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TWO PHASE, TWO-DIMENSIONAL TLC 

FOR FINGERPRINTING AND CONFIRMATION PROCEDURES 

Thomas E .  Bees ley  and E la ine  H e i l w e i l  

Whatman Chemical S e p a r a t i o n  I n c . ,  9 Br idewe l l  Place,  

C l i f t o n ,  New J e r s e y  0 7 0 1 4 ,  USA 

Two-dimensional / 2 D /  chromatography w a s  first 

d e s c r i b e d  by Ki rchne r  i n  1951. A sample a p p l i e d  t o  

one c o r n e r  o f  a 2 0  x 20cm p l a t e  approximate ly  1.5cm 

f r o m  each  edge i s  developed  i n  a mobile phase  t h a t  

r e s o l v e s  t h e  p o l a r  c o n s t i t u e n t s .  I t  i s  t h e n  d r i e d ,  

r o t a t e d  9 0  degrees  t o  t h e  f irst  d i r e c t i o n  and p l a c e d  

i n  a second mobile phase  des igned  t o  r e s o l v e  t h e  more 

non-polar  components. I n  t h i s  manner, a m u l t i t u d e  o f  

d i v e r s e  compounds can be r e so lved .  

The v e r s a t i l i t y  of an  open s u r f a c e  t o  s e p a r a t e  

a v a r i e t y  of complex samples  ga ined  momentum and i n  

*Presented at the F i r s t  Symposium on Advances of TLC and HPLC, 
May 14-15, 1982,  Szeged, Hungary. 
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1556 BEESLEY AND HEILWEIL 

1 9 6 2  S t a h l ' s  Handbook on TLC r e f e r r e d  t o  t h i s  method 

as t h e  SRS t echn ique  and n o t e d  i t s  a b i l i t y  t o  cha r -  

ac te r ize  changes i n  a g iven  m a t r i x  a f t e r  env i ronmen ta l  

exposure  t o  Gamma r a y s ,  X r a y s ,  U.V.  l i g h t ,  g a s e s  o r  

' h e a t .  By 1967, K i r c h n e r ' s  Volume XI1 o f  Techniques  of 

y on TLC c i t e d  77 r e f e r e n c e s  on  t w o -  

d imens iona l  TLC. 

The t echn ique  f u r t h e r  d i v e r s i f i e d  t o  t h e  u s e  o f  

d u a l  media combina t ions .  S t r i p s  o f  magnesium s i l i c a t e  

w i th  s i l i c i c  a c i d  w e r e  used  on Bergamot o i l ,  carbon and 

s i l i ca  g e l  on k e t o n e s ,  and q u i t e  common was t h e  use  o f  

p a r a f i n ,  s i l i c o n e  o i l  o r  undecane impregnated  i n  t h e  

l a y e r  a f t e r  t h e  f i r s t  development t o  create a r e v e r s e d  

phase p a r t i t i o n  mode f o r  t h e  second d i r e c t i o n .  A wide 

v a r i e t y  of compounds were s e p a r a t e d  by t h e s e  t e c h n i q u e s  

from s imple  a n t i o x i d a n t s  i n  motor  o i l  t o  serum p r o t e i n s  

a l l  d e a l i n g  w i t h  complex matrices. 

I n  s t u d y i n g  t h e s e  works and t h e  comments o f  S t a h l ,  

i t  is  a p p a r e n t  t h a t  n o t  o n l y  can  i n d i v i d u a l  compounds 

be  i d e n t i f i e d ,  b u t  t h a t  t h e  p a t t e r n  of deve loped  s p o t s  

i n  a 2 D  development can  become a f i n g e r p r i n t  of t h e  

s o u r c e s  and f u r t h e r ,  t h a t  changes  w i t h i n  t h e  s o u r c e  can  

be i d e n t i f i e d  as normal  or abnormal ,  based on t h a t  p a t t e r n .  

T h i s  t e c h n i q u e  h a s  been r e f e r r e d  t o  as f i n g e r p r i n t i n g .  

