t r i b u t e d  t o  

t h e  d i f f i c u l t y  i n  o b t a i n i n g  s p e c t r a  and t h e  compensat ion o f  

abso rbance  due  t o  background si l ica g e l  was d i f f i c u l t  t o  a c h i e v e  

even w i t h  s t r o n g l y  a b s o r b i n g  dyes.  

Zuber e t  a l .  demons t r a t ed  t h e  a p p l i c a b i l i t y  o f  d i r e c t  i n  a i t u  

a n a l y s i s  o f  TLC s p o t s  by DRIFTS u s i n g  v a r i e t y  o f  commercial ly  
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a v a i l a b l e  p l a t e s  (15). I n  Z u b e r ' s  method, two p l a t e s  were used ,  

one f o r  sampling and one f o r  background c o r r e c t i o n .  The p rocedure  

r e q u i r e s  s p o t t i n g  of one of two i d e n t i c a l  p l a t e s .  Both p l a t e s  are 

s i m u l t a n e o u s l y  developed and d r i e d .  The TLC p l a t e s  are d i r e c t l y  

i n s e r t e d  i n t o  t h e  s p e c t r o m e t e r  sample chamber and measured a t  t h e  

same p l a c e  on t h e  p l a t e .  P l a t e  c o n t r i b u t i o n s  t o  background are 

s u b t r a c t e d  from r e s u l t a n t  I R  s p e c t r a  th rough  u s e  of  t h e  FTIR d a t a  

system. DRIFTS a n a l y s i s  r e q u i r e d  approx ima te ly  30 minutes .  T h i s  

method was a p p l i e d  t o  c a f f e i n e  pha rmaceu t i ca l  f o r m u l a t i o n s  a t  t h e  

10 microgram p e r  s p o t  l e v e l  w i t h  d e t e c t i o n  l i m i t s  e s t i m a t e d  a t  

a b o u t  1 microgram. 

Zuber et a l .  s t u d i e d  v a r i o u s  p l a t e s  i n c l u d i n g  s i l ica  g e l  GF; 

Av ice l  ( m i c r o c r y s t a l l i n e  c e l l u l o s e ) ;  F l o r i s i l  ( a c t i v a t e d  magnesium 

si l icate);  aluminum o x i d e ;  and a c e t y l a t e d  c e l l u l o s e .  P l a t e s  

g e n e r a l l y  had a 250 micron t h i c k  chromatographic  1ayer .Zuber  e t  

a l .  demons t r a t ed  i n f r a r e d  r e g i o n s  were found t o  e x i s t  where t h e  

p l a t e  material abso rbed  so g r e a t l y  o n l y  minimal i n f o r m a t i o n  re- 

mained a f te r  s u b t r a c t i o n .  T h e r e f o r e ,  o n l y  areas hav ing  minimal 

a b s o r p t i o n  were of use. S i l i c a  g e l  TLC p l a t e s  were found t o  be of  

low s e n s i t i v i t y  i n  t h e  I R  r e g i o n  of 3700 t o  3100 cm-1 and 1650 t o  

800 cm-1 due t o  t h e  a b s o r p t i v i t y  of background s i l ica  g e l .  Av ice l  

h a s  low I R  a b s o r p t i o n  from 4000 t o  3500 cm-1 and 2700 t o  1500 cm- 

1, and , as  a r e s u l t  had b e t t e r  l i m i t s  of  d e t e c t i o n  f o r  c a r b o n y l  

c o n t a i n i n g  materials (IR r e g i o n  1800 t o  1600 cm-1) t h a n  d i d  

S i l i c a  g e l  GF. 
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Zuber e t  a l .  showed t h a t  i n  s i t u  i n f r a r e d  r e f l e c t a n c e  s p e c t r a  

from TLC s p o t s  d i f f e r e d  from t r a n s m i t t a n c e  s p e c t r a  o f  t h e  same 

compounds i n  a non I R  a b s o r b i n g  m a t r i x .  I n  s i t u  r e f l e c t a n c e  spec- 

t ra were less d e t a i l e d  t h a n  t r a n s m i t t a n c e  s p e c t r a ,  however s p e c t r a  

d i d  p o s s e s s  i n f r a r e d  a b s o r b a n c e s  bands which were bo th  a s s i g n a b l e  

t o  s t r u c t u r e  and similar to  known c h a r a c t e r i s t i c  i n f r a r e d  func -  

t i o n a l  group f r e q u e n c i e s .  

