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TRIBUTYL PHOSPHATE AS STATIONARY PHASE I N  REVERSED PHASE LIQUID 
CHROMATOGRAPHIC SEPARATIONS OF HYDROPHILIC CARBOXYLIC ACIDS , AMINO 

ACIDS AND DIPEPTIDES 

K.-G. Wahlund and B. Edli5n 
Department of A n a l y t i c a l  Pharmaceut ical  Chemistry 

Biomedical Center  
U n i v e r s i t y  of Uppsala 

Box 574, S-751 23 Uppsala,  Sweden 

ABSTRACT 

T r i b u t y l  phosphate  (TBP) has been usad as s t a t i o n a r y  l i q u i d  
phase i n  r eve r sed  phase l i q u i d  column chromatography with aqueous 
b u f f e r s  o r  aqueous b u f f e r s  + methanol as t h e  mobile phase.  Hydro- 
phobic m i c r o p a r t i c u l a t e  (5 pm)  a l k y l - d e r i v a t i z e d  s i l i ca  was used 
as suppor t .  The s t a b i l i t y  of t h e  columns is  very high as is  t h e i r  
s e p a r a t i n g  e f f i c i e n c y .  

t i o n  p o s s i b l e  of h igh ly  p o l a r  s o l u t e s  c o n t a i n i n g  hydrogen d o n a t i n g  
groups.  Re ten t ion  of c a r b o x y l i c  a c i d s  is  ob ta ined  by t h e  d i s t r i b u -  
tion of t h e  uncharged form i n t o  TBP and i t  is r e g u l a t e d  by t h e  pH 
of the  mobile phase.  No i n f l u e n c e  from t h e  support  on t h e  r e t en -  
t i o n  of c a r b o x y l i c  a c i d s  has been seen. Benzoic,  p h e n y l a c e t i c ,  
mandel ic  , indole-3-acet ic  and g lucuron ic  a c i d  d e r i v a t i v e s  , amino 
a c i d s  and d i p e p t i d e s  have been chromatographed and t h e  i n f l u e n c e  
of  s t r u c t u r a l  e f f e c t s  on the  s e p a r a t i o n  f a c t o r s  is d i s c u s s e d .  

The s t r o n g  hydrogen a c c e p t i n g  p r o p e r t i e s  of TBP makes r e t en -  

INTRODUCTION 

I n  r eve r sed  phase p a r t i t i o n  chromatography, where an o r g a n i c  

l i q u i d  is used as the  s t a t i o n a r y  phase i n  combination w i t h  an 

aqueous mobile phase,  t h e  r e t e n t i o n  of h i g h l y  p o l a r  o r g a n i c  mole- 

c u l e s  may r e q u i r e  a , t a t i o n a r y  phase t h a t  can form s t r o n g  hydrogen 
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310 WAHLUND AND EDLEN 

bonds t o  t h e s e  molecules .  A few l i q u i d s  have been s t u d i e d  f o r  use 

a s  s t a t i o n a r y  phases  i n  modem l i q u i d  chromatography, namely 

1-pentanol [l, 21 and b u t y r o n i t r i l e  [ 3 ] .  They have been used i n  

systems f o r  s e p a r a t i o n s  of nonionic  compounds a s  w e l l  as i o n - p a i r s  

of i o n i c  compounds. Many compounds, e.g. c a r b o x y l i c  a c i d s  of bio- 

l o g i c a l  o r i g i n ,  were very s l i g h t l y  r e t a i n e d  i n  t h e s e  systems. We 

t h e r e f o r e  i n v e s t i g a t e d  the  p r o p e r t i e s  of t r i b u t y l  phosphate  (TBP) 

a s  a s t a t i o n a r y  l i q u i d  phase. Being a s t r o n g  hydrogen accep to r  i t  

should bind hydrogen dona t ing  samples ,  l i k e  c a r b o x y l i c  a c i d s ,  

s t r o n g l y  . 
TBP i s  a well-known and powerful e x t r a c t a n t  f o r  metal ions  

and ino rgan ic  a c i d s  bu t  t h e  e x t r a c t i o n  of o r g a n i c  a c i d s  has a l s o  

been no t i ced  [ 4 ] .  TBP h a s  been e x t e n s i v e l y  used as s t a t i o n a r y  

phase i n  r eve r sed  phase l i q u i d  chromatographic  s e p a r a t i o n s  of 

me ta l  i ons  [ 5 ] ,  bu t  i t s  use f o r  t he  s e p a r a t i o n  of o r g a n i c  com- 

pounds i n  similar systems seems not  t o  have been s t u d i e d .  Some 

work has been done using TBP as a d d i t i v e  i n  a mobile o r g a n i c  phase 

i n  paper chromatography 161 and column chromatography [7 ] .  

