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A MICROCOMPUTER PROGRAM FOR THE 
CALCULATION OF RF VALUES OF 
SOLUTES IN STEPWISE GRADIENT 
TH IN-LAY ER CHROMATOGRAPHY 

W. Markowski, E. Soczewifiski, 
and G. Matysik 

Department of Inorganic and Analytical Chemistry 
Medical Academy 

Staszica 6 
20-081 Lublin, Poland 

ABSTRACT 

A microcomputer program ( i n  BASIC, e.g., f o r  

SPECTRUM Z X + )  i s  proposed f o r  t h e  c a l c u l a t i o n  o f  

f i n a l  RF va lues ob ta ined  under c o n d i t i o n s  o f  
s tepwise g r a d i e n t .  A f t e r  i n t r o d u c t i o n  o f  R F  values 

o f  sample components ob ta ined  f o r  s e v e r a l  i s o c r a t i c  
runs,  t h e  microcomputer c a l c u l a t e s  the  RF va lues  
f o r  any g r a d i e n t  program.Good agreement of  c a l c u l a t e d  

and exper imen te l  RF va lues was obta ined.  The 

s tepwise g r a d i e n t  development was c a r r i e d  out u s i n g  
a sandwich chamber w i t h  a glass d i s t r i b u t o r ;  the 

e luen t  f r a c t i o n s  acco rd ing  to a chosen stepwise 
program were i n t r o d u c e d  d i r e c t l y  under t h e  d i s t  ri- 
b u t o r  w i t h  a m i c r o p i p e t t e .  
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1262 MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

INTRODUCTION 

I n  a preceding paper (1) an equa t ion  f o r  t h e  RF 

value o f  a s o l u t e  chromatographed under s tepwise 

g r a d i e n t  c o n d i t i o n s  was d e r i v e d ,  assuming d e f i n i t e  

r e l a t i o n s h i p s  between k '  va lues and m o d i f i e r  concent-  

r a t  i o n  : 
h - 1  

1= 1 
R F  z + ~ ~ ( j  ,h) 

where 

1 

and 

where : 

j - the  number o f  s o l u t e  

i 

h - t h e  number o f  t he  l a s t  s t e p  i n  which t h e  s o l u t e  

- t h e  number o f  e l u t i o n  s t e p  ( e l u e n t  f r a c t i o n )  

m ig ra tes  through a p a r t  o f  t h e  c o n c e n t r a t i o n  zone 

k ' ( j , i ) -  c a p a c i t y  f a c t o r  o f  s o l u t e  j ( i - t h  s tep )  

R F ( j , i ) -  cor responding RF va lue  ; s i m p l i f i e d  symbol 

v ( i ) -  volume o f  e luen t  i n t r o d u c e d  i n  t h e  i - t h  s t e p  

c I i ) -  c o n c e n t r a t i o n  o f  m o d i f i e r  i n  the  i - t h  s t e p  

x ( j  , i )  - t h e  volume o f  mob i l e  phase corresponding t o  

r ( j  ,il i s  used i n  t h e  program 

t h e  m i g r a t i o n  o f  s o l u t e  " j "  through t h e  i - t h  

concent r a t  i o n  zone. 
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MICROCOMPUTER PROGRAM FOR RF VALUES 1263 

m - s lope  o f  l i n e a r  l o g  k ’  vs.  l o g  c p l o t  

a ( j )  - constant  ( l o g  k *  va lue  f o r  pure m o d i f i e r ,  c=1) 

For d e t a i l e d  d i s c u s s i o n ,  see (1). 

As a re fe rence  system, 20 h y p o t h e t i c a l  s o l u t e s  o f  

a wide range o f  c a p a c i t y  f a c t o r s  (l:Z1’) were chosen; 

t h e  RF vs.  m o d i f i e r  c o n c e n t r a t i o n  r e l a t i o n s h i p s  o f  

components o f  a r e a l  sample can be compared t o  the  

h y p o t h e t i c a l  s o l u t e s ,  e s p e c i a l l y  f o r  s i m i l a r  s lopes 

o f  l o g  k *  vs. l o g  c p l o t s .  I t  i s  thus p o s s i b l e  t o  

s tudy by computer s i m u l a t i o n  t h e  f i n a l  arrangement o f  

spo ts  f o r  chosen programs o f  s tepwise g r a d i e n t .  

