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MAGIC SQUARE. THE USAGE OF DOUBLE 
BONDS PHOTOISOMERIZATION FOR 

INDENTIFICATION OF ORGANIC 

CHROMATOGRAPHY 
COMPOUNDS BY THIN-LAYER 

V. I. Kofanov, B. K. Kerzhner, and 
T. L. Vrubel 

A.  K Dumansky Institute of Colloid and Water Chemistry 
Ukranian Academy of Sciences 

Kiev, USSR 

AHSIRAC T 

The technique  of c h r o m a t o p a p l y  i s  p r e s e n t e d  which e n a b l e s  t o  
combine chromatographic s e p n r a t i o n  and i d e n t i f i c a t i o n  01 o r g a n i c  
compounds, c o n t a i n i n g  double-bonds. The method i s  based on d i f f e -  
r e n t  chromatographic  m o b i l i t y  of 2- and E-isomers. I s o m e r i z a t i o n  
i s  c a r r i e d  o u t  by d i r e c t  s u r f a c e  W - l i g h t  i r r a d i a t i o n  on sorbent .  
T h i s  methoe can I;(= s'ic c s s f u l l y  a p p l i e d  t o  i d e n t i f i c a t i o n  of arc- 
lnatic azo- and azoxycompounds, s t i l b e n e  d e r i v a t i v e s  and unsatu-  
r a t e d  a c i d s .  

INTRODUCTIOB 

I d e n c i f i c a t i o n  i n  TLC is  c a r r i e d  o u t  when IZf v a l u e s  ol" an 

unknown compound and s tandand are equal .  V i s u a l  c o l o u r  comparison 

of s p o t s  i s  one more w a ~  of i d e n t i f i c a t i o n  f o r  co loured  compounds. 

The v i s u a l i s e d  r e a g e n t s  t r e a t m e n t  of chromatograms and t h e  usage 

of f l u o r e s c e n t  i n d i c a t o r s  should be a t t r i b u t e d  t o  t h e  same aim 

( 1,2 1. 
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1240 KOPANOV. KERZHNER AND VRUBEL 

The double-bonds-containing subs tances  are  a b l e  t o  r e v e r s i b l e  

Z - 7; i s o m e r i s a t i o n  i n  s o l u t i o n s .  T h i s  p r o p e r t y  may be used for 

p l a t e  chromatograph.? i d e n t i f i c a t i o n .  TLC of o r g a n i c  compounds, 

e x i s t i n g  i n  isomeric  or t au tomer ic  e q u i l i b r i u m ,  h a s  s e v e r a l  speci-  

f i c  f e a t u r e s .  The main c h a r a c t e r i s t i c s  of tautomerides ,  sepora ted  

i n  t h i n  luyer ,  were descr ibed  by Xarcinkiewicz ( 3 >. The d e c i s i v e  

feature i n f l u e n c i n g  chromatograph,y p i c t u r e  is t h e  r a t e  of tauto-  

merising. Slow conver t ion  of absorbed aompounds l e a d s  t o  separa-  

t io r .  i n t o  i n d i v i d u a l  s p o t s .  The s t r i p s  i n  t h e  d i r e c t i o n  of e lul- ion 

are f o r a e d  on t h e  p l a t e s  when development and i s o m e r i z a t i o n  are 

comparable i n  time. When t h e r e  i s  a v e r y  h igh  ra te  of tautomer 

in te rconvers ion ,  bo th  i s o n e r s  movc as one s p o t  and no sep-arat lon 

con be observed. 

One can  n a t u r a l l y  presume t h e  analogous chromatography beha- 

v i o u r  i n  c a s e  of g e o a e t r i c  isomers. However t h e  a c t i v a t i o n  ener- 

t.5. of Z - X i somer iza t ion  I s  h i g h e r ,  as a r u l e ,  than of tautome- 

r i z a t i o n .  The later makes it p o s s i b l e  t o  s e p a r a t e  chromatographi- 

c a l l y  geometr ica l  isomers. 

