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HYDROPHOBICITY AND RETENTION 
I N  REVERSED PHASE LIQUID 

CHROMATOGRAPHY 

Marius D'AMBOISE, and Toshihiko HANAI 
Department of Chemistry 
University of Montreal 

P.O. Box 6210, Stat ion A 
Montreal, Canada, H3C 3V1 

ABSTRACT 

Reversed phase 1 iquid chromatography retent ion data f o r  seve- 
ra l  compounds are  examined i n  re1 ationshi p t o  t h e i r  hydrophobici- 
t i e s .  Alcohols and various aromatics are  used to  compare hydro- 
phobici t ies  in a l ipha t i c  and aromatic compounds. Capacity fac- 
tors, k '  , can be cor rec t ly  evaluated by using the hydrophobic fac-  
t o r s  ( log  P )  derived from the hydrophobic fragmental constants.  
Appropriate solvent mixtures to  achieve good separat ions can be 
choosen from graphical d a t a .  

INTRODUCTION 

The behaviour of a so lu te  in a chromatographic system i s  a 

constant preoccupation fo r  the  analyt ical  chemist. Dis t r ibut ion 

coef f ic ien ts  of ionizable compounds have been re1 ated to  capaci ty  

r a t io s  in a system using polystyrene gel as packing (1). Reten- 

t ion  of dipolar  acids on ion-exchange resin has been explained 
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230 D'AMBOISE AND HANAI 

through i o n - i o n  i n t e r a c t i o n .  Op t im iza t i on  o f  chromatographic con- 

d i t i o n s  f o r  non- ion izab le  compounds has been discussed by many 

researchers ; so lvent  e f f e c t s  ( 2 )  , molecu la r  s i z e  e f f e c t s  ( 3 ) ,  and 

branch ing  e f f e c t s  ( 4 )  g i v e  use fu l  i n f o r m a t i o n  f o r  t he  p r e d i c t i o n  

o f  t h e  r e t e n t i o n  t ime. Mo lecu la r  s i z e  e f f e c t s  have a l so  been used 

t o  study t h e  i n f l uence  o f  a l k y l  groups on c a p a c i t y  f a c t o r s  (5-8). 

Op t im iza t i on  o f  procedures i n  reversed phase 1 i q u i d  

chromatograhy, RPLC, r e q u i r e s  some know1 edge o f  t he  separa t i on  

mechanism. Various modes o f  i n t e r a c t i o n  are poss ib le .  Non-polar 

s o l i d  supports g i ve  r i s e  t o  abso rp t i on  on a sur face  which may 

behave bo th  as i f  it were a s o l i d  and a l i q u i d .  So lu te  r e t e n t i o n  

can be envisaged as a r e v e r s i b l e  a s s o c i a t i o n  between t h e  

hydrocarbonaceous surface and t h e  s o l u t e  molecule.  This type  o f  

i n t e r a c t i o n  i s  c a l l e d  hydrophobic i n t e r a c t i o n  ( 9 ) .  It i s  the  

r e s u l t  o f  a r e p u l s i o n  between t h e  chromatographic support  and 

water as we l l  as between water and the  s o l u t e  : i t  may be s a i d  

t h a t  water fo rces  t h e  a s s o c i a t i o n  between t h e  s o l u t e  and t h e  

support .  The i n t e r a c t i o n  can a l s o  be viewed as a p a r t i t i o n  

between one l i q u i d ,  t h e  aqueous e luen t  and a second pseudo l i qu id ,  

t h e  so l  i d  hydrocarbonaceous support .  

Rekker 's hydrophobic f ragmental  cons tan ts  (10) have been 

use fu l  i n  eva lua t i ng  h y d r o p h o b i c i t i e s  o f  a romat ic  as we l l  as 

a1 i p h a t i c  compounds. The concept o f  hyd rophob ic i t y  i s  q u i t e  

h e l p f u l  i n  the  development o f  new drugs. I t  may a l s o  be use fu l  i n  

t h e  o p t i m i z a t i o n  o f  reversed phase l i q u i d  chromatography. 
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HYDROPHOBICITY AND RETENTION 23 1 

Attempts, based on the hydrophobicities of various alcohols,  were 

made in order to predict  the r e l a t ive  retent ion of theses so lu tes  

on a polystyrene gel using methanol -water or  acetoni t r i l e -water  

mixtures as eluent (11). In the present paper, capacity fac tors  

of alcohols,  f a t t y  acids,  and various aromatic compounds such as  

polyaromatic hydrocarbons, a1 kyl benzenes and benzoates are re1 ated 

t o  the hydrophobicities of the  molecules. Solvent composition 

permitting good separations i s  a l so  discussed i n  terms of the 

observed relat ionship between retention and hydrophobicity. 