I n  t h e  present  paper a m o d i f i e d  microcomputer 

program i s  presented,which s i m p l i f i e s  the  c a l c u l a t i o n  

o f  H F  values ob ta ined  f o r  stepwise g r a d i e n t  e l u t i o n ,  

The RF values o f  i n d i v i d u a l  components ob ta ined  f o r  

i s o c r a t i c  runs a r e  i n t r o d u c e d  d i r e c t l y  i n t o  t h e  micro-  

computer. S ince  c u r v i l i n e a r  r e l a t i o n s h i p s  a r e  

f r e q u e n t l y  ob ta ined  f o r  l o g  k -  vs.  l o g  c o r  l o g  k‘ vs. 

c p l o t s ,  t h e  exper imen ta l  p o i n t s  a re  f i t t e d  t o  a 

q u a d r a t i c  f u n c t i o n .  The program i s  fo rmu la ted  i n  BASIC 

f o r  a popu la r  microcomputer o f  t h e  Spectrum ZX+ t ype ;  

t h e  d i s p l a y  shows: 

t a b l e  o f  codes and names o f  s o l u t e s  

t a b l e  o f  ieosrrtic RF va lues  

l o g  k ’  vs. l o g  c p l o t  and t h e  corresponding 
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1264 MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

2 c o e f f i c i e n t s  o f  t h e  f u n c t i o n  A. + Al log c + A2 ( l o g  c\ 

shape o f  t h e  g r a d i e n t  program 

t a b l e  o f  f i n a l  RF v a l u e s ;  p l o t  r e p r e s e n t i n g  t h e  

m i g r a t i o n  o f  s o l u t e s  a s  f u n c t i o n  o f  e l u e n t  volume. 

The program is  g i v e n  i n  Tab le  I 

T a b l e  I. Microcomputer  program (BASIC) f o r  t h e  s i m u l a t -  

i o n  o f  s t e p w i s e  g r a d i e n t  e l u t i o n .  I n t r o d u c e d  da ta :  R, 
v a l u e s  f o r  g i v e n  c o n c e n t r a t i o n s  ( c )  o f  t h e  m o d i f i e r ;  

s t e p w i s e  g r a d i e n t  program (volumes o f  e l u e n t  f r a c t i o n s  
r e l a t i v e  t o  t h e  v o i d  volume and t h e  

c o n c e n r r a t i o n s  o f  m o d i f i e r ,  c ) .  
co r respond ing  

1 LLIST 
1pl PRINT AT 0 , 7 ;  "ISOCRATIC ELUTION" 
2 9  PRINT 
39 INPUT "THE POLAR SOLVENT"; p+ 
4@ INPUT "THE DILUENT"; d+ 
5pl INPUT "THE ADSORBENT"; a+ 
6pl PRINT 
65 PRINT p $ ;  "-" ; d$; "-"; a$; :  PRINT 
70 INPUT "THE NUMBER OF SOLUTES b=" ;b 
SP, DIM u (b) : D I M  x (b ,lpl) : DIM r (b ,la) : D I M  p (b ,la) 
9pl DIM n4 (b,2p) : D I M  c$  (b,5) 
95 DIM k (b , lp) 

D I M  f (b) 
I@@ D I M  a (b) : DIM b (b 1 : D I M  c (b) : DIM d (b) : DIM e (b) : 

110 DIM g(b)  : DIM h (b) : D I M  i (b) : DIM j (b )  : DIM q (100) : 
12p) FOR 2-1 TO b 
13pl INPUT "THE CODE OF SOLUTE"; cb  (z) 
14pl INPUT "THE NAME OF SOLUTE";n+(z) 
15j3 NEXT z 
169 LET p=INT (b/14+1) 
a65 FOR i=l TO p 
170 I F  b(14 THEN GO TO 2gg 
18p LET k b 1 4  
199 GO TO 210 
290 LET k l = b  
2lpl FOR z = l  TO k l  
229 PRINT AT 6 ,l ; "2" ; AT 6 , 4  ; "CODE" 
230 PRINT AT 6 , l l ;  "THE NAME OF SOLUTE*' 
249 PRINT AT (7+2 I ,l ; Z  ;AT (7+t\ , 4 ; C$ (2) ; AT (7+t) ,11 ; 

