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THEORY AND APPLICATION OF 
REVERSED PHASE THIN LAYE2 CHROMATOGRAPHY 

Lane C. Sander, Randal L. Sturgeon, and L a r r y  R. F i e l d *  

U n i v e r s i t y  o f  Washington 
Department o f  Chemistry 

S e a t t l e ,  Washington 98135 
BG-10 

ABSTRACT 

Reversed phase t h i n  1 ayer  chromatography (RPTLC) i s  reviewed 
f o r  t h e  p e r i o d  1370 t o  present.  Both p h y s i c a l l y  coa ted  p l a t e  and 
chemica l l y  bonded s t a t i o n a r y  phase techn iques  a re  exami ned. 
Background i n f o r m a t i o n  on RPTLC i s  presented as w e l l  as an 
exhaus t i ve  rev iew  of t h e  l i t e r a t u r e  fo r  a n a l y t i c a l  a p p l i c a t i o n s .  
Coated p l a t e  techn iques  are  t a b u l a t e d  by s t a t i o n a r y  phase and 
so lu te ,  and sources f o r  c u r r e n t l y  a v a i l a b l e  bonded phase p l a t e s  
a re  l i s t e d .  

INTRODUCTION 

Th in  l a y e r  chromatography i s  a simple, r a p i d ,  and inexpens ive  

techn ique t h a t  can be a p p l i e d  t o  a wide v a r i e t y  o f  s e p a r a t i o n  

problems. Besides ex tens i ve  use i n  research, t h i n  l a y e r  

chromatography i s  r e l i e d  upon h e a v i l y  by  t h e  more a p p l i e d  f i e l d s  

such as t h e  h e a l t h  sciences, environmental  ana lys i s ,  and i n d u s t r y .  

Development o f  TLC techno logy  has been rap id .  Improvements i n  

sample a p p l i c a t i o n ,  e l u t i o n  techn iques  and new methods o f  

d e t e c t i o n  a re  coniplerrientary ad junc ts  t o  advances be ing  made i n  t h e  
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6 4  SANDER, STURGEON, AND FIELD 

TLC plate  i t s e l f .  Moreover, T L C  has benefited from the  rapid 

g r o w t h  i n  h i g h  performance l iquid chromatography ( H P L C )  c o l u m n  

form packing technology e.g. ,  with introduction o f  small u n  

mater ia ls  and a var ie ty  of chemically bonded phases. 

M o s t  TLC separations a r e  performed in  the normal 

and will always 

chemically bonded 

manufacturers has 

(RPTLC)  a n  a t t r a c t  

instances where 

importantly, R P T L C  

include compounds 

phase mode on 

s i l i c a  beds u s i n g  r e l a t ive ly  nonpolar solvents  f o r  chromatographic 

development. This mode o f  e lu t ion  su f f i ces  f o r  many appl ica t ions ,  

be important. However, recent introduction of 

reversed phase TLC p la tes  by several  

made reversed phase t h i n  layer  chromatography 

ve a l t e rna t ive  t o  normal phase separat ions,  i n  

o l a r  s i l i c a  gel layers  are  unsuited. More 

expands the scope o f  th in  layer  separations t o  

t r ad i t i ona l ly  not separable by normal phase TLC 

because of so lub i l i t y  problems associated with the so lu te ,  This 

review will  examine some of the advantages, appl icat ions,  and 

potent ia ls  of reversed phase t h i n  l ayer  chrmiatography f o r  both 

physically coated and chemically bonded layers.  A period of 

approximately t en  years i s  reviewed, a n d  the most per t inent  

references a re  included i n  the  bibliography. 

PHYSICALLY COATED V S  C H E M I C A L L Y  BONDED PHASES -- -- 

The term "reversed phase" was coined in  1941 in  the  c l a s s i c  

paper by Martin and Synge ( l ) ,  and r e fe r s  t o  the use of nonpolar 
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REVERSED PHASE THIN LAYER CHRONATOGRAPITY 65 

s ta t ionary  phases and polar  e luents  in chromatographic systems. 

This mode o f  operation i s  opposite t h a t  o f  a normal phase 

separation in t h a t  t he  mobile phase is  more polar  than the  

s ta t ionary  phase. Reversed phase th in  l aye r  chromatography can 

best  be subdivided in to  two categories:  physical ly  coated 

s ta t ionary  phases and chemically bonded phases. Although each 

u t i l i z e  nonpolar s ta t ionary  phases, subs tan t ia l  d i f fe rences  e x i s t  

between the two approaches. 

Physical ly  coated p la tes  cons is t  of conventionally prepared 

normal phase TLC p la tes  t h a t  a r e  coated with a nonpolar l i qu id  

phase. The coating process i s  simple. The TLC p l a t e  i s  dipped 

in to  a hexane or  benzene so lu t ion  containing the nonpolar l i qu id ,  

removed, and then allowed t o  dry. Alternat ively,  the  nonpolar 

phase can be applied by "chromatographing" the  l i qu id  phase 

solut ion onto the TLC plate .  As with the  preparation o f  gas 

chromatographic columns, the  percent loading i s  control led by the 

concentration of the  solut ion used t o  coat the  chromatographic 

support. Concentrations range from 5% t o  2090, b u t  10% i s  typ ica l .  

A wide var ie ty  of compounds and mixtures have been used t o  

coat TLC p la tes  ( see  t ab le  I ) .  Most commonly used a re  paraf f in  o i l  

(2) ,  s i l i c o n e  o i l  ( 3 ) ,  octanol ( 4 ) ,  and oleyl alcohol ( 5 ) .  I n  a 

systematic study by Breyer e t  a l .  (6), t he  e f f e c t s  of varying the 

chain length o f  the  coated s ta t ionary  phase was examined for a 

homologous se r i e s  o f  alcohols. Alcohols with chain lengths below 

12 and above 16 gave unsat isfactory separat ions o r  i r reproducible  
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66 SANDER, STURGEON, AND FIELD 

TABLE I 
Reagents For Coated P la t e  RPTLC 

REAGENT 

AMINES 
A 1  iquot 336 
Alami ne 3365 
Amberl i t e  LA-1 
Pri mene JM-T 
Amberl i t e  LA-2 

ALCOHOLS 

ca 
c9 
5 0  
c12 
‘14 
!16 

REFERENCES 

9, a 4  
9 ,84  
9 
9 ,  84  
84  

4,6,72 
6 
6 
6 
6 
6 
6 
5,66,67,79 

R E A G E N T  

OILS 
Castor o i l  
Corn o i l  
Paraf f in  o i l  

Peanut oi 1 
Pump o i l  
S i l icon  o i l  

MISC 
Fat ty  acids  
Pyrozol 
Squa 1 ane 
Tri  o l e i  n 
Hexadecane 
Undeca ne 

R E F E R E N C E S  

2, 7 
8 
2,s ,69,73,74 
8 1 ~ 8 2  , a3  ,a8 
8 
9c 
3,5,24,69,70 
72,76,77,78, 
91 

68 ,  5 
a5  
69 
2 
80  
69,75,89 

r e su l t s .  Several na tura l ly  occurring o i l s ,  including cas to r  o i l  

( 7 ) ,  corn o i l  ( 8 ) ,  and peanut o i l  ( 8 )  have a l so  been used, 

although the  differences between these phases has not been 

addressed. RPTLC separat ions have been performed on plates  coated 

with amines o r  organophosphorous compounds, pa r t i cu la r ly  i n  

extract ion khromatography ( a  separat ion technique based on complex 

formation o r  ion exchange). Commercial l y  avail  able  ami ne 

preparations such as Aliquot 336 ( 9 ) ,  Alarnine 336s  ( l o ) ,  Amberlite 

LA-1 ( l l ) ,  and Primene JM-T ( 9 )  a r e  commonly used t o  make thes t  

p l  a tes .  
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 67 

Chemically bonded stationary phases have rece 

attention i n  HPLC t h a n  i n  TLC. However, t h  

ved much more 

s appears t o  be 

c h a n g i n g  as researchers become more fgmil i a r  w i t h  these bonded 

phases. Much o f  what has been learned a b o u t  bonded phases i n  HPLC 

i s  directly applicable t o  TLC. have 

been written on the preparation and properties of bonded phases i n  

HPLC (12-16)¶ and they should be consulted for detailed 

information. However, a fsw generalizations can be presented 

here. The bonded a l k y l  phase i s  produced by the reaction of 

alkylchlorosilane w i t h  the s i l ica  support (see figure 1) .  The 

alkylchlorosilane electrophil icly attacks the silanol (Si-OH) 

oxygen found on the s i l ica  surface w i t h  subsequent elimination of 

HC1. Two types o f  bonded phases are commonly prepared: (i) 

Monomeric bonded phases result from the reaction o f  si l ica  w i t h  

A number of excellent papers 

monof unct ional a1 kyl s i 1 ane reagents. 