Hydrophobicity 

The hydrophobicity of a so lu te  i s  conveniently estimated from 

i t s  par t i t ion  coe f f i c i en t ,  P ,  between an organic solvent and 

water. The la rger  the value of P ,  the  more hydrophobic the 

substance i s .  Rekker (10) has shown tha t  

where a i  represents the number of times a par t icu lar  fragment " i "  

i s  found in a given molecule and Fi i s  the hydrophobic fragmental 

constant of fragment " i " .  T h u s  a molecule can be visualized as a 

s e r i e s  of fragments, each of which contr ibutes  to  i t s  hydrophobic 

character.  

An extensive study of the par t i t ion  coef f ic ien ts  of various 

so lu tes  (aromatics and a l ipha t i c s )  in octanol-water led to the  

various fragmental constants reported by Rekker (10) .  Arbi t ra r i -  

l y ,  b u t  based on practical  considerat ions,  the log P value of a 
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2 3 2  D'AMBOISE AND HANAI 

given solute  as calculated using equation [l] and the Fi values 

derived from the par t i t ion  coef f ic ien ts  in octanol-water, i s  

cal led the hydrophobic fac tor  of t h i s  solute .  In l iquid chromato- 

graphy, provided the hydrophobic e f f ec t  i s  the sole  in te rac t ion ,  

log P = A* + log k '  

I n  t h i s  equation, A* i s  a constant and k '  i s  the capacity factor .  

T h u s ,  a s t ra ight  l i ne  with unit  slope should be observed in a 

system using octanol-water as e luent .  I t  i s  ea s i ly  shown that  for  

retention using another e luent ,  

log k' = a + B log p c21  
where "a"  i s  a constant and the slope p , a cha rac t e r i s t i c  of t he  

el uent. 

E X P E R I M E N T A L  

A chromatographic system was assembled from various modules. 

Pumps were Waters, model 6000 A (Water Associates Inc. ,  Milford, 

MA 01757), and Altex, model 100 (Altex Sc ien t i f i c  Inc., Berkeley, 

CA 94710). Detectors were Waters d i f f e ren t i a l  re f rac t ive  index 

detector ,  Model R401, and a H i  tachi spectrophotometer, model 

100-20 (Hitachi ,  Mountain View, CA 94043) equipped with and 8-fiL 

flowthrough cel l  from Altex. Injector  was Altex, model 905-19. 

Recorders were Brinkmann, model 2541 (Brinkmann Instruments, Inc. , 

Westbury, N Y  11590), or Linear Instruments, Model 915 (Linear 

Instruments Corp. I rvine,  CA 92714). 

Chemically bonded octadecyl packing was L C  7 from Johns-Man- 

v i l l e  (Johns-Manville, Denver, CO 80217) packed in our laboratory 
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TABLE 1 
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HYDROPHOBIC FACTORS 

COMPOUNDS log P COMPOUNDS log P 

Polyaromatics 

1. Benzene 2.16 
2. Naphtal ene 3.18 
3. Anthracene 4.20 
4. Pyrene 4.50 

A1 kyl benzenes 

5. Toluene 2.59 
6. Ethyl benzene 3.12 
7. Isopropylbenzene 3.52 

Benzoates 

8. Methylbenzoate 2.15 
9. Isopropyl benzoate 3.09 

10. Butyl benzoate 3.74 
11. Isopentyl benzoate 4.15 

Subst i tued Benzenes 

12. Aniline 1.03 
13. Phenol 1.54 
14. Benzoic Acid 1.79 
15. Chlorobenzene 2.81 
16. Bromobenzene 3.02 

A1 coho1 s 

17. Butyl Alcohol 0.80 
18. Pentyl Alcohol 1.33 
19. Hexyl Alcohol 1.86 
20. Heptyl Alcohol 2.39 
21. Octyl Alcohol 2.92 
22. Decyl Alcohol 3.98 
23. Dodecyl Alcohol 5.04 