This paper i n t r o d u c e s  TBP a s  a s t a t i o n a r y  phase on modern 

m i c r o p a r t i c u l a t e  a l k y l - m o d i f i e d  s i l i ca  as suppor t .  The method o f  

c o a t i n g  i s  d i s c u s s e d  and t h e  use of t he  system i s  i l l u s t r a t e d  by 

s e p a r a t i o n s  of v e r y  p o l a r  c a r b o x y l i c  a c i d s  of b i o l o g i c a l  impor- 

t ance .  

EXPERIMENTAL 

Mate r i a1 s 

The chromatographic  system c o n s i s t e d  of an LDC Solvent  D e l i -  

v e r y  System 711-26, a sample v a l v e  i n j e c t o r ,  e i t h e r  a Valco 

CV-6lTHPa or a Rheodyne 7120, with 10 and 20 pL l o o p s  r e s p e c t i -  

v e l y ,  a C e c i l  212 v a r i a b l e  wavelength UV-detector w i th  10 p L  c e l l  

and set a t  254 nm. A Heto w a t e r b a t h  02 PT 923 (HETO, B i rke rbd ,  
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TRIBUTYL PHOSPHATE AS STATIONARY PHASE 311 

Denmark) w i t h  e x t e r n a l  c i r c u l a t i o n  was used t o  t h e r m o s t a t e  t he  

chromatograph. 

S t a i n l e s s  s t e e l  columns of 100 mm l e n g t h  and 4.5 mm inne r  

d i ame te r  were used wi th  a 2 p m  Al t ex  f i l t e r  i n  each end f i t t i n g .  

The columns were s l u r r y  packed with 5 pm particles of e i t h e r  

LiChrosorb RP-8 o r  LiChrosorb RP-18 (Merck). 

T r i b u t y l  phosphate (TBP) and methanol were a n a l y t i c a l  g rades  

from Merck. Sodium dihydrogenphosphate ,  disodium hydrogenphosphate 

and phosphoric  a c i d  were used t o  p repa re  the b u f f e r s  and were 

a n a l y t i c a l  g rades  from Merck. Water was p u r i f i e d  i n  a M i l l i - Q  

a p p a r a t u s  ( M i l l i p o r e ) .  A l l  chemicals  were used wi thou t  p u r i f i c a -  

t i o n .  

Batch D i s t r i b u t i o n  Experiments 

Batch d i s t r i b u t i o n  s t u d i e s  were performed i n  c e n t r i f u g e  tubes  

w i t h  equa l  volumes of TBP and aqueous phase.  Equ i l ib r ium was 

a t t a i n e d  by mechanical  shaking f o r  20  min a t  25.0 OC. The TBP 

phase was p re - sa tu ra t ed  twice wi th  an e q u a l  volume of water + 
methanol ( 9 : l ) .  The d i s t r i b u t i o n  r a t i o  of c a r b o x y l i c  a c i d s  was 

determined wi th  b u f f e r  pH 6.98 + methanol ( 9 : l )  as aqueous phase.  

The i n i t i a l  and t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  in t he  aqueous phase 

was determined by UV photometry.  

The d i s t r i b u t i o n  r a t i o  of methanol was  measured i n  t h e  pre- 

s a t u r a t i o n  s t e p  by a gas  chromatographic  d e t e r m i n a t i o n  of methanol  

i n  t h e  aqueous phase. Compensation was made f o r  a change i n  t h e  

phase volume r a t i o .  

Chromatographic Technique 

The e l u e n t  r e s e r v o i r ,  immersed i n  a water-bath,  and t h e  co- 

lumn, which was j a c k e t e d ,  were the rmos ta t ed  a t  25.0 OC by c i r cu -  
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312 WAH.LUND AND EDLEN 

l a t i n g  wa te r .  

The e l u e n t  con ta ined  aqueous phosphate b u f f e r s  of i o n i c  

s t r e n g t h  0.1. In most c a s e s  methanol was added t o  t h e  b u f f e r  i n  

t h e  r a t i o  1:9. 

