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The development  of the c h e m i s t r y  of flavonoid compounds in the las t  10-15 yea r s  is due, to  a cons ide r -  
able extent , to  the wide use  of effect ive methods of separa t ing  mix tu res  of subs tances .  These  methods in- 
clude ch romatography  in thin l a y e r s  of adsorbents .  

The f i r s t  exper iments  on the separa t ion  of flavonoids in thin l a y e r s  of adsorbent  were  p e r f o r m e d  in 
1961 by Stahl and Schorn [1] and by P a r i s  [2]. In recent  yea r s ,  this  method has become widely used  for  the 
isolation, purif icat ion,  and identif ication of biflavonoids [3, 51, 52, 61, 69] and coumestan  der iva t ives  [4, 5, 
19, 29] and the identification of a number  of f lavones  and flavonols [9, 16, 24, 33, 38, 44, 62, 64], isof lavones 
[26, 27, 31, 37, 63], and anthocyanins [22, 30, 36, 46, 49]. 

The question of the separa t ion  of f lavones,  f lavonols,  and f lavanones in thin l aye r s  of s i l ica  gel has 
been cons idered  mos t  fully in the l i t e r a tu r e .  As ea r ly  as 1962 and 1963, th in - l aye r  ch romatography  on s i l ica  
gel was  success fu l ly  applied to the separa t ion  of the flavonoids of c i t ruses  and the camomi le  [11, 12] and 
for  the analys is  of isof lavones in plant  ex t rac t s  [13], and in 1964 H S r h a m m e r  et al .  [7] rev iewed information 
on the ch romatography  of 13 different  aglycones  in thin l aye r s  of s i l ica gel in the b e n z e n e - p y r i d i n e - f o r m i c  
acid (36 : 9 : 5} sy s t em.  They es tabl i shed that  the distance of migra t ion  of a subs tance  depends on its p o l a r -  
ity. Polyhydroxyf lavones  have lower  Rf values  (0.00-0.25} than ol igohydroxylated and methoxylated f la-  
vones (0.3-0.5}. Higher  Rf  values  a r e  found for  f lavanones,  for  methoxyla ted  f lavones,  and for  flavonols 
(0.5-0.75}. The addition of gypsum to the s i l ica  gel does not affect  the Rf values [7]. Other  authors  have 
also pointed out re la t ionships  between s t ruc tu re  and Rf value [6, 9, 56]. 

Thus,  fo r  example ,  Stahl has r epo r t ed  that  a number  of laws can be obse rved  in re la t ion  to c h r o m a -  
tography  in a thin l aye r  of s i l ica  gel in the following sys tems :  1} b u t a n - l - o l - g l a c i a l  acet ic  a c i d - w a t e r  
(40 : 10 : 50} and 2} m - c r e s o l - g l a c i a l  ace t ic  a c i d - w a t e r  (50 : 2 : 48}. 

1. An inc rease  in the n u m b e r  of f r ee  hydroxy groups d e c r e a s e s  the Rf value.  The re  may  be an ex-  
ception in the case  of the ortho and adjacent  posi t ions of subst i tuents ,  when, because  of the format ion  of hy- 
drogen bonds, the Rf  value may  r i s e .  

2. The methylat ion of OH groups leads  to an inc rease  in the Rf value which is 1/3 to 1/2 t imes  less  
than for  the el iminat ion of the OH groups .  

3. As a rule,  acetylat ion g rea t ly  i n c r e a s e s  the Rf value.  

4. Glycosidation lowers  the Rf  value, but this effect  (glucose} over laps  that  due to the introduction 
of an OH group [6]. 

V. P.  Georgievski i  and A. L. Litvinenko [56], us ing as solvent s y s t e m s  var ious  combinat ions of so l -  
vents with amphote r i c  meta l s  (neutral  solvents}, methyl  ethyl ketone, and acetylacetone  (differentiat ing so l -  
vents} and mix tu r e s  of neut ra l  solvents  with acid solvents  (acetic and fo rmic  acids} and also with basic  so l -  
vents ( formamide ,  d imethy l formamide ,  ammonia} for  ch romatography  in a thin l ayer  of type-KSK si l ica  gel, 
have es tabl i shed that  the degree  of hydroxylat ion has a pa r t i cu l a r ly  m a r k e d  influence on the mobi l i ty  of the 
aglycones ,  while a hydroxy group on the th i rd  carbon a tom has a g r e a t e r  influence.  In the chromatography  
of glycosides ,  the magnitude R m [R m =log (1 /Rf  -1}]  is affected by the nature  of the sugar  component and 
the number  of its r e s idues  in the molecule  [56]. 
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T A B L E  1. A d s o r b e n t s  and Solvents  Used  fo r  the  T L C  of Var ious  T y p e s  of F lavono ids  