SiOH 943 
+ R - 2 i - a  

SrOH 

a 

IlACE 

+ RSiC13 % 

b 

For  example, the reaction o f  

Figure 1. 

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



68 SANDER, STURGEON, AND FIELD 

dimethyloctadecylchlorosilane with s i l i c a  r e su l t s  i n  a bonded 

layer  one molecule thick.  ( i i )  ?olymeric phases r e su l t  from the 

use of di-  or t r i - func t iona l  a lkyls i lane  reagents. Timace amounts 

of water present in  t h e  react ion media cause some s e l f  

polymerization of the s i l ane  reagent i n  addition t o  previously 

discussed e l ec t roph i l l i c  a t tack on t he  s i lanol  groups. Truely 

monomeric phases can be produced f r m  polyfunctional a lkyls i lanes  

i f  water i s  r igorously excluded from the reaction media. As might 

be expected, the  reproducibil i  

t o  poor, due  t o  the high 

amounts of water present. The 

bonded surface i s  excel len t  

y o f  polymeric phases i s  only f a i r  

dependence of the react ion on t r ace  

reproducibi l i ty  of the  monomeric 

s ince the reaction i s  complete, and 

only l imited by s t e r i c  hindrance of the bonded phase towards 

i t s e l f  and unreacted s i lanol  g r o u p s ) .  Monofunctional s i lanes  a re  

hydrolyzed by water, but a s  long as a n  excess of the reagent i s  

present,  t h i s  s ide  react ion generally does not a f fec t  the  bonding 

ef f  i c i  ency. 

Bonded reversed phase TLC p la tes  can be prepared in  two ways. 

I n  one process, s i lan ized  s i l i c a  gel i s  mixed with a binder ,  

s lur r ied  in  a nonpolar solvent ,  and spread on g lass  p la tes  t o  dry. 

Specialized devices are ava i lab le  f o r  spreading uniform layers  of 

specified thickness. I n  

the second procedure, commerci a1 l y  prepared s i l  ica  TLC pla tes  arc 

s i lan ized  by an in s i t u  react ion.  Gilpin and Sisco have describec 

in  de ta i l  the apparatus and s teps  used in t h i s  process ( 1 7 ) ,  

When dry,  the  p la tes  a re  ready f o r  use. 
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REVERSED PHASE THIN LAYER CHRONATOCRAPHY 69 

Stated simply, the TLC plates are immersed i n  a silanizing 

reaction mixture, from-which water has been rigorously excluded. 

In t h i s  way, h i g h l y  reproducible bonded phases are prepared. 

THEORY OF SOLUTE RETENTION --- 
Solute retention i n  t h i n  layer chromtography i s  t r a d i t i o n a l l y  

characterized by R f  values, where R f  i s  defined as (distance 

traveled by the solute) / ( total  distance of solvent movement). 

T h u s  for  a n  unretained solute, R f = l  and for a to ta l ly  retained 

solute R f = O  (e.g., O < R f < l ) .  In h i g h  performance liquid 

chromatography, retention i s  designated by k' : 
- 

k R' t o /  t o  c1 I 
where tR i s  the retention time o f  the retained solute and to i s  

the retention time o f  the unretained solute. I n  an  effor t  t o  

relate these two important chromatographic techniques, i t  i t  can 

easily be shown t h a t  R f  and k' obey the following relationship: 

k ' = (  l - R f  ) / R f  c21  

Consequently, i f  the same mechanisms of solute retention were t o  

occur on a TLC plate and i n  an HPLC column, retention d a t a  between 

the two techniques wou ld  be transferable. 

observed and empirical relationships are often more useful. 

However, t h i s  i s  seldom 

The flow rate  of the mobile phase i n  TLC depends predominantly 

on the solvent used and the specific characterist ics of the t h i n  

layer. Guiochon et  a l .  (18-20) related the migration distance, t ,  

of the solvent front above the t a n k  solvent level t o  the 
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70 SANDER, STURGEON, AND FIELD 

development time, t ,  accord ing  the the following equation: 

z = d(Zkodpty/q)cosB [ 3 j  

nature and i s  representative of the bed permeab 

distribution around the outside of the particles,  

relationship between solvent front and bulk veloc 

where d i s  particle diameter, y the surface tension, rl the 

viscosity of the mobile phase, and 0 the wet t ing  angle o f  t h e  

solvent on the adsorbent surface. The parameter ko i s  complex i n  

l i t y ,  the pore 

and the re1 a t i  ve 

t ies  (21) .  I n  

normal phase TLC, cose-1 w i t h  a l l  solvents used. However, with 

R P T L C ,  cose decreases rapidly a s  the percentage o f  water i n  the 

solvent i s  increased. This c r i t i ca l  parameter i s  often 

ong analysis times when the mobile phase contains 

of water. For example, i t  has been reported t h a t  

nutes ( a  prohibatively l o n g  development time) t o  

achieve a 4 cm r i se  on a n  RP-18 plate u s i n g  (60:40)  methanol-water 

P 

(22)  

Another measurement i n  T L C ,  used t o  express the relat ive 

lipophilic character of a solute,  has been designated R m ,  where R, 

i s  defined: 

Rm=log(l/Rf-l) c41 

responsible for 

high percentages 

i t  requires 90 m 

I n  reversed phase chromatography, small R, values indicate 

compounds of low lipophilic character and larger Rm values denote 

h igh  lipophilicity. The Hansch parameter 71 ( 2 3 )  i s  also used as a 

measure of lipophilicity bu t  i s  more representative of l ipophilic 
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REVERSED PHASE THIN LAYER CHROXATOGRAPHY 

character contributed by a substituent and 

f o l l o w i n g :  

n =  1 0 9 ( P X / P H )  

where PH and Px are the partition coeffic 

and substituted compounds, respectivly. 

on solute 

l e  phase)) 

coefficient P (P=(concentrat 

(concentration solute i n  mob 

or  K in the l i terature .  

Mechanisms of solute retention 

71 

i s  i l lust ra ted by the 

~ 5 1  

ents of unsubstituted 

Note t h a t  the p a r t i t i o n  

n stationary phase) / 

P 
s a l s o  referred t o  as K 

i n  reversed phase 

chromatography i s  a much debated subject and many papers have been 

published on the topic. Of the coated and bonded reversed phase 

methods, theory o f  solute retention i n  physically coated TLC 

plates is the least  controversial. i t  i s  generally agreed t h a t  

the major contribution t o  retention i n  coated plate RPTLC i s  f rm 

partitioning o f  the solbte between two immiscible liquids. The 

concentration of solute i n  each phase i s  described by the 

distribution coefficient,  K which i n  turn can be related t o  the 

free energy change for the solution process where A G O = - R T l n ( K  ). 

This observed p a r t i t i o n i n g  mechanism for.coated RPTLC makes this  

P technique valuable for  the chromatographic measurement of K 

values for  certain eluent systems. For example, several workers 

have derived relationships between R f  values (from coated RPTLC) 

a nd K p  values (obtained by the "shake" method) (24,3,5). 

Measurement of K values f o r  octanol/methanol and other solvent 

systems i s  one of the largest  current applications of coated plate 

P 

P 

P 
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72 SANDER, STURGEON, AND FIELC 

RPTLC, because t h i s  i s  a qu i ck  and easy techn ique f o r  de te rm in ing  

r e l a t i v e  degrees o f  l i p o p h i l i c i t y .  I t  should be no ted  t h a t  

a l though p a r t i t i o n i n g  i s  p robab ly  t h e  major  f a c t o r  i n  r e t e n t i o n ,  

a c t i v e  s i l a n o l  groups a re  a l s o  present  on t h e  s i l i c a  support ,  and 

i n  some systems, adso rp t i on  may occur ( 3 ) .  

Understanding s o l u t e  r e t e n t i o n  on c h e m i c a l l y  bonded phases i s  

a much more d i f f i c u l t  problem and no  general  consensus e x i s t s  f o r  

t h e  r e t e n t i o n  mechanism. Again, most o f  t h e  work i n  t h e  

l i t e r a t u r e  i s  concerned w i t h  HPLC, b u t  i t s  a p p l i c a b i l i t y  t o  bonded 

phase RPTLC seems apparent. I t  i s  w i d e l y  b e l i e v e d  t h a t  t h e  n a t u r e  

o f  a bonded phase i s  i n  someway d i f f e r e n t  f rom t h a t  o f  t h e  

corresponding p h y s i c a l l y  coated 1 i qu id .  S ince  bonded phase 

molecules a re  a t tached a t  one end, t h e  r e s u l t i n g  phase i s  n o r e  

ordered than a l i q u i d .  That i s  bonded phases have fewer degrees 

o f  freedom than  l i q u i d s ,  and i n  t h e  case o f  monomeric phases, a re  

o n l y  one molecu le  t h i c k .  F o r  these reasons and o thers ,  t h e  l i q u i d  

p a r t i t i o n i n g  mechanism c r e d i t e d  t o  coated suppor ts  i s  u s u a l l y  

d iscounted  as an exp lana t ion  o f  bonded phase s o l u t e  r e t e n t i o n .  

