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A COMBINED THIN-LAYER CHRCMATOGRAPHY/MICRO INFRARED METHOD 

Haleem J. Issaq 
Chemical Synthesis and Analysis Laboratorv 

NCI-Frederick Cancer Research F a c i l i t y  - 
P.O. Box B 

Frederick, Maryland 21701 

ABSTRACT 

A method is described f o r  t he  automatic e l u t i o n  o f  chromatographed 

compounds on th in - l aye r  chromatography p la tes  and t h e i r  subsequent 

i d e n t i f i c a t i o n  by micro i n f r a r e d  spectroscopy. 

The method i s  simple, easy t o  perform i n  a few minutes, and requires 

5 ug o f  mater ia l ,  3 mg of KBr powder, and 150 p1 o f  solvent. 

INTRODUCTION 

The use o f  combined techniques f o r  chemical ana lys is  i s  no t  on ly  

useful but  i n  most cases t ime saving. 

which gives a pure sample, and spectrometry, which provides s t r u c t u r a l  

informat ion,  supply the  analyst  w i t h  valuable data. 

The combination o f  chromatography, 

Numerous gas chromatography/mass spectrometry (GC/MS) (1-5), l i q u i d  

chromatography/mass spectrometry (LC/MS) (6 - lo ) ,  and recent ly  t h in - l aye r  

chromatography/mass (TLC/MS) (1 1 )  coup1 i n g  systems have been reported. 

The combination o f  TLC w i t h  flameless atomic absorpt ion spectrometry f o r  

t he  i d e n t i f i c a t i o n  o f  inorgan ic  ions  and organometal l ic  complexes has 
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been descr ibed,  and t h a t  o f  TLC w i t h  i n f r a r e d  spect roscopy (TLC/IR) was 

summarized by Szekely  (13). However, most o f  t h e  methods d e s c r i b e d  

r e q u i r e  s c r a p i n g  and subsequent e l u t i o n  o f  t h e  sample f rom t h e  adsorbent  

which l eaves  adsorbent  p a r t i c l e s  i n  t h e  e lua te .  These p a r t i c l e s  cannot 

be removed by f i l t r a t i o n  and, as a r e s u l t ,  i n t e r f e r e n c e  s i g n a l s  a r e  observed. 

These aforement ioned methods r e q u i r e  a l a r g e  amount o f  s o l v e n t ,  compared 

w i t h  t h e  sample, f o r  spo t  e l u t i o n .  They a r e  t i m e  consuming and i n  c e r t a i n  

cases, t h e  r e c o v e r i e s  a r e  n o t  q u a n t i t a t i v e .  

T h i s  paper  p resen ts  a combined TLCjIR method which, u n l i k e  t h e  o t h e r  

methods (13), uses a nove l  e l u t i o n  techn ique  r e q u i r i n g  approx ima te l y  150 

111 o f  s o l v e n t  f o r  q u a n t i t a t i v e  e l u t i o n .  

t h e  adsorbent  and ready f o r  a n a l y s i s .  

p l a t e  s imu l taneous ly .  

The sample o b t a i n e d  i s  f r e e  f rom 

S i x  samples can be e l u t e d  f rom t h e  

The amount o f  sample r e q u i r e d  i s  app rox ima te l y  5 ug. 

EXPERIMENTAL 

Reagents and M a t e r i a l s  

S i l i c a  ge l  60 p recoa ted  TLC p l a t e s  (EM Labs, Inc., Elmsford. N Y )  

were used a f t e r  a c t i v a t i o n  a t  110°C f o r  2 hrs. 

d i s t i l l e d  i n  g lass  (Burd i ck  and Jackson, Muskegon, M I ) .  

(B(a)P), and d imethy lbenzanthracene (DMBA) ( A l d r i c h  Chemical Co., Milwaukee, 

WI) and pyrene Chem Serv i ce ,  Inc., West Chester, PA) were used w i t h o u t  

p u r i f i c a t i o n .  Sample s o l u t i o n s  were f r e s h l y  prepared i n  ch lo ro fo rm.  Benzene: 

hexane (10:90) was used as a deve lop ing  s o l v e n t ,  and methanol as an e luan t .  