To ensure column s t a b i l i t y  the  e l u e n t  was p a r t l y  s a t u r a t e d  

w i t h  TBP. This was achieved by g e n t l y  mixing a l a r g e  volume of  

pre- thermostated s o l v e n t  ( u s u a l l y  3 L) w i t h  10 mL o f  TBP. After 

phase s e p a r a t i o n ,  which u s u a l l y  r e q u i r e d  48 hours ,  p a r t i a l l y  

s a t u r a t e d  e l u e n t s  were prepared by mixing t h e  TBP-saturated so l -  

ven t  w i th  an a p p r o p r i a t e  amount of u n s a t u r a t e d  s o l v e n t  of t h e  same 

composi t ion.  

Coat ing of t he  columns with t h e  s t a t i o n a r y  l i q u i d  phase (TBP) 

was achieved by two methods: 1. The e q u i l i b r a t i o n  method. The elu-  

e n t  was pumped through t h e  column u n t i l  c o n s t a n t  r e t e n t i o n  volumes 

were obtained f o r  sodium n i t r a t e  ( u n r e t a i n e d  compound) and a re- 

t a i n e d  compound. A t  completed c o a t i n g  t h e  column p o r o s i t y ,  

Em=Vm/Vo, is  s O . 4 4 .  V, is t h e  hold-up volume and Vo i s  the  

volume of t he  empty column c a l c u l a t e d  from i t s  l e n g t h  and i n n e r  

d i ame te r .  2. With t h e  i n j e c t i o n  method TBP i s  i n j e c t e d  d i r e c t l y  

i n t o  the  column by t h e  i n j e c t i o n  va lve .  Increments  of 10 - 50 pL 
of TBP were i n j e c t e d  a t  a frequency of ca. 10 PLlmin.  The t o t a l  

volume of s t a t i o n a r y  phase,  V,, t h a t  should be i n j e c t e d  is  cal- 

c u l a t e d  by 

V m , l  i s  t h e  hold-up volume b e f o r e  i n j e c t i o n s  have s t a r t e d  wh i l e  

Vm,2 and E m , 2  are the  hold-up volume and t h e  d e s i r e d  p o r o s i t y  

a f t e r  i n j e c t i o n s  of s t a t i o n a r y  phase. A f t e r  t he  l o a d i n g ,  t h e  co- 

lumns were cond i t ioned  over-night  w i th  a r e c i r c u l a t i n g  e l u e n t .  

Columns once loaded can be s t o r e d  i f  f i l l e d  wi th  an e l u e n t  

f r e e  from s a l t s .  

No precolumn needs t o  be used. 

Capaci ty  r a t i o s ,  k', were c a l c u l a t e d  from t h e  r e t e n t i o n  
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TRIBUTYL PHOSPHATE AS STATIONARY PHASE 313 

volume, V R ,  and t h e  hold-up volume by k'= (VR-Vm)/Vm. 

RESULTS AND DISCUSSION 

S o l v e n t  P r o p e r t i e s  

T r i b u t y l  phosphate is s l i g h t l y  s o l u b l e  i n  wa te r .  The so lub i -  

l i t y  at  25.0 OC i n  phosphate  b u f f e r  pH 6.05 w a s  de t e rmined ,  by 
g a s  chromatography, t o  be 0.034 % w/v. Zn pure water t h e  s o l u b i l i -  

t y  is  0.039 % w/v [ 8 ] .  It i s  impor t an t  t o  no te  t h a t  t h e  s o l u b i l i t y  

d e c r e a s e s  wi th  i n c r e a s i n g  t e m p e r a t u r e  [8] s i n c e  t h i s  can i n f l u e n c e  

t h e  s t a b i l i t y  of t h e  chromatographic  columns. 

The s o l u b i l i t y  of wa te r  i n  t h e  TBP phase i s  4.67 % w/v [ 8 ] ,  

which co r re sponds  t o  3.58 M [ 9 ] .  

TBP, e q u i l i b r a t e d  wi th  aqueous b u f f e r s  c o n t a i n i n g  10 % 

methanol ,  c o n t a i n s  2 % v/v methanol s i n c e  t h e  d i s t r i b u t i o n  r a t i o  

o f  methanol was found t o  be 0.2. 