L i t e r a t u r e  r e f e r e n c e s  on t h e  i d e n t i f i c a t i o n  of o i l  s o u r c e s  

from ocean  o i l  sp i l l s  a r e  now q u i t e  common. 
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TWO PHASE, TWO-DIMENSIONAL TLC 1557 

Developing procedures f o r  t h i s  method can prove 

q u i t e  harrowing, however, e s p e c i a l l y  given t h e  crude 

o r  complex n a t u r e  of t h e  s t a r t i n g  sample. Samples o f t e n  

s t r e a k  i n  the  second dimension i f  composition d i f f e r e n c e s  

are g r e a t .  Reproduc ib i l i t y  i s  poor under t h e  b e s t  of 

cond i t ions .  

Recently it has  been demonstrated t h a t  r e l i a b l e  

procedures can be  developed f o r  f i n g e r p r i n t i n g  emploxing 

a TLC p l a t e  which i s  composed of a t h r e e  cen t ime te r  oc t a -  

decy l  bonded s i l i ca  ye1 s t r i p  f o r  r eve r sed  phase chroma- 

tography i n  one dimension and t h e  remainder of t h e  p l a t e  

composed of a s t anda rd  s i l i ca  g e l  w i th  high c a p a c i t y  

f o r  adso rp t ion  chromatography i n  t h e  second dimension. 

Whatman r e f e r s  t o  t h i s  combination as t h e  Multi-X CS5 

p l a t e .  The uniqueness of  t h e  combination r e s i d e s  i n  t h e  

a b i l i t y  t o  chromatograph wi thou t  t r a n s f e r ,  a complex 

mixture by both a non-polar mechanism and by t h e  u s u a l  

adso rp t ion  mechanism t h a t  d e a l s  with t h e  compound’s 

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

The sample i s  a p p l i e d  t o  t h e  r eve r sed  phase s t r i p  

of t h e  p l a t e  a t  a p o i n t  1.5cm from t h e  edges and developed 

i n  t h e  r eve r sed  phase p a r t i t i o n  mode, u t i l i z i n g  p o l a r  

s o l v e n t s .  A major b e n e f i t  a t  t h i s  p o i n t  is t h a t  when 

working with crude samples, t h e  u s u a l  i n t e r f e r i n g  p o l a r  

mass migrates  t o  the  s o l v e n t  f r o n t ,  a l lowing a much 

c l e a n e r  a n a l y s i s  i n  t h e  adso rp t ion  mode. S e v e r a l  opera- 

t i o n a l  p o i n t s  must be made a t  t h i s  s t a g e .  
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1558 BEESLEY AND HEILWEIL 

1. The e n t i r e  l a y e r  should  be  prewashed when 

d e a l i n g  w i t h  t h e s e  complex mix tu res .  T h i s  is  accomplished 

by sandwiching s e v e r a l  p l a t e s  t o g e t h e r  w i t h  p a p e r  wicks 

a t  t h e  end so a l l  e l u t a b l e  material  w i l l  m i g r a t e  t o  t h e  

pape r .  Methanol/Acetone / 5 0 / 5 0 /  i s  b e s t  s u i t e d  as a 

s o l v e n t  f o r  t h i s  t a s k .  Several p l a t e s  may be washed 

s imul t aneous ly  o v e r n i g h t  and t h e n  a c t i v a t e d  a t  llO°C f o r  

one hour .  P la tes  shou ld  then  be s t o r e d  i n  a d e s s i c a t o r  

so as n o t  t o  r e a d s o r b  envi ronmenta l  contaminants .  

2. Chambers shou ld  be  e q u i l i b r a t e d  f o r  10 minutes  

wi th  pape r  pads f o r  a l l  developments .  

3 .  To o b t a i n  an even s o l v e n t  f r o n t  i n  t h e  f i r s t  

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

so t h a t  it i s  n o t  immersed i n  t h e  f i r s t  mobile  phase .  

An a l t e r n a t i v e  t o  t h i s  i s  t o  s p r a y  t h e  s i l i c a  g e l  l i g h t l y  

w i t h  e t h a n o l  /masking t h e  r e v e r s e d  phase  s t r i p / .  I n  t h i s  

method, t h e  o b j e c t i v e  is  t o  d e a c t i v a t e  t h e  s i l i c a  g e l  

s u f f i c i e n t l y  f o r  t h e  s o l v e n t  f r o n t  t o  m i g r a t e  un i fo rmly  

/ F i g .  1 1 .  

