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CCYPARISON OF !.:THCDS FOR DETUMTNATION OF 

THZ RM V.’LU?S CF SUBSTANCZS I N  T H I N  - L Y i R  

CHFLOFLATOCR? “HY BY USING BINARY KOBIL5 PHASE 

J.K.R6ty?o, J.Gross 

C.Chojnacka and 1,Malinowska 

I n s t i t u t e  o f  Chemistry, 

Maria Curie-SkTodowska Universi ty ,  

30031 Lublin, Poland 

ABSTRACT 

Methods of c a l c u l a t i n g  t h e  funct ion %- f (Vl) of some 
aromatic substances from t h e  da ta  of experimental and theore- 
t i c a l l y  ca lcu la ted  parameters have been compared. I t  has  
been shcwn t h a t  there  is a p o s s i b i l l t y  t o  c a l c u l a t e  t h i s  
function with high accuracy on t h e  bas i s  o f  t h e  measured 
p a r t i t i o n  c o e f f i c i e n t s  of t h e  substances chromatographed 
i n  Dar t i t ion  systems cons is t ing  of comDonents of t h e  mobile 
Dhase as w e l l  a s  rlarameters obtained t h e o r e t i c a l l y .  Thus 
obtained r e s u l t s  were a l s o  compared with t h e  funct ions 

RM = f(9,)obtained experimentally and a high agreement 
wab’geached. This i n  t u r n  cont r ibu tes  t o  opt imizat ion of 
systems of thin-layer chroma tograahy. 
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922 ROZYLO ET AL. 

THZORZTICAL 

Predict ion of ontimal condi t ions i n  Dar t i t ion  ChromEtfb 

graphy of mixtures is one of the  most important problems of 

t h i s  analyt ic21 method. A num5er of pa-,ers (1-3) on thin- 

- layer  chromatography have been nublished; howev-r, none of 

the theor ies  d e a l t  w i t h  gives s a t i s f a c t o r y  r e s u l t s .  The 

thermodynamic theory of adsomt ion  from of multicomponent 

solvent  systems,  developed by OBcik (4-6) made it possible  

t o  combine t h e  RM values w i t h  the  comnosition of the mobile 

ahase and t h e  adsorption parameters of t h s  given chromato- 

n-aphtc wstem, r e s u l t i n g  i n  t h e  general  equation: 

i n  which RY 

using a binary solvent  "1+2t1* 

subs tance l lz ' l  i n  uure solvents  "1" and 1t2t1; the difference 

(yy - y1 ) Dresenzs excessive adsorption of componmt rrlfl 

of t h e  mobile phase, Thi$ dlfference c m  experimentally be 

determined f r o a  isotherms of excessive a d s o r ~ t i o n  (71,  or 

from the d i s t r i b u t i o n  function of the  mobile Dhasc corn?one.rt 

is the difference of  t h e  RM values 

I s  the  RH v-1 ue o f  substance "ztf  obtained by 
1.2 

and R a r e  R, values of M2 ' %I 

00 and "2". The value AZ=logkla2 o f  substances i n  pure solvents  ":Ir 

represents  molecular i n t e r a c t i o n  between molecules of the  

substance chromatographed r r ~ t '  and those of the components o f  

a miscible solvent.  The value A, can be ca lcu la ted  by f i t t i n g  

t h i s  parameter t o  t h e  two-parameter eauation (1 ),(a). This  

method, however, does not  involve the value of molecular i n t e r -  

act ion i n  r e a l  s-stems of the solvents  presented. Thus, i n  t h e  

1.2- $1 - RM2 
(1-6). AR, 
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%VALUES USING BINARY MOBILE PHASE 923 

c?se of totally miscible mobile phases the value A, = log k T 2  

can be obtained indirectly by measuring the Dartition coeffi- 

cients of substance "z" between solvent nl'f and immiscible 

solvent x ( k I e x )  and solvent tr211 and the same solvest x (k2>l 

as well 2s by comparison: 

Qo 

b *  
1 .x n 

Do 

The determinetion of partition coefficients k T 2  is a separate 

analytical groblem causing great difficulties. Therefore, the 

determination of A, vslues by this wthod is not a simple pro- 

cedure, and the relationship of the A, values obtained by the 

twn nethods is unknown. 