The classics: nethod o f  e n e r g e t i c a l y  non-prof i t ab le  2-Isomers 

p r e p a r a t i o n  is  bnsed on UV-light i r r a d i a t i o n  of !!-fsoaers com- 

pounds with a wave l e n g t h  of t h e  e l e c t r o n i c  %-%* on n -‘IT. t r a n s i -  

t i o n .  The r e l a t i v e  isomer c o n t e n t  i n  mixture  t e n d s  t o  a d e f i n i t e  

v a l u e  i n  time - p h o t o s t a t i o n a r y  state,  I s o m e r i z a t i o n  a l s o  t a k e s  

p l a c e  when l i g h t  a f f e c t s  on t h e  absorbbd subs tances  ( 4 1. The 

above mentioned f a c t s  enable  u s  t o  sugges t  t h e  i d e n t i f i c a t i o n  

method of organic  compounds, isomeriaod s lower,  than e lu ted .  This 

method i s  based on t h e  combination of W - i r r a d i a t i o n  and h o - d i -  

mentional chromatog;raph.y. 

The s i m p l i e s t  o rganics ,  r e p r e s e n t  c l a s s e s  of e thylenedicar -  

bonic and phenylethylenecnrbonic  a c i d s ,  1 ,2-d iphen;~le thylens ,  
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MAGIC SQUARE 1241 

aromatic  azo-compounds and azoxycompounds were s tudied .  Dibutyl-  

male ina t ,  E s t i l b e n e ,  E-azobenzene and E-azoxybenzene were used 

for t h e  exper iaents .  

The corresponding Z-isomers were prepared  by photochemical  

r e a c t i o n  ( 5,6 >. B e s i d e s ,  met&-1 esters 02 c i n n a n i c  and f e r u l i c  

a c i d s  produced by diazomethane methyla t ion  i n  ether i n  t h e  presence  

of methznol were s tudied .  The compounds of cornmercial g rade  puri ty '  

were used i n  t h e  experiments. 

Yerck TI5721 p l a t e s  w i t h  f i x e d  s i l i c a  g e l  layer n e r e  used f o r  

chromn+,o~raph,./. ?: c e l u t i o n  was c a r r i e d  i n  chambers w i t h  sa tua-  

t i o n ,  by orconic  s o l v e n t  mixtures  i n  s t a n d a r d  condi t ions .  There 

$;ere used s o l v e n t s  f r e s h d i s t i l l e d  i n  g l a s s .  Using d i s p o s a b l e ,  

open - end c o p p i l a r i e s  ( Carl Zeiss, Oberkochen, 7082 >, 5 ml of 

sample s o l u t i o n  were appl ied  t o  t h e  TLC p l a t e .  The p l a t e s  nere 

i r r a d i a t e d  by mercuryquartz lamp. The p l a t e s  were scanned i n  UV 

and v i s i b l e  wave r e & i o n s  a t  spec t rodens i tometer  Ci-3. E l e c t r o n  

spectrum of d i f f u s e  r e f l e - t i o n  were r e g i s t e r e d  by t h e  same device.  

CHROIJATOGRAPIIICAL I.ITHODS 

'The s p o t s  were p laced  i n  t h e  l e f t  c o r n e r  of t h e  p l a t e  a t  t h e  

d i s t a n c e  of 2 cm from the edge, exposing d u r i n g  5 inin i n  t h e  a i r  

and 15 min under t h e  source  of W - l i g h t  a t  t h e  dist-ance of' 20 cm. 

Then t h e  p l a t e s  were cooled i n  darkness  d u r i n g  10 inin and developed 

i n  t h e  l i g h t  - p r o t e c t e d  chamber. The e l u e n t s  and Rf v a l u e s  of t h e  

s t u d i e d  compounds z f t e r  t h e  f i rs t  chromatocraphy are l i s t e d  i n  

tab le .  Aftervrards t h e  p l a t e  was once more i r r a d i a t e d ,  observ ing  t h e  

mentioned c o n d i t i o n s ,  and developed i n  t h e  p e r p e n d i c u l a r  d i r e c t i o n .  

A3.13SULTS AND DISCUSSION 

The first ChromatoRraDU. As i t  was discussed  by K l e m m  and 

Snyder ( 7,8 >, the i n t e r a c t i o n  between adsorbed organic s u b s t r a t e  
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1242 KOFANOV, KERZHNER, AND VRUBEL 

and oxide s o r b e n t s  s u r f a c e  is r e a l i s e d  by t h e  donor - acceptor  

bonds. The observed d i f f e r e n c e s  of Rf v a l u e s  Z- and E-isomers ref- 

l e c t  the e f f e c t  of geometr ica l  s t r u c t u r e  on t h e  e l e c t r o n  d i s t r i b u -  

t i o n  i n  t h e i r  molecules as well as t h e  change of t h e i r  s p a t i a l  

o r i e n t a t i o n  i n  r e l a t i o n  t o  s o r b e n t  sur face .  