One c u r r e n t  t heo ry  suggests t h a t  r e t e n t i o n  on chemica l l y  

bonded phases i s  governed by hydrophobic i n t e r a c t i o n s .  The 

hydrophobic e f f e c t  can be desc r ibed  as t h e  tendency o f  a nonpo lar  

s o l u t e  molecu le  t o  reduce i t s  sur face  area exposed t o  water  -- 
e i t h e r  th rough a s s o c i a t i o n  w i th  o t h e r  nonpo lar  molecules,  o r  

th rough removal f rom t h e  s o l u t i o n  by  a d s o r p t i o n  ( 2 5 )  -- and 

thereby  i nc rease  t h e  en t ropy  o f  t h e  system. Horva th  ( 2 6 ) ,  Karger  
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( ? 7 ) ,  and Colin (28)  have described these in te rac t iocs  ;r:  d e r a + l .  

The major  l imi ta t ion  o f  various hydrophobic re ten t ion  c i e z r i e s  i s  

t h a t  they d o  n o t  explajn the changes in  s e l e c t i v i t y  35ser.ved f o r  

d i f fe ren t  nonpolar bonded phases (e.g. ,  C18 vs C, a n d  Cs). 
L 

A number of approaches have been made i n  the e f f o r t  t o  f g r t ? e r  

u n d e r s t a n d  the bonded phase retent ion mechanism. Henetscerger 

e t  a l .  investigated e f f ec t s  o f  hydrocarbon length ( 2 9 )  a d  

s t ruc tu re  (30)  f o r  several chemically bonded phases. IJncjs? aqd 

Roumeliotis systematical ly  studied several  dimethyldlkyl phases 

( 3 1 ) ,  and Locke rels ted retent ion t o  so lu te  so lub i l i t y  1 2  the 

eluent ( 3 2 ) .  I n  addi t ion,  Lackmuller presented a n  i n t e r e s t j n s  

theory supporting a pseudopartitioning mechanism w i t h  bonded 

phases by envisioning the phase as “ l iqu id  drople t s”  ( 3 3 ) .  It i s  

evident t h a t  bonded phase retent ion theory i s  s t i l l  evolving and 

fu r the r  developments will  be forthconii ng. 

COMMERCIALLY A V A I L A G L E  RPTLC PLATES 

Several manufacturers presently o f f e r  TLC plates  designed f3r  

use with reversed phase solvent systems ( see  T A B L E  I i ) .  A wide 

var ie ty  of chemically bonded hydrocarboneous phases a re  a v a i l  ab le ,  

w i t h  chain lengths ranging from C2 t o  C l e  and percent surface 

coverages from 50-1005 of accessible  reac t ive  s i t e s .  Of the RPTLC 

plates  l i s t e d ,  only the RPS Uniplate, manufactured by Analtecn 

(Newark, Delaware) u t i l i z e s  a physically coated s ta t ionary  phase. 

The RPS Uniplate cons is t s  o f  a h d r d  analyt ical  l ayer  impregn:ii,ed 
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REVERSED PHASE T H I N  LAYER CHROMATOGRAPHY 75 

w i t h  a l o n g  chain hydrocarbon, and i s  designed t o  c o r r e l a t e  

re ten t ion  behavior observed i n  R P T L C  with t h a t  seen in  modern 

HPLC. The hydrocarbon coating i s  not appreciably soluble  in  water 

o r  a lcohol ,  and the p la tes  a r e  intended f o r  s ing le  use only. 

Uniplates a re  ava i lab le  with 250, 500, and 1000 A" l aye r  

thicknesses f o r  analyt ical  and preparatory appl ica t ions .  

Furthermore, t he  p la tes  may be obtained with preadsorbent or 

preconcentrating zones f o r  increased reso lu t ion  of highly retained 

nonpolar substances. E. Merck (Darmstadt , Gennany) produces three 

chemically bonded RP-HPTLC p la tes  t h a t  have d i f f e r e n t  

chrmiatographic s e l e c t i v i t i e s .  These p l a t e s  come with C 2 ,  C8,  and 

C18 bonded hydrocarbon chains and  a r e  known commercially a s  RP-2, 

RP-8,  and RP-18 respect ively.  Macherey-Nagel a l so  produces th ree  

reversed phase p la tes  (Nano-RP-Plates), b u t  these p la tes  use a CI8 

bonded phase b u t  d i f f e r  in t h e i r  percent carbon loading. The 

Nano-RP p la tes  a r e  compatible with highly aqueous e luents  and a r e  

l imited only by t h e i r  sur face  wet tab i l i ty .  For example, a t  high 

water concentrat  i ons ,  SIL C18 50 pl a t e s  (50% of s i  1 anol 

groups a re  bonded) work bes t ,  and with a 1:3 methanol/water 

e luent ,  development occurs a t  a r a t e  of 4.0 cm/15 minutes. P l a t e s  

with higher carbon loading develop considerably slower with high 

percentages of water. The O p t i  UP C12 p la te ,  manufactured by 

Tridom (Hauppauge, New York) has a C 1 2  bonded s t a t iona ry  phase and 

i s  ind ica tor  f ree .  with 

most reversed phase solvents  including 100% water. This i s  o f  

5 

reac t ive  

The p la tes  a r e  reported t o  be compatible 

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



76 SANDER, STURGEON, AND FIELD 

importance n o t  only f o r  choice of e luent ,  b u t  a l so  in  de tec t ion ,  

since water based visual iz ing reagents may be used ( s e e  

LIMITATIONS). Whatman (C l i f ton ,  New Jersey)  o f f e r s  two types o f  

reversed phase p l a t e s ,  a bonded CI8 p l a t e  ( K C I 8 )  and a dual-mode, 

reversed phase and normal phase p l a t e  (Multi-K type CS5). The 

KCI8 product i s  avai lable  i n  several forms, with or without 

indicator  and grooved or ungrooved. The s t a b i l i t y  of t h i s  p l a t e  

t o  water ( s t ab le  u p  t o  402 water) may be increased by the addi t ion 

of NaCl t o  the mobile phase. The Multi-K type CS5 p l a t e  is a 

hybrid of reversed and normal phase TLC.  The p la tes  consis t  o f  a 

3 cnl wide c18 bonded layer  contiguous w i t h  a s i l i c a  gel analyt ical  

l ayer  on a s ing le  20 x 20 cm plate.  In actual use,  the  sample i s  

spotted on the  reversed phase layer  and developed under reversed 

phase conditions.  Additional separation i s  obtained by normal 

phase development 90 degrees from t h a t  of t he  f i r s t .  The 

par t icu lar ly  complex separations t h a t  have been obtained on t h i s  

p la te  (e.g., see  f igure  2 )  ind ica te  the enormous potent ia l  of t h i s  

new t echni que. 

Several of the commercially avai lable  R P T L C  p la tes  have been 

designed t o  co r re l a t e  to  H P L C  re tent ion.  The re ten t ion  order and 

magnitude f o r  so lu te  mixtures i s  generally s imi la r  f o r  t he  two 

techniques. One use advanced by manufacturers f o r  the reversed 

phase plates  i s  t o  scout sol vent systems f o r  HPLC separat ions 

(34 -35) .  RPTLC p la tes  o f f e r  advantages of speed and economy, and  

permit preliminary evaluation of uncharacterized samples without 
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 7 7  

T 

REVERSED PHASE 

Figure 2. 

risking expensive HPLC columns. Sui tab le  solvent systems can 

often be quickly determined using R P T L C ,  and then t ransfer red  t o  

HPLC. 

USE OF RPTLC PLATES ---- 

R P  

t o  

( i  

Unlike conventional p la tes  coated with s i l i c a  gel , modern 

L C  p la tes  do not require  ac t iva t ion  o r  other  preparation pr ior  

use. I n  normal phase T L C ,  the  a c t i v i t y  of the p l a t e  used 

e. ,  t he  number and type o f  s i lanol  groups ava i lab le  t o  so lu t e  
\ 

i n t e rac t ions )  must be carefu l ly  control led t o  insure reproducible 

re tent ion.  Adjustment of water content of the  s i l i c a  layer  i s  

usually accomplished by heating and equ i l ib ra t ion  under control led 
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78 SANDER, STURGEON, AKD FIELD 

conditions. I n  RPTLC,  most accessible  s i lanol  groups a r e  

deactivated by the addition of chemically bonded hydrocarbon 

chains. Solvent systems used i n  reversed phase separations 

consis t  of polar l iqu ids  -- usually solut ions of water and 

methanol, a c e t o n i t r i l e ,  o r  acetone which cancel out the e f f e c t s  

observed f o r  water in  normal phase. Thus, control o f  the i n i t i a l  

water content of R P T L C  p la tes  has l i t t l e  e f f ec t  on so lu te  

retention. Sample preparation i n  the  reversed phase separation 

mode i s  only s l i g h t l y  d i f fe ren t  from normal phase T L C .  For 

example, several o f  the  commercial RPTLC products a re  not 

compatible with water (due t o  s t a b i l i t y  and/or we t t ab i l i t y  

l imi ta t ions) ;  consequently so lu t e  solut ions should be made u p  i n  

organic solvents.  Methanol i s  usually a convenient choice. 