4 .  F i n a l l y ,  t h e  r e v e r s e d  phase s t r i p ,  because  of 

i t s  b i n d i n g  r equ i r emen t s ,  must c o n t a i n  0 . 5  M sodium 

c h l o r i d e  or e q u i v a l e n t  b u f f e r  s a l t  when mobile phases  

are used  t h a t  c o n t a i n  i n  e x c e s s  o f  4 0 %  water. Amnonium 

acetate h a s  a l s o  been used s u c c e s s f u l l y ,  which o f  c o u r s e ,  

comple te ly  v o l a t i z e s  on d r y i n g  t h e  p l a t e  a t  llO°C f o r  

10 minutes .  
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TWO PHASE, TWO-DIMENSIONAL TLC 1559 

1,Scm. POA J 77 
S t d .  X 

t = 1 hour 

KSF 

, S o l v e n t  F r o n t  
r#i = 12cm. 

k S c r a p e d  of 
S i l i c a  Gel 

FIGURE 1 

S e p a r a t i o n  i n  t h e  second d i r e c t i o n ,  i . e . ,  t h e  ad- 

s o r p t i o n  mode, on t h e  CS5 p l a t e ,  g e n e r a l l y  u t i l i z e s  

s o l v e n t s  of lower p o l a r i t y  t o  f u r t h e r  r e s o l v e  t h e  com- 

ponen t s  of t h e  mixture .  T y p i c a l  K5F s i l i c a  g e l  sepa-  

r a t i o n s  a r e  o b t a i n e d .  A key f e a t u r e  a t  t h i s  p o i n t  i s  

t h e  a b i l i t y  o f  t h e s e  t y p e s  o f  mobile  phases  t o  admix 

s t a n d a r d s  i n t o  t h e  unknown w h i l e  i n  t h e  r e v e r s e d  phase  

s t r i p  t o  conf i rm i d e n t i t y  / F i g .  2 / .  

A known r e f e r e n c e  s t a n d a r d  i s ,  i n  e f f e c t ,  CO- 

chromatographed i n  t h e  second dimension.  Admixing i s  

commonly used i n  t h e  a d s o r p t i o n  mode by p l a c i n g  a 

known s t a n d a r d  o v e r  t h e  unknown mix tu re  and co-chroma- 
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1560 BEESLEY AND HEILWEIL 

-8--8 
Std. X 

FIGURE 2 
A moves t o  B and m i g r a t e s  as D w i t h  an i n c r e a s e  
i n  i n t e n s i t y  = A + B 

tographing .  I f  t h e  known and t h e  unknown do n o t  i n d i c a t e  

s e p a r a t i o n  a f t e r  deve lop ing  i n  t h e  t w o  d i r e c t i o n s ,  con- 

f i r m a t i o n  of t h e  unknown’s i d e n t i t y  is assumed. Com- 

b i n i n g  t h e s e  two wide ly  d i f f e r i n g  s e p a r a t i o n  mechanisms, 

r e v e r s e 6  phase p a r t i t i o n  chromatography i n  t h e  f i r s t  

dimension,  w i t h  a d s o r p t i o n  chromatography i n  t h e  second 

dimension,  i n c r e a s e s  t h e  r e l i a b i l i t y  o f  t h i s  t echn ique .  

An example of t h i s  methodology c o u l d  b e  t h e  con- 

f i rmed preserrce of morphine i n  a s u s p e c t e d  u r i n e  specimen. 

A u r i n e  sample w a s  e x t r a c t e d  i n  t h e  u s u a l  manner and 10 u l  

of e x t r a c t  w a s  a p p l i e d  t o  t h e  r e v e r s e d  phase  s t r i p  w i t h  

a known q u a n t i t y  of s t a n d a r d  a n a l y t e  /Morphine/ a p p l i e d  

/ 
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TWO PHASE, TWO-DIMENSIONAL TLC 1561 

next  t o  it. I t  w a s  developed up t h e  r eve r sed  phase s t r i p  

i n  Methanol 10.5 M Sodium Chloride s o l u t i o n  1651351. Af- 

t e r  d ry ing  a t  65OC f o r  2 0  minutes,  t h e  p l a t e  w a s  

s p o t t e d  with e x t r a c t  and s t a n d a r d  a t  90 deg rees  t o  t h e  

f i r s t  d i r e c t i o n  and developed i n  t h e  second mobile phase 

of Ethyl  Acetate /Methanol /Water/ 2 8% Ammonium Hydroxide 

/85 /13 .5 /1 .0 /0 .5 /  t o  1 2  c m .  A f t e r  d e t e c t i o n  wi th  methanol ic  

