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ROD CHROMATOGRAPHY- A NEW 
APPROACH TO AUTOMATING TLC 

H. 0. Ranger 
L a c h a t  Chemica ls ,  I n c .  

10500 N. P o r t  Washington Road 
Mequon, W I  53092 

ABSTRACT 

A new t e c h n i q u e  f o r  s e p a r a t i n g  a n d  q u a n t i f y i n g  m a t e r i a l s  

u s i n g  t h i n  l a y e r  ch romatog raphy  t e c h n i q u e s  i s  d e s c r i b e d .  I n  t h i s  

m e t h o d  t h e  s e p a r a t i o n  i s  d o n e  u s i n g  q u a r t z  r o d s  c o a t e d  w i t h  

a d s o r b i n g  m a t e r i a l s .  C o a t i n g  m a t e r i  a 1  s e l e c t i o n  and app t i  c a t i o n  

u n i f o r m i t y  a r e  c r i t i c a l  t o  t h e  process.  

Rods  a r e  s p o t t e d  a t  o n e  e n d  w i t h  a s o l u t i o n  o f  t h e  u n k n o w n  

a n d  d r i e d .  D e v e l o p m e n t  i s  s i m i  t a r  t o  t h a t  u s e d  f o r  TLC p l a t e s .  

F o l l o w i n g  d e v e l o p m e n t  t h e  r o d s  a r e  s c a n n e d  i n  a n  a p p a r a t u s  

d e s i g n e d  e x p r e s s l y  f o r  t h e  p u r p o s e  w h i c h  u t i  l i z e s  f l a m e  

i o n i z a t i o n  d e t e c t i o n .  The o u t p u t  f r o m  t h e  FID is a m p l i f i e d  and  

i n t e g r a t e d .  A t w o  p e n  r e c o r d e r  i s  u s e d  t o  r e c o r d  t h e  r e s u l t i n g  

c h r o m a t o g r a p h i c  and  t h e  i n t e g r a t i o n  cu rves .  

E x a m p l e s  o f  a p p l i c a t i o n s  a r e  g i v e n  i n  w h i c h  s u c h  v a r i e d  

m a t e r i a l s  as  o l i v e  o i l ,  p lasma l i p i d s  and  s u r f a c e  a c t i v e  a g e n t s  
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2176 RANGER 

a r e  analyzed.  D e s c r i p t i o n s  o f  u n i q u e  and  i n t e r e s t i n g  p r a c t i c a l  

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

f o r e n s i c  a n a l y s i s  o f  dyes. 

INTRODUCTION 

W h i l e  r o d  c h r o m a t o g r a p h y  h a s  b e e n  k n o w n  a s  a l a b o r a t o r y  

p o s s i b i  l i t y  eve r  s i n c e  i t s  d i s c o v e r y  and p a t e n t i n g  by  Un i  l e v e r  i n  

E n g l a n d ,  i t  was  n o t  u n t i l  a n  i n s t r u m e n t  was  b u i l t  b y  I a t r o n  

L a b o r a t o r i e s  i n  Japan t h a t  i t  became a p r a c t i c a l  r e a l i t y .  T h i s  

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

m e c h a n i s m  i s  n e c e s s a r y  t o  c a r r y  o u t  t h e  s e q u e n t i a l  s t e p s  i n  

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

t i m e  and  c a r e f u l  m a n i p u l a t i o n .  

Rod ch romatog raphy  i s  r e l a t i v e l y  unknown i n  t h e  U.S. b u t  h a s  

been w e l l  deve loped  i n  Japan, Europe and Canada. S i n c e  many may 

n o t  b e  f a m i l i a r  w i t h  t h e  t e c h n i q u e ,  t h i s  p a p e r  w i l l  commence w i th  

an e x p l a n a t i o n  o f  t h e  p r i n c i p l e s  and sequence o f  e v e n t s  i n v o l v e d  

i n  c a r r y i n g  o u t  a t h i n  l a y e r  c h r o m a t o g r a p h y / f l a m e  i o n i z a t i o n  

d e t e c t o r  a n a l y s i s  [TLC/FIDl o n  a rod. 