Coat ing w i t h  TBP 

Alkyl-modified s i l i c a  s u p p o r t s  can be coated wi th  o r g a n i c  

l i q u i d s  as s t a t i o n a r y  phases  by t h e  e q u i l i b r a t i o n  method [l]. I n  

t h i s  method t h e  s t a t i o n a r y  l i q u i d  is adsorbed from an  e l u e n t  which 

i s  s a t u r a t e d  o r  p a r t l y  s a t u r a t e d  wi th  t h e  l i q u i d .  F ig .  1 g i v e s  

r e s u l t s  f o r  t h e  c o a t i n g  of LiChrosorb RP-18 wi th  TBP. A s  TBP 

occup ies  t h e  po res  of t h e  suppor t  t h e  p o r o s i t y  d e c r e a s e s  wh i l e  t h e  

r e t e n t i o n  i n c r e a s e s .  The r e s u l t s  i n d i c a t e  t h a t  TBP h a s  f i l l e d  t h e  

po res  comple t e ly  s i n c e  the  p o r o s i t y  r e a c h e s  0.39 which e q u a l s  t h e  

normal v a l u e  f o r  t h e  i n t e r p a r t i c l e  p o r o s i t y  o f  0.4 2 0.03. D u e  t o  

t h e  low s o l u b i l i t y  of TBP t h e  c o a t i n g  p rocedure  becomes v e r y  

time-consuming. 

Much f a s t e r  c o a t i n g  w a s  ob ta ined  by t h e  i n j e c t i o n  method. The 
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3 14 WAHLUND AND EDLEN 

3 , 4 - D i h y d r o x y b e n z o i c  a c l d  

0 5 - H y d r o x y l n d a l e - 3 - a c e  t l c  a c i d  

0 1 2 3 c 5 6 7 0 

Vo lume o f  e l u a t e  ( L l  

FIGURE 1. 
ing by the e q u i l i b r a t i o n  method. A t  the  s ta r t  of t h i s  experiment 
the  column was a l r e a d y  p a r t l y  coated with TBP. Column: LiChrosorb 
RP-8, 5 p m ,  1 0 0 ~ 4 . 5  mm. Eluent :  phosphate b u f f e r  pH 6.05, 95 % 
r e l a t i v e  s a t u r a t i o n  of TBP, 0 .5  mlfmin. 

Change of r e t e n t i o n  ( k ' )  and p o r o s i t y  (em)  during coat-  

columns could be coated w i t h i n  one hour but  c o n d i t i o n i n g  overn ight  

w a s  necessary i n  order  t o  g e t  good e f f i c i e n c y .  The a c t u a l  volume 

of i n j e c t e d  TBP was not more than 20 % h i g h e r  than t h a t  c a l c u l a t e d  

from eq. (l), which shows t h a t  t h e  uptake is r a t h e r  e f f i c i e n t .  No 

d r o p l e t s  were observed i n  the e l u a t e  dur ing  the  c o a t i n g .  However, 

c a r e  should be taken not t o  over-load t h e  column s i n c e  an excess  

is  very  time-consuming t o  g e t  r i d  of .  

V a r i a t i o n  of the  amount of s t a t i o n a r y  phase can be obta ined  

by a d j u s t i n g  the s a t u r a t i o n  degree of the e l u e n t  [ l ] .  In the  

p r e s e n t  work, however, only maximally loaded columns were used. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TRIBUTYL PHOSPHATE AS STATIONARY PHASE 315 

The phase- ra t io ,  Vs/Vm, i n  the columns can be c a l c u l a t e d  

from measured p o r o s i t y  v a l u e s  [l] and was  found t o  be 0.6 based on 

a n  €,-value of 0.43 and a t o t a l  p o r o s i t y  of 0.7 f o r  LiChrosorb 

RP-18 [ l ] .  

S t a b i l i t y  and Column E f f i c i e n c y  

The TBP-coated columns have a high long-term s t a b i l i t y .  One 

column has been i n  continuous use f o r  9 months with s e v e r a l  

changes of t h e  pH of the  b u f f e r .  The r e t e n t i o n  volumes changed 

less than 5 %. 

It is s u i t a b l e  t o  use e l u e n t s  of 90 % r e l a t i v e  s a t u r a t i o n  

wi th  TBP s i n c e  they gave s t a b l e  columns with a p o r o s i t y  of  0.42 - 
0.44 a t  equi l ibr ium.  

