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JOUFWiL OF LIQUID CHROMATOGRAPHY, 7 ( 7 ) ,  1301-1312 (1984) 

THh CORPJ2LATIONS BETWEEN CAPACITY FACTORS k ' 

AND l$, VALUES I N  LIQUID COLUMN AND 

T H I N  - LAYhR CHRONATOGRAPIIY 

Jan  K.ROZYt0, Joanna CROSS, Malgorzata PONIEW&, 
Roman LODKOWSKI and Boguslaw BUSZEWSKI 

I n s t i t u t e  o f  Chemistry, Maria Curie-Sklodowska 
Univers i ty ,  P1 .M.Curie-Skkodowskie j 3 ,  
20-031 Lublin,  POLAND 

ABSTRACT -------- 
The purpose of  t h i s  s t u d i e  being c a r r i e d  o u t  is t o  

d e f i n e  some r e g u l a r i t i e s  between Thin-layer and Liquid 
Column Chromatography; i .e. between experimental outained 
and t h e o t e f i c a l  ca l cu la t ed  %-values and experimental 
obtained 1ogkLvalues f o r  some non-active organic  substances 
i n  mixed b inary  so lven t s  systems. I t  was s tud ied  t h e  kind 
t h e s e  c o r r e l a t i o n s  change wi th  changing mobile phase 
compositions. The present  paper i s  a c e r t a i n  a s p e c t  of  new 
s t u d i e s  on p o s s i b i l i t i e s  of t h e  use Thin-layer Chromato- 
graphy as a p i l o t  technique f o r  Liquid Column Chromato- 
graphy (1,2). I n  a study on t h e  opt imizat ion of chromato- 
graphic  process  it i s  necessary t o  def ine  t h e  c o r r e l a t i o n s  
between %-values which cha rac t e r i ze  the  r e t e n t i o n  i n  TLC 
and k'-values which cha rac t e r i ze  the  r e t en t ion  i n  i n  LCC. 

t h e  changes of mobile phase compositions a r e  s tud ied .  
The conformity between t h e o r e t i c a l  ca l cu la t ed  and experimental 
obtained F$l-values of  chromatographed substances f o r  
differemt mobile phase compositions a r e  inves t iga t ed .  A good 

I n  t h e  paper t h e  changes o f  t hese  c o r r e l a t i o n s  wi th  
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1302 ROZYEO ET AL. 

agreement between theo re t i ca l  and experimental data  makes 
possible t o  foresee on the b a s i s  of the co r re l a t ions  between 
l o g k  '- and %-values the r e t en t ion  i n  column chromatography. 

INTRODUCTION 
-L-------""l 

Considering the wide appl icat ion of chromatography it i s  

necessary t o  f i n d  r e l a t i o n s  between the parameters obtain by 

d i f f  c r en t  chromatographic techniques. Advantages of Thin- 

l a y e r  Chromatography cause that  it can be used as a p i l o t  

technique for Liquid Column Chromatographyo 

The p o s s i b i l i t y  of t heo re t i ca l  ca l cu la t ions  of RN-values 

makes possible t o  use these data  i n  HPLC conditions. I n  t h i s  

purpose it is  necessary t o  def ine the co r re l a t ions  between 

RN and 1ogk'-values of chromatographed substances f o r  

a given mobile phase system. From the  s tudy  it appears 

t h a t  the simple t h e o r e t i c a l  dependence %=logk* i s  n o t  

exact ly  conformable t o  experimental data,  I t  i s  caused by 

d i f f e r e n t  conditions of  t he  chromatographic process on 

a p l a t e  and i n  a chromatographic column; i,e. a presence 

of a gas phase i n  a chamber, a d i f f e r e n t  s t a t iona ry  phase 

prof iP on a p l a t e  and i n  a column, a d i f f e r e n t  mobile phase 

flow-rate, etc. (3,4j . 
In  the paper t h e  graphical co r re l a t ions  between and 

logk*-values f o r  some substances i n  three d i f f e r e n t  mobile 

phase systems have been showno The changes of these 

correlatdions w i t h  the  changes of a mobile phase type and 

i t s  composition a r e  studiedo 

EXPERIPlIENTAL 
----u-c)---- 

Experimental RN-values o f  invest igated substances were 

determined by ascending adsorption thin-layer chromatography. 
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CAPACITY FACTORS k' AND % VALUES 1303 

Silica g e l  60 (Merck) was used as an adsorbent. The l a y e r  

t i ckness  was 0.25 mm. P l a t e s  were ac t iva t ed  for 2h a t  135'C, 

Chromatograms were developed i n  thermostatic conditions 

a t  21 2 0.5 O C  i n  saturated chambers. 