F a t t v  Acids 

24. Hexanoic Acid 1.87 
25. Octanoic Acid 2.93 
26. Decanoic Acid 3.99 
27. Dodecanoic Acid 5.05 
28. Tetradecanoic Acid 6.11 
29. Hexadecanoic Acid 7.17 
30. Octadecanoic Acid 8.23 
31. Eicosanoic Acid 9.29 
32. Pa lmi to l e i c  Acid 6.58 
33. Oleic Acid 7.64 
34. L ino le i c  Acid 7.05 
35. Linolenic Acid 6.46 
36. Arachidonic Acid 6.98 

by a balanced s l u r r y  method i n  19.7 cm long,  3.2 mm I.D. s t a i n l e s s  

s t e e l  column f i t t e d  w i t h  zero dead volume attachments,  Altex,  No 

250-21, o r  Swagelok (Crawford F i t t i n g  CO., Solon Ohio 44139). 

Chemicals came from various sources ; the l i s t  of the d i f f e r e n t  

s o l u t e s  s tud ied  is given in Table 1. Solvents  were H P L C  grade ; 

water was f i r s t  d i s t i l l e d  in g l a s s  and f u r t h e r  pu r i f i ed  through a 

Mi l l i -Q  system (Mil l ipore,  Corp., Bedford, MA 01730). 
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234 D'AMBOISE AND HANAI 

RESULTS AND DISCUSSION 

Capacity f ac to r s  (k '  ) were evaluated from a t  l ea s t  two repro- 

ducible chromatograms f o r  each compound. Various solvent mixtures 

were used as eluents.  Uric acid,  e lut ing f a s t e r  t h a n  any other  

so lu te ,  served t o  measure the dead volume o f  the column. The 

hydrophobic f ac to r ,  log P, was calculated by summing u p  Rekkers's 

hydrophobic fragmental constants (eq 1) of a l l  fragments in the 

molecule ; the  values obtained are given in t ab le  1. As observed 

in Figures 1 t o  3 ,  a good l i n e a r i t y  ex i s t s  between log k' and the 

hydrophobicity of the molecule. Equation 2 i s  generally obeyed ; 

l ea s t  squares analysis shows t h a t  the l i nea r  model explains 95+% 

of the var ia t ions observed. 

Figure 1 shows the re la t ionship  between log k '  and log P f o r  

alcohols,  polyaromatics, benzoates , a1 kyl benzenes, benzene deriva- 

t i ves  and f a t t y  acids in 50% a c e t o n i t r i l e  in water as e luent .  All 

these compounds, except the f a t t y  ac ids ,  l i e  on the same s t r a i g h t  

l ine .  Capacity fac tors  of f a t t y  acids  a re  always lower than those 

observed f o r  the  other types of compounds having s imilar  hydropho- 

b i c i t i e s .  This behaviour might be due to  ionizat ion of the acids 

in acetoni t r i le-water  mixtures and/or because of the high polar i ty  

of the solutes .  

In Figure 2 ,  the  var ia t ion of capacity f ac to r s  ( log  k') as a 

function of hydrophobicities i s  shown fo r  various ace ton i t r i l e -  

water mixtures. Equation 2 holds f o r  solvent mixtures containing 

between 20 and 80% a c e t o n i t r i l e  i n  water, and fo r  non-ionizable 
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FIGURE 2. 

Varia t ion  o f  t h e  capac i ty  r a t i o  ( l o g  k ' )  a s  a func t ion  of hydro- 
phobic i ty  ( l o g  P )  i n  var ious  a c e t o n i t r i l e  ( %  ACN)  e l u e n t s .  N.B .  
For c l a r i t y  in the  graphica l  r e p r e s e n t a t i o n ,  experimental  po in t s  
a r e  not i nd ica t ed  on the drawing. 
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238 D’AMBOISE AND HANAI 

compounds such as a lcohols ,  polyaromatic hydrocarbons , a1 kyl ben- 

zenes, benzoates and halogenated benzenes. The convergence of t he  

family of l i nes  to  the same point suggests t h a t  constant “ a ”  of 

equation [ 2 1  i s  a cha rac t e r i s t i c  o f  the system i t s e l f .  The varia- 