The use of completely s a t u r a t e d  e l u e n t s  always caused detec- 

t i o n  d i s t u r b a n c e s  i n  t h e  UV d e t e c t o r  due to  the  presence of micro- 

drops of TBP i n  the  eluate. It seems t h a t  the s o l u b i l i t y  of TBP 

w a s  lower i n  t h e  column than i n  the  e luent .  S imi la r  e f f e c t s  have 

been seen i n  o t h e r  cases  [l]. 

The presence of methanol i n  the e l u e n t  was necessary  i n  order  

t o  avoid a d r a s t i c  i n c r e a s e  i n  the  flow r e s i s t a n c e  which o therwise  

occurred ,  probably caused by p a r t i c l e s  produced i n  the  sample 

i n j e c t i o n  va lve  and a break-down of t h e  column. 

The column e f f i c i e n c y  is i l l u s t r a t e d  i n  Fig. 2. The p l a t e  

he ight  tends t o  decrease  with i n c r e a s i n g  capac i ty  r a t i o s .  

Reten t ion  Model 

Samples which a r e  r e t a i n e d  by d i s t r i b u t i o n  t o  t h e  TBP-layer 

on the  columns w i l l  g e t  c a p a c i t y  r a t i o s  according t o  
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3 16 WAHLUND AND EDLEN 

'I 4-Hydroxy-3-methoxyphenylacetic a c i d  ( k  'I 0.9) 

A P h s n y l a c e t i c  a c i d  ( k ' =  1.9)  

A 4 - H y d r o x y p h e n y l a c e t l c  a c i d  (k'= 2 . 9 )  

0 5-Hydroxyindole-3-acstic a c i d  ( k ' =  6.5) 

I 1 I 1 1 

0 1 2 3 4 

Flow velocity (rnm/s 1 

FIGURE 2. Dependence of column e f f i c i e n c y  on flow v e l o c i t y .  Co- 
lumn: LiChrosorb RP-18, 5 ,urn, coated w i t h  TBP by  t h e  e q u i l i b r a -  
t i o n  method, E, = 0 . 4 2  - 0 . 4 3 .  Eluent :  phosphate b u f f e r  pH 5 . 7 2  + 
+ methanol (9:1), 90 % r e l a t i v e  s a t u r a t i o n  of TBP. 

where D is t h e  d i s t r i b u t i o n  r a t i o  of t h e  sample. For an a c i d ,  HA, 

i t s  d i s t r i b u t i o n  r a t i o  will be g iven  by 

which t a k e s  i n t o  account  t h e  

i t s  p r o t o l y s i s  i n  t h e  mobile 

d i s t r i b u t i o n  of t h e  ac id  i n t o  TBP and 

phase.  Corg and Caq a r e  t h e  t o t a l  

c o n c e n t r a t i o n s  of t he  ac id  i n  t h e  s t a t i o n a r y  and mobile  phases  

r e s p e c t i v e l y ,  and KD is t he  d i s t r i b u t i o n  cons t an t  of t h e  a c i d .  KA 
is t he  appa ren t  a c i d  d i s s o c i a t i o n  c o n s t a n t  and a e  i s  the  

hydronium ion a c t i v i t y  i n  t h e  mobile phase.  Accordingly,  t h e  

c a p a c i t y  r a t i o  can be r e g u l a t e d  by the  pH of  t h e  mobile  phase.  As 

,m 
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TRIBUTYL PHOSPHATE AS STATIONARY PHASE 317 

t h e  pH w a s  measured i n  t h e  b u f f e r  b e f o r e  t h e  a d d i t i o n  of methanol ,  

t h e  r e l a t i o n s h i p  between t h e  l o g a r i t h m  of t h e  c a p a c i t y  r a t io  and 

t h e  pH i n  t h e  b u f f e r  of t h e  e l u e n t  can be expres sed  by t h e  

f o l l o w i n g  f u n c t i o n  a f t e r  combinat ion of e q u a t i o n s  ( 2 )  and ( 3 )  

K: i s  an  a p p a r e n t  a c i d  d i s s o c i a t i o n  c o n s t a n t  which i n c l u d e s  

t h e  medium f a c t o r  f o r  t h e  hydronium i o n  ( c f .  [ll]). The f u n c t i o n  

h a s  two asympto te s ,  one w i t h  a s l o p e  of 0 and t h e  o t h e r  w i th  a 

s l o p e  of -1, which i n t e r s e c t  at  a pH which e q u a l s  pKZ f o r  t h e  

a c i d .  Some examples of t h e s e  r e l a t i o n s  are g i v e n  i n  F i g .  3 where 