The purDose of this method was to comnare the relationship 

RM, .2= ff(f7 ,) of the substances calculoted from the experiment& 

partition coefficients kly2  and the relationship R, = fffl) 

celculated from A, values obtained by the method of fitting 

this nararneter to the two-pmpmct& eauation (1). 

*'I .2 

EXPERIMENTAL 

As the components of the binary mobile phase are  totalljj 

miscible, the coefficients of substance distribution kly2 
are therefore determined directly. The coefficients of the 

distribution of a given substance between component "I" of 

the mobile phase and water k l e w  and between component "2" 

of this phase and water 

00 

k2yw were measured. Coefficient 
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9 24 

kle2 was calculated from the relation 00 

OQ 

ROZYIX) ET AL. 

09 kl w 
k1.2 = - 

k Z W  

The coefficients of distribution of the substances studled 

between the organic phase and water were measured statisti- 

cally by determining their distribution isotherms between 

these vhases. The concentration of substances in the water 

phase was determined by coulometric bromination in the 

case of 1-nabhthol. 3-mett~ylauinolineI quinoline , 2-methyl- 
quinollne and 7-methylquinoline for CHC13-H20 system and 

oolarografically. The kle2 values determined In this way 

are presented In Table 1. 

00 

Table 1 

VALUES OF SUBSTANCES CF CHC13-CClk SYSTEX 00 

kl .2 

SU EST ANCE 

1-naphthol 

quinoline 

2-methylquinoline 

Lmethylquinol ine 

6-methylquinoline 

7-methylqu inoline 

8-methylquinoline 

3-methylisoquinoline 

go 

kl .2 

1.50 

2.86 

2.69 

1.62 

2.96 

1.60 

3.51 

1.65 

In the course of the investigations the relationship 
of the values RM = fk1) for 1-naphthol, quinoline and 

1.2 
rnethylquinoline derivatives was determined ex-erimentally 

by adsorption thin-layer chromatography. 
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% VALUES USING BINARY MOBILE PRASE 9 25 

Magnesium s i l i c a t e  (Woelm) and aluminium oxide (Merck) 

were used as s ta t ionary phase. The mobile phase was a binary 

solution of d i f fe ren t  concentration, consis t ing of chloroform 

and carbon tetrachloride.  The chromatograms w e r e  developed 

by the ascending technique on t h e  adsorbent layers  0.3 mm 

thick in glass  chambers saturated with vapours of appropria- 

t e  mobile phase. All measurements were car r ied  out in a 

thermostatic room a t  25OC. Substances were detected by means 

of iodine vapours. 

The r e s u l t s  of exuerimental znd theore t ica l  calculat ions 

of the relat ionship % 
1.2 

and i n  diagrams Fig. 1-3.  

= f(V1)ere given i n  Table 2 and 3 

0 1 5 
-0.02 
-0.16 
-0.28 

-0.44 
-0.62 
-0.77 ' -  

Table 2 

-0 09 
-0.22 
-0.29 
-0.35 

-0.48 
-0.66 
-0.80 

0 

BASIC PARAPFT'XS, ON THE BASIS OF l;!HICH, THE % V.4U?ES OF 
1.2 

Oo20 

CHROMTOCRAPHED SUFSTANCSS HA= BEZN CALCULATTD 

ADSORBENT: ALUMINIUM OXIDE 

0.2 0.10 
0.4 -0.04 
0.6 -0.28 
0.8 -0.10 

SUBSTANCE 

0*54 quinoline 

0.2 -0.23 
0.4 -0.56 
0.6 -0.82 
0.8 0 

A: - chromatographic data, A: - experimental data, 

%* - experimental data, RMt - t hea re t i ca l  data,  
2 calculated on the b a s h  of experimental A, values. 
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926 ROZYLO ET AL. 

Table 3 

BASIC FAFtAFETTERS, CN THE BASIS O F  'mICH, TIE RM, VALUES 
? 

I .6 

OF SUBSTANCES XAVE 5ZZN CALCULATED. 