t ion of the slope was predictable from eq. 2. The behaviour a t  

extreme concentrations,  higher t h a n  80% ACN and lower t h a n  20% ACN 

in water indicates t ha t  the mechanism of re tent ion i s  more 

complex t h a n  pure hydrophobic e f f ec t .  We believe t h a t  hydrogen 

bonding competes with hydrophobic e f f ec t s  a t  h i g h  ace ton i t r i l e  

content whereas coating of the packing material with water molecu- 

l e s  could be responsible fo r  the behaviour a t  low a c e t o n i t r i l e  

content. A similar  observation was made by Horvath ( 9 ) .  

The g r a p h  of Figure 3 describes the re la t ionship  between log 

k ’  and the hydrophobic fac tor  in 50% aqueous methanol. A l i nea r  

re la t ionship i s  observed for  a l l  compounds except for  alcohols in 

which a curvature i s  seen a t  low hydrophobicities. The regres- 

sion l i ne  for  alcohols is  a lso above the l i n e  for  other com- 

pounds. This indicates tha t  hydrophobicity of a given fragment in 

a l ipha t ic  groups is higher than t h a t  in aromatics in rnethanol- 

water solvent mixtures. The study has a lso been performed a t  

other MeOH-Water r a t i o s  and a lso in aqueous ethano and aqueous 

tetrahydrofuran. Similar resu l t s  were obtained with al l  el uents. 

The leas t  squares analysis in the case of the 50% aqueous eluents 

are given i n  Table 2. I t  i s  worth mentioning the following obser- 

vations from those r e su l t s  : 
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El uents log k '  = a + P l o g  P 
Sol Utes* (% in water) * 

a ,  Sa P ,  SP R2** (%)  
L * 

1 t o  23 

ac ids  (24  t o  

1 t o  16 

30) 

alcohols (17  
t o  23) 
(19  t o  23) 

1 t o  12 

a1 cohol s 

1 t o  4 

benzene 
der iva t ives  

benzoa t e s  

a1 cohol s 

acids 

50% ACN 

50% ACN 

50% MeoH 

50% MeoH 

50% MeoH 

50% EtoH 

50% EtoH 

50% THF 

50% THF 

50% THF 

50% THF 

50% THF 

- 0.182 
0.011 

- 0.763 
0.002 

- 0.625 
.028 

- 0.268 

- 0.444 
0.025 

0.015 

- 0.227 
0.015 

- 0.277 
0.010 

0.162 
0.026 

0.094 
0.022 

0.064 
.009 

0.005 
0.001 

0.0431 
0.0006 

0.241 
0.035 

0.197 
0.014 

0.445 
0.095 

0.403 
0.062 
0.460 
0.045 

0.229 
0.048 

0.255 
0.030 

0.109 
0.093 

0.154 
0.060 

0.183 
0.030 

0.136 
0.004 

0.144 
0.004 

96.1 

99.9 

95.7 

98.5 

99.8 

96.0 

99.7 

90.0 

90.7 

99.5 

99.98 

100% 

* Numbers r e fe r  t o  compounds in Table 1. 

** R2 (%) : Percentage of the to t a l  var ia t ion explained by the 
model. 
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240 D'AMBOISE AND HANAI 

i )  t h e  negat ive  i n t e r c e p t s  i n  the  cases where ACN, MeOH o r  E t O H  

are used i n  e luents .  

i i )  a l though a l i n e a r  r e l a t i o n s h i p  was observed i n  aqueous THF, 

t he  s t r a i g h t  l i n e s  c a l c u l t e d  f o r  t h e  va r ious  ca tegor ies  o f  

compounds were a l l  d i f f e r e n t  i n  t h i s  so l ven t .  

i i i )  t h e  h igh  slope o f  l o g  k '  vs l o g  P i n  methanol as compared 

w i t h  t h e  values i n  the  o the r  so lvents .  

i v )  t he  increase i n  s lope as t h e  mole f r a c t i o n  o f  o rgan ic  modi- 

f i e r  increases. 