I n  s i t u  DRIFTs a n a l y s i s  of TLC s p o t s  was used t o  a n a l y z e  

r eve r sed -phase  HPTLC s e p a r a t e d  pho tochemica l ly  l a b i l e  compounds 

(8). I n  t h i s  DRIFTs me thod , the  d r i e d  TLC p l a t e  is d i r e c t l y  in -  

s e r t e d  i n t o  t h e  s p e c t r o m e t e r  chamber, and t h e  same p l a t e  is used 

f o r  s p o t  measurement and f o r  backqround c o r r e c t i o n .  The p rocedure  

min imizes  background d i f f e r e n c e s  such  as p l a t e  t h i c k n e s s , a d s o r b e d  

r e s i d u a l  d e v e l o p i n g  s o l v e n t s  o r  water, o r  p a r t i c l e  s i z e  t h a t  may 

e x i s t  when two p l a t e s  are used.  A r e f e r e n c e  laser a i d s  i n  s p o t  

a l i g n m e n t  c a n  

be found q u i c k l y .  P l a t e  c o n t r i b u t i o n s  t o  background are compen- 

s a t e d  f o r  q u i c k l y  and a c c u r a t e l y  w i t h o u t  s p e c t r a l  d a t a  manipula- 

t i o n .  a n a l y s i s  t i m e  f o r  one  microgram TLC s p o t s  was less 

t h a n  one minute .  P r e c i s i o n  of 2 t o  4 X RSD €or d i a z o  peak a b s o r -  

bance measurements was ache ived  f o r  d i azonaph thoqu inones  s e p a r a t e d  

by r eve r sed -phase  HPTLC. 

and t h e  l o c a t i o n  of t h e  background and sample s p o t  

D R I F T S  

Q u a n t i t a t i v e  i n  s i t u  a n a l y s i s  o f  d i azonaph thoqu inones  by 

r eve r sed -phase  HPTLC-DRIFl's was shown u s i n g  a n  o c t a d e c y l s i l a n e  

bonded t o  a s i l i ca  g e l  s u p p o r t  (16). Areas o f  t h e  s p e c t r a l  r e g i o n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DRIFTS ANALYSIS 1009 

where silica gel absorbs strongly in the infrared (3400 to 3100 

cm-1 and 1650 to 800 cm-1) have little reflectivity and minimal 

information could gained about the species adsorbed on the sur- 

face. to 

1650 cm-1 and coincided with the strong absorbance of the diazo 

group, C=N=N, of the diazonaphthoquinone in the 2160-2100 cm-1 

region. Therefore , quantitation by diffuse reflectance infrared 
spectroscopy of diazonaphthoquinones in this region was suitable 

and free from spectral interference from the stationary phase. 

Although application of the Kubelka-Munk function €or components 

in absorbing matrices may vary in a non-linear manner with con- 

centration (17) , good linearity of Kubelka-Munk data with concen- 
tration was found in the 1 to 10 microgram range. 

The area of greatest reflectivity is the region of 3100 

Although the spectral window of DRIFTs using reverse phase 

TLC is narrow, abundant spectral information was obtained on the 

nature of the diazonaphthoquinone material.. The strongest absorb- 

ing functional group (diazo) is also the group which is photo- 

chemically labile; thus under appropriate conditions the diazo 

group was used to follow the integrity of the diazonaphthoquinone 

compound (18). 

PHOTOACOUSTIC MEASUREMENTS 

Photoacoustic spectroscopy (PAS) has been suggested as the 

method of choice over DRIFTs analysis of high infrared absorbing 
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1010 BROWN AND BEAUCHEMIN 

sample matrices (19). C h i l d e r s  e t  a l .  i n d i c a t e d  t h a t  a ma jo r  

problem e n c o u n t e r e d  w i t h  i n  s i t u  DRIFTs a n a l y s i s  of TLC s e p a r a t e d  

materials is t h e  a p p e a r a n c e  of r e s t s t r a h l e n  b a n d s , o r  r e f l e c t a n c e  

maxima, p a r t i c u l a r l y  w i t h  t h e  u s e  o f  s i l i ca  g e l  (19). C h i l d e r s  h a s  

shown r e s t s t r a h l e n  bands  are n o t  p r e s e n t  i n  i n f r a r e d  a n a l y s i s  by 

PAS . The p r e s e n c e  of r e s t s t r a h l e n  bands i n  D R I k T s  have  been 

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

r e f l e c t a n c e  a c c e s s o r y  (20.21). 

A n a l y s i s  o f  TLC s p o t s  by p h o t o a c o u s t i c  s p e c t r o m e t r y  (TLC-PAS) 

is  less s u b j e c t  to  i n t e r f e r e n c e s  f rom t h e  s t a t i o n a r y  phase ,  how- 

e v e r  s i g n a l  i n t e n s i t i e s  are low (22) .  One r e p o r t e d  d e t e c t i o n  l i m i t  

f o r  PAS was 70 times h i g h e r  t h a n  f o r  DRIFTs (22) .  PAS accessories 

are n o t  as wide ly  used as  d i f f u s e  r e f l e c t a n c e  a c c e s s o r i e s ,  b u t  

some work h a s  been r e p o r t e d  i n  t h e  area of TLC a d s o r b a t e  a n a l y s i s  