A DSORREV" : ?flA GN ES IUM SILICATE 

SUBSTA NCCS 

1-naphthol 

qu inoline 

2-rnr t hy l- 
flu inoline 

4-me thyl- 
qu in0 line 

5-methyl- 
quinoline 

7- methyl- 
qu inol ine 

%methyl- 
quinoline 

3-methyl- 
lso- 

quinoline 
I 

- 
RMl .2 - 
-1 .oE 

-1.8C 

-1.7E 

-1 -53 

-1.92 

-1.62 

-2.25 

-I .52 

- 

- 
C 

Ar - 
0.22 

0.53 

0.39 

0.55 

0.65 

0.33 

0.79 

0.42 

- 

- 
e 

- 
0.18 

0.46 

0.43 

0.21 

0.47 

3.20 

3.54 

3.22 

- 

- 
1 

7 

0.2 
0.4 
0.6 
0.8 

0.2 
0.4 
0.6 
0.8 

0.2 
0.4 
0.6 

3.2 
0.4 
0.6 
3.8 

0.2 
0.4 
0.6 
0.8 

0.2 
0.4 
0.6 
0.8 

0.2 
0.4 
0.6 
0.8 

0.2 
0.4 
0.6 

3.8 

3.8 - 

- 
e 

k, .2 - 
1.70 
0.75 
0.56 
0.42 

1.06 
0. -5 
0.40 
0.20 

3.7% 
0.38 
3.16 
9.97 

1.06 
0.55 
0.40 
0.22 

0688 
0.62 
0.32 
9.74 

1.08 
0.70 
0.51 
0.28 

0.42 
0.20 
-0.08 
-0.24 

1.12 
0.78 
0.52 
0.33 - 

- t 

%.I .2 

0 .n 
0.68 
0.60 
3.55 

0.79 
0.59 
0.44 
0.32 

3.52 
3.33 
,').21 
3.11 

8.77 
0.59 
3.44 
0.32 

0.77 
3.57 
O,>6 
3.22 

3.82 
0.65 
0.49 

0.43 
0.15 
-0.05 
-0.23 

0.87 
0.70 
0.57 

9.55_ 

0.48 

- 
C 

im1.2 - 
0.76 
0.65 
0.59 
3.51 

0.74 
0.55  
9.42 
0.30 

0.5b 
3.35 
0.?2 
9.12 

3.54 
0.40 
0.32 
0.25 

0.65 
0.44 
0.30 
q.19 

0.73 
0.59 
0.49 
0.43 

0.26 
0.02 
.0.11 

0.74 

0.50 
0.44 

.0.28 

0.59 

- 
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VAL,uES USING BINARY MOBILE PEASE 927 

Fig. 1 

Theoretical ( l i nes )  and experimental (points) function 

I - calculated from equation (1) by f i t t i n g  the paraneter f i z  

If - calculated from this equation on the b e s i s  of rnaasured 
30 

values o f  the pa r t i t i on  coef f ic ien ts  k, ,: 
9 -  

Adsorbent: na,qesium s i l i ca t e .  

DISCUTSICN 

From the  determined pe r t i t i on  i so therm the Darti t ion 

coeff ic ients  summarized In Table I have been calculated.  They 
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928 ROZYLO ET AL. 

Fig. 2 

Theoretical ( l ines)  and experimental (points ) function 

%i, ,2- <!J 
I - calculated from equation (I) by f i t t i n g  the paraneter A Z  

XI - calculated from this equation on the basis  of measured 

values of  the aa r t i t i on  coeff ic ients  k 192 
Adsorbent: mamesium s i l i ca t e .  
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\ VALUES USING BINARY MOBILE PHASE 

.2 VOLUME FRACTION OF CHCI:,(Qr) 

9 29 

Fig. 3 

Theore t i ca l  (1ines)and e-er iaental  (no in t s  ) func t ion  

9;, 7 = fb,) 
1' 

I -calculgted from equation (1) by f i t t i n g  t h e  p r a m e t e r  A z  

I1 - ca lcu la t ed  from t h i s  equation on the basis of  zezsured 
a 

1 9 2  
vs lues  o f  t h e  p a r t i t i o n  c o e f f i c i e n t s  k 

Adsorbent: aluminium oxide. 