Siouffi  e t  a l .  ( 2 2 )  note t h a t  t o  prevent excessive band spreading 

of the or iginal  so lu te  spot ,  the sample should be dissolved in  a 

solvent of lower e lu t ropic  s t rength  than t h a t  used for  

chrmatographic development. Plates  w i t h  preconcentrating zones 

(e.g., Analtech's RPS Uniplate) help t o  minimize the  e f f ec t s  of a n  

original f i n i t e  s p o t  s i ze  by compressing the spot ve r t i ca l ly  a s  

development i s  s ta r ted .  Solvent s e l ec t ion ,  of course,  depends on 

the separation problem a t  hand, b u t  Whatman suggests ethanol/water 

(80:20) as a s t a r t i ng  point f o r  separat ions on KC18 p la tes .  

Equilibration of the  t a n k  p r ior  t o  development (v i a  a solvent 

saturated f i l t e r  paper l i n ing )  i s  recommended. Analysis times 

vary widely with the solvent system and brand  of RPTLC p l a t e  used. 
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 79 

TABLE 111 
Distance of Solute Travel i n  rum f o r  a 15 Minute 
Separation Using Machery-Nagel Nano-RP Plates (36 )  

SOLVENT S I L  C18 S I L  18 S I L  18 
5 0% 

2 : l  45 51 57 

- 7 5% - 100% - 
CH30H/H20 

1:l  
1:2 
1 : 3  
0 : l  

CH3CH/H20 
2 : l  
1 : l  
l : ?  
1:3 
1 :9 

2 1  
0 
0 
0 

46 
30 
27 
15 
0 

32 
11 
0 
0 

51 
35 
33 
25 

0 

52 
50 
40 
0 

62 
52 
51 

20 
4a 

However, the r a t e  of development decreases dramatically with 

increasing water content o f  the e luent ,  and s tops completely as  

the wet tab i l i ty  l imi t  i s  reached (see  t ab le  111). Above 30% water 

irreproducible r e su l t s  have been observed f o r  ce r t a in  

chromatographic systems ( 2 2 ) .  

Chemically bonded phases i n  TLC a r e  in general qu i t e  s t ab le  t o  

common organic solvents.  I t  should be noted, however, t h a t  unde r  

acidic  or basic conditions these phases may undergo slow 

hydrolysis,  b u t  due t o  the short  term processes o f  TLC separations 

( a s  opposed t o  column separations in HPLC) separations i n  these 

solvent systems a re  qui te  feas ib le .  Furthermore, i f  r e l a t ive ly  

neutral solvents a re  used and the coated surface i s  not physically 

a l te red ,  p la tes  can in many cases be washed with solvents 

and reused up t o  f ive  times with no apparent change i n  

bonded 
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80 SAVDER, STURGEON, AND FIELD 

Chromatographic  p r o p e r t i e s  ( 3 7 ) .  Normal phase  s e p a r a t i o n s  a r e  

a l s o  p o s s i b l e  on bonded p h a s e  p l a t e s ,  w i t h  t h e  p l a t e s  behaving  as 

d e a c t i v a t e d  s i l i c a  g e l  p l a t e s .  Nornial phase  s e p a r a t i o n s  u s i n g  

RPTLC p l a t e s  may be a p p l i c a b l e  t o  p o l a r  compounds t h a t  have  

t r a d i t i o n a l l y  been  i r r e v e r s i b l y  a d s o r b e d  on s t a n d a r d  s i l i c a  TLC 

p l a t e s .  

ANALYTICAL APPLICAT!ONS: BONDED PHASE RPTLC 

Bonded s t a t i o n a r y  p h a s e s  f o r  TLC have o n l y  r e c e n t l y  become 

commerc ia l ly  a v a i l a b l e .  As a r e s u l t ,  i t  h a s  o n l y  been i n  the l a s t  

two y e a r s  t h a t  a p p l i c a t i o n s  u s i n g  t h e s e  p l a t e s  have  a p p e a r e d  i n  

t h e  l i t e r a t u r e .  A number o f  p a p e r s  have  d e a l t  w i t h  t h e  s e p a r a t i o n  

o f  b i o g e n i c  s u b s t a n c e s .  Ryu and MacCoss chromatographed  

p h o s p h o l i p i d  d e r i v a t i v e s  u s i n g  a b u f f e r e d  e l  [ lent  on Whatman KClS 

p l a t e s  (38) .  A m o d i f i e d  D i t t m e r - L e s t e r  r e a g e n t  was used f o r  

v i s u a l i z a t i o n ,  and t h e  d e t e c t i o n  l i m i t  was r e p o r t e d  t o  be 1-5 pg. 

V i d r i n e  and N i c h o l a s  s e p a r a t e d  8 n o n p o l a r  l i p i d s  u s i n g  a mixed 

mode p l a t e  of the i r  own d e s i g n  ( 3 9 ) .  I n  t h e i r  two d i m e n s i o n a l  

c h r o m a t o g r a p h i c  a p p r o a c h ,  t h e  1 i p i d s  were f i r s t  s e p a r a t e d  by 

normal phase  TLC w i t h  a h e x a n e / e t h y l  a c e t a t e  e l u e n t ,  and t h e n  by 

r e v e r s e d  p h a s e  TLC w i t h  a p-d ioxane/water  system. The r e t e n t  i o n  

b e h a v i o r  o f  c h o l e s t e r o l  h a s  a1 so been s t u d i e d ,  on home-made pl ates 

by Halpaap e t  a l .  (40) .  A d s o r p t i o n  and r e v e r s e d  phase  p a r t i t i o n  

mechanisms were i d e n t i f i e d ,  d e p e n d i n g  upon t h e  e l u e n t  used .  

S e p a r a t i o n  o f  s a t u r a t e d  and u n s a t u r a t e d  c h o l e s t e r y l  esters h a s  
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 81 

been perfonned on K18 pla tes  ( 4 1 ) .  (42)  separated 

individual su l fa ted  b i l e  acid conjugates as calcium complexes 

using KCl8  p la tes  . Free f a t t y  acids of chain length C through 

cg have been resolved using RPTLC ( 4 3 ) .  The acids  were 

radioact ively labeled,  and de tec t  ion was by autoradiography. 

Pheyacyl e s t e r s  of f a t t y  acids  ( 4 4 ) ,  and f r ee  amino acids  (45 )  

have been separated on KC18 plates .  I n  a novel separat ion of 

nucleoside residues,  micel lar  so lu t ions  produced by addi t ion o f  

sur fac tan ts  t o  organic solvents  were used a s  the  e luents  on Merck 

RPTLC p la tes  (46) .  The mechanism of in te rac t ion  i s  believed t o  

involve both e l e c t r o s t a t i c  in te rac t ion  with the  polar  head g r o u p  

and s t a b i l i z a t i o n  in the water pool o f  t he  hydrophilic cored 

micelle. Hsiung e t  a l .  ( 4 7 )  examined the f e a s i b i l i t y  of RPTLC 

separation of several nucleotide fragments. I n  t h i s  work, e igh t  

deoxyribool igonucleot ide fragments of human insu l in  A DNA were 

resolved using two dimensional chromatography on KC18 p la tes .  

Raedsch e t  a l .  

2 

Many papers concerning the  RPTLC separat ion of various 

aromatic compounds have a l so  appeared. Brinkman and de Vries 

measured the re ten t ion  of aromatic oxy compounds, aminophenol s and 

aromatic acids  on a se r i e s  of reversed phase p la tes  (48) .  The 

performance of KC18 (Wha tman) ,  RP-2,  RP-8, RP-18 (E. Merck) as 

well as RPS Uniplate (Analtech) products were evaluated. For the 

samples run, KCr8 and (Merck RP p la tes  were found t o  perform 

equal l y  we1 1 .  However, development on the KC18 p la t e s  was found 

t o  be 3 t o  4 times f a s t e r  t h a n  the RP plates .  Solute  re ten t ion  
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82 SANDER, STURGEON, AND FIELD 

behavior between the  KCI8 and RP-8 were e s sen t i a l ly  i d e n t i c a l ,  

RPS Uniplates were not d i r e c t l y  compared due t o  t he  d i f f e ren t  

composition of t h i s  plate .  I n  a separate  study, Brinkman and de 

Vries chromatographed chrysene, coronene, f l  uorene, peryl ene, 

phenanthrene, and pyrene, and were able  t o  resolve a l l  b u t  

chrysene and fluorene ( 4 9 ) .  Polynuclear aromatic hydrocarbons 

were a l so  separated by Dzido and Soczewinski (50 ) ,  Janchen and 

Schmutz ( 5 1 ) ,  and H a l p a a p  e t  a l .  ( 4 0 )  w i t h  varying degrees of 

success. Sander and Field used gradient e lu t ion  TLC t o  separa te  

hydroqui none and catechol from pyri ne and  2-methyl naphtha1 ene 

( 3 7 ) .  A corre la t ion  between k '  (column) and  R f  ( p l a t e )  was 

demonstrated f o r  barbi tuates  and n-alkyl benzenes on both Merck and 

Whatman products (k '=cons t ( l /Rf  -1))  ( 5 2 ) .  I n  addi t ion ,  water 

l imi ta t ions  for  each p la te  used were reported. 

