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THE ROLE OF THE SPECIFIC SURFACE AhkA OF 

AN ADSOIiBLhT I N  THE OPTIMIZATION OF MIXTURE 

SLPARATION CONDITIONS I N  T H I N  - LAYER 

CffiOl Wl'OGRAPHY 

Jan K.ROZYL0, I rena WINOWSKA and 

Malgorzata POruIEWA~ 

I n s t i t u t e  of Chemistry, Maria Curie-Skiodowska 

University,  P1. M.Curie-Sklodowskiej 3 ,  

20-031 Lublin, POLAND. 

ABSTRACT 

The very important aspect  of e f f e c t  of t he  magnitude o f  

spec i f i c  surface area on RIq values obtained by using TLC 

method i s  presented. I n  experiments were performed on 4 

adsorbents of  d i f f e r e n t  specdfic surface a reas  50 - 500 
2 

m /g and with mixed binary mobile phases. 

I t  i s  shown t h a t  % values of chromatographed substan- 

c e s  aromatic hydrocarbons are l i nea ry  dependente upon the  

spec i f i c  surface a rea  of adsorbents f o r  each composition 

of mobile phase. This r e l a t ionsh ip  can be described by a 

s t r a i g h t  l i n e ,  with the parameters a and b t h a t  can be 

tabularized. These l i n e s  can be used t o  ca l cu la t e  t he  Rpi 

values of chromatographed substances Lor any adsorbent i f  
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2666 ROZY#,O, MALINOWSKA, AND PONIEWAZ 

is spec i f i c  surface area i s  known. The i l l u s t r a t i o n a l  com- 

parison of experimentally obtained and t h e o r e t i c a l l y  pre- 

dicted Rpi values  l o r  d i i f e r e n t  chromatographic system a r e  

presented. 

IiVTHODUCTION 

Adsorbents of d i f r e r e n t  microporous s t r u c t u r e  (1-5) 

have been used f o r  a long time i n  thin-layer chrotxatography 

f o r  the separat ion o f  mixtures of various substances. The 

microporous s t r u c t u r e  of adsorbents i s  an important affac- 

t i n g  optimization of t he  chromatographic process. The sig- 

nif icance of the microporous s t ruc tu re  of t he  adsorbent i n  

the  process o f  thin-layer cnromatography w a s  studied by 

Geiss : 6 )  and Snyder (7,'- . Prac t i ca l  p o s s i b i l i t i e s  o f  con- 

t r o l l i n g  the process of  thin- layer  chromatography were 

also indicated by R6iylo ; 8,9) .  Attemps were a l s o  explain 

the  physical-chemical s ignif icance of  t he  value of' the  

adsorbent s p e c i l i c  surface a rea  i n  thin- layer  chromato- 

graphy -10,. Recent considerable i n t e r e s t  i n  t h e  r o l e  of 

t he  spec i f i c  surface area of t he  adsorbent i n  thin-layer 

chromatography i s  due t o  growing importance of t h i s  method 

as a p i l o t  technique f o r  determining the optimum conditions 

of  mixture separation on both ana ly t i ca l  and preparative 

scales .  The l a t t e r  i s  widely applied f o r  obtaining and 

purifying of na tu ra l  o r ig in  i n  research l abora to r i e s ,  as 

well  as i n  pharmaceutical and food indus t r i e s ,  and a l s o  i n  

the  nature enviroment protect ion (11). 

Linear r e l a t i o n s  between pM values o f  substances f o r  

pure components of a mixed e.g. binary mobile phase RM, . 
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ROLE OF SPECIFIC SURFACE AREA 2667 

and the s p e c i f i c  surface a rea  of  t he  adsorbent, as has 

already been observed - a r e  no t  favourable enough t o  be 

applied i n  a rout ine process of optimization of separation 

conditions. Therefore, the present paper analyses the  rela-  

t i o n s  between t h e  €tM values o f  substances and t h e  s p e c i f i c  

surface a rea  of the adsorbent. The values were invest igated 

f o r  i d e n t i c a l  concentrations of the mobile phase on adsor- 

bents of d i f f e r e n t  values of  the spec i f i c  surface area.  