A l l  s o l v e n t s  were p r e v i o u s l y  

Benzo(a)pyrene 

Apparatus 

- I R .  Perkin-Elmer, (Norwalk, Conn.) Model 180 I R  spect rometer  w i t h  a 

6X beam condenser at tachment  was used. 

a Perk in-Elmer u l t r a - m i c r o  d i e  k i t  and t h e  AgCl m i n i - c e l l  windows 

(Wi l ks  S c i e n t i f i c ,  Norwalk, Conn.) were suppor ted on a Perk in-Elmer 

demountable m i c r o  c e l l  mount. 

KBr p e l l e t s  were prepared u s i n g  
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TLC/MICRO INFRARED METHOD 1215 

- TLC. 

t o  e lude  t h e  spo ts  f rom t h e  p l a t e .  

used. 

atmosphere ( n i t r o g e n )  t o  p reven t  sample decomposit ion. 

The Eluchrom Automat ic  E l u t i o n  System by Camag, Inc. was used 

Standard TLC deve lop ing  tanks  were 

Samples weere s p o t t e d  and e l u t e d  under  subdued l i g h t  i n  an i n e r t  

Met hod 

10 p1 o f  f r e s h l y  prepared s o l u t i o n  (1 u g / u l )  were s p o t t e d  on s i l i c a  

g e l  p l a t e s  which were then  developed i n  benzene:hexane (10:90). 

developement t h e  p l a t e s  were d r i e d  under  n i t r o g e n  a t  room temperature.  

The p l a t e  was t h e n  covered w i t h  a c l e a n  g lass  p l a t e  and spo ts  were l o c a t e d  

under  UV r a d i a t i o n .  

p l a t e  adsorbent  c o a t i n g  and c e n t r a l l y  about each spo t  t o  be e l u t e d ,  u s i n g  

a s p e c i a l  m i l l i n g  dev i ce  which i s  p r o v i d e d  as an accessory t o  t h e  Eluchrom 

System. A f t e r  a p l a t e  was scored, i t  was p l a c e d  on t h e  Eluchrom u n i t  

and an e l u t i o n  head was p laced  ove r  each scored c i r c l e .  

heads were t i g h t l y  clamped on t h e  p l a t e ,  f o rm ing  a t e f l o n  ( e l u t i o n  head) - 
g l a s s  (TLC p l a t e )  seal .  

(0.1 ml /min)  and t h e  spo t  e l u a n t  was c o l l e c t e d  i n t o  a c l e a n  t e s t  tube. 

150 p1 o f  methanol was r e q u i r e d  t o  q u a n t i t a t i v e l y  e l u t e  each spot. The 

sample was e l u t e d  i n t o  a 0.5 m l  r e a c t i o n  tube  (Supelco, Inc., B e l l e f o n t e ,  

PA), c o n t a i n i n g  approx ima te l y  3 mg o f  KBr powder (Harshaw Chemical Co. ,  

Solon, OH). 

p laced  o v e r n i g h t  i n  a vacuum oven a t  3 5 O C  t o  assure complete dryness 

( 2  hours  a r e  an adequate t ime) .  

formed i n t o  a 1.5-mm p e l l e t  of which t h e  s p e c t r a  was recorded. 

background spectrum was o b t a i n e d  f o r  a b lank  which was s i m i l a r l y  p repared  

f rom p a r t  o f  t h e  p l a t e  where no samples were spot ted.  

F o l l o w i n g  

A c i r c l e  p e r i m e t e r  o f  2.5 cm was sco red  th rough  t h e  

The e l u t i o n  

E u l t i o n  was c a r r i e d  o u t  a t  t h e  s lowest  f l o w  s e t t i n g  

A f t e r  e l u t i o n  t h e  r e a c t i o n  tube  c o n t a i n i n g  t h e  sample was 

The d r y  KBr powder w i t h  t h e  sample was 

A 

A l t e r n a t i v e l y  t h e  e l u a n t  was c o l l e c t e d  i n  a c l e a n  1 m l  screw cap 

septum v i a l  i n  which t h e  s o l v e n t  was evaporated t o  10 pl.  The sample 

was then  depos i ted  i n  t h e  c e n t e r  o f  a s i l v e r  c h l o r i d e  (AgC1) m i n i - c e l l  
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window u s i n g  a 10 p l  sy r i nge .  The sample d e p o s i t  was b u i l t  up as a 

c i r c l e  w i t h  a d iamete r  o f  about  2-mm, by c a r e f u l l y  t r a n s f e r r i n g  t h e  

s o l u t i o n  t o  t h e  AgCl window i n  2 111 p o r t i o n s  and e v a p o r a t i n g  t h e  s o l v e n t  

w i t h  n i t r o g e n  b e f o r e  f u r t h e r  a d d i t i o n .  