Other appl icat ions have included f lavanoids ,  phenolic and 

re1 ated compounds ( 5 3 ) ,  cobal ami ns ( i ncl ud i  ng v i t a m i n  BIZ) (54 ) ,  

unsaturated f a t t y  acids ( 5 5 ) ,  and separat ion o f  the 

diastereoisomers of Zeranol (56 ) .  Using Multi-K type CS5 p la t e s ,  

sulphonamides ( 5 7 ) ,  lubr ica t ing  o i l  ex t r ac t  (58),  and human b i l e  

acids  (59 )  have been chromatographed. Each sample was 

chromatographed by two dimensional chromatography using reversed 

phase and normal phase e lu t ion .  The use of RPTLC i n  the  ana lys i s  

of pharmaceutical preparations has  been demonstrated. Sherma and 

Beim separated the  th ree  components of APC t a b l e t s  and determined 

caf fe ine  quant i ta t ive ly  by densitometry ( 6 0 ) .  Tr icyc l ic  
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REVERSED PHASE THIN LAYER CHROMATOGFAPHY 83 

neuroleptics ( t r anqu i l i ze r s  useful in  the  treatment o f  

schizophrenia) were chromatographed, and t h e i r  geometric isomers 

were resolved ( 6 1 ) .  Pen ic i l l i n  N and Cephalosporin C were 

separated using a 100% water eluent w i t h  OPTI-UP C I 2  p la tes  ( 6 2 ) .  

Volkman used ion pair  chromatography in  conjunction with (Merck) 

RP layers  t o  separate  phenothiazine bases and  sulphoxides (63 ) .  

Becker e t  a l .  separated quercetin and re la ted compounds ( 6 4 ) ,  and 

Sherma and L a t t a  chromatogrdphed a complex mixture of chloroplast  

pigments ( 6 5 ) .  Because of the recognized l a b i l i t y  of these 

pigments, chlorophylls and carotenoids were found t o  make 

excel lent  probes f o r  t e s t ing  bonded TLC p la tes  f o r  s i l i c a  surface 

ac t iv i ty .  No reaction or change due t o  in te rac t ion  with the 

s i l i c a  surface was regarded as a negative response for surface 

ac t iv i ty .  

ANALYTICAL APPLICATIONS:  COATED PHASE RPTLC 

Coated p la te  techniques h a v e  been used f o r  many years in TLC 

separations f o r  a broad spectrum o f  appl icat ions.  Because a true 

l iquid i s  used fo r  the s ta t ionary  phase, (and  assuming s i lanol  

in te rac t ions  are  minimal f o r  t he  solvent system in ques t ion) ,  

solute retent ion can be described by a par t i t ion ing  mode?. 

Hulshoff and Perr in  developed a n  RPTLC method f o r  the 

determination of pa r t i t i on  coe f f i c i en t s  fo r  a s e r i e s  o f  

phenothiazines ( 5 ) .  Twenty s i x  di f fe ren t  phenothiazine drugs were 

characterized ( 6 6 ) ,  and Rm values were re la ted  t o  albumin binding 
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84 SANDER, STURGEON, AID FIELD 

TABLE I V  
RPTLC A P P L I C A T I O N S  

SOLUTE 

AROMATIC 
ami nes 
ac ids  
f 1 avono i d s 
pheno l ic  compounds 
oxy compounds 
PNA' s 
qu i  nones 

BIOGENIC SUBSTANCES 
amino ac ids  
b i l e  ac ids  
p l  an t  pigments 
c h o l e s t e r o l  
capsaicenoids (pepper)  
f a t t y  ac ids  
g l i o t o x i n  analogs 
l i p i d s  
nuc l e o t  i des  
pept i des  
phosphat idy l  cho l  i nes 
s t e r o i d s  
PHARMACEUTICALS 
APC (ana l  ges i c )  
b a r b i  t u a t e s  
benzodi azepi nes 
cobal ami ns 
cephal aspar i  ns 
neu ro lep t  i c s  
penic i 1 1 i n  compounds 
phenotha iaz i  ne 
p rob i  o t  i c s  
r i f a m y c i  n 
sulphonamides 
v i t a m i n  K2 
zeronol  isomers 
MISCELLANEOUS 
am i nes 
food dyes 
l u b r i c a t i n g  o i l  
mercury compounds 
metal  i ons  
surf  a c t  an ts  

BONDED PHASE COATED PHASE MIXED PHASE 
REFERENCES REFERENCES REFERENCES 
-- -- -- 

4a 94, 95 
48 3 
53 92 
48, 5 3  70 
48 
40,49,50,51 82 

81 

45 
42, 59 
6 5  2, 8 
40, 4 1  75 

74 
43, 46, 55 

38, 39 
46, 47 
62 

90 

89 
71, 73 

60 
52 

54 
64 
6 1  
62 
63 

57, 61  

56 

7 
72, 79 

7 7  

4,24,76 91 

78  

5, 66, 67 
68 

69 95 
80 

88,93 
96 

58 
83 
87 
6 
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 85 

cons tan ts  (67) .  B i r d  and Marsha l l  ob ta ined  p a r t i t i o n  c o e f f i c i e n t s  

f o r  p e n i c i l l i n e s  us ing  an n-oc tano l  s t a t i o n a r y  phase ( 4 ) .  F u j i i  

e t  a l .  (68) examined chromatographic r e t e n t i o n  o f  10 p r o b i o t i c s  

( w a m i n o  ac ids  and L - h i s t a d i n e  d i p e p t i d e s )  on severa l  coated 

l i q u i d  phases. A s e r i e s  of  CI6, CI8, and C20 f a t t y  ac ids ,  e t h y l  

es te rs ,  and a l c o h o l s  were i n v e s t i g a t e d  as p o s s i b l e  s t a t i o n a r y  

phases. A c o r r e l a t i o n  was made between reversed phase r e t e n t i o n ,  

s o l u t e  s t r u c t u r e ,  and b i o l o g i c a l  response. Such 

" s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s "  have been s t u d i e d  i n  d e t a i l  by 

B i a g i  e t  a l .  The r e l a t i o n s h i p  between l i p o p h i l i c  c h a r a c t e r  and R, 

values have been examined f o r  sul fonamides ( 6 9 ) ,  phenols (70) ,  

(72) .  I n  t hese  s tud ies ,  Rm 

l i c  c h a r a c t e r  o f  t h e  

s t e r o i d s  (71) ,  and benzodi azepines 

values were used as an i n d i c a t i o n  o f  

se lec ted  so l  U te  mol ecu l  es. 

Complex b iogen ic  m ix tu res  have 

i poph 

be en 

success us ing  coated  p l a t e  techniques. 

separated w i t h  some 

S i  1 i c a  1 ayers have 

t r a d i t i o n a l l y  been unsu i ted  f o r  t h e  separa t i on  o f  c h l o r o p h y l l  

pigments and t h e i r '  d e r i v a t i v e s  due t o  t h e  p r e v i o u s l y  d iscussed 

l a b i l i t y  o f  these compounds on t h e  s i l i c a  sur face .  Jones e t  a l .  