PRINCIPLES OPERATION 

S e p a r a t i o n  i n  ch romatog raphy  depends on s e l e c t i v e  a d s o r p t i o n  

on some medium. The medium may be a c o l u m n  o r  c o a t e d  on  a n o t h e r  

s u b s t r a t e  and s t i l l  adso rb  s e l e c t i v e l y .  Thus, p l a t e s  o f  g l a s s  o r  
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ROD CHROMATOGRAPHY 2177 

p l a s t i c  fi l m  coated  w i t h  s i  L i ca  o r  a lumina separa te  d i s s i m i  t a r  

components over two dimensions. 

D e t e c t i n g  t h e  quan t i  t i v e  presence o f  t h e  v a r i o u s  components 

i s  a commonly d e s i r e d  end. A developed TLC p l a t e  may be read by 

a s c a n n i n g  d e n s i t o m e t e r  and some q u a n t i t a t i o n  ach ieved .  A 

g e n e r a l l y  a c c e p t e d  q u a n t i f y i n g  me thod  f o r  o t h e r  s e p a r a t i o n  

techn iques  such as  GC has been a f l a m e  i o n i z a t i o n  de tec t i on .  How 

t o  app ly  t h i s  t o  a p l a t e  separa t i on  i s  a des ign  enigma. Lack ing  a 

f lame t h a t  cou ld  scan a p l a t e ,  t he  i n v e n t o r  o f  rod  chromatography 

c o n c e p t u a l i z e d  a p l a t e  d i m e n s i o n e d  t o  f i t  a f l a m e  and, t h u s ,  

d e r i v e d  t h e  TLC coated rod. 

The b a s i c  techn ique i s  t o  use a r o d  coated  wi th  an adsorb ing  

m a t e r i a l  t h a t  w i l l  w i t h s t a n d  a h y d r o g e n  f l a m e  b r i e f l y .  The 

c o n s t r u c t i o n  decided upon was a q u a r t z  r o d  0.9 mm i n  d iamete r  and 

155 m m  long. The rod  i s  coated w i t h  a 75  m ic ron  t h i c k  l a y e r  of  a 

m i x t u r e  o f  powdered g lass  and a lumina o r  s i l i c a  and t h e  m i x t u r e  

f i r e d  on to  the  rod  a t  900°C. About 5 m m  a r e  L e f t  uncoated on each 

end f o r  handl ing.  

I n  use ,  t h e  samp le  t o  be  s e p a r a t e d  i s  s p o t t e d  o n t o  t h e  r o d  

about 2 cm f rom one end us ing  0.1 t o  3 u l  o f  volume c o n t a i n i n g  5- 

1 0  ug o f  sample. Any so l ven t  t h a t  w i l l  evaporate a t  tempera tures  

t h a t  do n o t  d i s t u r b  t h e  sample may be used as  t h e  sample c a r r i e r .  

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

deve lop ing  s o l v e n t  i n  a c losed  chamber t o  a depth  o f  about 1.5 cm 
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2178 RANGER 

E l u t i o n  i s  c a r r i e d  o u t  o v e r  1 5  t o  45 m i n u t e s ,  d e p e n d i n g  o n  t h e  

m o b i l e  phase used. 

T h e  r o d  i s  t h e n  d r i e d  u n t i l  f r e e  o f  t h e  d e v e l o p e r  s o l v e n t  

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

b o t t o m  a t  a p r e - s e l e c t e d  speed .  T h e  c o m b u s t i o n  p r o d u c t s  a r e  

d e t e c t e d  and a s i g n a l  g e n e r a t e d  p r o p o r t i o n a l  t o  c o n c e n t r a t i o n  a s  

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

f o u n d  i n  t h e  3 t o  30 ug  samp le  w e i g h t  range. The F I D  was chosen 

because i t  d e t e c t s  p e r c e n t  by w e i g h t  o f  carbon.  G r e a t e r  accu racy  

o r  s e n s i t i v i t y  i s  p o s s i b l e  t h a n  w i t h  o p t i c a l  s c a n n i n g  o f  s p o t s  

a l o n g  w i t h  a v o i d a n c e  o f  p r o b l e m s  o f  c o l o r  d e v e l o p m e n t ,  wave-  

l e n g t h  s e l e c t i o n  f o r  UV s c a n n i n g  o r  d e r i v a t i z a t i o n  t o  g e n e r a t e  

f l u o r s c e n c e .  

