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EFFECT OF DILUENT UN THE STRUCTUHE 

GF i'HE A X L ; ? P i l O N  LAYE:? IN SYSTEMS OF 

i'HE TYPE DILUENT + PULA? SOLVENT-SILICA 

W.Markowski and K .L .Czepinska 
Department o f  I n o r g a n i c  and A n a l y t i c a l  Chemistry 

Pledical  Academy 
S tasz i ca  6 S t .  

20-082 L u b l i n ,  Poland 

The adso rp t i on  behaviour  o f  s o l v e n t s  whose molecules 
d i f f e r  i n  p o l a r i t y ,  f u n c t i o n a l  groups and shape and the 
e f f e c t  o f  t h e  l e s s  p o l a r  d t l u e n t  was i n v e s t i g a t e d .  The 
s u r f a c e  excess was determined f o r  v a r i o u s  comb ine t ion ro f  
d i l u e n t s  and p o l a r  solvents us ing  t h e  m o d i f i e d  t h i n - l a y e r  
f r o n t a l  chromatography technique. 

Adsorp t i on  i n  l i q u i d - s o l i d  systems i s  impor tan t  n o t  

o n i y  from the  v iewpoint  o f  t h e  phenomenon i t s e l f ,  bu t  

a l s o  w i n g  t o  i t s  fundamentai r o l e  i n  the  d e s c r i p t i o n  o f  

d i spe rse  systems /I/, D i f f e r e n c e s  i n  t h e  o p i n i o n s  about 

the  o r i e n t a t i o n  o f  moiecuies i n  t n e  adeorp t i on  l a y e r  and 
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64 MARKOWSKI AND CZAPINSKA 

i t s  s t ruc tu re  a r e  r e f l e c t e d  by the use o f  var ious models 

i n  the theory o f  re ten t i on  mechanism i n  l i q u i d  chromato- 

graphy /2-4/. Recently, OScik e t  a1./5/ concluded tha t  

ketones form mu l t i l aye rs  when adsorbed from heptane 

Solut ions and monomolecular l aye rs  in benzene so lu t ions .  

Therefore, i t  seemed worthwhi le t o  i n v e s t i g a t e  the  

adsorpt ion behaviour o f  o ther  so lvents  whose moleculee 

d i f f e r  i n  p o l a r i t y ,  f unc t i ona l  groups and shape; the 

e f f e c t  o f  the  l ess  p o l a r  d i l uen t  was a lso  inves t iga ted .  

Fo r  t h i s  purpose, the sur face excesa r in/ waa determined 

f o r  var ious combinations o f  d i l uen ta  and p o l a r  so lvents ,  

us ing the modi f ied th in - l aye r  f r o n t a l  chromatography 

technique /6/. 

EXPERIMENTAL 

The chromatographic experiments were c a r r i e d  out 

according t o  the procedure described i n  an e a r l i e r  

paper /6/ w i t h  a recen t l y  in t roduced mod i f i ca t i on  / 7 / .  

RESULTS AND DISCUSSION 

Four p o l a r  eolvent o f  c lass  B and AB according t o  

Pimentel and McClellan and belonging t o  var ious  homolo- 

gous ser ies  were chosen: d i e t h y l  e ther ,  d i e t h y l  ketone, 

methyl  e t h y l  ketone and n-pentanol-1. The four  so lvents  
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ADSORPTION BEHAVIOR OF SOLVENTS 65 

have s i m i l a r  molar volumes. As d i l u e n t ,  both nonpolar 

/heptane, hexane, cyclohexane, decal in /  as w e l l  as 

weakly po la r  solvents were chosen /benzene, chloroform, 

methylene ch lo r ide / .  The po in t  o f  the excess isotherm 

was determined f o r  1 M concentrat ion o f  the po la r  

so lvent  which should correspond i n  most cases t o  mono- 

molecular coverage. If the monomolecular adsorpt i o n  

model I s  cor rec t  / t  = l / ,  then the  molar f r a c t i o n  o f  the  

solvent I n  t h e  adaorpt ion l a y e r  should not slroeed u n i t y  

/Xi41/.  The value o f  XI was ca lcu la ted  from E v e r e t t D s  

equa t i o n  : 

Assuming t = 1 we have 

where ao 
i .d  

i n  the monolayer 

a r e  the areas covered by the g iven molecules 

r in/ - surface excess concentrat ion 

t - number o f  l aye rs  

- molar f r a c t i o n  o f  "I" i n  the bu lk  phase. x i  
I f  the ca l cu la t i ons  f o r  g iven values o f  ao r e s u l t  i , J  

i n  X r  > 1 then the assumption o f  monomolecular adsorpt ion 

was fa lse.  For  many simple systems the cond i t i on  t = 1 is  

f u l f i l l e d ,  however, f o r  other5 t ?  1 I s  requi red.  