DIM o Ib ,100) 

nb ( 2 )  
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MICROCOMPUTER PROGRAM FOR RF VALUES 1265 

259 
269 
2 79 
28pl 
29e 
399 
319 
329 
33pl 
349 
3 5pl 

369 
3 7pl 
389 
39pl 
49P 
419 
42pl 
43P 
44pl 
45pl 
46pl 

478 
489 
498 
5plpl 
519 
52pl 
53pl 

54pl 
55pl 
56pl 

57pl 
588 
5916 
6Ppl 
6 18 
629 
638 
64pl 
6 5pl 
669 
6 7pl 
68pl 
69fl 
798 

46 5 

71pl 

PLOT 9,128: DRAW 255.9: PLOT 255,pl: DRAW j7Ja,128 
PLOT b.9: DRAW 9,128: PLOT B,pI: DRAW g,128 
PLOT pl,llZ : DRAW 255 ,9: PLOT 23 ,(a: DRAW 9 ,128 
PLOT 89,g: DRAW (a,128 
NEXT z 
STOP 
COPY: CLS 
NEXT i 
STOP 
GO SUB 4999 
PRINT AT i , i ;  ' * z * * ;  AT 1 . 4 ;  TODE-~ ;  AT 1.12;  AT 
1 , 2 2  ; " R f "  
LET p= INT  (b/3+1) 
FOR i=l TO p 
LET kl=3% (i-1) +3 
I F  k l c  b THEN GO TO 41pl 
LET k l = b  
FOR z=3x( i -1)+1 TO k l  
I F  273 THEN GO TO 459 
PRINT AT 3+ (2-1)s 6.1 ; 
GO TO 47pl 
GO SUB 459pl 
GO SUB 5plgpl 
PRINT AT ( 1+ (h-I) i~ 6) , l ;  
INPUT "THE NUMBER OF EXPERIMENTAL POINTS f = "  ; u (z) 
LET p = u ( z )  
FOR 1=1 TO p 
INPUT "THE CONCENTRATION OF MODIFIER C = "  ; x (z ,1) 
INPUT "THE VALUES OF R f = "  ; r (z,l) 
I F  273 THEN GO TO 558 
PRINT AT (2-1) 1: 6+1+2,  
r k,1) 
GO TO 57pl 
GO SUB 5plplpl 
PRINT AT (h-1)*6+1,12; x ( Z . 1 )  ; AT(h-l)X6+1,21; 
r (z .1)  
LET x (~,1) =fd .434xLN x ( Z  ,1) 
LET k ( z . 1 )  = ( l - r ( z , l ) )  / r ( z , l )  
LET k iz ,1) = pl.434XLN k (t ,1) 
LET x i z  = INT (X (z ,U 19plpll*pl .plpli 
LET k ( Z  ,I\ =INT (k ( Z  ,1) 8 lpla$5pl)x pl .pggl 
NEXT 1 
I F  z<=iX3 THEN GO TO 659 
COPY: CLS 
NEXT z 
COPY: CLS 
NEXT i 
STOP 
GO SUB 559pl 
FOR ~ = l  TO b 
LET p-u (2) 

Z ;  AT 3+ (t-l)X6,4; C $  (z )  

;AT (1+ (h-1) % 61.4 ; c $  ( z )  