Thus, t h e  s t e p s  a r e  samp le  d i s s o l u t i o n ,  samp le  s p o t t i n g  on a 

rod,  s o l v e n t  development ,  d r y i n g ,  f l a m e  scann ing ,  c u r v e  p l o t t i n g  

a n d  p e a k  i n t e g r a t i o n .  The  t o o l s  n e e d e d  a r e  su t a b l e  r o d s ,  a 

s u i t a b l e  s p o t t i n g  method, a u n i f o r m  and v a r i a b l e  speed s c a n n i n g  

set-up, an F IR  and  a s i g n a l  r e c o r d e r .  

Reduc ing  t h i s  c o m b i n a t i o n  o f  o p e r a t i o n s  f o r  use as a r o u t i n e  

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

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

c o n t r i b u t e d  b y  I a t r o n  L a b o r a t o r i e s  i n  J a p a n .  Thus ,  we h a v e ,  i n  

e f f e c t ,  a b l a c k  b o x  t h a t  t a k e s  o v e r  a f t e r  t h e  r o d s  a r e  s p o t t e d ,  

deve loped  and d r i e d  and does e v e r y t h i n g  e l s e  a u t o m a t i c a l l y .  The 

r o d s  a r e  a n  i t e m  o f  s u p p l y  a l s o  p r o d u c e d  b y  I a t r o n  a n d  a r e ,  o f  
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ROD CHROMATOGRAPHY 2179 

c o u r s e ,  t h e  h e a r t  o f  t h e  s y s t e m ,  a n d  t h e r e f o r e ,  a r e  c a r e f u l l y  

made a n d  p r e t e s t e d .  A r o d  i s  g o o d  f o r  up  t o  300 s c a n s  a n d  c a n  

t h e r e f o r e  be l o o k e d  upon a s  reusab le .  On ly  an a c c i d e n t  o r  use o f  

a compound t h a t  w i l l  n o t  b u r n  o f f  w i t h o u t  l e a v i n g  a r e s i d u e  t h a t  

c u m u l a t i v e l y  p l u g s  t h e  c h r o m a t o g r a p h i c  s u r f a c e s  l i m i t s  i t s  l i f e .  

S u c h  t h i n g s  a r e  r a r e  a n d  a r e  u s u a l l y  c o m p l e x  m i x t u r e s  t h a t  

pe rhaps  s h o u l d  have been c l e a n e d  b e f o r e  a n a l y z i n g .  

INSTRUMENT DESIGN DETAILS 

The d e v i c e  used i s  c a l l e d  t h e  I a t r o s c a n  TH-10 and c o n s i s t s  

o f  t h e  p a r t s  shown s c h e m a t i c a l l y  i n  F i g .  1. 

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

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

t h e  r o d s .  The r a c k  i s  d r i v e n  o v e r  a s t a t i o n a r y  h y d r o g e n  f l a m e  

above w h i c h  t h e r e  i s  a c o l l e c t o r  e l e c t r o d e , t h e  p o s i t i ' v e  p o l e  o f  

t h e  FID, w h i l e  t h e  b u r n e r  s l e e v e  i s  t h e  n e g a t i v e  po le .  The r a c k  

o f  r o d s  i n  . i n d e x e d  s i d e w a y s  f r o m  r o d - t o - r o d  a n d  r e t u r n s  t o  t h e  

t o p  o f  each rod w h i l e  t h e  f l a m e  is l o c a t e d  b e t w e e n  a d j a c e n t  rods.  

