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JOURNAL OF L I Q m  CEWMAKGRAFEY, 3(12), 1853-1863 (1980) 

SAMPLE APPLICATION IN THIN LAYER CHROMATOGRAPHY 

Joseph C. Touchstone and Sidney S. Levin 
School o f  Medicine 

Un ive r s i ty  o f  Pennsylvania  
Ph i l ade lph ia .  Penna. 19104 

ABSTRACT 

Resolut ion in t h i n  l a y e r  chromatography depends on t h e  a b i l i t y  
t o  p rope r ly  apply t h e  sample t o  t h e  o r i g i n .  Thin l i n e s  o r  s t r e a k s  
are recommended. Preabsorbcnt  l a y e r s  f a c i l i t a t e  sample a p p l i c a t i o n  
since t h i n  lines r e s u l t .  Automatic sample a p p l i c a t o r s  are p re requ l -  
s i te  i f  preabsorbent  l a y e r s  are n o t  used and more than 15 u l  o f  t h e  
s o l u t i o n  is t o  be app l i ed .  

INTRODUCTION 

The spo t  s i z e  o r  t h e  width o f  t h e  sample zone a t  t h e  o r i g i n  of  

t h i n  l a y e r  chromatograms (TLC) has  a g r e a t  i n f l u e n c e  on t h e  s e p a r a t i o n  

characteristics and r e so lv ing  pover of t h e  chromatograms. Wide a p p l i -  

c a t i o n  p o i n t s  d e f e a t  t h e  r e s o l u t i o n  i n  conven t iona l  TLC and r u i n s  t h e  

high s e p a r a t i o n  power of high performance TLC (HPTLC) (1). It is  

important  t o  keep 

t o  t h e  problem of 

TLC . 

t h e  a p p l i c a t i o n  zone as small as p o s s i b l e .  The s o l u t i o n  

sample a p p l i c a t i o n  is t h e  key t o  g r e a t e r  r e s o l u t i o n  i n  

This r e p o r t  d e s c r i b e s  two mcthods by which t h e  a p p l i c a t i o n  zone8 

of  t h e  chromatograms can be kept small; one us ing  commercial automatic  

sample a p p l i c a t o r s  and t h e  o t h e r  u t i l i z i n g  t h e  "preabsorbent"  zones i n  

t h e  preabsorbent  t h i n  l a y e r  p l a t e s  now a v a i l a b l e  commercially.  Both of 

t h e s e  methods g ive  narrow s t a r t i n g  zones which c o n t r i b u t e  t o  t h e  success  

of t h e  TLC. 

1853 

Copyn&ht 6, 1980 by Mucsl Dekkcr. Ins. 
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TOUCHSTONE AND LEVIN 1854 

Materials and Methods 

All s o l v e n t s  uaed i n  t h e  expe r iuen t s  t o  fol low were Burdick and 

Jackson r e d i s t i l l e d  In g l a s s  s o l v e n t s  o r  t h e  equ iva len t .  

The t h i n  l a y e r  p l a t e s  were L-K5 (Whatman. C l i f t o n ,  N . J . )  o r  

LHPTLC (Whatman) and t h e  e q u i v a l e n t  w i thou t  t h e  preabsorbent  l a y e r  

ob ta ined  from Whatman. The dye mixture  "dye s tandard" con ta ln ing  

5 d i f f e r e n t  dyes was ob ta ined  from Whatman. 

A n  Analy t i ca l  Instrument S p e c i a l t i e s  ( L i b e r t y v l l l e ,  Ill. ) 

automatic  s p o t t e r  w i th  p rov i s ion  f o r  1 9  s y r i n g e s  of  v a r i o u s  s i z e s  

was used In t h i s  work. The s p o t t e r  was set up f o r  slow d e l i v e r y  of 

t h e  sample t o  t h e  l a y e r .  

The p la te  w a s  heated and a hot  a i r  b l a s t  from a h a i r  d rye r  w a s  

used t o  f a c i l i t a t e  t h e  evapora t ion  o f  s o l v e n t  during.sample a p p l l -  

ca t ion .  The h a i r  d rye r  w a s  p o s i t i o n e d  in such a way t h a t  t h e  a i r  

b l a s t  uniformly h i t  t h e  l a y e r  and d i d  n o t  blow t h e  sample from t h e  

s u r f a c e .  

The t h i n  l a y e r s  were r o u t i n e l y  scored I n t o  lanes of  10 mm width 

us ing  a Schoef fe l  s c o r i n g  device.  Both t h e  l a y e r s  con ta in ing  t h e  

preabsorbent  and those without  were t r e a t e d  in t h i s  manner. A Schoef fe l  

model 3000 spec t rodens i tome te r  w a s  used i n  t h i s  work. 