A d s o r b e n t  and 
f lavonoid  Solvent  s y s t e m  and l i t e r a t u r e  s o u r c e  

S i l i ca  gel 

F l a v o n e s  

O - G l y c o s i d e s  of 
E a v o n e s  

C - G l y c o s i d e s  of 
f lavones  

B i ~ a v o n e s  

F l avono l s  

O - G l y c o s i d e s  of 
f l avonols  

F l a v a n o n e s  

I so f l avones  

C o u m e s t a n s  

D a l b e r g e n o n e s  

Anthoeyanins  

Leucoan thocyan ins  

S i l ica  gel + 
ce l lu lose  

Anthocyanins  

Ce l lu lose  
C - G l y c o s i d e s  of 

f l avones  and f r e e  
f l avones  

C o u m e s t a n s  

Antho eyan ins  

Leucoan thoeyan ins  

P o l y a m i d e  

F l a v o n e s  

O -  Glycos ides  of 
f l avones  

B e n z e n e - p y r i d i n e - H C O O H - H 2 0  ( 3 6 : 9 : 5 )  [7]; b e n z e n e - d i o x a n e - C H 3 C O O H  ( 9 0 : 2 5 : 4 )  
[17]; b e n z e n e - a c e t o n e  (4 : 1 and 9 : 1 )  [17, 20]*;  b e n z e n e - e t h y l  a ce t a t e  (3 :1)  [21]; 
CHC13-3% CH3OH [23]; 6-10% CH3COOH in CHC13 [39]; 45% ethyl  a c e t a t e  in CsH 6 
[39-53] 

Ethyl  a c e t a t e - m e t h y l  e thyl  k e t o n e - H C O O H - H 2 0  (50 : 30 : 10 : 10) [22], m e t h a n o l -  
CH3COOH-  H20 (18 : 1 : 1) [62]; b u t a n - 2 - o l -  e thyl  a c e t a t e - d i m e t h y l f o r m a m i d e - H 2 0  
( 1 0 : 6 : 3 : 2 )  [62] 

Ethyl  a c e t a t e - C H 3 C O O H - H 2 0  (100 : 20 : 10) [32]; e thyl  a c e t a t e - m e t h a n o l  (8 : 2) [33] 

CHC13-  CH3COOH-ace tone  (75 : 25 : 10) [28]; b e n z e n e - p y r i d i n e - H C O O H  (36 : 9 : 5) [3]; 
t o l u e n e - e t h y l  f o r m a t e - H C O O H  (5 : 4:  1) [3]; b e n z e n e - e t h y l  a c e t a t e - C H 3 C O O E  
(8 : 5 : 2) [3]; b e n z e n e - p y r i d i n e - e t h y l  f o r m a t e -  dioxane (5 : 1 : 2 : 2) [3] 

B e n z e n e - p y r i d i n e - H C O O H  (36 : 9 : 5) [7, 16]; t o l u e n e - e t h y l  f o r m a t e - H C O O H  (5 : 4 : 1) 
[22, 16]; e thyl  a c e t a t e - m e t h a n o l  (8 : 2) [33]; e thyl  a c e t a t e - H C O O H - H 2 0  (70 : 15 : 15) 
[30]; e thyl  a c e t a t e - t o l u e n e - C H 3 O H  (8 : 6 : 1) [35] 

Ethyl  a c e t a t e - m e t h y l  e thyl  k e t o n e - H C O O H - H 2 0  (50 : 30 : 10 : 10) [22]; e thyl  a c e t a t e -  
HCOOH-CHC13  (2 : 1 : 2 and 3 : 3 : 1) [22]; e thyl  a c e t a t e - m e t h a n o l - H 2 0  (100 : 20 : 10) 
[32]; (100 : 16.5 : 13.5) [35]; e thyl  a c e t a t e - e t h a n o l - t o l u e n e  (4 : 2 : 2) [38]; e thyl  
a c e t a t e - H C O O H - H 2 0  (10 : 2 : 3) [66] 

B e n z e n e - p y r i d i n e - H C O O H  (36 : 9 : 5) [7]; CHC13-CH3OH-CH3COOH (7 : 1 : 1) [60] 