The slopes, B , o f  t h e  s t r a i g h t  l i n e s  can be usefu l  i n  t h e  

cho ice  o f  t h e  proper so l ven t  m i x t u r e  f o r  t h e  achievement o f  a 

g iven  separat ion.  Moreover, t h e  reg ress ion  1 ines may serve f o r  

t h e  i d e n t i f i c a t i o n  o f  unknown compounds. F igu re  4 shows the  

slope, p , as a f u n c t i o n  o f  t h e  organ ic  conten t  o f  t h e  e luent .  For 

any p a i r  o f  so lu tes ,  A and B, equat ion  2 can be rearranged i n  

terms o f  t h e  separa t ion  f a c t o r , a  , t o  g i v e  : 

@ = l o g  LY - 109 Pa/Pb c31  

Since hyd rophob ic i t y  cha rac te r i ses  a so lu te ,  i t  becomes easy t o  

c a l c u l a t e  the  /3 va lue  which w i l l  achieve a g iven separa t i on  ( i .e.  

a g iven  va lue  o f  a). Thereaf te r ,  an e luen t  i n s u r i n g  a va lue  o f  

p e q u a l  t o  o r  l a r g e r  than t h a t  c a l c u l a t e d  from equat ion  3 can be 

chosen from a graph such as t h a t  o f  f i g u r e  4. The so l ven t  m i x t u r e  

so chosen w i l l  separate compounds A and B s a t i s f a c t o r i l y .  

The d isc repanc ies  observed between t h e  u n i t  s lope expected i n  

oc tano l  and the  slopes observed i n  the  var ious  e luen ts  can be 
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- 0.8 
Q 
Y 

aJ 
0 

to 

n - 

0.6 

0.4 

0.2  

0 - 
0 5 0  100 

P e r c e n t  O r g a n i c  

FIGURE 4. 

Variat ion of the s lope  ( a )  f o r  various s o l u t e s  as a funct ion of 
the organic content  ( % )  i n  the e luen t .  0 Methanol ( a l coho l s )  ; 0 
Methanol (polyaromatics ; 0 a c e t o n i t r i l e  (a lcohols  and a romat i c s ) ;  
A ethanol ( a l coho l s )  ; A ethanol (aromatics)  ; te t rahydrofuran 
( a l coho l s )  ; te t rahydrofuran (polyaromatics) .  
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understood i f  one cons iders  t h a t  equat ion  [2 ]  r e f e r s  t o  a p a r t i -  

t i o n  between octanol  and water whereas t h e  q u a n t i t y  measured, l o g  

k ' ,  i s  due t o  a p a r t i t i o n  between an aqueous organ ic  e luen t  and a 

pseudo1 i q u i d ,  the  hydrocarbonaceous m a t e r i a l .  

The separa t i ng  a b i l i t y  observed i n  t h i s  work i s  s i m i l a r  t o  

t h a t  repor ted  by Hoffman and L iao  (12) except f o r  methanol which 

shows a l a r g e r  separa t i ng  a b i l i t y  than a c e t o n i t r i l e .  

The use o f  hyd rophob ic i t i es  t o  l i n k  t h e  r e t e n t i o n  o f  va r ious  

compounds i n  l i q u i d  chromatography seems promising. O f  t h e  many 

ways t o  eva lua te  hyd rophob ic i t y ,  we have s e l e c t e d  Rekker 's  (10) 

method. The reasons f o r  t h i s  cho ice  are the  easiness w i t h  which 

t h e  parameters may be c a l c u l a t e d  and the  f a c t  t h a t  t h e  approach 

does no t  r e q u i r e  a d d i t i o n a l  exper imental  measurements as do, f o r  

instance, S l iw iok ,  Macioszcyk and Kowalska's r e l a t i v e  c o e f f i c i e n t s  

(13) .  The method descr ibed i n  t h i s  paper t o  l i n k  the  r e t e n t i o n  

data i s  t hus  most convenient f o r  r o u t i n e  l a b o r a t o r y  work. 

F i n a l l y ,  as shown by Murray, Ha l l  and K i e r  (6), a s t r a i g h t  

1 i nea r  r e l a t i o n s h i p  e x i s t s  between l o g  P and t h e  c o n n e c t i v i t y  

index, x. Therefore,  a s t r a i g h t  l i n e  should be observed when 

p l o t t i n g  l o g  k '  vs c o n n e c t i v i t y  i nd i ces .  
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