As the mobile phases were used pure isooctane, hexane, 

cyclohexane and chloroform, and t h e i r  binary mixtures 

of compositions 'Q, : 0.1 ; 0,3 ; 0.5 ; 0.7 ; 0.9((9, w a s  

a volume f r ac t ion  of  a stronger mobile phase component). 

As a chromatographed substances were used naphtalene and its 

methyl de r iva t ives  and polycyclic aromatic hydrocarbons. 

These substances were visual ized on chromatograms i n  iodine 

pairs o r  i n  UV l i g h t ,  

For LCC experiments was used Pay Unicam LC 20 Liquid 

Chromatograph. Merck Lichrosorb S i  60 of  0.5)im p a r t i c l e  

diameter was used as an adsorbent. The same as i n  TLC 

s t u d i e s  substances and binary mixtures were used. 

Experimental %-values of  chroma tographed substances 

were obtained from TLC studies.  O h c i k ' s  thermodynamic theory 

of adsorption from multicomponent systems was used as the bas i s  

of  ou r  i nves t iga t ions  (5-7). The equation r e su l t i ng  from it 

makes us  possible t o  ca l cu la t e  t heo re t i ca l  RM-values f o r  

s tudied substances : 

where %, 2 ,  RMl, RM2 are RM-values of a given so lu t e  

i n  a mixed mobile phase nl+211 and i n  pure solvents  " I H  and 

"2" respectively;A%1,2 = R~~ - R~~ is t he  difference 

, 
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ROZYZO ET AL. 1304 

o f  the  RM-values of a so lu te  i n  pure solvents 

y, is a volume f r a c t i o n  of a s t ronger  1’1” component 

of a mobile phase; the value A, represents  molecular inter-  

act ions between molecules of the chromatographed substance 

and these of the components of a solvent  ; Y represents  

the influence o f  the  kind of the  chromatographed substance 

and components of a binary mobile phase on the parameters 

discussed. In the case of  idea l  solvents  this value is 

equal t o  zero o r  it is negl igible  small i n  the case 

o f  non-ideal solvents. 

and “ZN; 

From experimental data logk’-v@lues of chromatographed 

substances were calculated,  

Fig,la,b shows the graphical r e l a t i o n s  between theoret ical  

calculated on the base of eq,? and experimental obtained 

%-values f o r  chosen substances f o r  given mobile phase 

compositions f o r  two d i f f e r e n t  mixed phases. I n  a l l  cases 

a good agreement of theare t ica l  and experimental values 

of function RN 5 f(vl) has  been obtained. Eq.1 descr ibes  

s a t i s f a c t o r y  experimental data  f o r  mixed phases c6mposed 

of type N o r  A solvents  and f o r  type N(B)substances(8). 

T h i s  results from the  fact  t h a t  systems o f  t h i s  type a r e  

conformable t o  the  theore t ica l  assumptions of this equation, 

e .g ins igni f icant  and non-specif i c  in te rac t ions  between 

solvent  and so lu te  molecules. 

I n  the case of type N + N solvents,  e.g. isooctane- 

hexane o r  hexane-cyclohexane, the  p l o t s  o f  % - f(Cpl) 

re la t ionships  have f l a t  shapes (Fig.la) , That means t h a t  

t h e  increase of v, -value not  influences considerably on 
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CAPACITY FACTORS k' AND % VALUES 1305 

a 

0.8 

0 

0.0 

-0.2 I -0- 

I ,  I I I 

0.1 0.3 0.5 0.7 0.9 

b 

\s 

I I 

0.1 0.3 0.5 0.7 0.9 

Fig .?  