The F I D  s i g n a l  i s  a m p l i f i e d  and f e d  t o  a r e c o r d e r .  An i n t e g r a t e r  

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

g i v i n g  t h e  c u r v e s  a n d  t h e i r  i n t e g r a t i o n  a s  a v e r t i c a l  d i s t a n c e  

p l o t  be tween  h o r i z o n t a l  moves f r o m  peak-to-peak. 

The i n s t r u m e n t  c o n t a i n s  a v a r i e t y  o f  o t h e r  f e a t u r e s  such as  

a u t o m a t i c  z e r o i n g  b e t w e e n  c u r v e s ,  a n  a i r  c u r t a i n  a r o u n d  t h e  

hyd rogen  f l a m e  t o  e x c l u d e  a i r  b o r n e  p a r t i c l e s ,  f l o w  c o n t r o l s  f o r  
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Figure 2 

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

p a p e r  d r i v e  t o  s h u t  o f f  t h e  s t r i p  c h a r t  r e c o r d e r  p a p e r  d r i v e  

b e t w e e n  r o d s  o r  when a r a c k  o f  r o d s  i s  c o m p l e t e l y  scanned. The 

layou t  o f  these f e a t u r e s  on the  back o f  t h e  i n s t r u m e n t  i s  shown 

i n  F i g .  2. 
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2182 RANGER 

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

s u c c e s s f u l l y  u s i n g  compounds o f  t h e  w i d e s t  v a r i e t y .  A number o f  

t h i n g s  t h a t  have been done u s i n g  t h i s  t e c h n i q u e  t h a t  e l u d e d  TLC 

and HPLC methodology.  However, s i n c e  t h e y  were  s p e c i a l i z e d  a r e a s  

t h e y  a r e  s i m p l y  n o t e d  i n  t h e  r e f e r e n c e s .  A s e r i e s  o f  examp les  o f  

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

a r e  g i v e n  below.  

A g r e a t  d e a l  h a s  b e e n  done  w i t h  n a t u r a l  o i l s  s i n c e  i t  i s  

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

compounds. S i n c e  a g r e a t  d e a l  o f  t h i s  w o r k  was done i n  Japan i t  

i s  n o t  s u r p r i s i n g  t h a t  a g r e a t  emphas is  was p l a c e d  i n i t i a l l y  on  

seed and o t h e r  f o o d  o i l s ,  e s p e c i a l l y  t h o s e  r e l a t e d  t o  p r o d u c t s  o f  

t h e  sea. T h u s ,  m e t h o d s  [ F i g .  31 h a v e  b e e n  w o r k e d  o u t  a n d  

n u m e r o u s  a n a l y s e s  d o n e  o n  o l i v e  o i  1, c o c o n u t  o i  l s ,  s e s a m e  o i  1, 

peanu t  o i l ,  s h a r k  l i v e r  o i l ,  r a p e  o i l ,  soybean o i l  and s a f f l o w e r  

o i l .  The n e x t  most  a c t i v e  a r e a  has  been i n  t h e  a n a l y s i s  o f  l i p i d s  

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

o c c u r i n g  i n  human s y s t e m s  a n d  o t h e r  f o r m s  o f  l i f e .  Some v e r y  

i n t e r e s t i n g  r e s e a r c h  h a s  b e e n  done  i n  a n a l y z i n g  c o m p l e x  l i p i d  

m i x t u r e s  f rom b o t h  serum and t i s s u e  l i p i d  s o u r c e s  by  S h i s h i d o  a t  

N i p o n  R o c h e  i n  J a p a n  [41 a n d  S i p o s  a n d  Ackrnan a t  t h e  F i s h e r i e s  

a n d  M a r i n e  S e r v i c e  i n  H a l i f a x  [241. One i n t e r e s t i n g  s i d e l i n e  i n  

t h e  l a t t e r  g r o u p ' s  w o r k  was  an  e x p e r i m e n t  w h e r e  a s i n g l e  
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2183 