The sur face excese values obtained are  given i n  

Table 1. 
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66 MARKOWSKI AND CZAPINSKA 

TABLE 1 

Values o f  the surface excese n:IV/ f o r  some eolvent 
systems a t  Ci= 1 ML". Adsorbent : s i l i c a  g e l ,  es=500 m g 1 2 -1 

Di -e thy l  D i - e t h y l  Methyl- n- 
ether  ketone p r o p y l  pentanol-1 Oi luent  

ketone 
Heptane 0.94 1.59 1.95 0.83 
Hexane 0.82 0.99 1.33 0.80 
Cyclohexane 0.66 1.10 1.16 0.71 
Benzene 0.46 0.76 0.94 0.64 
Oecr l i n  1 .oo 1.14 1.32 0.81 
Carbon te t ra -  0.51 0.67 0.81 0.55 
ch lo r i de  
Oichloromet hane 0.31 0.33 0.49 0.57 
Chloroform 0.27 - 0.32 0.42 0.53 

The ca lcu le t ione acoording t o  eq.1 should be preceded 

by the choice o f  the values o f  the molecular area8 

Two methods were app l ied  i n  the present study. I n  the 

f i r s t  the c a l c u l a t i o n  were baaed on the formula proposed 

by McClellan and Harnsberg /8/ 

&J = 2.567 . V0'667- 10.336 

To ca l cu la te  the molecular area from t h i s  formula i t  

is s u f f i c i e n t  t o  know the  molar volume o f  t he  component: 

denotes the area o f  the molecule assuming spher i ca l  l i q  
shape and denee hexagonal pecking. I n  the second method 

the molecules were coneidered ae cy l i nde rs  o f  cross- 

sec t ion  area equal t o  0.22 nm /ca lcu la ted  from molecular 

parameters; Van der Waels r a d i i  e tc . /  and length  propor t -  

i o n a l  t o  the chain length ,  i n  accordance w i t h  the equat ion 

2 
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ADSORPTION BEHAVIOR OF SOLVENTS 67  

0.22 x H x NA = c / 3/ 

where N i s  t he  l e n g t h  o f  

number and - molar volume. 

The areas o f  4 mole o f  adsorbate c a l c u l a t e d  by  the  

two methods a r e  g i ven  i n  Table 2 f o r  f l a t  and perpendi -  

c u l a r  o r i e n t a t i o n  r e l a t i v e  t o  the  adsorbent s u r f a c e .  

t h e  c y l i n d e r ,  NA - Avogadco 

From the  molecular  excess va lues  ni /assuming 

t h a t  nTlv/  = nc jn /  and s p e c i f i c  s u r f a c e  area o f  s i l i c a  

equal  t o  500 m g / the  molar f r a c t i o n  o f  t h e  p o l a r  

component i n  t h e  adso rp t i on  l a y e r  was c a l c u l a t e d  f o r  

v a r i o u s  p o s s i b l e  va lues o f  a O 

1 

2 -1 

/ r e l a t i v e  t o  1 mole/. i , j ,  

TABLE 2 

Areas occupied by one mole o f  molecules i n  t h e  monolayer 

0 0  a; ,ai c a l c u l a t e d  

Solvent  

A J  

f o r  c I l i n d r i c a l  shape -from 

/eq.2/ ila: v e r  t i c e 1  

Hept ane 3.73 

Cyclobexane 2.93 
Hexane 3.29 

Benzene 2.49 
D e c a l i n  3.88 
Carbon t e t r a - c h l o r i d e  2 67  
Dichloromethane 1.89 
Chloroform 2 .29  
D i - e t h y l  e t h e r  2.84 
D i - e t h y l  ketone 2.88 
Me thy l -p ropy l  ketone 2.89 
n-Pentanol-1 2.95 

o r i e n t a t i o n  

3 29 
2 .82 
2 - 0 5  
2.05 
4.10 

2 35 
2 46 
2.69 
2.67 

o r i e n t a t i o n  

1 . 2 7  
1.27 
1.40 
1 40 
2 80 

1.48 
i 48 
1 . 4 8  
1 . 2 7  
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68 MARKOWSKI AND CZAPINSKA 

TABLE 3 

a. Molar f r a c t i o n  Xi" o f  p o l a r  so lvents  i n  the  adsorpt ion 
l a y e r  /ca lcu la ted  f o r  a:, a: from eq./2// assuming 
monolayer adsorpt ion / t  = 1/ 

Di -e thy l  D i - e t h y l  Methyl- n- 
D i luent  e ther  ketone p r o p y l  pentanol-  