The graphical relationships between theoretical ( l ines) 

and experimental (circles) RM-values and the coaposifion 

of  the mobile binary solvents phase; 

(a) the mobile phase: isooctaae - hexane, 

(b) the mobile phase: hexane - chlorofoxm, 

0 1,5-dimethylnaphtalene, 

(> phenmtrene, 

0 fluoranthene . 
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1306 ROZYEO ET AL. 

t he  re tent ion of  chromatographed substances i n  this kind 

of mobile phase systems. Both of these mobile phases 

are mixtures o f  non-active solvents  which non-specific 

i n t e r a c t  w i t h  invest igated substances, and thet  the increase 

of %-value not  changes the e lu t ion  s t renght  of a given 

mobile phase. 

The d i f f e ren t  s i t u a t i o n  i s  i n  the  case of hexane- 

chloroform mobile phase( type N +A).  The curves i l l u s t r a t e d  

RM P f('pl) r e l a t ionsh ips  f o r  t h i s  system have s t eep  shapes 

(Fig.1b). It is comprehensible when we not ice  that the more 

a c t i v e  component of a mobile phase (chloroform) i s  ab le  

t o  a r i s e  s t ronger  intermolecular i n t e rac t ions  w i t h  regard 

t o  its eleatron-acceptor p rope r i t i e s .  The increase 

of  chloroform amount i n  a mobile phase f romyl  = 0.0 t o  0.3 

inf luences considerably-on RM-values of chromatographed 

substances. "he RM-values not  change so considerably with 

a f u r t h e r  increase of 'p l-values. 

I n  the range of low ql-values (0.0 - 0.3) the re  a r e  

a continuous increase of chloroform amount i n  an adsorption 

phase and tha t  e f f e c t s  on the r e t en t ion  of chromatographed 

substances (9). 

On the base o f  experimental obtained logk*-values 

and experimental obtained and theo re t i ca l  calculated %-values 

of studied substances the co r re l a t ions  logk' = f ( R M )  a r e  

i l l u s t r a t e d  graphical f o r  given mobile phase compositions. 

Frore the t h e o r e t i c a l  equation lo&' = RN it seems t h a t  these 

p l o t s  ought t o  be s t r a igh t - l i nes  w i t h  slopes equal t o  un i ty  

and that they a r e  independent OR the  kind and the composition 
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CAPACITY FACTORS k' AND % VALUES 1307 

o f  a mobile phase. From experimental data  it a r i s e s  t h a t  

though these graphical r e l a t ionsh ips  are s t r a igh t - l i nes  

t h e  slopes of them are not only d i f f e r e n t  f r o m  uni ty  

but  a r e  d i f f e r e n t  for various mobile phase compositions as well. 

Fig.2 and 3 show the graphical re la t ionships  between 

experimental 1ogk'-values and theo re t i ca l  and experimental 

%-values f o r  chromatographed substances f o r  hexane - 
cyclohexane and isooctane - hexane systems and f o r  given 

mobile phase compositions. These co r re l a t ions  a r e  s t r a igh t -  

l i n e s  o f  near un i ty  slopes. From the  comparison of graphical 

calculated slopes it seems t h a t  they change in s ign i f i can t ly  

with mobile phase compositions. I n  p rac t i ce  they receive 

similar values i n  a narrow range f o r  both mobile phasesr 

The o s c i l a t i o n s  of slope values r e s u l t  r a t h e r  from 

experimental e r r o r s  then from changes i n  mobile phase 

p r o p e r i t i e s  r e su l t i ng  from the changes i n  i t s  composition. 

The a n a l i s i s  of  the p l o t s  on Fig.2 and 3 shows that 

RH-values f o r  naphtalene and i t s  methyl de r iva t ives  a r e  

near the same i n  both mixed mobile phases i r r e spec t ive  

of  t he  s i t e  of t h e  subs t i t u t ing  groups i n  the naphtalene 

molecule. This r e s u l t s  from small values of  the adsorption 

energies o f  these groups on s i l i c a  g e l  (10). 

I n  the case of polycyclic aromatic hydrocarbons 

the differences i n  RM-values r e s u l t  from the f a c t  t h a t  

i n t e rac t ions  between solvent and so lu t e  molecules are 

negl igible  and a higher influence of t he  s t r u c t u r a l  

e f f e c t s  of these molecules can be observed. 