(8) chromatographed a s e r i e s  o f  c h l o r o p h y l l s  on s i l i c a  ge l  G 

coated w i t h  co rn  o r  peanut o i l  and no a r t i f a c t s  were observed. I n  

another  study, 26 c h l o r o p h y l l  d e r i v a t i v e s  were separated us ing  

c a s t o r  o i l  and p a r a f f i n  o i l  ( 2 ) .  Other  b iogen ic  substances 

analyzed by coated  p l a t e  RPTLC have inc luded  s t e r o l s  ( 7 3 )  

capsaicenoids ( i n g r e d i e n t  i n  ho t  peppers) ( 7 4 ) ,  and c h o l e s t e r o l  
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86 SANDER, STURGEON, AND FIELD 

and re la ted  compounds (75 ) .  A number of pharmeceuticals have been 

chromatographed w i t h  success,  using coated plates .  Herbst 

detected pen ic i l l i n  G and ampici l l in  i n  the presence o f  

t e t r acy l ines  and penicil lamine by separat ion on a s i l i cone  o i l  

s ta t ionary  phase ( 7 6 ) .  Penicil  l i nes  and cephalosporins were 

chromatographed by Biagi et  a l .  ( 2 4 , 7 7 ) .  Tischler  e t  a l .  (78) 

chromatographed rifamycin der iva t ives  and re la ted  the Rf  values 

(and  Hansch parameter IT ) t o  1 i pophil i c i  ty .  Hul shof f and Perri n 

determined pa r t i t i on  coe f f i c i en t s  f o r  1,4 benzodiazepirnes (79 )  and 

Pla-Delfino e t  a l .  ( 7 )  examined the re ten t ion  behavior of 5 

subs t i tu ted  barbituates'. Vi tamin  K2 isoprenologues were 

chrcmatographed us ing  5% hexadecane s ta t ionary  phase (80). I n  

o ther  unrelated b u t  s c i e n t i f i c a l l y  in t e re s t ing  work, isoprenoid 

quinones (81), polychlorinated biphenyls (821, alkyl mercury 

compounds (83) and a ry lace t i c  acids  ( 3 )  were separated.  F ina l ly ,  

i n  a study by Breyer, Fischl and Se l t ze r  ( 6 )  twelve alkyl s u l f a t e  

sur fac tan ts  were studied u s i n g  a var ie ty  of s ta t ionary  

phase- -el ue n t  systems. 

Another appl icat ion o f  coated p l a t e  RPTLC has been termed 

ext rac t ion  chromatography. Th i s  technique has been used w i t h  some 

success i n  the separat ion of t r a n s i t i o n  and r a re  ear th  metal ions.  

S i l i c a  gel o r  ce l ?u lose  layers  are impregnated w i t h  an organic 

phase such a s  a high molecular weight m i n e ,  subs t i tu ted  ammonium 

s a l t ,  o r  organophosphorous compound. Elucnts a r e  usual ly  
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY a7 

w a t e r l o r g a n i c  b u f f e r s ,  o r  s a l t  so lu t i ons .  The R f  va lue  o f  a g i v e n  

i o n  and system i s  o f t e n  dependent upon t h e  c o n c e n t r a t i o n  o f  t h e  

counter  i o n  i n  t h e  e luen t ,  and pub l ished values are  r e p o r t e d  as R f  

va l  ues versus c o n c e n t r a t i o n  p r o f i l e s .  Ana lys i  s w i t h  two o r  more 

s t a t i o n a r y  phases and/or e luen ts ,  o r  two dimensional  analyses, can  

sometimes make f e a s i b l e  d i f f i c u l t  o r  o therw ise  imposs ib le  

sepa r a  t i ons . 
An impor tan t  c h a r a c t e r i s t i c  o f  t h e  s t a t i o n a r y  phase i s  

s o r p t i o n  s t r e n g t h  ( o r  e x t r a c t i o n  e f f i c i e n c y ) .  For  s u b s t i t u t e d  

amine s t a t i o n a r y  phases, s o r p t i o n  s t r e n g t h  has been found t o  

decrease i n  t h e  o r d e r  quaternary  ( A l i q u o t ) ,  t e r t i a r y  (A lamine) ,  

secondary (Amber l i t e )  and pr imary  (Primene) (84).  Brinkman 

e t  a?., (9) however, observed v a r i a t i o n  i n  t h i s  o r d e r i n g  f o r  

c e r t a i n  ions. The s o r p t i o n  s t r e n g t h  f o r  pheny lpyrazo l  and 

methy lpyrazo le  phases was found t o  be i n t e r m e d i a t e  between 

secondary and pr imary  amines (85). Cardaci  e t  a l .  (86) used i o n  

exchange res ins ,  n o t a b l y  Polygram Ionex 25-SB ( s t r o n g l y  b a s i c )  and 

Polygram Ionex 25-SA ( s t r o n g l y  a c i d i c )  i n  c o n j u n c t i o n  w i t h  a 

n i t r i t e  e l u e n t  f o r  metal  i o n  separa t ions .  Numerous o t h e r  examples 

e x i s t  i n  t h e  l i t e r a t u r e .  Brinkman, de V r i e s  and Kuroda have 

compi led an a u t h o r i t a t i v e  rev iew  on i n o r g a n i c  metal  separa t i ons  by 

TLC and RPTLC (87). S u i t a b l e  combinat ions o f  s t a t i o n a r y  and 

mob i le  phases e x i s t  f o r  t h e  separa t i on  o f  a lmost a l l  metal  i o n  

mix tu res .  
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88 SANDER, STURGEON, M D  FIELD 

ANALYTICAL APPLICATIONS : M I X E D  R P T L C  -- 

A few s tudies  have appeared  i n  the l i t e r a t u r e  i n  which the TLC 

plates used a re  both bonded and coated with nonpolar mater ia ls .  

In most cases ,  a one or  two carbon s i l ane  reagent i s  bonded t o  the 

s i l i c a  surface. The purpose of t h i s  phase i s  tc? t i e  u p  f r ee  

s i lanol  groups and thus reduce the p o s s i b l i l i t y  o f  s i lanol -so lu te  

interact ions.  ?he l iquid used t o  coat the 

depends o n  the type o f  separat ion or kind of 

chromatoyraphed. Prandi chromatographed 56 a 

using paraffin o i l  and s i lan ized  s i l i c a  gel H (88 

study, rat l i v e r  l ec i th ins  were separated t o  

phasphatidyl cholines (89) .  Using s i l i cone  o 

s i 1 ani zed pl a t e s  

compound t o  be 

i phatic ani nes, 

. I n  a separate  

give 8 d i f f e ren t  

1 on s i lan ized  

s i l i c a ,  Ottenheijm e t  a l .  (90)  obtained l i poph i l i c i ty  measurements 

of gl iotoxin analogues from R f  values , and Thijssen (91) 

separated isoxazolylpenici l l ins  and act ive metabolites.  The 

retent ion behavior of phenolic acid der iva t ives  of cinnaminic acid 

was examined and compared t o  HPLC d a t a  (92 ) .  From the r e s u l t s ,  i t  

was concluded t h a t  in ce r t a in  cases ,  RPTLC cor re la tes  t o  H P L C  and 

i s  thus useful i n  t he  optimization of an H P L C  separation. 

Several recent s tudies  have made use of s i lanized s i l i c a  gel 

layers  impregnated with anionic and ca t ion ic  detergents  (sometimes 

tenned "soap chromatography"). Commonly used detergents  a re  

t r ie thanol  ami ne dodecyl benzenesul ponate (DBS) sodium 

1 aurylethyl sul phonate (LES) , sodi urn dodecyl hydrogen sul phate (DHS) 
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REVERSED PHASE THIN LAYER CHROFNTOGRAPHY 89 

and n-dodecylpyridinium ( N - D P C ) .  Lepri e t  a l .  ( 9 3 )  used DBS and 

LES t o  separate  some primary a l ipha t i c  amines and DBS, LES,' and 

DHS t o  separate  primary aromatic amines ( 9 4 ) .  DBS and N-DPC were 

used t o  chromatograph sulphonamides and primary aromatic amines 

(95 ) .  DBS was found t o  r e t a in  amines more b u t  with an ident ica l  

sequence of a f f i n i t i e s  and t o  have s t ronger  re ten t ion  than N-DPC. 

DBS and DHS were found t o  have s imi la r  chromatographic behavior. 

I n  a notable separation by Lepri e t  a l .  ( 9 5 ) ,  isomers o f  

diaminotoluene and  to lu id ine ,  previously unresolvable by anion 

exchange techniques,  were successful ly  resolved. Water soluble  

food dyes were l e s s  successful ly  separated using t h i s  approach 

( 9 6 )  - 
LIMITATIONS 

Because of the presence of coated o r  chemically bonded organic 

s ta t ionary  phases cha rac t e r i s t i c  of R P T L C ,  ce r ta in  1 imi ta t ions  are 

imposed t h a t  a r e  not normally of concern i n  normal phase TLC. For 

example, on coated phase p la tes ,  i t  i s  necessary t h a t  immiscible 

o r  nearly immiscible s ta t ionary  phase/eluent combinations be 

chosen. Miscible combindtions r e su l t  i n  t he  s t a t iona ry  phase 

being s t r ipped from the p la te  and lead t o  i r reproducible  so lu t e  

re tent ion.  To minimize t h i s  problem, the  eluent  i s  of ten 

presaturated with the  s ta t ionary  phase. The cons t ra in t  o f  

immiscibil i ty grea t ly  l imi t s  the  range of so lu tes  t h a t  can be 

chromatographed by 1 imi t i ng  solvent choice f o r  the eluent .  
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90 SANDER, STURGEON, AND FIELD 

Bonded phases of course do not  share this  problem and are 

stable i n  most solvents. However, water introduces a number of 

different problems f o r  some of the commercially available R P T L C  

plates. I n  h i g h  concentrations, water often destabilizes the 

binder used t o  hold the reversed phase particles t o  the plate and 

the layers swell u p  and flake off (see TABLE I 1  f o r  water 

limitations). Aside from the problem of layer s tab i l i ty  t o  h i g h  

percentages o f  water i s  the question of bonded phase wettabiiity. 