Heptane 0.72 1.04 1.20 0 -67 
Hexane 0.62 0.72 0.91 0.62 
Cyclohexane 0.49 0.74 0.78 0.53 
Benzene 0.33 0.50 0.60 0.43 
D eca 1 i n  0.76 0.84 0.93 0.67 
Carbon t e t  ra- 

ch lo r i de  0.38 0.47 0.55 0.40 
Dich lo  romet hane 0.20 0.21 0.28 0.32 

0.35 - Chloroform 0.21 0.24 0.29 

b.  Molar f r a c t i o n  Xi o f  p o l a r  so lvent  i n  the  adsorpt ion 
l a y e r  /ca lcu la ted  f o r  c y l l i n d r i c a l  molecular shape 
and f l a t  adsorpt ion o f  po la r  so lvent  and v e r t i c a l  
adsorpt ion the d i l uen t /  

ketone 1 

c- 

G 

Di-et  h y l  %%m-'li- 
Di luent  e ther  ketone p r o p y l  pentanol-  

I 
ket_one 1 

Heptene 0.73 1.50  2 -66 0.76 
Hexane 0.62 0.80 1 .35  0.71 
Cyclohexane 0.48 0.85 1.04 0.59 
Benzene 0.33 0.55 0.79 0.51 
Deca 1 i n ,  0.57 0.66 0.83 0 . 5 L  

c. AS i n  b/ ca lcu la ted  f o r  c y l l i n d r i c a l  molecule 

---IL-- 

Di -e thy l  

shape and f l a t  adsorpt ion o f  p o l a r  so lvent  and f l a t  
adsorpt ion the d i l u e n t  

Di -e t  h y l  D i - e r i ' < t % F - k - ' -  
- 

ether  ketone' ropy1 pentanol- --- Di luent  - - [stone 1 
Heptane 0.49 0.73 0.96 0.53 
Hexane 0.48 0.57 0.81 0.54 
Cyclohexane 0.44 0.49 0.68 0.53 
Benzene 0.31 0.49 0.68 0.47 
Dekaline 0.46 0.52 0.62 0.42 - - -.-- 
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ADSOWTION BEHAVIOR OF SOLVENTS 69 

The moler f rec t i onsce lcu la ted  f o r  ver ioua aasumptions 

are  given i n  Table 3 a,b,c. 

The a i m p l i f i e d  procedure /var ious geometr ica l  

models o f  molecules/ is commonly uaed when no general  

s o l u t i o n  is eve i l ab le ;  i t  may prodide approximete 

in fo rmat ion  about the r o l e  o f  the inveat iga ted  paremeters 

i n  the phenomena atudied. 

I t  fo l l ows  from the ce l cu la t i ona  /Table 3a/ t ha t  

the use o f  molecular areas baeed on eq.2 r e s u l t s  i n  

molar f r a c t i o n s  l a r g e r  than u n i t y  f o r  methyl-n-propyl 

ketone end i n  same Cases a l s o  f o r  d i e t h y l  ketone. This 

seem t o  i n d i c a t e  tha t  the monomolecular model o f  

edeorpt ion i 8  not v a l i d  i n  these cesea. On the o the r  

hand, the moler f r a c t i o n  o f  e ther  is smal ler  then 

u n i t y  f o r  a l l  d i l u e n t r  which is i n  accordence w i t h  the  

monomolecular adsorpt ion model. 

I n  the aecond model c y l i n d r i c a l  shape o f  the  mole- 

culea wan eeaumed. I n  the case o f  po le r  aolventa f l a t  

adsorpt ion waa eaauned wh i l e  f o r  d i l uen ta  /hexane, 

heptane, benzene, cyclohexane, dekaline/ two extreme 

camea i .e . ,  v e r t i c a l  o r  f l a t  adsorpt ionurrc  conaidered. 

The r e s u l t 8  a re  presented i n  Teble 3b.c. F l a t  adaorpt ion 

o f  po la r  r o l v e n t  and v e r t i c a l  edsorpt ion o f  the  d i l u e n t  

r e a u l t r  in data which can be i n t e r p r e t e d  by m u l t i l a y e r  

edaorpt ion /mole f r a c t i o n  smel ler  then u n i t y  i8 obteined 

f o r  t>  I / .  On the o ther  hand, aasumption o f  f l a t  
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70 MARKOWSKI AND CZAPINSlCA 

conf igura t ions  f o r  both po la r  and nonpolar molecules 

leads t o  ca lcu la ted  values o f  Xi which are  i n  agreement 

w i t h  the monoeoleculer adsorpt ion model. 

G 

The conclueions emphaeize the role o f  est imated 

Bitting area8 o f  edeorbed molecules. For ins tance,  the 

r e r u l t s  i n d i c a t i n g  b i l a y e r  sdeorpt ion i n  ketone 8 0 l U t -  

ion. and monolayer edeorpt ion i n  e ther  eo lu t ione may 

lead t o  e x p l i c a t i o n  o f  some anomalieo i n  the  behaviour 

o f  e thers i n  comparison t o  ketone8 when ueed as e luent8 

i n  l i q u i d - s o l i d  adsorpt ion chromatography. Owing t o  

the l i m i t e d  number o f  exper imental  data analysed, o n l y  

general  conclueione could be formulated.  
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