12 ;x ( z  ,I) : AT (2-1) *6+1+2,21; 
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729 FOR 1 = 1  TO p 
73pl I F  k ( t , 1 1 ( = - 2  THEN GO TO 76p) 
74p) I F  k ( z , 1 ) 7 = + 2  THEN GO TO 76pl 
7 4 5  I F  ~ ( ~ , 1 ) ( = - 2  THEN GO TO 76pl 
7 5 9  CIRCLE 248+x  (z,1)1:246,84+k (z,1);1;42,2 
76p NEXT 1 
77p) NEXT z 
78p)/FOR z = l  TO b 
799 FOR 1 = 1  TO 1p)pl 
853a LET 9 253.434;pLN [jl).l+(a.9@9%\1-1\) 
€319 LET o ( z  ,1) =h iz)  +q ;I\ x ( i  (zj  +j i t ) *  q ( l ) !  
82p I F  o ( Z  , l j <  =-2 THEN GO TO 8 5 9  
83ja I F  o ;z,1!)=+2 THEN GO TO 8 5 g  
849 CIRCLE 248+q(l)x246,84+0 ( z  ,1)+42,  .5 
85p) NEXT 1 
86p) NEXT z 
87p) PLOT p ) , p ) :  n2AW pl,168: PLOT 9 . 8 4 :  DRAW 246,pl 
88a PLOT 246,pl: DRAW g,168: 
89g FOR i = l  TO 4 
9jaja CIRCLE 248, i *42 ,1  
91@ NEXT i 
92p) FOX i = l  T O  2 
939 CIRCLE 2+ ( i - l ) x246,84 ,1  
94p) NEXT i 
95p) PRINT AT g,p); "log C-+ ";AT ja,27;"Rm=+2" 
969 PRINT AT 1 1 . 3 1  ;"PI"  ;AT 21,27;"Rm=-2" ;AT 12 ,@;"-l'* 
98p) FOR z = l  TO b 
985 I F  h ( z ' ? = 2  OR h ( ~ ) ( = - 2  THEN GO TO 156166 
99@ PRINT A-r 21-(84+h ,zi j g .4 , s i  ; Z  
la@@ NEXT z 
lp13jl) ST0P:COPY: CLS 
l a 4 9  LPRINT AT 1.7;"STEPWISE GRADIENT" 
lp15p) LPRINT 
lp16p) INPUT "THE NUMBER OF STEPS n=";n 
197pl PRINT "THE NUMBER OF STEPS n=";n 
la89 DIM r (b,ni : DIM c :n; : DIM k ,b,n' : DIM x ib ,n\ : 

lg85 DIM s 'b , n; : D I M  z ib ,n) 
1 9 9 9  PRINT 
1lp)a PRINT "THE CONCENTRATION OF MODIFIER ON i - T H  STEP" 
111jl) PRINT 
1128 LET v=P 
113g FOR i = l  TO n 
1149 INPUT "ex" ;c (i) ,"v=" ;v ii'f 
ilsg PRINT " C ( " ; ~ ; ~ ~ ) = ~ * ; C  (i) : ' v ( * * ; i ; " )  = - * ; v ( i )  
116a LET v = v + v ( i )  
117p NEXT i 
l18g STOP: CLS 
l l 9g  FOR i=1 TO n 
12g@ LET v (  il= v ( i ) / v  

122g NEXT i 

DIM y (b,nJ : DIM v in' 

i~ip) PRINT **c ( 91 ; i ; I* ) = 1' ; c ( i , **v ( 11 ; i ; **) = * *  ;v (i) 
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MICROCOMPUTER PROGRAM FOR RF VALUES 1267 

1239 COPY: CLS 
1249 GO SUB 699g 
125g STOP 
126g LPRINT 
1279 LPRINT AT 1.9 ;"THE S-P SYSTEM" 
1289 LPRINT 
1299 DEF FN k ( j  , i ) = l ( a t ( h ( j l  +9 .434r (LN c ( i j ) $  ( i ( j )+ 