was used t o  suppor t  t h e  AgCl window. A 2-mm meta l  d i s c  p e l l e t  h o l d e r  was 

sandwiched between t h e  AgCl window and t h e  base -p la te  i n  o r d e r  t o  mask 

o f f  an area o f  t h e  c r y s t a l  so t h a t  o n l y  r a d i a t i o n  pass ing  th rough  t h e  

sample was a l l o w e d  t o  reach t h e  de tec to r .  

u s i n g  a P e r k i n  Elmer X6 beam condensor and a r e f e r e n c e  beam a t t e n u a t o r .  

Us ing  a b lank  AgCl window, a t r a n s m i t t a n c e  r e a d i n g  o f  48% was ob ta ined  a t  

1,000 cm- l  w h i l e  under  s i m i l a r  c o n d i t i o n s  a b lank  1.5-mm KBr p e l l e t  

t r a n s m i t t e d  - 10% o f  i n c i d e n t  r a d i a t i o n .  The b e t t e r  energy t r a n s m i t t a n c e  

o f f e r s  advantages i n  terms o f  s p e c t r a l  r e c o r d i n g  accuracy and scan t i m e  

saving. 

A demountable m i c r o  c e l l  mount 

The s p e c t r a  were then  recorded 

01 SCUSS I ON 

The use o f  combined TLC/IR i s  n o t  new (13), however, a lmost  a l l  o f  

t hese  methods r e q u i r e  (a)  e l u t i n g  t h e  sample f rom t h e  adsorbent  a f t e r  

sc rap ing  t h e  spo t  and (b)  r e d i s s o l v i n g  t h e  concen t ra ted  e x t r a c t  i n  a 

minimum amount o f  s o l v e n t  o r  f o rm ing  a micro-KBr p e l l e t .  

o f  sc rap ing  and subsequent e l u t i o n  were r e c e n t l y  d iscussed (14). The 

most prominent  d isadvantage and t h e  one t h a t  a f f e c t s  t h e  r e s u l t s  most i s  

t h a t  t h e  ex t reme ly  f i n e  adsorbent  p a r t i c l e s  cannot be removed f rom t h e  

e l u a t e  by f i l t r a t i o n  o r  c e n t r i f u g a t i o n  and leads  t o  i n t e r f e r e n c e  s igna ls .  

For example, s i l i c a  g e l  produced s t r o n g  s i g n a l  a t  about  9 U. 

The d isadvantages 

Much b e t t e r  r e s u l t s  a r e  o b t a i n e d  by those  methods i n  which t h e  

substance i s  t r a n s f e r r e d  w i t h  a l i t t l e  s o l v e n t  f rom t h e  spo t  i n t o  t h e  KBr 

powder. Some o f  t h e  techn iques  used f o r  o b t a i n i n g  a sample f r e e  f rom 

t h e  adsorbent  a r e  (a)  t h e  w i c k - s t i c k  method (15) which u t i l i z e s  a KBr 

t r i a n g l e  (25 x 8 x 2 mm) (Harshaw Chemical Co.). The t r i a n g l e  i s  p l a c e d  
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TLC/MICRO INFRARED METHOD 1217 

i n  a small beaker. 

i s  t rans fe r red  i n t o  the  beaker, a small amount o f  solvent i s  added, the  

substance i s  ex t rac ted  from t h e  sorbent, t he  so lu t i on  r i s i n g  i n  the  wick- 

s t i c k ,  and the  solvent evaporates i n  t h e  upper region where the  compound 

accumulates a t  t he  t i p  o f  t he  t r i ang le .  

t o  ob ta in  the  spectrum. 

the  spectra t o  be obtained f r e e  from background interferences. 

spectra a re  obtained f o r  10 pg o f  component, however, the  recovery i s  

50-80%; (b) t h e  d i r e c t  t r a n s f e r  method (16) requires 20 ug of K B r  and 

works as fo l lows: 

around the  spot i s  scraped t o  form a " tear-drop" shape. 

i s  then placed on the  p l a t e  i n  the  form o f  a rod 6-8 mm long and 2 mm wide. 