EX WR I YiN TAL 
+ 

Measurements were taken 01 t he  RF (RM,'values of model 

substances obtained i n  the  process of adsorption thin- layer  

chromatography on s i l i c a  g e l s  of d i f f e r e n t  microporous struc- 

t u r e ,  produced by KhRCK (12;: 

pore diarreter 2 s p e c i f i c  surface area m2/g 

60 500 

900 400: 

200 150 

500 50 

The chromatographed substances were c e r t a i n  polycyclic 

aromatic hydrocarbons ahowing ne i the r  electrodonor nor 

e lectroacceptor  propert ies :  naphthalene,?-methylnaphthale- 

ne, pyrene, chrysene, f luoranthene, diphenyl . This  selec- 

t i o n  oi model chromatographed substances aimed a t  elimina- 

t i n g  possible addi t ional  intermolecular ac t ions  w i t h  t he  

adsorbent surface and the  components of the mobile phase 

which was composed o f  four  mixed binary solvents: hexane - 
-benzene, methylcyclohexane - benzene, benzene - Eethanol 
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2668 RoZYl!,O, MALINOWSKA, AND PONIEWAZ 

andbenzene - ethanol. The procedure of conducting the chro- 

matographic progess and substance detect ion were described 

i n  several  earlier publ icat ions (1-4, 8, 13;. 

RESULTS AND DISCUSSION 

It i s  apparent from the r e s u l t s  presented i n  f igures  

1-4 that on s i l i c a  g e l s  of d i f f e r e n t  spec i f ic  surface area 

the % values of the chromatographed substance change i n  a 

regular manner. I t  turned out  t h a t  there  i s  a l i n e a r  depen- 

dence of the  % value on the  spec i f ic  surface of the  ad- 

sorbent. This dependence can be presented from of a l i n e a r  

equation: 

% 5 a s + b  f l  ; 
where s is t h e  spec i f ic  surface area of the adsorbent, and 
values natt and ttbF1 - parameters of t h e  s t r a i g h t  l i n e .  

A s  appears from t h e  graphs, the % values obtained from 

the experiment a r e  l a id  on a s t r a i g h t  l i n e  drawn so a s  g e t  

the  smallest  deviation. Table 1-4 shows t h e  RN = fcs) 

s t r a i g h t  l i n e  parameters which were calculated and tabula- 

ted f o r  p a r t i c u l a r  concentrations of the  mobile phase and 

t h e  chromatographed substance. 

Tables 1-4 show the  RW f ( s )  s t r a i g h t  l i n e s  parameters, 

whih were calculated and tabulated f o r  some chosen concen- 

t r a t i o n s  of the mobile phase and the chromatographed substan- 

ce. Tables I and 2 show t h e  parameter "a4 of the s t r a i g h t  

l i n e  whereas t a b l e s  3,4 - the  parameters "btl. 

I n  the  systems methylcycloheksane - benzene and he 

- benzene inac t ive  mobile phase the Ifan values decrease 
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Fig. 1 .  

Linear relationship between % values and specific 

surface area of adsorbent. Solvent system: benzene- 

-methanol. Points - experiluental data, straight 

l ine  - theoretical data, calculated f r o m  9q. I. 
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Linear r e l a t ionsh ip  between values and s p e c i f i c  sur fa-  

ce a rea  o f  adsorbents. Points - experimental data ,  

s t r a i g h t  l i n e  - t heo re t i ca l  data  calculated from eq.1. 
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01 P HEN Y L I -0.1 1 

VOLUME FRACTION OF C W H  " 9 7 )  c 

Fig,j .  Rekationship RiJl = f Y ?,. Points - experimental data,  
l i n e s  - t h e o r e t i c a l  data. 

VOLUME FRACTION OF C&OH ( % I  - 
Fig.4. Relationship KM ='f ' ,YI::.  0 ----- - silica gel  60, 

(>.. . s i l i c a  g e l  100, Q ... . ' -  - s i l i c a  g e l  ZOO, 
e,.., .....,. s i l i c a  g e l  500. 
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Table 1 

Values of parameter "a" f o r  i nac t ive  mobile phase. 