6 I n d o I e - 3 - a t ~ t i c  acid 

rn 3 ,4 -0 lhydrorybenzo ic  a c i d  

BBnzoic a c i d  

0 5-Hydroxylndoln-3-acetic a c i d  

a P h n n y l a c s t i c  a c i d  

A 3 , 4 4 1  hydroxypheny 1  acn 11 c a c i d  

N 

1- 

0 
0 - 

0 

- 
I 

\\ 
0 2 3 4 5 6 7 

7 1  ' I ' I ' I ' I ' I ' I ' 1 . <  

PH 

FIGURE 3 .  Dependence of t h e  r e t e n t i o n  o f  a c i d s  on t h e  pH o f  t h e  
b u f f e r .  C o n d i t i o n s  as i n  F ig .  2. + = i n t e r s e c t i o n  p o i n t  f o r  t h e  
a sympto te s  of indo le -3 -ace t i c  a c i d .  
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318 WAHLUND AND EDLEN 

t h e  cu rves  have been ob ta ined  by non- l inea r  r e g r e s s i o n  a c c o r d i n g  

t o  eq. ( 4 ) .  The expe r imen ta l  p o i n t s  f i t  w e l l  t o  t h e  cu rves .  

P l o t s  of t h i s  kind would be ob ta ined  a l s o  when t h e  a c i d s  

i n t e r a c t  w i th  t h e  suppor t .  A comparison of t h e  found k ' -values  

w i t h  those  c a l c u l a t e d  from known d i s t r i b u t i o n  r a t i o s  between t h e  

f r e e  l i q u i d  phases  shows, however, t h a t  t h e  i n f l u e n c e  of t h e  

suppor t  on t h e  r e t e n t i o n  is  a lmos t  n e g l i g i b l e .  R e s u l t s  a r e  shown 

i n  Tab le  1. The found k ' -va lues  were smaller than t h e  c a l c u l a t e d  

by a f a c t o r  o f  0.8. The d e v i a t i o n  from u n i t y  may be due t o  e r r o r s  

i n  t h e  p h a s e - r a t i o  and t o  a d i f f e r e n t  composi t ion between t h e  

chromatographic  s t a t i o n a r y  phase and t h e  TBP-phase used i n  t h e  

b a t c h  expe r imen t s .  Furthermore,  t h e  s e p a r a t i o n  f a c t o r s ,  a, ob- 

t a i n e d  i n  chromatography and i n  d i s t r i b u t i o n  between f r e e  phases ,  

a g r e e  r a t h e r  c l o s e l y .  

TABLE 1 

Comparison of Chromatographic R e t e n t i o n  w i t h  Batch D i s t r i b u t i o n  
a ,  t h e  s e p a r a t i o n  f a c t o r  = q u o t i e n t  between t h e  D-value o r  k$,,,d- 
-value of an a c i d  and t h e  co r re spond ing  d a t a  f o r  benzo ic  a c i d .  
Chromatographic c o n d i t i o n s ;  E luen t :  phosphate  b u f f e r  pH 6.94 +- 
+ methanol ( 9 : 1 ) ,  90 % r e l a t i v e  s a t u r a t i o n  wi th  TBP. P o r o s i t y  
( c m ) :  0.42-0.44. S t a t i o n a r y  phase:  TBP. Support :  LiChrosorb RP-18. 

Acid 

Comparison 
Batch Chromatogr.  chrom.-batch 

*) 
D a k;ound OL k;ound/kLalc 

(pH 6.98) (pH 6.94) (pH 6.94) 

5-Hydroxyindole-3- 
-acetic a c i d  0.78 1-77 0.35 1.94 0.83 

Indole-3-acet ic  a c i d  2.45 5.58 1.12 6.22 0.85 

Benzoic a c i d  0.44 1-00 0.18 1.00 0.76 

3-Hydroxybenzoic a c i d  0.98 2.24 0.42 2.33 0.79 

4-Hydroxybenzoic a c i d  2.60 5.93 1.09 6.06 0.78 

*) kralc = (Vs/Vm) x D x 0.9 is t h e  c a p a c i t y  r a t i o  c a l c u l a t e d  from 
t h e  b a t c h  e x t r a c t i o n  expe r imen t s .  The p h a s e - r a t i o  is  t aken  to  be 
0.6. The f a c t o r  0 .9  compensates f o r  t h e  pH d i f f e r e n c e  between 
b a t c h  and chromatographic  expe r imen t s .  
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TRIBUTYL PHOSPHATE AS STATIONARY PHASE 319 