The KBr  i s  i n  contact  w i t h  t h e  adsorbent. The substrate i s  then e lu ted  

from the  adsorbent t o  t h e  KBr by adding solvent from a syr inge t o  the  

adsorbent. The nearer h a l f  o f  K B r  which i s  i n  contact  w i t h  the  adsorbent 

i s  discarded. Spectra i s  obtained by us ing  the  o ther  h a l f  o f  t he  KBr. 

The disadvantages o f  t he  method are  ( i )  20 mg o f  KBr  are used, t h i s  i s  

too  l a rge  an amount f o r  micro sample; ( i i )  t oo  rap id  an add i t i on  o f  

solvent can lead t o  a loss  o f  substance; and ( i i i )  no t  a l l  t he  sample i s  

eluted. 

half-moon arrangement from t h e  KBr. 

severe contamination e f f e c t s  were obvserved due t o  the  presence o f  

adsorbent mater ia l .  (c)  Another mic ro t rans fer  procedure was developed 

(18) i n  which the  TLC spot i s  scraped o f f ,  co l l ec ted  and placed on top  of 

a small amount o f  KBr powder, tamped down t h e  cone j o i n t  o f  an 18-gauge 

hypodermic needle. 

connected t o  the  needle and so lu te  i s  e lu ted  drop by drop i n t o  10 mg KBr. 

Each drop i s  allowed t o  evaporate completely before the  add i t i on  o f  t he  

next drop. 

5-30 pg o f  sample i s  needed. 

The adsorbent, which contains t h e  separated substance, 

The t i p  i s  cut ,  d r i e d  and used 

The advantage o f  t h i s  method i s  t h a t  i t  enables 

Good I R  

a f t e r  t he  spot i s  loca ted  on the  p la te ,  the  adsorbent 

The KBr  powder 

I n  a mod i f i ca t ion  o f  t h e  above method De Kle in  (17) formed a 

A good spectra was obtained but 

A 1-ml glass syr inge i s  f i l l e d  w i t h  pure acetone, 

About twenty drops are  needed. A 1.5 mm d i sc  i s  formed. 

(d) The p l a t e  t r a n s f e r  method (19) uses 
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two p la tes ,  one coated w i t h  an adsorbent, t h e  o ther  w i t h  KBr,  connected 

layer  against  l aye r  the  sample i s  spotted on the  adsorbent l aye r  a f t e r  

separat ion spots a re  e lu ted  from the  separat ing l a y e r  i n t o  t h e  K B r  layer.  

The s i z e  o f  sample requ i red  fo r  i d e n t i f i c a t i o n  i s  50 ug. 

A l l  t he  above t r a n s f e r  methods have a common weakness, namely 

quan t i t a t i ve  t r a n s f e r  of t he  sample from the  p l a t e  i n t o  the  KBr  free o f  

adsorbent. 

unique e l u t i o n  system, t h e  Eluchrom automatic e l u t i o n  system. 

i s  capable of e l u t i n g  s i x  samples simultaneously. 

This was e a s i l y  achieved i n  our labora tory  by employing a 

This u n i t  

The amount o f  so lvent  
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requ i red  f o r  e l u t i o n  of each sample i s  approximate 150 p l .  

e lu ted  d i r e c t l y  i n t o  3 mg KBr,  placed i n  a 0.5 m l  reac t ion  vessel, a f t e r  

which t h e  sample i s  evaporated and a 1.5 mm KBr p e l l e t  i s  prepared from 

which the  spectra (shown i n  Figure 1)  was recorded. 

t h i s  method are: 

The sample i s  

The advantages o f  

1. A sample f r e e  o f  adsorbent i s  obtained (no s i l i c a  gel bands were 

observed). 

2. Chly 150 ul  o f  methanol was requ i red  t o  e l u t e  each o f  pyrene, 

benzo(a)pyrene, and dimethyl benzanthracene q u a n t i t a t i v e l y  w i t h  b e t t e r  than 

98% recovery. 

3. Six samples can be e lu ted  simultaneously i n  approximately two 

m i  nute s. 

4. No loss o f  sample due t o  scraping and t rans fe r r i ng ,  s ince these 

steps are e l im ina ted  by using the  Eluchrom. 

The amount o f  sample needed t o  produce good q u a l i t y  I R  spectra ranges 

5 pg were needed t o  produce t h e  between 1-10 pg, depending on the  sample. 

spectra shown i n  Figure 1. 

Compared t o  the  other TLC-IR techniques, the  method presented here 

i s  super ior ,  i t  i s  quan t i t a t i ve ,  sens i t i ve ,  and t ime saving. 
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