1399 DEF FN r (  j , i ) = I N T  (lbjI)gl/(l+FN k ( j  ,ill) X B.pgl1 
j ( j )Xg3.434rLN c ( i l ) )  

1310 LPRINT "THE DISTANCE TRAVELLED BY SPOTS AFTER N 

132g LPRINT 
1339 FOR J = l  TO b 
1349 FOR i = l  TO n 
13516 LET x ( j  , i ) = v ( i ) / ( l - F N  r ( j  ,ill 
1369 LET y ( j  ,i\ = v ( i ) / F N  k ( j  ,i) 
1 3 7 9  NEXT i 
1389 LET ssfl 
1 3 9 0  FOR l=l TO n 
1499 LET s=$+x( j  ,i) 
1419 LET s ( j  ,i) -8  
1429 NEXT i 
143pl FOR i s 1  TO n 
1449 I F  i>=2 AND S (  j .i) 7-1 THEN GO TO 152@ 
1459 I F  8 ( j  ,i)> =l THEN GO TO 1489 
1469 NEXT i 
1479 GO TO 1639 
148p) LET ruFN r (  j ,i) 
1499 PLOT l j i3, lg:  DRAW 169,r%169 
15p)pI LPRINT " R f  ( *  ;c$ (3) ; " )="  ;r 
1519 GO TO 1639 
1529 LET z ( j , i ) - ( i - s ( j , i - i ) ) ~ ~ ~  r ( j , i l  
1 5 3 5  LET r=B 
1549 FOR p-1 TO i-1 
1 5 5 ~  LET r = r + y ( J , p )  
1569 NEXT p 
1579 LET r ( j  ,i) =INT ( l @ @ r ( r + z ( j  ,i))) 1: P.ml 
1589 LPRINT " R f  ( "  ; C $ [ j )  ; " )=" ; r  (j , i )  
159g PLOT 116 , 19 
1699 FOR h = l  TO i-1 
1619 DRAW x (  j ,h)x  1 6 g , y ( J  , h ) r 1 6 9  
1629 NEXT h 
1625 DRAW 11-8 ( j  , i - l ) l  x16p),z ( j  , i ) x 1 6 p I  
1639 NEXT j 
1649 LET v-g 
1659 FOR i=l TO n 
1669 LET v=v+v l i )  

168g PLOT 19+~~169 ,19 : DRAW 
1699 CIRCLE l f l + i r l 6 j B / n , l ~ , l  
1799 CIRCLE 171 .ljil+i$169/n,l 

DEVELOPMENT STEPS" 

1679 PRINT AT 21,~329;-9 91 ;V 
( l - v l  il; 169, ( 1 - v ) X  169 
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1719 
1729 

1739 

1735 
1749 
1759 

*99 
4929 
4939 
4949 
4599 
451$ 
4529 
4538 
5999 
5919 
5929 
5939 
5598 
551pl 
5529 
5539 
5549 
5558 
556$ 
5579 
5580 

1769 
1779 

4918 

MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

NEXT i 
PRINT AT lP,24;"Rf=9.5" ;AT 9,24;"1" ; " R f "  ; 
AT 21,24;"-->" ; " V I X . S "  
PLOT lg , lg:  DRAW 169,g: DRAW 9,169: DRAW -169,O: 
DRAW P, , -169 
DRAW 168, 169 
COPY: CLS 
INPUT "REPEAT PROFILE OF GRADIENT a+l" ;a$  
I F  a$="l" THEN GO TO 194@ 
I F  a$<) "1" THEN GO TO 1g 
PLOT, 8.9:  DRAW 9,175: PLOT 9,175: DRAW 255,g 
PLOT 255,pl: DRAW 9,175: PLOT 9,152: DRAW 255,g 
PLOT 23.9: DRAW fd.175: PLOT 169,g: DRAW 9,175 
PLOT 8 9 , g :  DRAW 8,175: 
RETURN 
PLOT B I B :  DRAW 9,175: PLOT 255,jd: DRAW 8,175 
PLOT 23 .fa : DRAW 9.175 : PLOT 8fd ,$ : DRAW $ ,175 
PLOT 169,jd: DRAW 9,175 
RETURN 
I F  z=3X(i-i) +l THEN LET h = l  
I F  z=3;rli-l) +2 THEN LET h=2 
I F  zm3*(i-l) +3 THEN LET h-3 
RETURN 
FOR i=l TO b 
LET a (  i) =g: LET b (i) 39: LET c (i) -9; LET d l i )  =a 
LET e(i)= : LET f [ i ) = p ) :  LET g t i )  =@ 

FOR j=1 TO p 
LET a (i) =a ( i l  +x ( i ,  j l  
LET b (i) = b  (i) + X  (i, j ) r  x ( i ,  j )  
LET c ( ~ ) = c ( ~ ) + x  ( i , j ) x X ( i , j ) s X ( i , j )  
LET d (i) =d (i) +x ( i ,  j )  x x ( i ,  j )  

LET f ( i ) = f  ( i ~ + x ( ~ , j ~ % x ~ i , j ) ~ k ( i , j )  
LET g (i) =g (i) +k (i ,  j) 
NEXT j 
LET wlzpxb ( i l  -8 (ilr8f 1) 
LET w2=p~f ( i l  - b ( i ) * g  ( i l  
LET w3=pxc (i) -a ( i l  x b  (i) 