CONDITIONS: 
Stationary Phase: 

CHROMAROD-S 
&No3 
Impregnated 

Benzene: Ethyl Ether 
Mobile Phase: 

97 : 3 
Gas Flow: H2 160ml/min 

Scanning speed: 32sec/scan 
Chart speed: 240mm/min 

Air 2000ml/min 

Figure 3 

i n d i s t i n c t  s p o t  w a s  r e m o v e d  f r o m  a TLC p l a t e  f o l l o w i n g  p l a t e  

s e p a r a t i o n  o f  f l u i d  f r o m  a sea musseL. T h i s  was a p p l i e d  t o  a r o d  

a n d  e l u t e d  a l o n g  i t  i n t o  t h r e e  d i s t i n c t  p e a k s  t h a t  w e r e  

i d e n t i f i e d . ,  o n e  b e i n g  a h y d r o c a r b o n .  F i n d i n g  t h e  l a t e r  was  a 

v i t a l  p o i n t  s i n c e  t h e  r e s e a r c h  was  d i r e c t e d  a t  w h e t h e r  o r  n o t  

m o l l u s k s  i n g e s t  o i l  f r o m  o i l  s p i l l s  and i t  seems t h e y  do. 

I t  was i n  t h i s  w o r k  t h a t  i t  was l e a r n e d  t h a t  r o d  l i f e  c o u l d  

b e  e x t e n d e d  b y  s t o r a g e  i n  c h r o m i c  a c i d  c l e a n i n g  s o l u t i o n .  T h e  

n o r m a l  recommended s t o r a g e  i n  a h u m i d  a tmosphere  gave  a s h o r t e r  

r o d  l i f e  w i t h  t h e s e  complex m a t e r i a l s  t h a t  t ended  t o  p l u g  t h e  r o d  

s u r f a c e s  even a f t e r  f l a m i n g .  The c l e a n i n g  s o l u t i o n  ove rcame t h i s  

p r o b  lem. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2184 RANGER 

' I ,  I -  , ! , Chi 

I ~~ 

' 1 3  5012-1 PLASMA LIPIDS 

-omarod-SII, 25 p g / p l ,  22OC 

n-hexan : DEE : AcOH = 42 : 8 : 0,06 
H2-160ml/min.ai~2100ml/rnin 

chart speed 100mV/min 
recorder sensitivity 50 rnV f.s. 
1-phospholipids, 2-free cholesterol, 
3-Alfol  18 RD/I.S./, 4-fatty acids, 
5-triglycerides, 6-cholesterol esters 
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The w o r k  i n  Japan w i t h  serum ( 6 1 i s  shown i s  F i g .  4. T h i s  

p rov ided  an e x c e l l e n t  o p p o r t u n i t y  t o  eva lua te  t h e  response i n  a 

n a t u r a l  m i x t u r e  t o  t h e  s p o t t i n g  q u a n t i t y  on t h e  rod. 

A v a r i e t y  o f  p l a s m a  L i p i d  s a m p l e s  were  used  f r o m  p a t i e n t s  

w i th  va r ious  t ypes  o f  hyper l ip idema.  The amount o f  o f  m a t e r i a l  

i n  t h e  spot  i s  p l o t t e d  a g a i n s t  t he  c e l l  volume. A mean i s  drawn 

i n  and i t  shows t h a t  t he  volume pe rcen t  shoots up sha rp l y  be low 

a b o u t  0.5 m i c r o g r a m .  See F i g .  5. 

Much has been done w i t h  pha rmaceu t i ca l  compounds (61 on t h e  

TH-10. Resu l t s  have been pub l i shed  i n  wh ich  ana lyses  have been 

done on psycho t rop i c  drugs i n  which s t u d i e s  were made t o  r e l a t e  

dosage s i z e  w i t h  b lood  con ten t  a t  t i m e  i n t e r v a l s .  Other ana lyses  

have  i n c l u d e d  q u a n t i t a t i o n  o f  t h e  a c t i v e  component  i n  n a t u r a l  

m e d i c a n t s  such  as  s a p o n i n s  f r o m  g i n s e n g  r o o t  and g l y c y r r h i z i n  

f rom l i c o r i c e  roo t .  