Wettability i s  a function of the makeup of the bonded phase ( i .e . ,  

length of the carbon chain and percent surface coverage). A t  a 

given eluent composition, poor ly  wetted bonded phase surfaces 

result i n  long development times, t a i l ing ,  and a general loss i n  

separation efficiency. Halpaap e t  a l .  ( 4 0 )  studied i n  detail the 

effects of solvent wettability for  numerous bonded phases and 

eluents. 

The problem of water instabi l i ty  introduces yet another 

difficulty.  For compounds which are not strong UV absorbers, 

Visualization o f  the TLC separation i s  often accomplished by 

spraying w i t h  a n  appropriate reagent. Many such visual i z i  ng 

reagents have been tabulated f o r  various classes o f  compounds 

(97), b u t  the solutions are largely aqueous. The use o f  water 

based reagents f o r  solute detection i s  limited t o  water compatible 

RPTLC products. Visualization by heating or charring i s  also 

limited i n  chemically bonded plates due t o  the presence of the 

organic phase (Merck notes for the i r  product t h a t  discoloration of 
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REVERSED PHASE THIN LAYER CHROMATOGRAPHY 91 

t h e  adsorbent may r e s u l t  f rom use o f  aggress ive  agents o r  

hea t ing ) .  

CONCLUD I?IG REMARKS 

Reversed phase t h i n  l a y e r  chromatography i s  an impor tan t  

a n a l y t i c a l  techn ique t h a t  has demonstrated g rea t  u t i l i t y  and 

f l e x i b i l i t y  i n  chemical separa t ions .  Recent i n t r o d u c t i o n  o f  

chemica l l y  bonded phases f o r  TLC has made RPTLC an a t t r a c t i v e  

cho ice  f o r  some separa t i on  problems, due t o  e x c e l l e n t  s e l e c t i v i t y ,  

e f f i c i e n c y ,  r e p r o d u c i b i l i t y ,  and speed o f  analyses. Coated p l a t e  

RPTLC i s  s t i l l  u s e f u l  f o r  s p e c i a l i z e d  a p p l i c a t i o n s  (e.g., 

de te rm ina t ion  o f  p a r t i t i o n  c o e f f i c i e n t s )  , b u t  r o u t i n e  reversed 

phase separa t i ons  w i  11 soon ( i f  n o t  a1 ready)  be dominated by 

bonded phases. Problems assoc ia ted  w i t h  r e c e n t l y  i n t r o d u c e d  RPTLC 

p l a t e s  a r e  c e r t a i n  t o  be so l ved  as t h e  techno logy  progresses. Use 

o f  RPTLC t o  p rev iew separa t i ons  i n  HPLC i s  expected t o  be among 

t h e  ma jo r  a p p l i c a t i o n s  o f  t h e  techn ique,  b u t  i t s  use as a p r imary  

separa t ions  method w i l l  remain o f  h i g h e s t  importance. Thus, 

techno logy  and a p p l i c a t i o n s  o f  reversed phase t h i n  l a y e r  

chromatography can be expected t o  grow r a p i d l y  as t h e  power o f  

t h i s  separa t i ons  techn ique i s  discovered. 

REFERENCES 

1. Mar t i n ,  A. J. P . ,  and Synge, R. L. M., Biochern J. 3!5, 91, 1941. 

2. Da i ley ,  R.J., Gray, C.B.J. and Brown, J.R., J. 
Chrmatogr . ,  76, 175, 1973. 

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



92 SANDER, STURGEON, AND FIELD 

3. Kuchar, M . ,  Re jho lec ,  V . ,  J e l i n k o v a ,  M . ,  Rabek, V. and 
Neniecek, O . ,  J .  C h r m a t o g r . ,  162, 197, 1979. 

4. Bird ,  A.E .  and Marsha l l ,  A.C . ,  J .  Chromatogr., 63, 313, 
1971. 

5. Hulshoff ,  A .  and P e r r i n ,  J.H., J .  C h r m a t o g r . ,  120, 65, 
1976. 

6. Breyer ,  A.C., F i s c h l ,  M .  and S e l t z e r ,  E.J. ,  J .  
Chrornatogr., 82, 3 7 ,  1973. 

A., J .  P h a n a c o k i n e t .  Biopharm., 3, 115 ,  1975. 

Chromatogr., 70, 87 ,  1972. 

Jong, G.J., J .  Chroniatogr., 102, 309, 1974. 

10. Leene, H . R . ,  De V r i e s ,  G.  and Brinkman, U.A.Th., J .  
C h r m a t o g r .  , 9, 221,1973. 

11. Brinkman, U.A.Th., De V r i e s ,  G. and Leene, H . R . ,  J .  
Chrma togr . ,  6 9 ,  181, 1972. 

7 .  Pla-Del f ina ,  J.M., Moreno, J . ,  Duran, J .  and de l  Pozo, 

8. Jones ,  I.D., B u t l e r ,  L.S., Cr ibbs ,  E .  and White, R.C. ,  J .  

9. Brinkman, U.A.Th., De Vr ie s ,  G . ,  Jochemsen, R .  and De 

12. Roumel io t i s ,  P .  and Unger, K . K . ,  J .  Chromatogr., 149, 
211, 1975. 

13. Karch, K . ,  S e b e s t i a n ,  I .  and Halasz ,  I . ,  J .  Chromatogr., 

14. Hennion, M.C., P i c a r d ,  C. and Caude, M., J .  Chromatogr., 

15. Evans, M.B., Da le ,  A.D. and L i t t l e ,  C.J., 

16. Unger, K . K . ,  Becker, N. and Roumel io t i s ,  P . ,  J .  

122, 3, 1976. - 
- 166, 21, 1978. 

Chromatographi a , l3, 5,  1980. 

Chromatogr., 125, 115, 1976. 

17. G i l p i n ,  R . K .  and S i s c o ,  W.R., J .  Chromatogr., 124, 257, 
1976. 

18. Guiochon, G. and S i o u f f i ,  A,, J .  Chromatogr., 137, 2 5 ,  

19. Muller, R .  and Clegg, J . ,  Anal. Chem., 23, 396, 1951. 

1977. 

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



REVERSED ? U S E  THIN LAYER CKRONATOGRAPHY 93 

20. Guiochon, G. and S i o u f f i ,  A . ,  J .  Chromatogr., - 1 6 ,  598, 
1978. 

21. Ruoff ,  A.L.  and Giddings ,  J.C., J .  Chromatogr., 3, 438, 
1960. 

22. S i o u f f i ,  A.M., Wawrzynowicz, T. ,  B r e s s o l l e ,  F. and 
Guiochon, G . ,  J .  Chromatogr., 186, 563, 1979. 

23. Hansch, C., Muir, R . M . ,  F u j i t a ,  T . ,  Maloney, P . P . ,  
Ge ige r ,  F. and S t r e i c h ,  M., J .  Am. Chem. SOC., 85, 2817, 
1963. 

24. B i a g i ,  G . L . ,  Barbaro,  A.M., Gamba, M.F. and Guerrd ,  M.C., 
J .  Chromatogr., 41, 371, 1969. 

25. Horvath,  C. and Melander, W., J .  Chrornatogr. S c i . ,  15, 
393, 1977. 

27. Karger ,  B . L . ,  
J .  Chromatogr 

28. C o l i n ,  H. and 

29. Hernetsberger, 
Chromatograph 

30. Hemet s b e r g e r ,  

26. Horvath,  C . ,  Melander,  W. and Molnar, I . ,  J .  Chromatogr., 
- 125,  129 ,  1976. 

Gant,  J.R., Har tkopf ,  A.  and Weiner, P.H. ,  
3 -  128,  65, 1976. 

Guiochon, G., J .  Chromatogr., 158, 183,  1978. 

H . ,  Maasfeld,  W. and Ricken, H . ,  
a ,  9, 303, 1976. 

H . ,  Behrensrneyer, P., Henning, J .  and 
Ricken, H . ,  Chromatographia,  12, 71,  1979. 

31. Roumel io t i s ,  P. and Unger, K . ,  J .  Chromatogr., 149, 211, 
1978. 

32. Locke, D.C.,  J .  Chromatogr., l2, 433, 1974. 

33. Lgchmuller,  D.H.  and Wilder ,  D.R . ,  J .  C h r m a t o g r .  S c i . ,  

34. Anal tech  Inc . ,  Technical Report  No. 7906. 

35. Whatman Inc. ,  TLC A p p l i c a t i o n s  Report No. 100. 

36. Machery-Nagel t e c h n i c a l  report. 

37. Sander ,  L.C. and F i e l d ,  L . R . ,  J .  Chromatogr. Sci . ,  l8, 

- 17 ,  574, 1979. 