LET p = u ( i  F" 

LET 8 l i )  = e ( i l  + x (  i, j), k (i , j  T x ( i , j ) x  x ( i ,  j) 

5759 PRINT AT i ,i  CODE^ ;AT i , i g ; i * ~ ~ s s  ;AT 1 , l a  ;**~i** : 
AT 1 ,26 ; "A2" 

5769 PLOT7g,175: DRAW 255.8: PLOT 8 , g :  DRAW 8,175 
5779 PLOT 56 ,8: DRAW p1.175: PLOT 129,pl: DRAW fd,175 
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5789 PLOT 184,$3: DRAW $3,175: PLOT 255.g: DRAW p),175 
579p) PLOT 9,152: DRAW 255,111 
589$3 FOR is1 TO b 
581jd PRINT AT 3 + i , l ; c $ ( i j  :AT 3+i ,8 ;h ( i l  
582p) PRINT AT 3+i,16 ;i (i) ;AT 3 + i  ,24 : j (i) 
5839 NEXT i 
5849 STOP: COPY: CLS 
5859 RETURN 
69fBg LPRINT "THE PROFILE OF STEPWISE GRADIENT" 
6j319 LPRINT 
692j3 FOR i=l TO n 
693g I F  i7=2 THEN GO TO 6969 
6949 PLOT jd , c  (i)f16p): DRAW 16p/n ,111 
6p15$3 GO TO 61118j3 
6166111 PLOT (i-1) x 16P)/n ,c f i l  r169: DRAW 16111/n ,111 
61117111 PLOT (i-1) x 16pl/n, c I i-11 X 16$3: DRAW 16, 

6p18p1 NEXT i 
6998 PLOT g,g: DRAW $3,16g: DRAW 16g,g: 

61gg FOR i=l TO n 
611g PRINT AT 21, (i-1) x2111/n ;i ;AT 21-2grc (i) ,216; 

61216 NEXT i 
6138 STOP: COPY : CLS 
614p) RETURN 

Ic (i) -c (i-1)) r 169 

DRAW 9,-16g: DRAW -16pl,g 

" ( "  ; i ; " ) = "  ; c ( i l  

Example 1. For solutes A-G t h e  following RF 

were obtained f o r  various volume f r a c t i o n  concentrat- 

ions of the modifier: 

Solute 

values 

Concent r a t  i o n  of modif ier/R, value 
~~ 

A 

B 

C 

D 

E 

F 

G 

- 

0.01/0.203 0.03/0.697 0.06/0.902 

0.03/0.365 0.15/0.615 0.07/0.758 
0.07/0.439 0 1/0 -615 0.2/0.864 
0.1/0.285 0.3/0.782 0.6/0.935 
0.1/0.09 0.2/0*285 0.4/0.615 
0.3/0.183 0.5/0.384 0.9/0.669 
0,5/0.037 0.8/0.09 0.9/0.112 

The f o l l o w i n g  stepwise gradient program is introduced: 

0.05; 0.1; 0.2; 0.3; 0.4; v = 0.2. 
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1210 MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

t R f  

- U , X , S  

130.864 
)=0.735 
i = Q . 5 7 3  
) =  6 .407  

FIGURE l a .  P r i n t o u t  o f  g r a d i e n t  p r o f i l e  and r e s u l t i n g  
sepera t ion  o f  s o l u t e s  A-G. 
F igure  1 and F igure  2 are  copied from 
o r i g i n a l  p r i n t o u t s .  

The r e s u l t i n g  p r i n t o u t  is shown i n  Fig. la.  It can be 

seen t h a t  the  RF va lues a r e  t o o  low. Next a s teeper  

program i s  t r i e d :  0.05; 0.1; 0.2; 0.5; 1.0. The 

r e s u l t i n g  p r i n t o u t  i s  shown i n  Fig.1b. 