Leaving n a t u r a l  substances, an area  w i t h  s u r p r i s i n g  success 

has  been p o l y m e r  s e p a r a t i o n  and m o l e c u l a r  w e i g h t  d i s t r i b u t i o n  

d e t e r m i n a t i o n s .  A l s o ,  c h a i n  l e n g t h  s e p a r a t i o n  i s  r e a d i l y  

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

d e t e r g e n t s .  F o l l o w i n g  i s  an  examp le  o f  a po l yoxye thy lenenony l  

pheny l  ether.  Note the  c loseness and sharpness o f  t h e  peaks. I t  

s h o u l d  be  n o t e d  h e r e  t h a t  a s t r i p  c h a r t  r e c o r d e r  w i t h  f a s t  

r e s p o n s e  i s  n e c e s s a r y  t o  c a t c h  a l l  t h e  peaks. The common 

response t i m e  o f  1/2 second f o r  reco rde rs  used i n  such ana lyses  
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2186 RANGER 

The dependence of C . V .  on spotted amounts of individual 
components in  blood plasma l ip ids  from patients with 
various types of hyperlipidemia % 

C.V. 
60 

50 

40 

30 

20 

0 10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
spotted  amount p g  

Figure 5 

may n o t  be acceptab le  and a reco rde r  responding f u l l  s c a l e  i n  1/4 

second i s  required. T h i s  i s  shown i n  Fig.  6.  

T h i s  d e s c r i p t i o n  would n o t  be  c o m p l e t e  w i t h o u t  m e n t i o n i n g  

t h a t  r o d  ch romatog raphy ,  a l t h o u g h  a u n i q u e  and i n d e p e n d e n t l y  

u s e f u l  t o o l ,  w i l l  i n e v i t a b l y  be  compared w i t h  TLC, HPTLC and 

HPLC. I t  cannot be c la imed  a t  l e a s t  as y e t  t h a t  i t  w i l l  r ep lace  
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0 Surface Actlve Agents 

SAMPLE : 
polyoxyethylenenonylphenyl- 
ether 
(EO = 9 added molecules) 

CONDITIONS : 
Stationary phase: 

Mobile phase: 
Ethyl Acetate: Acetone: Water 

Gas Flow: H2 160ml/min 
Air 2.0l/min 

Scanning speed: 32sec/scan 
Chart speed: 240mm/min 

CHROMAROD-SII 

70 : 2 0 :  4 

Figure 6 

them. I t  does appear  q u i c k e r ,  e a s i e r  t o  use, more s e n s i t i v e  ano 

Less  c o s t l y  t o  u s e  r e p e t i t i v e l y  i n  c e r t a i n  a p p l i c a t i o n s .  A 

c o m p a r i s o n  i s  made among t h e  p l a t e  m e t h o d s  i n  t h e  F i g .  7. I t s  

L i m i t a t i o n s  p r e c l u d e  t h e  use o f  v o l a t i l e  compounds w h i c h  c o u l d  be  

h a n d l e d  r e a d i l y  i n  G C  o r  HPLC a n d  i n  m a t e r i a l s  t h a t  a r e  

s u b s t a n t i v e  t o  t h e  r o d  m a t e r i a l  and d e v e l o p  v e r y  l o w  R f  v a l u e s  

such a s  a f l a t o x i n s .  There  a r e ,  however ,  v e r y  few  such compounds. 