CHC13-e thano l  (3 : 1) [31]; CHC13-11~o CH3OH (9 : 1} [27, 25]; CHC13-e thano l  (1 : 1) 
[31]; e thyl  a c e t a t e - C H 3 O H - H 2 0  (100: 16.5:  13.5) [35] 

B e n z e n e - i s o p r o p a n o l - C H 3 O H  (95 : 5 : 1) [19]; i s o p r o p a n o l - c o n c .  NH4OH (2 : 1) [29] 

B e n z e n e - a c e t o n e  (4 : 1) [18] 

B u t a n - l - o l - H C O O H - H 2 0  (85 : 5 : 10) [30, 36]; e thy l  a c e t a t e - H C O O H - H 2 0  (70 : 15 : 
15) [30]; e thyl  a c e t a t e - H C O O H - H 2 0  (85 : 6 : 9) [30, 36] 

Ethyl  a c e t a t e - C H C 1 3 - H C O O H  (3 : 3 : 1) [34] 

H 2 0 - H C O O H - H C 1  (8 : 1 : 4) [46]; a c e t o n e - H C 1  (0.5 N) (1 : 3) [46] 

Ethyl  a c e t a t e - H C O O H - H z O  (10 : 2 : 3) [44]; 20% CH3COOH [55]; b u t a n - l - o l -  
CH3COOH-H20  (6 : 1 : 2) [55]; i s o p r o p a n o l - H 2 0  (22 : 78); i s o p r o p a n o l - H C O O H - H 2 0  
(2 : 5 : 5) [55]; C H 3 C O O H - H C 1 - H 2 0  (5 : 1 : 5) [55] 

I s o p r o p a n o l - c o n c .  NI-I 3 (2 : 2) [5]; 50% CH3COOH [5]; 15% CH3COOH [54] 

Conc.  H C 1 - C H 3 C O O H - H z O  (3 : 1 : 20) [36]; cone .  H C 1 - C H 3 C O O H - H 2 0  (280 : 45 : 325) 
[36] 

Ethyl  a c e t a t e - C H C 1 3 - H C O O H  ( 3 : 3  : 1) [34] 

B e n z e n e - e t h y l  m e t h y l  k e t o n e - m e t h a n o l  (90: 5:  5) [40, 62]; 80% CH3OH [42]; e t h a n o l -  
H20 (3 : 2) [42] 

B e n z e n e - m e t h a n o l  (1 : 1) [62]; C H C 1 3 - C H 3 O H - b u t a n - 2 - o l  (5 : 3 : 1) [62]; m e t h a n o l -  
H20 (1 : 1) [62]; n i t r o m e t h a n e -  me thano l  (5 : 2) [62] 
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TABLE 1 (continued 

Adsorbent  and 
flavonoid 

O-  Glycosides  of 
f lavonols 

Anthocyanins 

Po lyamide  + 
cel lu lose  (25 : 15} 

O-Dig lycos ides  of 
f lavonols  

Po lyac ry lon i t r i l e  + 
P e r l o n  [Nylon-6] 
(7 : 2) wetted with 
phosphate buffer  

Anthocyanins and 
anthocyanidins 

Sil ic[c acid 

Solvent s y s t e m  and l i t e r a tu r e  source  

CHC13-CH3OH-methyl  ethyl k e t o n e - a c e t y l a c e t o n e  (25 : 10 : 5 : 1) sa tu ra ted  with wa te r  
[41]; Ct I3OH-CH3COOH-H20 (19 : 1 : 1) [8]; e thanol -H20 (3 : 2) [9]; ethyl a c e t a t e -  
CH3OH-H20 (100 : 16.5 : 13.5) [43, 44]; H 2 0 - e t h a n o l - a c e t y l a e e t o n e  (4 : 2 : 1) [9, 42, 
45]; H 2 0 - e t h a n o l - m e t h y l  ethyl k e t o n e - a c e t y l a c e t o n e  (10 : 3 : 3 : 1 and 13 : 3 : 3 : 1) 
[41, 451 

n - P e n t a n o l - n - p r o p a n o l - C H ~ C O O H - H 2 0  (3 : 2 : 2 : 1} [36] 

E thano t -H20  (95 : 5} [47] 

n - P e n t a n o l - n - p r o p a n o l -  CH3COOH-H20 (3 : 2 : 2 : 1) [49] 

Coumestans  CHC13-diethyl  e ther  (1 : 1) [4]; CH3COOH-H20 (1 : 1) [4] 

*The s i l ica  gel was buffered with sodium aceta te .  