I t  can be noticed from Fig.2 and 3 t h a t  the co r re l a t ions  

logk' = f(RH) a r e  d i f f e r e n t  f o r  two groups of chromatographed 
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log k' 
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CAPACITY FACTORS k' AND % VALUES 1309 

substances; i.e. f o r  naphtalene and i t s  methyl de r iva t ives  

and f o r  polycyclic aromatic hydrocarbons. The d i s t r i b u t i o n  

o f  these co r re l a t ions  can be explained by s t r u c t u r a l  

e f f e c t s  of these organic compounds. To study th i s  problem 

more precisely i s  necessary t o  ga the r  much more experimental 

data.  

A d i f f e r e n t  s i t u a t i o n  i s  i n  the  case of hexane - 
chloroform system ( N  + A type). Fig.4 shows the  correla-  

t i o n s  between logk' and RM-values for chosen mobile phase 

concentrations f o r  t h i s  system. The d i s t i n c t  changes 

of t he  l i n e  slopes w i t h  changing t h e  mobile phase 

composition a r e  observed. The s t r a igh t - l i nes  become more 

s tedp while the amount of ch lo ro fo rm(v l )  i n  a mobile phase 

increases ,  e.g. the increas  of t h e  mobile phase e l u t i o n  

s t r engh t  inf luences on the shapes of  the s t r a igh t - l i nes  

i l l u s t r a t e d  graphical the r e l a t ionsh ips  logk' = f (RN)(9). 

For t h i s  system 

t i o n  of these co r re l a t ions  for two groups of compounds 

i s  no t  observed. 

hexane - chloroform,(N + A type) the separa- 

Fig .2 

The co r re l a t ions  between experimental 1ogk'-values and 

experimental ( l i n e  1) and theo re t i ca l  ( l i ne  2 )  HM-values 

w i t h  using isooctane - hexane as the mobile phase; 

(a) q1 = 0.1 16 (b) Q1 - 0.7 ; 
0 naphtalene, a-methylnaphtalene,  @ I, 3-dimethylnaphtalene, 

0 I .5-dimethylnaphtalene, n anthracene, pyrene, 

chrvsene , ff fluoranthene, phenantrene. 
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Log k' 
0.6 

0.2 

0.0 

- 0.2 

- 0.6 

0.2 

0.0 

- 0.2 

- 0.4 

- 0.6 

a 
(1) 

b 
(1) 

a 
( 2)  

b 

0.6 0.6 0.8 

Fig .3 

The correlations between experimental loak*-values and 

experimental ( l i n e  I) and theoretical ( l i n e  2 )  Rpl-values 

with using hexane - cyclraheme as  the mobile phase ; 

(a) Cp, - 0.1 i (b) CQ, = 0.3 ; 

0 naphtalene ,(> (3-methylnaphtalene, c) 1,3-dimethylnaphtal%ae, 

1 ,5-dimethvlnaphtalene, 0 anthracene , @ pyrene , 
chrysene, fluoranthene, A phenantrene, A fluorene. 
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CAPACITY FACTORS k' AND % VALUES 1311 

stope = 2.5 / 
I 

-0.2 0.0 0.2 - 

Fig.4 

The correlations between experimental 1ogk'-values and 

experimental ( l ine  I) and theoretical ( l ine 2) %-values 

with using hexanrt - chloroform as the mobile phase 9 

(a )v ,  - 0.3 ; ( b ) Q 1  5 0.5 ; 

the remaining explanations as  above 
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1312 ROZYI!,O ET AL. 

From the  data  presented i n  t h i s  paper it appears t h a t  

t h e  co r re l a t ions  between logk' and %-values for chromato- 

graphed substances are s t r a igh t - l i nes  and, as it w a s  noticed, 

t h e i r  shapes depend on the kind and the composition 

of  a mobile phase. 

The above considerat ions sygnallzes the p o s s i b i l i t y  

of  the use TLC-data, experimental obtained o r  t h e o r e t i c a l  

calculated on t h e  base of the eq.1, i n  more complex and 

time- wasting chromatographic technique as Liquid Column 

chromatography, and t h a t  TLC can be used as a p i l o t  

technique f o r  more p rec i se  s tudies ,  
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