According t o  t h e  expcr imenta l  d a t a  (7,8) Z-isomers a r e  e lu . ted 

l a t e r ,  t h a n  E-, i n  c a s e  of e thylenedicarbonic  ac ids .  Probably ,  ii; 

is explained by the a f f e c t  of carboxyl  group space d i s p o s i t i o n  on 

t h e  a c i d  s t r e n g t h  ( f i e l d  e f f e c t  ), and s t r o n g e r  i n t e r a c t i o n  of 

t h e  carboxyls  with s o r b e n t ,  forming c h e l a t e  s t r w t u r e  i n  Z-form. 

Such i n t e r a c t i o n  w i t h  s o r b e n t  s u r f a c e  l e a d s  t o  t h e  observed Rf 

v a l u e s  of maleic and fumaric  a c i d  d i b u t y l  esters. (See t a b l e ) .  

I t  is e n e r g e t i c a l l y  more advantageous f o r  E-azobenzene t o  have 

molecular p lane  o r a e r  as t o  s o r b e n t s  s u r f a c e ,  t h a t  p rovides  t he  

e f f e c t i v e  i n t e r a c t i o n  of t h e  conjugate  q - e l e c t r o n  system w i t h  sur- 

f a c e  groups. The p lane  s t r u c t u r e  is d i s t u r b e d  i n  Z-form because of 

t h e  phenyl s u b s t i t u e n t s  s t e r i c  r e p u l s i o n .  So or thogonal  a o l e c u l a r  

o r i e n t a t i o n  t u r n s  o u t  t o  be a d v a n t e e o u s .  Rf v a l u e s  of  azocompounds 

i n d i c a t e  g r e a t e r  i n t e r a c t i o n  of n-pairs  n i t r o g e n  atoms than g-e lec-  

t r o n s  wi th  sorbent .  The sane  phenomenon is observed in c a s e  of azo- 

xybenzene isomers chromatography. Evident ly ,  non-divided e l c c t r o n  

p a i r s  of oxygen and n i t rogen  provide  i n t e r a c t i o n  w i t h  a sur face .  

If t h e r e  a r e  no n-electrons c o n t a i n i n g  atoms i n  molecule (s t i l -  

benes) ,  o r  only one n-donor c e n t r e  (cinnemic or f e r u l i c  e t h e r ) ,  t h e  

conjugate  s - s y s t e m  is  de termina t ive  i n  surface i n t e r a c t i o n .  It  

i s  a w e l l  known fac t ,  that  molecular  p l a n e  of Z-configurat ion i s  

diminished by s t e r i c  r e p u l s i o n  of  s u b s t i t u e n t s .  So e f f e c t i v e  o v e r  

lapping  of atomic p - o r b i t a l s  in Z-form i s  less, than  i n  i3-isoner. 

For s ty lbene ,  cinnamic and f e r u l l c ,  ao id  e s t e r s ,  E- h a s  less Rf 

v a l u e  than Z-isomer.Geometrica1 isomers ‘of azobenzene,azoxybenzene, 

dibuthyl  esters of e thylenedicarbonic  a c i d e s  are c h a r a c t e r i s e d  

by r e v e r s e  sequence of e l u t i o n ,  
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MAGIC SQUARE 1243 

-.---.-.--- 

FIGIJBE. :vIagic square  of azobenzene (hexane : ace tone  95:5, 
Llerck, SiO,). 

@ - isomerised s p o t s  o f  azobenzene; 

0 - non-isomerised s p o t s  of p-aminoazobenzene-I and Sudan-2; 

- magic square.  

The order  of development i s  shown by arrovis. 