EXPERIMENTS AND RESULTS 

Automatic ve r sus  manual s p o t t i n g  

The automatic  s p o t t e r s  made by Ana ly t i ca l  Instrument  Spec ia l t ies  

allow a p p l i c a t i o n  of up t o  10 o r  19 samples s imultaneously depending 

on t h e  model chosen. The glass  s y r i n g e s  provided accommodate e i t h e r  

1.5.50 ul o r  100 ul and c o n s i s t  of  a b l u n t  t i pped  n e e d l e  coated wi th  

Tefloo t o  prevent  sample r e s i d u a  creep-back and d e p o s i t i o n  on t h e  t i p  

of  t h e  needle  du r ing  d e l i v e r y .  Samples arm d r a m  up I n t o  t h e  s y r i n g e s ,  
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SAMPLE APPLICATION I N  TLC 1855 

which then  are p laced  in t h e  Instrument wi th  t h e  t i p s  o f  t h e  s y r i n g e s  

a l i g n e d  ove r  t h e  o r i g i n s  o f  t h e  lanes of  t h e  TLC p l a t e .  

o p p o s i t e  end 0.f t h e  sy r inge  a motor d r iven  b a r  s lowly depres ses  t h e  

plungers  o f  a l l  s y r i n g e s  s imul t aneous ly ,  and t h e  r a p i d i t y  of  sample 

d e l i v e r y  is r e g u l a t e d  by t h e  speed wi th  which t h e  p lunge r s  are de- 

pressed.  The s p o t t e r  is equipped wi th  a h e a t e r  so t h a t  t h e  tempera- 

t u r e  o f  t h e  l a y e r  can be r e g u l a t e d  du r ing  sample a p p l i c a t i o n ,  i n  

o r d e r  t o  f a c i l i t a t e  so lven t  evapora t ion .  A n  air  b l a s t  from t h e  dry- 

er can a l s o  be used t o  a i d  r a p i d  drying. 

s y r i n g e  can be  d e l i v e r e d  ove r  p e r i o d s  va ry ing  from 2-30 minutes ,  

a l lowing  s p o t t i n g  wi th  any type  o f  so lven t .  

instrument  w i l l  result i n  formation of c i r c u l a r  s p o t s  on t h e  l a y e r .  

S t r eak ing  may be achieved by s l i g h t l y  s h i f t i n g  t h e  p l a t e  s e v e r a l  times 

dur ing  sample a p p l i c a t i o n  such t h a t  t h e  t i p s  of t h e  s y r i n g e  d e l i v e r  t h e  

sample t o  s e v e r a l  s p o t s  a c r o s s  t h e  o r i g i n  i n  each l a n e .  The c o e f f i c i e n t  

of v a r i a t i o n  of t h i s  automatic  sample a p p l i c a t o r  w a s  less than  5%. 

A t  the 

The c o n t e n t s  of  a 100 ul 

Unattended use of  t h e  

Cho les t e ro l  i n  a cons tan t  concen t r a t ion  of 10 n g / u l  w a s  s p o t t e d  

i n  va ry ing  volumes by manual methods us ing  Drummond m i c r o c a p i l l a r i e s ,  

and by automatic  (AIS) s p o t t e r .  Development w a s  c a r r i e d  o u t  i n  

hexane :e the r : ace t i c  a c i d  (86:13:2); t o  2 cm from t h e  top.  A f t e r  

development, c h a r r i n g  (spraying wi th  3% c u p r i c  acetate i n  8% phosphoric  

a c i d  f o l l o v e d  

scanning wi th  a Schoe f fe l  model 3000 spec t rodens i tome te r  a t  400 nm 

was performed ( 2 ) .  The response w a s  channel led i n t o  a Schoe f fe l  SDC 

3000 d e n s i t y  computer r eco rde r  i n  o r d e r  t o  p rov ide  a cont inuous r eco rd ing  

by h e a t i n g  a t  180' f o r  10 minutes)  vas performed. Then 

of t h e  p h o t o m u l t i p l i e r  response.  

t h e  area o f  peaks so obtained.  