Where  a polyamide  adsorben t  is used, as has been shown by Egger  [9], it is not only the aglycone but 
the degree  of i ts  glycosidation that  a f fec ts  the Rf value.  Using mix tu re s  of ethanol and wate r  (60 : 40}, water ,  
ethanol,  and acc ty lace tone  (40 • 20 : 10), and w a t e r - e t h a n o l - e t h y l  methyl  k e t o n e - a c e t y l a c e t o n e  (65 : 15 : 
15 .5) ,  with 14 glycosides  the aglycones of which were  kaempfero l ,  quereet in ,  and myr i ce t i n  as  examples ,  
he showed that  the nature  of the suga r  does not de te rmine  the Rf  value. 3-Monosides  of quercet in,  k aemp -  
ferol ,  and myr i ce t i n  have the s ame  Rf value and can eas i ly  be sepa ra t ed  f r o m  3-b ios ides ,  and the la t te r  
f r o m  3 ,7-d ig lyeos ides .  

R ibe reau-Gayon  [19] has r epo r t ed  that in this  case  it is pa r t i cu l a r ly  ea sy  to s epa ra t e  in t e r m s  of Rf  
values  3-glucosiduronic  acids f rom other  glycosides:  3-monoglucosiduronic  acids,  3 -monos ides ,  3 -b io -  
s ides ,  3 ,7-d imonosides ,  and 3 -b ios ido -7 -monos ides  with Rf 0.05, 0.22, 0.37-0.51, 0.63, and 0.65-0.67, 
r e spec t ive ly .  

Some authors  have r epo r t ed  the success fu l  use  of t h in - l aye r  ch romatography  on polyamide in the 
ana lys i s  of flavonoid compounds [8, 10, 14, 15]. 

Adsorbents  used at the p re sen t  t ime,  in addition to s i l ica  gel and polyamide,  a r e  cel lulose [5, 36, 44, 
54], Magnesol  [50], s i l ie ic  acid [4], polyvinylpyrrol idone [57], and po lyacry lon i t r i l e  [49]. 

The technique of p r e p a r i n g  the adsorben ts  has been desc r ibed  in a number  of handbooks and rev iews  
[6, 58, 59]. 

The g rea t  d i f fe rences  in the po la r i ty  of the flavonoid compounds make  it n e c e s s a r y  to use  var ious  s y s -  
t e m s  of solvents .  In Table  1 we give the r e su l t s  of the use  of var ious  s y s t e m s  of solvents  in ch romatog-  
raphy  with the m o s t  used l aye r s  of adsorbent .  For  the ch roma tog raphy  of the m o r e  hydrophobic com-  
pounds (f lavones,  bif lavones,  coumes tans ,  isoflavones) the ma in  components  of the mix tu r e  a r e  lipophilic 
solvents  (benzene, toluene,  and chloroform} in combination with ketones (acetone, methyl  ethyl ketone} ,with 
alcohols (ethanol, methanol ,  propanol ,  and isopropanol}, and with e thers  and es t e r s ;  and for  glycosides and 
f lavonols  w a t e r - s a t u r a t e d  ethyl ace ta te  is used  in combination with an acid and alcohol or  with an acid 
alone.  

Sys tems in which toluene, benzene,  ch loroform,  o r  an acid ( formic  or  acetic} is added in var ious  p r o -  
por t ions  to the main  component  (ethyl acetate} a r e  also widely used.  Four -componen t  s y s t e m s  have proved  
v e r y  s a t i s f ac to ry  in the separa t ion  of flavone glycosides and anthocyanins [22, 62, 49]. 
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The chromatograms are examined in visible or UV light before and after treatment with various re- 
agents. Of the reagents the most frequently used are: diazonium salts [3, 6]; metal salts, mainly a 25% 
aqueous solution of basic lead acetate and a 10% solution of antimonious chloride inchloroform[6, 7, 44]; 
Benedict's reagent [48]; alkalis and acids [6]; and iodine vapor [58]. To detect 3-hydroxyflavanones, Barton 
[60] proposed to mix silica gel with zinc dust and, after chromatography, to spray the chromatograms with 
hydrochloric acid. To identify polymethoxylated compounds it is possible to use an0.5% aqueous solution of 
potassium permanganate [21]. Stahl recommends f~-aminoethyl diphenylborate, which was proposed by 
Neu [6]. 

In recent years, ready-prepared plates with a thin layer of silica gel have been well recommended 
[65, 68, 69]. 
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