have served then t o  c a l c u l e t e  the A, values  l i s t e d  i n  Table 2 

and 3. It  should be noted t h a t  the A, values  of substances,  
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930 ROZYLO ET AL. 

ca lcu la ted  t h e o r e t i c a l l y  by f i t t i n g  this parameter t o  eaua- 

t i o n  (1) as w e l l  as from t h e  p a r t i t i o n  c o e f f i c i e n t s  neaaureQ 

are approximate bath with respec t  t o  t h e  order  and value of 

this parameter. However, t h e  value8 A Z  ca lcu la ted  from the  

n a r t i t i o n  coef f ic ien ts  measured experimentally are more 

d i f f e r e n t i a t e d  i n  r e l a t i o n  t o  t h e  chemicak s t r u c t u r e  of the 

substance chromatdgraphed, This  leads  t o  a deeper in te rpre-  

t a t i o n  o r  molecular i n t e r a c t i o n s  i n  such p a r t i t i o n  systems. 

Figure 1 and 2 Dresent t he  functions % = f(V1) f o r  
1.2 

1-naphthol and a number of methylquinoline der ive t ives  , 
obtained by us ina  a mixture o f  carbon t e t r a c h l o r i d e  + 
+ chloroform as binary mobile phase, mamesium s i l i c a t e  

being the adsor?m!k*. In  t h i s  system a t t e n t i o n  is  drawn by 

a r e l a t i v e l y  good agreement of t h e  funct ions F$, - f(9,) 

calculated t h e o r e t i c ? l l y  and obtained experimentally. T h i s  

results from not  too  s t rong  molecular i n t e r a c t i o n s  i n  t h i s  

chromatographic system. The comDarison of t h e  func t ions  

= f ('pi) ca lcu la ted  from eauation ( 1  ) by f i t t i n g  the 

1.2 

R M l  .2 
wrameter  A, (Fig. 1 I ,  2 I )  and ca lcu la ted  from tNs 

equation on the basis of measured values of t h e  p a r t i t i o n  

c o e f f i c i e n t s  k T 2  (Fig. 1 11, 2 11) shows t h a t  a high agree- 

ment of these functions can be obtained. Small d i f fe rences  

i n  the  funct ions % 
meter A, t o  the  eauation (1)as  w e l l  a s  in  t h e  exDerimental 

data  of the Dar t i t ion  c o e f f i c i e n t s  r e s u l t  from di f fe rences  

between p a r t i t i o n  and adsorption systems i n  chromatography. 

Under such conditions,  a Drover choice of  adsorption systems 

of weak molecular i n t e r a c t i o n s  of the mobile nhase and of 

substances chromatographed with the adsorbent can give a 

= f( 'P,)calculated by f i t t i n g  the  para- 
1 .? 
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4 VALUES USING BINARY MOBLLE P W E  

p i c t u r e  o f  molecular i n t e r a c t i o n s  In the p a r t i t i o n  system 

i n  which no a c t i o n  is exerted by the adsorbent. 

In order  t o  demonstrate t h a t  t h e  r e s u l t s  obtained do 

9 31 

n o t  depend on the kind of the adsorbent used, funct ions 

I f(cpl)were estimated on aluminium oxide (Fig. 3). I t  
.2 

a - p e s e d  t h a e  a l s o  i n  t h i s  case a high agreement o f  the 

funct ions RM 

t h e o r e t i c a l l y  and experimentally parameter A, values. 

I f(lpl) was obtained which were ca lcu la ted  
1.2 

The s t u d i e s  c a r r i e d  out  and t h e  r e s u l t s  obtained a r e  of 

grea t  s ign i f icance  f o r  our  f u r t h e r  invest igat ions.  I t  was 

found t h a t  naraneter  A Z ,  which i s  of primary importance i n  

enuation (1) can be ca lcu la ted  i n  a simple way from experi- 

mental data.  A s  these dAta cen be summarized i n  Tebles,  

there e x i s t s  a Doss ib i l i ty  of a simble and f a s t  c a l c u l a t i o n  

of the funct ions Rx = f(V,)* from r e a d i l y  measurable 
1.2 

experimental data. Therefore t h e  I n t e r n r e t a t i o n  of t h e  

process of thin-layre chromatography it s e l f  w i l l  be more 

exact. 
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