Quan i t a t ion  can be c a r r i e d  ou t  u s ing  

The r e s u l t s  of  comparison o f  manual and automatic  sample app l i ca -  

t i o n  are shown i n  Figure 1. With manual a p p l i c a t i o n  up t o  15 ul of  
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1856 TOUCIISTONE AND LEVIN 

A IS ul 1 20 ul I!! 2Sul 

1 I 1 
I- 
Mu1 

Figure 1. Resu l t s  of scans of chromatograms of  a c h o l e s t e r o l  s o l u t i o n  
app l i ed  manually (upper pane l )  and by automatic  (AX)  s p o t t e r  ( lower 
pane l ) .  The c h o l r e t e r o l  vas developed in a s o l u t i o n  of  hexane-ether- 
acetic acid (86:13:2) on a Whatman H?WX p l a t e .  

sample could b e  app l i ed  t o  give a l i n e a r  r e l a t i o n s h i p  between t h e  

amount of  c h o l e s t e r o l  in t h e  sample and t h e  r eco rde r  response.  Above 

15 ul of t h e  scans showed "double peaking", i n d i c a t i n g  t h a t  t h e  s p o t s  

had migrated as a circle.  That Is, t h e  sample had d i f f u s e d  t o  t h e  p e r i -  

phery of t h e  circular s p o t s  and migrated as 2 bands. In c o n t r a s t ,  up 
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S M L E  APPLICATION M TLC 1857 

t o  250 u l  could be  s a f e t y  a p p l i e d  us ing  t h e  A I S  automatlc  s p o t t e r ,  s t i l l  

r e t a i n i n g  a s i n g l e  peak on scanning,  I n d i c a t i n g  t h a t  t h e  component i n  

t h e  sample had migrated as a 6 i n g l e  band as seen in Figure  1. 

no t  g e n e r a l l y  a p p r e c i a t e d  t h a t  l a r g e r  sample volumes are b e s t  a p p l i e d  

wi th  use  o f  an automatic  dev ice ,  and small volumes can be  a p p l i e d  man- 

u a l l y  using t h e  nanopipet  desc r ibed  by R.E. Kaiser (1).  This s t u d y  

i n d i c a t e s  t h e  importance of s e l e c t i n g  t h e  p rope r  method of  sample 

a p p l i c a t i o n  depending upon t h e  volume t o  be  app l i ed .  

The sample a p p l i c a t o r  produced by Kontes, Ins t rumen t s  D i v i s i o n  

It is 

(Vineland, N . J . )  e s s e n t i a l l y  c o n s i s t s  of large-bore g l a s s  t ubes  f i t -  

t e d  w i t h  s y r i n g e  need le s .  

l a y e r  t o  d e l i v e r  t h e  s o l u t e  g radua l ly  t o  t h e  l a y e r  by c a p i l l a r y  a c t i o n .  

The need le  s i z e  determines drop s i re  and flow rate.  The e s s e n t i a l  

f e a t u r e  is t h a t  t h e  need le  is surrounded by a t empla t e  wi th  o r i f i c e s  

t h a t  permit  compressed gas flow ove r  t h e  l a y e r  t o  evapora t e  t h e  so lven t  

as t h e  s o l u t i o n  p e r c o l a t e s  in to  t h e  l a y e r .  The gas ( a i r ,  n i t r o g e n ,  

e t c . )  can be cooled o r  hea ted ,  o r  t h e  p l a t e  can be heated.  Because 

of t h i s ,  r e g a r d l e s s  of t h e  volume of s o l v e n t ,  a small s p o t  w i l l  re- 

s u l t .  This  t ype  of sample a p p l i c a t o r  can be  ve ry  u s e f u l  vhen d i l u t e  

samples must b e ' a p p l i e d .  

eously.  

It is  widley used i n  p e s t i c i d e  work where clean up results Fn d i l u t e  

samples.  

"Spot t ing" ve r sus  "s t reaking" 

The need le  is p o s i t i o n e d  just above t h e  

Up t o  s i x  samples can be performed s i m d t a n -  

As much as 5 ml of s o l u t i o n  can b e  a p p l i e d  by t h i s  method. 

The i n d i v i d u a l  success  of h igh  performance t h i n  l a y e r  chromato- 

graphy is very dependent on t h e  o r i g i n  c o n f i g u r a t i o n s  of  t h e  a p p l i e d  

sample. 

dec reases  r e s o l u t i o n  as compared t o  t h e  same amount of  sample a- 

As seen i n  F igu re  2 .  t h e  a p p l i c a t i o n  of  t h e  sample as a "spot" 
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Figure 2. Results of "streaking" versus "spotting" on a conventional 
K-5 (silica gel) (20 X 20 cm) TLC plate. The five component dye 
mixture was developed with a mobile phase of toluene-chloroform (1:l) 
for 2 cm distance of front movement. 
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SAMPLE APPLICATION IN TLC 1859 

p p l i e d  as a "streak".  

p r e s s i o n  f o r  r e s o l u t i o n  ( 3 ) .  