The second chromatograDtq. Wltcr t n e  second i r r a d i a t i o n  and 

chrolnatograpiiic procedure,  which i s  done i n  t h e  p e r p e n d i c u l a r  di- 

r e c t i o n  each s p o t  subdivided i n  two, w i t h  r e l a t i v e l y  e q u a l  Rf 

va lues .  * 

By means of c'nromatographj' each s p o t  was r e f e r e d  t o  2- o r  -+form 

accord ing  t o  t h e  9r v a l u e  of speciemen thus ,  each subs tance  turned  

TO isomer mixture by i r r a d i a t i o n .  The t y p i c a l  chrolnatogram is  shown 

on t h e  p i c t u r e .  There are s p e c i f i c a l l y  s i t u a t e d  s p o t s  on t h e  p l a t e -  

i n  t h e  c o r n e r s  of t h e  square.  L i n e  drown through t h e  start and 

*The s u b d i v i s i o n  of azoxybonzene i n  t h r e e  s p o t s  was observed. 

f e l l o w  s p o t  is r e s u l t i n g  product  o f  Val lach  rearrangement  and i s  

i d e n t i f i e d  as 2-oyyazobenzene. 
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1244 KOFANOV, KERZHNER, AND VRUBEL 

Chromatographic Eehaviour of I s o m m i s i n g  Compoun4s, 

Containing Double Bonds. 

~ ~~ ~ 

Rf P l a t e ,  P l u e n t  
s o r b e n t  

N Substance 

Lower Upper 
s p o t  s > o t  

-I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

S t i l b e n e  

Dif luoros  t i l -  
bene 

Azobenzene 

4-IJ i t r  oazo b e n- 
zene 

Azoxybenzene 

Dibuthyl  E s t e r  
of Ethylenedi-  
carbonic  Acid 

Methyl E s t e r  
of Cinnamic 
Acid 

Methyl E s t e r  
of bietoxyf eru- 
l i c  Acid 

Merck, A1203 Hexaner 
Acetone 

c,c. c J I *  J 

I1  Merck, S i02  - -  
Merck, SiG2 Xexaner 

Acetone 19:l 

Dlcrck, Si02 IIexane: 
Acetone 10rl 

Merck, S i 0 2  Hexacer 
Acetone 10:l 

S i l u f o l , S i 0 2  Hexaner 
Acetone g r l  

S i l u f  01, S ‘-02 Hexane r 
Acetone 7r3 
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MAGIC SQUARE 1245 

c r o s s  p o i n t  of s o l v e n t  boundar ies  i n t e r s e c t s t h e  square  by diagonal .  

A l l  s p o t s  belonging t o  non-isomerised compounds are s i t u a t e d  on 

t h i s  s t r a i g h t l i n e  too.Pormation of t h e  squnre  proves t h e  presence  of 

isomerised compound i n  n i x t u r e  under W - i r r a d i a t i o n  i.e. conta in-  

ing  u n s a t u r a t e d  bonds i n  molecule. Yle c a l l e d  symbol ica l ly  such  

i d e n t i f i c a t i o n  method as a "maic  square". 

CONCLUSION 

Reversable  photo isomer isa t ion  phenomenon of 2 ,  %isomers  of 

s t y l b e n e ,  azobenzene, azoxybenzene, d i b u t h y l  esters of e thylenedi -  

c a r b o n h  a c i d s ,  methyl esters of  cinnamic and f e r u l i c  a c i d s  ab- 

sorbed on t h e  s u r f a c e  of chromatographic s o r b e n t s  is proved. T h i s  

a b i l i t y  i s  used as a s p e c i f i c  r e a c t i o n .  W - i r r a d i a t i o n  t u r n s  off 

the s p o t s  of i n d i v i d u a l  isomers i n t o  isomeric  Z,Gmixture, which 

s e p a r a t e s  by chnomatography. 

Ees ides  Rp v a l u e  i d e n t i f  icat j .on,  the comparison of e l e c t r o n e  

d i f f u s e  r e f l e c t i o n  spectrum of p h o t o r e a c t i o n  p r o d u c t s  and ind i -  

v i d u a l  isomers i n  absorbed state was performed. 

" M u i c  square" i d e n t i f i c a t i o n  method w i l l  be u s e f u l  i n  c a s e  

of complex samples, c o n t a i n i n g  compounds w i t h  c l o s e  Re v a l u e s  

and co lour ing .  Loreover, t h i s  method can  be used wi thout  s t a n d e d  

f o r  isomeris?? corrpoundu i n  zcmplex mixsure. 
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