The separa t ion  i s  new s a t i s f a c t o r y :  the spots  a r e  

evenly  spaced which corresponds t o  the best  separa t ion  

and h ighes t  c a p a c i t y  f o r  mic roprepara t ive  separa t ions .  
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MICROCOMPUTER PROGRAM FOR RF VALUES 1271 

3 4 5 

THE S-P SYSTEM 

( 5 )  - 1  

(4) = 8.5 

(3)=0.2 
(2)'B.l 
(1) = . 05  

THE DISTANCE TRAVELLED BY SPOTS AFTER N 

R f I A ) = 0.064 DEVELOPMENT STEPS R f ( B  )=8.735 
R f ( C  1'8.573 
R f ( D  ) = 0 . 4 0 7  
R f ( E  )=8.315 
R f ( F  )=0.106 
R f I G  )= .035 

4 R f  

Rf = 8.5 

8.2 8.4 8.6 6.0 1 - - v ,x ,s  

FIGURE I b .  S e p a r a t i o n  o f  s o l u t e s  A-G f o r  m o d i f i e d  
g r a d i e n t  program. 
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1272 MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

EXPERIMENTAL 

A m i x t u r e  o f  phenols and p h e n o l i c  a c i d s  was 

chromatographed on t h e  d i s t a n c e  o f  10 cm i n  the  system 

s i l i c a - c h l o r o f o r m  + e t h y l  a c e t a t e  ( m o d i f i e r ) .  S i l i c a  

60 F 254 l a y e r s  on g l a s s  c a r r i e r  p l a t e s  were used ( 5  x 

20 cm, E.Merck, Darmstadt. F.R.G.). E q u i l i b r i u m  

sandwich chambers f o r  TLC (2-4) produced by P o l i s h  

Reagents POCh, L u b l i n  were used. I n  stepwise g r a d i e n t  

exper iments 0.1 m l  f r a c t i o n s  o f  t he  e luen t  were 

i n t r o d u c e d  d i r e c t l y  under the  d i s t r i b u t o r  as descr ibed 

i n  an e a r l i e r  paper (21  accord ing  t o  t h e  f o l l o w i n g  

program: 3x0.1, 3x0.2, 3 ~ 0 . 7 ,  3x1.0 (volume f r a c t i o n s  

o f  e t h y l  a c e t a t e  i n  ch lo ro fo rm,  a fou r -s tep  g r a d i e n t ) .  

The volumes o f  t h e  e luen t  f r a c t i o n s ,  i n  v o i d  volume 

u n i t s ,  were thus  equa l  t o  0.25. 

The samples were s p o t t e d  a f t e r  p r e w e t t i n g  t h e  

p l a t e  w i t h  one d i s t r i b u t o r  volume (0.1 m l )  o f  lo$$ 

e t h y l  a c e t a t e  i n  ch loroform.  The spo ts  were de tec ted  i n  

i o d i n e  vapours. 

RESULTS AND DISCUSSION 

The exper imen ta l  da ta  f o r  i s o c r a t i c  e l u t i o n  runs 

a r e  presented i n  Table 11. 

I n  Fig.2 t h e  p r i n t o u t  ob ta ined  a f t e r  i n t r o d u c t i o n  

o f  t h e  g r a d i e n t  program (vo lume-concentrat ion:  0.25, 

0 . 2 ;  0 . 2 5 ,  0.2; 0.25, 0.7; 0.25, 1.0) and t h e  i s o c r a t i c  

RF va lues  i s  presented. Comparison o f  c a l c u l a t e d  and 
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MICROCOMPUTER PROGRAM FOR RF VALUES 1273 

Table 11. RF va lues o f  s o l u t e s  ob ta ined  f o r  i s o c r a t i c  
e l u t i o n  a t  v a r i o u s  m o d i f i e r  concen t ra t i ons .  

Concent r a t  i o n  o f  EtOAc , v o l  . f r a c t i o n s  
Solute/Code 0.1 0.2 . 0.3 . 0.5 O./ - 1 .o 

l -naphthol / lHB 0.70 0.775 0.84 0.92 - - 
2-naphthol/2HB 0.61 0.70 0.775 0.86 - - 
Umbelliferon/UMB 0.19 0.33 0.43 0.60 0.73 0.845 
0 r c  i no 1/ORC 0.14 0.235 0.35 0.60 0.77 0.93 
P h l o r o g l u c i n o l /  
FLORO 0.00 0.05 0.09 0.27 0.47 0.79 
4- n i t  r o p h e no 1/ 

G a l l i c  Acid/GAC 0.00 0.00 0.00 0.07 0.18 0.43 
4NPH 0.38 0.54 0.60 0.735 0.83 0.91 

(c=O .8, R,=O -26 ; c=O .9, R,=O .35 1 

exper imen ta l  RF values shows good agreement between 

t h e  two s e t s  o f  va lues.  Some minor d i sc repanc ies  a r e  

under s tandable i f  t h e  complex e l u t i o n  process is 

considered and p o s s i b l e  d i s t o r t i o n  o f  t h e  g r a d i e n t  

p r o f i l e  i n  t h e  system. 