The reason f o r  t h i s  can be  seen i n  t h e  ex- 

Reso lu t ion  - 2D 
W, + w. L l  

1 Where D is t h e  d i s t a n c e  between t h e  apex of  wo peaks aud W 

and W q  are t h e  b a s e l i n e s  o f  t h e  two peaka o b t a i n e d  by scann ing  t h e  

t h i n  l a y e r  chromatogram by densi tometry.  

The wider  t h e  base  l i n e  of peaks in t h e  scans of t h e  chromatograms, 

t h e  lower t h e  r e s o l u t i o n .  

and "spocting" as means of sample a p p l i c a t i o n  i n  terms of t h i s  equa- 

t i o n .  As seen i n  Figure 2 , "streaking" of t h e  sample results i n  s h a r p e r  

s e p a r a t i o n s  o r  narrower s e p a r a t i o n  zones.  This will result in h i g h e r  

r e s o l u t i o n  as v e r i f i e d  by a series of  s t u d i e s  u s i n g  a f i v e  component 

dye mixture .  The r e s o l u t i o n  f o r  t h e  s e p a r a t i o n s  r e s u l t i n g  from t h e  

samples which were "streaked" w a s  as much as 32% g r e a t e r  t han  t h a t  

from rhe  s p o t t e d  samples. Thus, i t  m u s t  be emphasized t h a t  sample 

a p p l i c a t i o n  is an important  f a c t o r  i n  r e s o l u t i o n  and t h a t  " s t r e a k i n g  is 

t h e  method of choice.  

Use of "Preabsorben" Layers 

A survey was made t o  compare " s t r eak ing"  

The recen t  development of l a y e r s  con ta in ing  preabsorbent  zones 

has  f a c i l i t a t e d  t h e  use of  high performance t h i n  l a y e r  chromatograms. 

I t  is d i f f i c u l t  t o  manually apply samples so as t o  take advantage 

o f  h i g h  e f f i c i e n c y  o f  WTLC wi thou t  t h e  use of s p e c i a l  d e v i c e s  devel-  

oped f o r  t h i s  purpose (4). The preabsorbent  area of  t h e  p l a t e s  which 

provide t h i s  op t ion  g ives  a means of producing a ve ry  f i n e  l i n e  as a 

" s t r eak"  f o r  t he  o r i g i n  of t h e  chromatogram. It a l s o  f a c i l i t a t e s  

sample a p p l i c a t i o n  s i n c e  t h e  sample can be  a p p l i e d  r a p i d l y .  Here 

aga in  t h e  a p p l i c a t i o n  m u s t  be  made ae  a " s t r eak"  o r  l i n e  since s p o t t e d  

zones results i n  c i r c u l a r  zones af ter  developmcnt. S t r e a k i n g  a c r o s s  

t h e  lanes scored in t h e  l a y e r  as seen in Figure  2 is recommended. 

App l i ca t ion  fo  t h e  sample v e r t i c a l l y  in t h e  middle of  t h e  lane a l s o  
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TOUCHSTONE AND U V f N  1860 

r e s u l t s  in a circular concen t r a t ed  zone which can dec rease  t h e  e f f i -  

c iency of t h e  so rben t .  Aa seen in Figure 3 .  a ve ry  f i n e  l i n e  re- 

s u l t s  from t h e  use of  t h e  "preaborbent" area of  t h e  chromatogram. 

The preabsorbent  does no t  ho ld  back t h e  sample. 

phase t r a v e l s  up t h e  l a y e r  it d e p o s i t s  t h e  sample as a narrow l i n e  in 

t h e  j u n c t i o n  between t h e  preabaorbent  and t h e  so rben t .  

t o  o b t a i n  l i n e s  as narrow as 0 .1  nzn which t h u s  f a c i l i t a t e  t h e  separa-  

t i o n  i n  t h e  s h o r t  time and distance under which t h e  HPTLC is developed. 

E f f e c t  o f  sample sire on e f f i c i e n c y  

Thus, when t h e  mobile 

It is p o s s i b l e  

A s tudy  w a s  made on t h e  e f f e c t  of sample s i z e  on t h e  e f f i c i e n c y  of  

h igh  performance t h i n  l a y e r  chromatographic s e p a r a t i o n s .  

t h o s e  p r a c t i c i n g  TLC tend t o  overload t h e  c a p a c i t y  of t h e  so rben t  i n  

use.  Overloaded systems result Fn poor r e s o l u t i o n  and u s e l e s s  chroma- 

tograms. Larger  sample loads  n a t u r a l l y  would r e s u l t  in l a r g e r  areas. 