I o d o p l a t i n a t e  r eagen t ,  t h e  o r i g i n a l  suspec ted  spot showed 

a g r e a t e r  i n t e n s i t y ,  i n d i c a t i n g  co-chromatography and con- 

firmed i d e n t i t y .  

again 

Another example i n  a more d i f f i c u l t  area f o r  t ox i -  

cology would be methadone confirmation.  

The most i n t r i g u i n g  a p p l i c a t i o n  of t h i s  technique 

i s  i n  t h e  area of f i n g e r p r i n t i n g .  An example is l u b r i -  

c a t i n g  o i l s  taken from t h r e e  d i f f e r e n t  sources .  The crude 

samples w e r e  e x t r a c t e d  by shaking wi th  0.5% A c e t i c  Acid 

i n  Methanol i n  equa l  volumes f o r  5 minutes and c e n t r i -  

fug ing  t o  o b t a i n  a clear supe rna tan t .  Ten microliters 

of  t h i s  s u p e r n a t a n t  were a p p l i e d  t o  t h e  r eve r sed  phase 

and developed i n  18 minutes t o  t h e  1 2  c m  l e v e l  i n  A c e t o -  

n i t r i l e / W a t e r / A c e t i c  Acid /90/10/1/, d r i e d  f o r  2 0  minutes 

a t  65OC and then developed i n  t h e  second d i r e c t i o n  t o  

1 2  c m  1 2 2  minutes/  i n  Hexanes/Chloroform / 8 0 / 2 0 / .  A f t e r  

d ry ing  t h e  p l a t e ,  it w a s  r e a c t e d  by d ipp ing  i n  a 5% so- 

l u t i o n  of Phosphomolybdic Acid and hea ted  f o r  5 minutes 

a t  120°C. C h a r a c t e r i s t i c  and r ep roduc ib le  s p o t  p a t t e r n s  
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1562 BEESLEY AND HEILWEIL 

l f j n g e r p r i n t s l  w e r e  o b t a i n e d  which may be  used  i n  

s c r e e n i n g  t o  deno te  changes i n  composi t ion  a n d / o r  t o  

i c e n t i f y  a d d i t i v e s  and t h e r e f o r e ,  p o s s i b l e  s o u r c e s .  

Of p a r t i c u l a r  n o t e  i s  t h e  a b i l i t y  t o  deve lop  

m i c r o r  images by s p o t t i n g  t h e  reversed phase  s t r i p  a t  

e f - ihe r  end and developing  toward t h e  c e n t e r  l i n e  i n  

t h e  f i rs t  mobile phase.  Comparisons are made more e a s y  

/F ig .  3 1 .  

Secondly,  known s t a n d a r d s  may be s p o t t e d  a t  t h e  

o u t s i d e  edges  i n  t h e  second mobile  phase  development t o  

e s t a b l i s h  i d e n t i t y .  I t  i s  t h e n  p o s s i b l e  t o  go back t o  

scheme one t o  e s t a b l i s h  conf i rma t ion .  

C o e f f i c i e n t s  o f  V a r i a t i o n  f o r  t h e s e  o i l  p a t t e r n s  

r an  from a low o f  4 %  f o r  one s p o t  t o  a h i g h  o f  1 2 % .  I t  

appea r s  t h a t  some compounds are more v a r i a b l e  and under  

some unknown i n f l u e n c e  c o n t r i b u t i n g  t o  t h i s  v a r i a t i o n  

more than  o t h e r s .  