Substance 

diphenyl 
naphthalene 
2,6-dimethyl- 
naphthalene 

fluoranthene 
anthracene 
chrysene 
pyrene 

di, phenyl 
naphtha1 ene 
2,6-dimethyl- 
na ph t ha1 ene 

fluoranthene 
anthracene 
chrysene 
pyrene 

XParami te  r '*a 11 

concentration of benzene 
mobile phase: methylcycloheksane - benzene 
0.0 0.1 0.3 0.5 0.7 0.9 1.0 

0.14 0.09 0.09 0.08 0.07 0.03 0.03 
0.09 0.07 0.04 0.02 -0.02 0.02 0.09 
0.10 0.08 0.08 0.07 0.07 0.04 0.10 

mobile phase : heksane - benzene 

0.18 0.15 0.12 0.12 0.09 0.07 0.03 
0.12 0.09 0.08 0.05 0.02 0.01 0.02 

0.15 0.12 0.10 0.05 0.05 0.04 0.04 

0.12 0.12 '*I1 0.05 0.04 0.04 0.03 
0.17 0.14 0.11 0.05 0.04 0.08 G.04 
0.16 0.15 0.12 0.06 0.08 0,06 0.03 
0.18 0.13 0.12 0.11 0.10 0.06 0.06 

values a r e  presented as ax10-2 

with the increase i n  the concentration of benzene which is 

the more a c t i v e  component o f  t h e  mobile phase. 

I n  the s y s t e z s  where t h e  second component most ac t ive  

has the a b i l i t y  t o  formation o f  hydrogen bonds ( benzene- 

-methanol, benzene - ethanol the slope of t h e  s t r a i g h t  

l i n e  parameter llall increase with the  increasing concen- 

t r a t i o n  of alcohol. It  is possible  t h a t  t h i s  behaviour of 

the parameter "a" i s  t o  some extent  influenced by the 

associat ion of alcohol that  occurs i n  such systems. 

\ 
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Table 2 

Values of parameter "a1; f o r  a c t i v e  mobile phase 

Substance concentration of alcohol 
mobile phase: benzene - Nethano1 

0.0 0.1 0.3 0.5 0.7 0.9 1.0 

naphthalene 0.02 0.03 0.07 0.07 0.09 0.11 0.13 

methylnaphtha- 0.02 0.05 0.05 0.07 0.10 0.11 0.12 1 ene 
chrysene 0.03 0.04 0.04 0.06 0.08 0.08 0.06 

diphenyl 0.03 0.04 0.06 0.09 0.15 0.16 0.15 
pyrene 0.06 0.06 0.06 0.07 0.11 0.11 0.12 

fluoranthene 0.03 0.05 0.06 0-08 0.12 0.12 0.13 
mobile phase: benzene - ethanol 

methylnaphtha. 
l e n e  0.02 0.05 0.04 0.03 0.06 0.06 0.05 

chrysene 0.03 0.05 0.02 0-05 0.03 0.04 0.04 
pyrene 0.06 0.04 0.03 0.05 0.04 0.07 0.07 
diphenyl 0.03 0.04 0.02 0.02 0.04 0.04 0.08 

parameter I t a t !  values a r e  presented as ax10-2 

Tables 3 and 4 cantain the parameter "btl f o r  considered 
systems. The parameter Ifb" may give information about the 

molecular ac t ion  between mobile phase and chromatographed 

substance f o r  t he  surface s = 0. 

The s t r a i g h t  l i n e s  described can be used f o r  t he  cal-  

cu la t ion  of the Rmvn values of substances on any adsorbent 

w i t h  a s p e c i f i c  surface area.  k s e r i e s  of arduous measu- 

rements can be avoided i n  t h i s  way. It i s  enough t o  take 

two measurements of possibly extreme €$, values i n  o rde r  

t o  draw s t r a i g h t  l i n e s  RN = f(s) .  When parameters llatl and 

t*bll a r e  known f o r  two d i i f e r e n t  substances, t h e  sepa rab i l i t y  
of such mixture can be calculated w i t h  good approximation, 

with the use o f  the given mobile phase. 
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Table 3 

Values of parameter "b" f o r  nanactive mobile phase 

Substance concentration of  benzene 
mobile phase: methylcycloheksane - benzene 

0.0 0.1 0.3 0.5 0.7 0.9 1.0 

diphenyl -0.16 -0.22 -0.36 -0.45 -0.49 -0.48 -0.48 
naphthalene -0.04 -0.14 -0.27 -0.32 -0.33 -0.45 -0-35 

2*6-dimethy1- -O, , l l  -0.22 -0.36 -0.42 -0.43 -0.47 -0.45 

fluoranthene 0.07 -0.05 -0.17 -0.31 -0.36 -0.38 -0.38 
naphthalene 

anthracene 0.05 -0.07 -0d11 -0-30 -0.34 -0.36 -0.38 
chrysene 0.02 -0.28 -0.35 -0.42 -0-47 -0e4b -0.48 
pyrene -0.16 -0.10 -0.37 -0.41 -0.43 -0.45 -0.47 

mobile phase: heksane - benzene 

diphenyl -0.14 -0.30 -0.43 -0059 -0.58 -0.56 -0.48 
naphthalene -0.15 -0.20 -0.28 -0.37 -0-36 -0.37 -0.37 