One v e r y  i n t e r e s t i n g  examp le  o f  a p r a c t i c a l  usage t h a t  i s  a 

f o r e n s i c  a p p l i c a t i o n .  I n  d e t e c t i n g  f o r g e r i e s ,  a n a l y s i s  o f  i n k  i s  

o f t e n  r e q u i r e d .  The  i n k  may be  p r e s e n t  a s  o n l y  a s h o r t  l i n e  o r  
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2188 RANGER 

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

t h a t  had been w r i t t e n  as  a s t r a i g h t  l i n e  f i g u r e  one was b e l i e v e d  

a l t e r e d  i n t o  a s e v e n  b y  a d d i t i o n  o f  a c r o s s  b a r .  To t h e  e y e  t h e  

s e v e n  a p p e a r s  a s  a n  a u t h e t i c  f i g u r e .  S i n c e  t h e  c h a n c e s  a r e  

e x t r e m e l y  remote  t h a t  t h e  same i n k  w o u l d  have  been used  i n  m a k i n g  

t h e  c r o s s  b a r  as  used  i n  mak ing  t h e  v e r t i c a l  l i n e ,  an a n a l y s i s  o f  

t h e  i n k s  was d e s i r e d .  

A s p o t  f r o m  each l i n e  was c u t  f r o m  t h e  paper  u s i n g  a square  

e n d  s y r i n g e  n e e d l e .  T h i s  s p o t  was  p l a c e d  i n  a c h l o r o f o r m  a n d  

m e t h a n o l  m i x t u r e .  The r e s u l t i n g  i n k  s o l u t i o n  was s p o t t e d  on t h e  

r o d  t h e n  deve loped  i n  a methanol -hexane m i x t u r e .  The r e s u l t i n g  

e l u t i o n s  w e r e  s c a n n n e d  a n d  t w o  v e r y  d i s s i m l a r  s e t s  o f  c u r v e s  

I C O M P A R I S O N  OF TLC H P T L C  (’) AND RTLC I 
T L C  HPTLC R T L C  

Plate Size 20 x 20 cm 10 x 10 cm 1 mm x 155 mm 

Sample Volume 

Diameter of spots 3 -6 mm 1.0 mm 

(capillary application) 1 - 5 CrL 0 . 1 - 0 . 2  WL 0.1-3 &LL. 

1 -3 mm 

Diameter of separated spots 6-15 mm 2-5 mm N / A *  

Solvent migration 10-15 mm 3-6 mm N / A *  

Flame Ionization c l  ng 
Absorption - 5  ng -0.5 ng 
Fluorescence -0.1 ng - .01 ng 

Detection limits 

(1) ANALYTICAL CHEMISTRY, Vol. 53. No. 2, p.254A, February 1981 

( 2 )  From Hezel, U.B. (3) 

* Not Applicable 

Figure 7 
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ROD CHROMATOGRAPHY 2189 

r e s u l t e d .  I n  t h i s  c a s e  t h e  d i f f e r e n c e s  c o u l d  b e  s e e n  

q u a l i t a t i v e l y  by eye b u t  t h e  scan q u a n t i f i e s  t h e  components and 

p r o d u c e s  c u r v e s  t h a t  can be  used a s  h a r d  ev idence .  Such c u r v e s  

i n  t h e  hands o f  an i n k  c h e m i s t  can  r e s u l t  i n  t h e  i d e n t i f i c a t i o n  

o f  t h e  i n k  by  m a n u f a c t u r e r  and by t h e  t y p e  a p p l i c a t i o n s  such  a s  

b a l l  p o i n t ,  f o u n t a i n  pen, o r  o f f i c e  mach ine  r i b b o n .  Thus, pen 

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

d i s t i n g u i s h e d ,  however s k i  l l e d  the  fo rge r .  Such a p p l i c a t i o n s  a r e  

L i m i t e d  o n l y  b y  t h e  i m a g i n a t  

ch romatog raphy t o  work. 

Rod c h r o m a t o g r a p h y  i s  i n  i t s  

o n s  o f  t h o s e  who p u t  r o d  

i n f a n c y .  The n e x t  f i v e  y e a r s  

w i l l  l i k e l y  produce a geomet r ic  i nc rease  i n  p u b l i c a t i o n s  i n  t h i s  

f i e l d  expanding i t s  uses i n t o  what w i l t  L i k e l y  be r o u t i n e  c o n t r o l  

uses.  
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