R e t e n t i o n  and S e p a r a t i o n  of Var ious  Compounds 

The s t r o n g  e l e c t r o n  d o n a t i n g  a b i l i t y  of t h e  phospha te  oxygen 

i n  TBP e n a b l e s  t h e  fo rma t ion  of s t r o n g  hydrogen bonds t o  a c i d i c  

s o l u t e s  and a l i q u i d  chromatographic  system w i t h  TBP as t h e  sta- 

t i o n a r y  phase can then  g i v e  c o n s i d e r a b l e  r e t e n t i o n  of h y d r o p h i l i c  

a c i d s  and a s e p a r a t i o n  s e l e c t i v i t y  which is d i f f e r e n t  from t h a t  

o b t a i n e d  i n  t h e  c o n v e n t i o n a l  r eve r sed  phase systems w i t h  a l k y l -  

-bonded phases .  

A su rvey  of t h e  r e t e n t i o n  o b t a i n e d  f o r  a c i d i c  compounds i s  

g i v e n  i n  Tab le  2. It i n c l u d e s  d e r i v a t i v e s  of benzo ic ,  phenylace- 

t i c ,  mande l i c  and i n d o l e a c e t i c  a c i d s .  Also i nc luded  a r e  some 

g l y c i n e  and g l u c u r o n i c  a c i d  c o n j u g a t e s ,  one amino a c i d  and some 

d i p e p t i d e s .  A l l  peaks had good symmetry excep t  f o r  compounds t h a t  

c o n t a i n  amino g roups  i.e. t h e  amino a c i d s  and t h e  d i p e p t i d e s .  

TABLE 2 

R e t e n t i o n  of Acids  

Chromatographic c o n d i t i o n s ;  E luen t :  phosphate  b u f f e r  + methanol  
(9 :1 ) ,  o t h e r  c o n d i t i o n s  as in Tab le  1. 
PK: = thermodynamic a c i d  d i s s o c i a t i o n  c o n s t a n t  from r e f  [ 131. 

Sample PKO, k '  

pH of t h e  b u f f e r  
2.08 5.70 6.94 

Benzoic a c i d  d e r i v a t i v e s  
Benzoic a c i d  
S a l i c y l i c  a c i d  
3-Hydroxybenzoic a c i d  
4-Hydroxybenzoic a c i d  

3,4-Dihydroxybenzoic a c i d  
3,5-Dihydroxybenzoic a c i d  
2,5-Dihydroxybenzoic a c i d  
3,4,5-Trihydroxybenzoic  a c i d  

4-Aminobenzoic a c i d  
4-Hydroxy-3-methoxy- 
benzo ic  a c i d  
3-Hydroxy-4-methoxy- 
benzo ic  a c i d  

4.20 164 3.72 0.18 
3.03 700-800 1.36 
4.16 415 8.35 0.42 
4.58 420-430 22.1 1.09 

203 9.06 0.44 
680 11.6 0.57 

4.33 86 3.42 0.14 

2.38, 4.89 21.6 5.30 0.29 

900-950 

5.12 0.30 

107 4.07 0.21 
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TABLE 2 (continued) 

WAHLUND AND EDLEN 

Sample PKOa k’ 

pH of the buffer 
2.08 5.70 6.94 

Phenylacetic acid derivatives 
Phenylacetic acid 
2-Hydroxyphenylacetic acid 
3-Hydroxyphenylacetic acid 
4-Hydroxyphenylacetic acid 
3,4-Dihydroxyphenylacetic acid 
4-Hydroxy-31uethoxy- 
phenylacetic acid 

Mandelic acid derivatives 
Mandelic acid 
3-Hydroxymandelic acid 
4-Hydroxymandel ic acid 
3 , 4-Di hydroxymande 1 ic acid 
4-Hydroxy-3-methoxy- 
mandelic acid 
3-Hydroxy-4-methoxy- 
mandelic acid 
Indoleacetic acid derivatives 
Indol e- 3 -acetic acid 
5-Hydroxyindole-3-acetic acid 

4.32 

3.41 

Miscellaneous carboxylic acids 
Phtalic acid 2.95, 5.41 
Hippuric acid 
Salicyluric acid 
Fumaric acid 3.02, 4.38 
Maleic acid 1.94, 6.23 
Glucuronic acid derivatives 
4-Ni tropheny1-P -D-glucuronic acid 
2-Naphtyl-P-D-glucuronic acid 