133, 1980. 

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



94 SMDER, STURGEON, Ah’D FIELD 

38. Ryu, E.K. and MacCoss, M., J .  L i p i d  Res., 20, 561, 1979. 

39. V i d r i n e ,  D.W., and N icho las ,  H.J., J .  Chrmatogr . ,  89, 
92, 1974. 

40. Halpaap, H., Krebs, K.F. and Havck, H.E., HRCCC, - 3, 215, 1980. 

41. Whatman Inc., TLC Chromatogram L i b r a r y  No. 28. 

42. Raedsch, R., Hofmann, A.F. and Tserng, K., J. l i p i d  Res., 
- 20, 796, 1979. 

43. De Miranda, J.F. and Eikelboom, T.D., J.  Chromatogr., - 114, 274, 1975. 

44. Whatman Inc., TLC Chromatogram L i b r a r y  No. 11. 

45. Whatman Inc., TLC Chromatogram L i b r a r y  No. 6. 

46. Armstrong, D.W. and T e r r i l l ,  R.Q., Anal. Chem., 51, 2160, 
1979. 

47; Hsiung, H.M., Brousseau, R., Michniewicz,  J .  and riarang, 
S . A . ,  N u c l e i c  Ac id  Res., 6, 1371, 1979. 

48. Brinkman, U.A.Th. and de V r ies ,  G., J .  Chromatogr., 192, 
331, 1980. 

49. Brinkman, U.A.Th. and de V r ies ,  G., HRCCC, 2, 79, 1979. 

50. Dzido, T. and Saczewinski,  E. , HRCCC, 2, 88, 1979. 

51. Janchen, D. and Schmutz, H.R., HRCCC, 2, 133, 1979. 

52 .  Gonnet, C. and Marichy,  M., Ana lus is ,  - 7,  204, 1979. 

53. Vanhaelen, M. and Vanhaelen-Fastre, R., J .  Chromatogr., - 187, 255, 1980. 

54. Fenton, W.A. and Rosenberg, L.E., Anal. Biochem., 90, 
119, 1978. 

55. Gubitz,  G., HRCCC, 2, 669, 1979. 

56. Giron, D. and G r o e l l ,  P., HRCCC, 

57. Whatman Inc., TLC Chromatogram L 

58. Whatman Inc., TLC Chrunatogram L 

- 1, 67, 1978. 

b r a r y  No. 24. 

b r a r y  No. 23. 

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



REVERSED PHASE THIN LAYER CHROMATOGRAPHY 95 

59. Whatman Inc.  , Appl i ca t ions  Report No. 506. 

60. Sherma, J .  and Beim, M . ,  H R C C C ,  1, 308, 1978. - 
61. Li Wan Po, A. and I r w i n ,  W.J., H R C C C ,  - 2 ,  623, 1979. 

62. Tridom Inc . ,  App l i ca t ions  Report:  "Reversed Phase OPTI-UP 

63. Volkman, D. , H R C C C ,  2, 729, 1379. 

64. Becker,  H. , Exner, J .  and B i n g l e r ,  T . ,  J .  Chromatogr. , 
- 172,  420, 1979. 

65. Sherma, J .  and L a t t a ,  M . ,  J .  Chromatogr., 154, 73,  1978. 

CI2  TLC P l a t e s " .  

66. Hulshoff ,  A. and P e r r i n ,  J.H., J .  Chrornatogr., 129, 249, 
1976. 

67. Hu l shof f ,  A. and P e r r i n ,  J.H., J .  Med. Chem.,  20, 430, 
1977. 

68. F u j i i ,  A., Shores ,  K.E., B u s h ,  J.H., Garasc i a ,  R.J. and 

69. B i a g i ,  G.L.  , Barbaro,  A . M . ,  Guer ra ,  M.C. , F o r t i ,  G.C. and 

70. B i a g i ,  G . L . ,  Gando l f i ,  O . ,  Guer ra ,  M.C., Barbaro,  A.M. 

71. B iag i ,  G.L. ,  Barbaro,  A.M., Gando l f i ,  O . ,  Guer ra ,  F1.C. 

72. B i a g i ,  G.L.  , Barbaro,  A.M.,  Guerra ,  M.C., Rabbin i ,  M., 

Cook, E.S., J. Pharm. Sc i . ,  67, 713, 1978. 

F racasso ,  M.E. , J .  Med. Chem., 17, 28, 1974. 

and C a n t e l l i - F o r t i ,  G., J .  Med. Chem., 2, 868, 1975. 

and C a n t e l l i - F o r t i ,  G., J .  Med. Chem., l8, 873, 1975. 

G a i a r d i ,  M., B a r t o l e t t i ,  M. and Bored, P.A.,  J .  Med. 
Chem., 23, 193,  1980. 

73. De Souza, N.J. and Nes, W.R., J .  L ip id  Res., lo, 240, 
1969. 

74. Todd, P.Jr., Bensinger,  M. 

75. Trusswell  , A.S. and Mitche 

76. Herbs t ,  D . ,  J .  Pharm. Sc i .  

Sci . , 13, 577, 1975. 

438, 1965. 

and B i f t u ,  T., J .  Chromatogr. 

1 ,  W.D.,  J .  L ip id  Res., 5, 

- 66, 1646, 1977. 

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



96 SANDER, STURGEON, i U D  FIELn 

77. B i a g i ,  G . L . ,  Barbaro,  A.M., Guerrd, M.C.  and Gamba, M.F., 

78. T i s c h l e r ,  A . N . ,  Thompson,  F.H., L i b e r t i n i ,  L.J. and 

J .  Chromatogr., 44, 195 ,  1969. 

Ca lv in ,  M . ,  J .  Med. Chein., 17, 948,  1974. 

1976. 
79. Hulshoff ,  A. and P e r r i n ,  J .S . ,  J .  Chrornatogr., 129, 263, 

80. Hammond, R.K. and White,  D.C., J .  C h r m a t o y r . ,  45, 446,  
1969. 

81. Rokos, J.A.S., J .  Chromatogr., 74, 357, 1972. 

82. Brinkman, U.A.Th., de  K o k ,  A . ,  de  V r i e s ,  G .  and Reymer, 

83. Takesh i t a ,  R., Akagi, H . ,  F u j i t a ,  M. and Sakagami, Y., J .  

84. Brinkman, U.A.Th., S t e r r e n b u r g ,  P . J . J .  and de V r i e s ,  G . ,  

85. Brinkman, U.A.Th., Taphoorn, J.H. and de  V r i e s ,  G . ,  J .  

86. Cardac i ,  V . ,  Ledere r ,  M. and O s s i c i n i ,  L . ,  J .  

87. Brinkman, U.A.Th. ,  d e  V r i e s ,  G.  and Kuroda, R., J .  

88. P rand i ,  C. , J .  Chromatogr., 155, 149 ,  1978. 

89. Arvidson, G.A.E.,  J .  L i p i d  Res., 8, 155, 1967. 

90. Ot tenhei jm,  H.C.J., Her sche id ,  J.D.M., T i j h u i s ,  M . W . ,  

H.G.M. ,  J .  Chromatogr., 128, 101, 1976. 

Chromatogr., 2, 283, 1970. 

J .  Chromatogr., 2, 449,1971. 

Chromatogr., 84, 407, 1973. 

Chromatogr., 101, 411, 1974. 

Chromatogr., 85, 187, 1973. 

Oosterbaan, M .  and d e  C le req ,  E . ,  J .  Med. Chern., 21, 796, 
1978. 

91. Th i j s sen ,  H.H.W., J .  Chromatogr., 133, 355, 1977. 

92. Grodrinska-Zachwieja,  Z., Bieganowska, M .  and Dzido, T., 
C h r a a t o g r a p h i  a ,  12, 555 , 1979. 

C h r m a t o g r . ,  153, 7 7 ,  1’378. 
93. Lepri, L., D e s i d e r i ,  P.G. and Heimler,  D . ,  J .  

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



REVERSED PHASE THIN LAYER C H R O M A T O G W H Y  

94. L e p r i ,  L . ,  D e s i d e r i ,  P.G. and Heimler,  D., J .  
Chromatogr., 155, 719, 1978. 

'35. L e p r i  , L. , Des ide r i  , P.G. and Heimler,  0. , J .  
C h r m a t o g r .  , 169, 771, 1979. 

96. L e p r i ,  L. and D e s i d e r i ,  P.G., J .  C h r m a t o g r . ,  161, 279, 
1978. 

97. K i rchne r ,  J.G. , Thin - l aye r  Chromatography. Wiley, New 
York, 1978. 

97 

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