The formula f o r  p l a t e  number N can be used to determine t h i s  e f f e c t  

General ly  

I l l  

. j . '  

Figure  3. 
preabaorbent  l a y e r  i n  IIPTLC. 
t han  1 mm wide. 

Chromatogrrrm of dye mix tu re  shoving the  u t i l i t y  of t h e  
The o r i g i n  of t h e  chromatograms is  less 
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SAKPLE APPLICATION IN TLC 

in TLC (6). Using t h e  formula: N -TJ a survey of t h e  e f f e c t  

of sample loading on ef f ic iency  of LEPTLC p l a t e s  WM c a r r i e d  out. 

(b - width of t h e  peak a t  0.601 x height) .  

1861 

Quinidine s u l f a t e  s o l u t i o n s  in nmthanol were prepared i n  con- 

cent ra t ions  ranging from 0.05 t o  3 ngf5 u l .  Samples of 5 ~1 each were 

appl ied t o  a l t e r n a t i n g  channels of a scored 20 x 20 LKPK p l a t e .  

chromatogram w a s  developed with a m o b i l e  phase of ethylacetate-rmthanol- 

ammnia ( 9 0 : 7 : 3 )  u n t i l  t h e  f r o n t  had t r a v e l l e d  8 cm. This w a s  done i n  

t r i p l i c a t e .  

sprayed with 2N H2SQ4 in ethanol  and heated a t  l l l ° C  

The chromatograms w e r e  scanned in  dupl ica te  (360 nm, transmission 

mode) t o  give s i x  sets of data  f o r  each point .  

given i n  Figure 4 .  

The 

The chromatogram vp8 dr ied  a t  l l O ° C  f o r  5 m i n . ,  then 

f o r  3 min. 

The results are 

The use o f  smallest amount of sample cons is ten t  with d e t e c t i -  

b i l i t y  a t  the  l e v e l  desired should be the rule. This  is a l s o  esecnt- 

i a l  i n  keeping the sample concentration i n  t h e  layer  a t  such a l e v e l  

QS I .o 1.5 2.0 2.5 

Amount of Ouinidinr Sulfotr (pol 

Figure 4. 
qulndine s u l f a t e .  

Ef fec t  of snmplr s i z e  on e f f i c i e n c y  of separa t ion  of 
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1862 TOUCHSTONE AND LEVIN 

as no t  t o  d i s t u r b  mobile phase f l o v  t h r u  t h e  matr ix .  Solvent  t ends  t o  

flow around zones which are too concen t r a t ed .  This r e s u l t s  i n  d i s t o r t e d  

spocs.  

DISCUSSION 

The preabsorbent  zone g i v e s  a means f o r  sample a p p l i c a t i o n  vh ich  

avo ids  t h e  t e d i o u s  l a b o r  of raanually t r y i n g  t o  o b t a i n  a l i n e a r  a p p l i -  

c a t i o n  i n  a small spot .  However, care m u s t  be  taken t o  avoid over- 

l oad ing  t h e  c a p a b i l i t i e s  of t h e  l a y e r .  

cause a dec rease  in r e s o l u t i o n  since overloaded zones t end  t o  be 

l a r g e r  than normal properly a p p l i e d  samples.  Aa t h e  c o n c e n t r a t i o n  

of t h e  sample i n  t h e  l a y e r  i n c r e a s e s ,  t h e  e f f i c i e n c y  and r e s o l u t i o n  

will decrease.  Therefore ,  it is recommended t h a t  samples be kep t  as 

small as is c o n s i s t e n t  w i th  d e t e c t i b i l i t y  and conformation with 

p r i n c i p l e s  of  Beer's Law i f  densi tometry is t o  be c a r r i e d  ou t  (5). 

In  view of t h e  r e s u l t s  c o n s i s t e n t l y  ob ta ined ,  it is recommended t h a t  

s t r e a k i n g  r a t h e r  than s p o t t i n g  be the  method of cho ice  f o r  sample 

a p p l i c a t i o n .  I t  is, hovever. p o s s i b l e  t o  o b t a i n  a f i n e  l i n e  if a 

number of "spocs" are a p p l i e d  i n  a row. ' n u s ,  i f  automatic  sample 

a p p l i c a t o r s  are used, one should apply t h e  sample as a series of  

s p o t s  r a t h e r  than in one s p o t  vh ich  may a c t u a l l y  be too c o n c e n t r a t e d .  

High c o n c e n t r a t i o n s  of  sample 

With improved sample a p p l i c a t i o n s  and proper  mobile phase 

selection, i t  ia p o s s i b l e  t o  o b t a i n  ultimata s e p a r a t i o n  parameters .  
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