As  r e p o r t e d  e a r l i e r ,  a d d i t i o n a l  improvement o f  

s e p a r a t i o n  i n  s tepwise g r a d i e n t  e l u t i o n  i s  caused by  

compression o f  zones due t o  t h e  sudd8n changes of  

e l u e n t  s t r e n g t h  and enhancement o f  mutual  d isplacement 

e f f e c t s .  The re fo re ,  i n  s p i t e  o f  d e t e r i o r a t i o n  o f  

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

m o d i f i e r  c o n c e n t r a t i o n  zone ( A R F  = 0.02), t h e  

s e p a r a t i o n  o f  t h e  two f l a t t e n e d  s p o t s  was s a t i s f a c t o r y .  
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STEPWISE GRADIENT 

I 
1 2 3 4 

c I l l  = 0.1 

- (3)  r8.7 

- 121 =e.2 
- (1) =0.1 

v ( l ) =  8.25 
c i i i  = 0.2 
c f 3) = 0.7 
c l 4 )  = 1 

THE PROFILE OF STEPWISE GRADIENT 

THE S-P SYSTEM 
THE DISTANCE TRAVELLED BY SPOTS AFTER N 
Rf [ 1 HB '8.713 EXP.: 8 . 6 9  
R f (  ZHB 1.8.643 0 . 6 3  
Rf UMB )=8.411 0 .LO 
RfloRC ) = e m  0 .42 
Rf(FLOR0 )=0.257 0 .30  
Rf (4NPH '8 .L07 0 . 5 4  
R f (  6 A C  ) = @ . I 4 1  0 . 1 2  

0.25 0.5 0.75 1 

DEVELOPMENT STEPS 

# R f  

R f = e.5 

- -  v,x,s 

FIGURE 2.  P r i n t o u t  o f  date  f o r  phenols and phenol ic  
ac ids :  grad ient  program and i t s  p r o f i l e ,  
c a l c u l e t e d  RF values ( compared t o  exper i -  
mental  d a t a ) ,  movement of  spots i n  the  
four  m o d i f i e r  concentrat ion zones, p l o t  o f  
i s o c r e t i c  data  end c o e f f i c i e n t s  o f  the  
curves f i t t e d  t o  the  exper imenta l  po in ts .  
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MICROCOMPUTER PROGRAM FOR RF VALUES 1275 

CODE Ao A1 A2 

1HB -1.688 -2 -421 -1.102 
2HB -1 -242 -1 -696 -0 -648 
UMB -0.723 -1 -913 -0.573 
ORC -1.080 -3.433 -1.584 
FLOR -0.562 -4 -006 -1,966 

4NPH -0.979 -1 -885 -0.716 
GAC 0.115 -3.570 -0.733 

CONCLUSIONS 

The s imula t ion  o f  the  stepwise grad ient  process 

permits  the  p r e d i c t i o n  o f  R F  values from the corres-  

ponding i s o c r a t i c  da ta .  The method thus permits  the  

choice of  s u i t a b l e  grad ient  program from a few isocra -  

t i c  data  and is thus e s p e c i a l l y  va luab le  when t h e  

sample t o  be separated by p r e p a r a t i v e  TLC is scarce 
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1276 MARKOWSKI, SOCZEWINSKI, AND MATYSIK 

Ie.g., i n  b iochemical  o r  f o r e n s i c  a n a l y s i s ) .  The 

microcomputer program can a l s o  be u t i l i z e d  f o r  

teaching purposes s ince  i t  i l l u s t r a t e s  t h e  p r i n c i p l e  

o f  g r a d i e n t  e l u t i o n  end t h e  e f f e c t  o f  t h e  grad ien t  

p r o f i l e  on the  sepera t ion  achieved. 
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