2*6-dimethy1- -0.15 -0.27 -0.41 -0.40 -0.45 -0.45 4 - 4 5  naphthalene 
anthracene 0.01 -0.13 -0.30 -0.37 -0.39 -0.40 -0.40 

-0.40 

chrysene -0.15 -O.l7 -0.21 -0.42 -0.47 -0.47 -0.48 
pyrene -0.07 -0.26 -0.40 -0.55 -0.50 -0.47 -0.47 

fluoranthene 0.02 -0.13 -0.30 -0.37 -0-39 -0.40 

It  r e s u l t s  from t h e  graphs 3 and 4 of dependencies 

RM,,2 p: @pl) presented i n  f i g u r e s  3 and 4, t h a t  and theore- 

t i c a l l y  on the  bas i s  of  the equation 1 a r e  within the range 

of a permissible experimental e r ro r ,  i .e. t ha t  those theore- 

t i c a l  Rm values a r e  adequate representat ions of  r e a l  % 
values. 

The obtained r e s u l t s  seem t o  suggest t h s t  it i s  possible  

t o  t abu la t e  values "a" and "b" i n  order t o  ca l cu la t e  the de- 

pendence of RpI = f(s). It has a l so  been s t a t e d  that the re  

i s  a general  dependence o f  t h e  parameters o f  t h e  s t r a i g h t  
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Table 4 

Values of parameter Irb" f o r  a c t i v e  mobile phase 

Sub stance 

naphtha1 ene 
-methyl - 

naphtha1 ene 
chrysene 
pyrene 
diphenyl 
fluoranthene 

-me thy1 - 
naphthalene 

chrysene 
pyrene 
d i  phenyl 

concentration o f  alcohol 
mobile phase: benzene - methanol 

0.0 0.1 0.3 0.5 0.7 0.9 1.0 
-0.35 -0.53 -0.65 -0.61 -0,gO -0.94 -3.12 

-0,41 -0.53 -0.79 -0.86 -0.9b -0.99 -1 003 

-0.48 -0.51 -0.62 -0.79 -0.73 -0.72 -0.58 
-0.47 -0.57 -0.72 -0.65 -0.85 -0.87 -0.64 
-0.48 -0.59 -0.79 -0.94 -1.06 -0.05 -1.13 
-0.38 -0.44 -0-64 -0.90 -0.89 -0.96 -0-92 

mobile phase: benzene - ethanol 

-0.41 -0.63 -0.68 -0.80 -0.71 -0.71 -0.62 

-0.48 -0.53 -0.64 -0.73 -0.53 -0.58 -0-52 
-0.47 -0.52 -0.74 -0.86 -0076 -0.76 -0.72 
-0.40 -0.61 -0.79 -0.71 -0-75 -0.75 -0-73 

l i n e  % = a s  + b 

of t he  components of  the mobile phase, the surface on the  

adsorbent, occupied by the  chromatographed substance and the  

molecular of t he  components of the mobile phase. This 

a f fo rds  a wider range of p o s s i b i l i t i e s  of optimizing t h e  

thin-layer chromatography process. 

on the  d i f f e rence  o f  t h e  e lu t ion  s t renght  

The dependencies described above can undergo changes i n  

the  case of s ieve e f f e c t  leading t o  a non-linear from of  

equation I. Consequently, t he  a p p l i c a b i l i t y  of t he  obtained 

dependencies should be l inLted t o  the values of t h e  speci- 

f i c  surface 50 - 500 m2/g (14) .  

It  seems t h a t  i nves t iga t ions  presented above can be of 

g r e a t  importance i n  transforming the  chromatographic data 
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2676 ROZYZO, MALINOWSKA, AND PONIEXAZ 

of t h in - l aye r  chromatography t o  t h e  cond i t ions  o f  l i q u i d  

column chromatography, due t o  f requent  d i f f e r e n c e s  i n  the  

p r o p e r t i e s  of t h e  s t a t i o n a r y  phase i n  both methods, resul- 

t i n g  from t h e i r  na ture .  
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