A more r e c e n t  example o f  t h e  u s e  o f  t h i s  t echn ique  

i s  t h e  i d e n t i f i c a t i o n  and q u a n t i t a t i o n  of  s e v e r a l  t a r g e t e d  

su l fonamides  i n  t h e  muscle and l iver  t i s s u e  of t u r k e y s  

and ch ickens .  There are t h i r t e e n  known su l fonamides  

c u r r e n t l y  i n  u se .  Of t h e s e ,  f i v e  are s u s p e c t e d  ca rc inogens  

and l e v e l s  have been set  by t h e  Un i t ed  S t a t e s  Department 

o f  A g r i c u l t u r e  f o r  t h e i r  p re sence  i n  meat p roduc t s .  They 

are o f t e n  used i n  combinat ion and t h e r e f o r e  a s s a y s  had 

t o  be developed t o  q u a n t i t a t e  each  of t h e  t a r g e t e d  s u l -  

fonamides. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TWO PHASE, TWO-DIMENSIONAL TLC 1563 

CENTER SCORE- ( 1 0 c m )  

c 
cr SOLVENT FRONT ( 12Cm) 

L. . 
i 
LS 

Q 

D i r e c t i o n  1 (KC18) b 
4 

I 
REVERSED P H A S E  ( K C 1 8 )  OH/O.SM N a C l  ( 5 0 / 5 0 )  

FIGURE 3 
SEPARATION OF FIVE TARGET SULFONAMIDS 

1. Sulfarnethazine 
3. Sulfathiazole 
9. Sulfaquinoxaline 
10. Sulfabromomethazine 
12. Sulfadimethoxine 
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1564 BEESLEY AND HEILWEIL 

Solvent Front 

12cm 

DIRECTIOX 2 
(K3 Silica) 

ETOAc/MeOX/NH40H 
(85/15/0.6) 

b 
d 

I 
G I R E C T I O N  1 (KC18) 0 

1.5(  

MeOHIO.5M NaCl ( 5 0 / 5 0 )  

8.5cm 

Point of 
Application 

FIGURE 4. 
1. Sulfamethazine 6. Sulfanilamide 
2. Sulfisoxazole 7. Sulfaguanidine 
3. Sulfsthiazole 8. Sulfamerazine. 
4. Sulfapyridine 9. Sulfaquinoxaline 
5. Sulfadiazine 10. Sulfabromomethazine 

11. Sulfachlorpyridazine 
12. Sulfadimethoxine 
13. Sulfaethoxypyridazine 
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TWO PHASE, TWO-DIMENSIONAL TLC 1565 

Standa rds  of t h e  t h i r t e e n  su l fonamides  separated 

from t h e  m a t r i x  i n d i c a t e d  a ve ry  c l e a n  and clear p i c t u r e .  

A t r anspa rency  can be  p r e p a r e d  t h e r e f o r e ,  t h a t  when over -  

l a y e d  on a developed and v i s u a l i z e d  chromatogram, 

knowns may be q u i c k l y  i d e n t i f i e d .  Both l i v e r  and muscle  

t i s s u e  responded i d e n t i c a l l y  / F i g .  41. 

un- 

An i n t e r n a l  s t a n d a r d  cu rve  i s  recommended f o r  

q u a n t i t a t i n g .  T h i s  can  be accomplished by  s p o t t i n g  t w o  

600 

,. 500- 

, Sulf  a t h i a z o l e  

Sulfadirnethoxine / / I  

Conc. 

FIGURE 5 
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1566 BEESLEY AND HEILWEIL 

d i l u t i o n s  of chosen s t a n d a r d s  a t  t h e  o u t s i d e  edges  i n  

t h e  second development.  From a scan  o f  t h e s e  t w o  samples ,  

a d e v i a t i o n  from t h e  s t a n d a r d  cu rve  can  b e  e s t a b l i s h e d  

and a c o r r e c t i o n  computed [F ig .  5 1 .  

For t h e  su l fonamide  a s s a y ,  s t a n d a r d  d e v i a t i o n s  o f  

0.005 t o  0 . 2 9  were computed, g i v i n g  a c o e f f i c i e n t  of 

v a r i a t i o n  of 1-8%. 

The two d imens iona l ,  two 2hase  s e p a r a t i o n  t e c h n i q u e  

can be a r e l i a b l e  method €or f i n g e r p r i n t i n g  complex m i x t u r e s  

i n  c rude  e x t r a c t s  and pe rhaps fmore  i m p o r t a n t l y ,  as an iden-  

t i f i c a t i o n  method f o r  solutes by comparison t o  t h e  mig- 

r a t i o n  of a u t h e n t i c  r e f e r e n c e  compounds i n  t h i s  t w o  s t a g e  

chromatography method. 
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