Amino acids and dipeptides 
Phenvlalanine 2.16. 9.12 ~~ 

Phenilalanyl-Alanine 
Phenylalanyl-Leucine 
Leucyl-Phenylalanine 

Phenylalanyl-Serine 
Pheny la l any l -Pheny la l an ine  
Valyl-Phenylalanine 
Lysyl-Phenylalanine 

73.7 
79.4 
93.6 
80.4 
32.5 

26.8 

14.9 
18.7 
14.7 
5.76 

5.31 

4.87 

439 
133 

29.6 
9.77 

156 
23.1 
0.63 

9.77 
40.6 

0.87 
1.57 

23.5 
21.9 

0.55 

5.99 
0.09 

44.7 

1.98 0.13 
2.84 0.20 
2.73 0.17 

1.16 0.03 
2.88 0.22 

0.92 

0.05 
0.07 
0.07 
0.03 

21.5 1.12 
6.56 0.35 

0 
3.73 

0 
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TRIBUTYL PHOSPHATE AS STATIONARY PHASE 321 

T h e i r  peaks showed pronounced t a i l i n g .  The i n f l u e n c e  of pH on re- 

t e n t i o n  is i n  accordance wi th  eq .  (4) .  A t y p i c a l  chromatogram is 

shown i n  Fig.  4. 

R e t e n t i o n  d a t a  ob ta ined  at  a c i d i c  pH have been used t o  cal- 

c u l a t e  t h e  s e p a r a t i o n  f a c t o r s  fo r  some s imple s t r u c t u r a l  changes.  

I n c r e a s e  i n  r e t e n t i o n  was ob ta ined  f o r  hydroxy la t ion  ( l o g  CL = 

0.12, phenol /benzene)  and c a r b o x y l a t i o n  ( l o g  a = 0.14, benzo ic  

ac id /benzene )  i n  benzene while h y d r o x y l a t i o n s  i n  t h e  benzoic  , 
p h e n y l a c e t i c ,  mandel ic  and i n d o l e a c e t i c  a c i d s  gave e i t h e r  an in- 

c r e a s e  o r  a dec rease  depending on the  p o s i t i o n  f o r  hydroxy la t ion .  

MIN a 6 4 2 0 

FIGURE 4. S e p a r a t i o n  of a mix tu re  of c a r b o x y l i c  a c i d s .  Cond i t ions  
a s  i n  F ig .  2 bu t  pH = 6.02. 
Samples: 1. 3,4-Dihydroxyphenylacetic a c i d  

2. P h e n y l a c e t i c  a c i d  
3. 2-Hydroxyphenylace t i c  a c i d  
4. 3-Hydroxy-4-methoxybenzoic a c i d  
5. Impur i ty  
6.  5-Hydroxyindole-3-acetic a c i d  
7 .  3,4-Dihydroxybenzoic a c i d  
8. 3,5-Dihydroxybenzoic a c i d  
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322 WAHLUND AND EDLEN 

I n c r e a s e  of t h e  ca rbon  c h a i n  l e n g t h  i n c r e a s e d  the r e t e n t i o n  ( l o g  a 

= 0.47, methylpropylketone/methylethylketone). 

Even ve ry  h y d r o p h i l i c  a c i d s  l i k e  fumar i c  a c i d  and maleic a c i d  

are r e t a i n e d .  A v e r y  h i g h  s e p a r a t i o n  f a c t o r ,  37,  is o b t a i n e d  bet- 

ween t h e s e  c i s - t r a n s  isomers .  

P h e n y l a l a n i n e  and t h e  d i p e p t i d e s  were o n l y  s t u d i e d  w i t h  pH 2 

b u f f e r  i n  the  e l u e n t .  In  such a medium t h e y  w i l l  have a n e t  posi- 

t i v e  cha rge  and t h e y  might be r e t a i n e d  as t h e  phospha te  i o n - p a i r s .  

The phase sys t em can a l so  be used f o r  s e p a r a t i o n s  of ion- 

- p a i r s  of h y d r o p h i l i c  amines ,  l i k e  t h e  c a t e c h o l a m i n e s ,  which w i l l  

be d i s c u s s e d  i n  fo r thcoming  p u b l i c a t i o n s  [ 131. 
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