( 2 2 , 2 3 ) .  U n l i k e  t h e  i n  s i t u  a p p r o a c h e s ,  PAS r e q u i r e s  t h e  sample 

s p o t  be p h y s i c a l l y  removed from t h e  TLC p l a t e  , e i t h e r  by remov- 

i n g  i t  w i t h  a h o l e  punch or  s c r a p i n g  t h e  a d s o r b a n t  from the back- 

i n g .  € o r  

s ample  measurement.Lloyd et  a l .  showed t h e  q u a n t i t a t i v e  n a t u r e  of  

t h e  TLC-PAS t e c h n i q u e  f o r  tetraphenylcyclopentadienone i n  t h e  300 

microgram r a n g e  w i t h  t h e  d e t e c t i o n  l i m i t s  e s t i m a t e d  a t  90 micro- 

grams (ug/cm2) (22)  .White demons t r a t ed  a one  mlcrogram d e t e c t i o n  

l i m i t  f o r  t h e  TLC-PAS measurement o f  c a f f e i n e  ( 2 3 ) .  A n a l y s i s  t i m e  

f o r  sample p r e p a r a t i o n  and p h o t o a c o u s t i c  a n a l y s i s  was e s t i m a t e d  

a t  5 m i n u t e s  . 

The p r e p a r e d  sample is  p l a c e d  i n  t h e  p h o t o a c o u s t i c  c e l l  
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Recen t ly ,  two nove l  t e c h n i q u e s  i n v o l v i n g  sample s p o t  t r a n s f e r  

to  a non-infrared a b s o r b i n g  m a t r i x  have been proposed t o  a v o i d  

i n t e r f e r e n c e s  by t h e  s t a t i o n a r y  phase  i n  DRIFTS i n  s i t u  measure- 

ments  of  TLC s p o t s .  

I n  t h e  f i rs t  method , S h a f e r  s u g g e s t s  a DRIFTS method u s i n g  

a sample t r a n s f e r  a c c e s s o r y  a t t a c h e d  t o  t h e  TLC p l a t e  which a l l o w s  

d i r e c t  t r a n s f e r  of  t h e  i s o l a t e d  TLC s p o t  to  a cup of  a non- 

i n f r a r e d  a b s o r b i n g  g l a s s  (24) .  T r a n s f e r  is accomplished th rough  

s o l v e n t  e x t r a c t i o n  o f  t h e  s p o t  and t h e  DRIFT spectrum is taken  

a f t e r  t h e  t r a n s f e r  s o l v e n t  is  evapora t ed  from t h e  sample cup. 

Q u a l i t a t i v e  s p e c t r a  were o b t a i n e d  , b u t ,  e f f i c i e n c y  o f  sample 

t r a n s f e r  may l i m i t  q u a n t i t a t i v e  a p p l i c a t i o n s  of t h i s  approach.  

Recen t ly ,  a TLC-FTIR sampling a c c e s s o r y  was commercial ly  i n t r o -  

duced based on t h i s  p r i n c i p l e  (25) .  A one microgram q u a n t i t y  of  

acenaphthenequinone s p o t t e d  o n t o  a TLC p l a t e  was s u f f i c i e n t  f o r  

measurement of a n  i d e n t i f i a b l e  i n f r a r e d  r e f l e c t a n c e  spectrum. 

I n  t h e  second method, Chambers e t  al. proposed t r a n s f e r  of  

t h e  TLC e l u a t e  i n t o  a p res sed  KC1 p e l l e t  f o r  measurement of  its 

DRIFT spectrum (26) . A s  w i t h  t h e  first method, t h e  TLC e l u a t e  is 

t r a n s f e r r e d  v i a  s o l v e n t  e x t r a c t i o n  from t h e  p l a t e .  A p p l i c a b i l i t y  

of t h i s  p rocedure  was shown f o r  po lyp ropy lene  a n t i o x i d a n t s  addi-  

t i v e s  s e p a r a t e d  by normal phase TLC ( s i l i ca  g e l  on aluminum) a t  

t h e  50 microgram l e v e l .  
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CONCLUSIONS 

BROWN AND BEAUCHEMIN 

Choice of chromatographic support must be considered when in 

situ DRIFTS analysis is undertaken. Prominent infrared absorbance 

frequencies of the analyte , should , ideally, be matched with 

areas of the chromatographic support which weakly absorb in the 

infrared spectral region.Proper choice of TLC support and analyte 

absorbance band can lead to precise quantitative infrared re- 

flectance measurements. The effect of strongly infrared absorbing 

matrices, such as silica gel, on diffuse reflectance infrared 

spectra of TLC spots requires consideration for both qualitative 

and quantitative analysis. 

TLC-DRIFTS can be used , under appropriate conditions , for 

the in situ quantitative analysis of photochemically labile com- 

pounds. 

TLC separated spots which are not labile and not sample 

limited, may be transferred to non-infrared absorbing matices 

for DRIFTS analysis with minimal spectral interferences. 
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