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INVESTIGATION OF THE INFLUENCE OF HYDROPHOBIC IONS AS MOBILE 
PHASE ADDITIVES ON THE LIQUID CHROMATOGRAPHIC 

SEPARATION OF AMINO ACIDS AND PEPTIDES 

Ziad Iskandarani ,  Ronald L .  Smith, and Donald J .  P i e t r z y k  

Department o f  Chemistry 
The U n i v e r s i t y  o f  Iowa 
Iowa City, Iowa 52242 

ABSTRACT 

Te t raa l  kylammonium, R4N+, and a1 ky l su l fona te ,  RSO3-, s a l t s  
were evaluated as mobi le  phase a d d i t i v e s  f o r  t h e  separat ion o f  
amino ac ids and pept ides.  The former were used i n  a basic mobi le  
phase and t h e  l a t t e r  i n  an a c i d i c  one, cond i t i ons  which conver t  
t h e  te rm ina l  carboxyl  o r  amine groups i n  amino ac ids and pept ides 
and t h e  a c i d i c  o r  basic s ide  chains i f  present i n t o  an ion i c  o r  
c a t i o n i c  forms, r e s p e c t i v e l y .  Because o f  t h e  requ i red  s t r o n g l y  
bas ic  o r  a c i d i c  mobi le  phase pH, a polystyrene-divinylbenzene 
copolymer, PRP-1, was used as the  reversed s t a t i o n a r y  phase. The 
r e t e n t i o n  i s  suggested t o  f o l l o w  a dynamic i n t e r a c t i o n  i n v o l v i n g  
two major e q u i l i b r i a ,  namely r e t e n t i o n  o f  t h e  hydrophobic i o n  and 
an i o n  exchange between t h e  co- i o n  accompanying t h e  hydrophobic 
ion and the  amino a c i d  o r  pept ide i o n  o f  oppos i te  charge. 
e f f e c t  o f  amino a c i d  and pept ide s t r u c t u r e  on r e t e n t i o n  i s  d i s -  
cussed. Key mobi le  phase va r iab les  a r e  i d e n t i f i e d ;  a major one 
i s  the o p t i m i z a t i o n  o f  t h e  hydrophobic i o n  concentrat ion-mobi l  e 
phase so lvent  composi t ion t o  prov ide a s u f f i c i e n t  number o f  charge 
s i t e s  on t h e  s t a t i o n a r y  phase due t o  hydrophobic i o n  r e t e n t i o n .  
Several separat ions a re  shown which focus on t h e  advantages o f f e r e d  
by us ing hydrophobic ions as mobi le  phase a d d i t i v e s .  

The 

In  general ,  
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112 ISKANDARANI, SMITH, AND PIETWYK 

RSO3- s a l t s  appear t o  be more v e r s a t i l e  than R4N+ s a l t s  i n  
improv ing  s e l e c t i v i t y  and r e s o l u t i o n  i n  amino a c i d  and p e p t i d e  
separa t ions .  

INTRODUCTION 

Reverse phase h i g h  performance 1 i q u i d  chromatography (RPLC) 

has emerged as a power fu l  techn ique f o r  t h e  s e n s i t i v e ,  r a p i d ,  

e f f i c i e n t  s e p a r a t i o n  o f  d e r i v a t i z e d  and u n d e r i v a t i z e d  amino a c i d s  

(AA) , pept ides  , and p r o t e i n s  (1 -3) .  Even p r e p a r a t i v e  a p p l i c a t i o n s  

a r e  f e a s i b l e  s i n c e  column load ings  and sample recove ry  a r e  o f t e n  

f a v o r a b l e  (1,4,5). 

The a1 k y l - m o d i f i e d  s i l i c a s ,  i n  p a r t i c u l a r ,  have gained wide 

acceptance as t h e  s t a t i o n a r y  phase f o r  t h e  LC s e p a r a t i o n  o f  AA and 

pept ides  (1-3). However, polystyrene-divinylbenzene (PSDB) t y p e  

s t a t i o n a r y  phases have a l s o  been shown t o  be u s e f u l  f o r  these k i n d  

o f  separa t ions  ( 6 ) .  

t hey  a r e  s t a b l e  th roughout  t h e  e n t i r e  pH range, u n l i k e  t h e  a l k y l -  

m o d i f i e d  s i l i c a s  which have a u s e f u l  pH range o f  about  pH 2 t o  8, 

and have f a v o r a b l e  l o a d i n g  c a p a c i t i e s  f o r  p r e p a r a t i v e  a p p l i c a t i o n s  

(4,6). I n  a d d i t i o n  t o  pH, o t h e r  key m o b i l e  phase v a r i a b l e s  f o r  

bo th  types  of s t a t i o n a r y  phases t h a t  a r e  man ipu la ted  t o  improve 

o r  change s e l e c t i v i t y  and r e s o l u t i o n  i n c l u d e  mixed s o l v e n t  r a t i o ,  

t y p e  o f  so l ven ts ,  i o n i c  s t reng th ,  t y p e  o f  b u f f e r  components and 

t h e i r  concen t ra t i on ,  and t h e  use o f  h y d r o p h i l  i c  o r  hydrophobic 

i ons  as m o b i l e  phase a d d i t i v e s .  

o f  e l u t i n g  c o n d i t i o n s  i s  impor tan t  f o r  seve ra l  reasons. F i r s t ,  AA 

T h e i r  ma jor  advantages l i e  i n  t h e  f a c t  t h a t  

The need f o r  such a broad range 
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INFLUENCE OF HYDROPHOBIC IONS 113 

and pept ides vary w ide ly  i n  s t r u c t u r a l  and f u n c t i o n a l  features 

because o f  s ide  chains and mobi le  phase cond i t i ons  must have t h e  

p o t e n t i a l  t o  d i s t  

m i  nor d i  f f erenc es 

i n  t h e  pept ide as 

o r  more subuni ts 

nguish between major d i f f e rences  as w e l l  as 

The l a t t e r  a r e  due t o  minor sequence changes 

t h e  r e s u l t  o f  replacement o r  reduc t i on  o f  one 

n the  pept ide.  Second, t h e  mobi le  phase condi- 

t i o n s  must be compatible w i t h  s e n s i t i v e  d e t e c t i o n  devices i f  

a n a l y t i c a l  LC i s  t h e  goal o r  w i t h  procedures t h a t  e a s i l y  permi t  

i s o l a t i o n  o f  t h e  pept ide from t h e  mobi le phase i f  p repara t i ve  LC 

i s  t h e  goal .  

The a p p l i c a t i o n  o f  h y d r o p h i l i c  o r  hydrophobic i ons  as 

mob i l e  phase a d d i t i v e s  has been p a r t i c u l a r l y  use fu l  i n  AA and 

pept ide separat ions.  Typica l  a d d i t i v e s  used a r e  a1 k y l s u l f o n i c  

(RSO3') acids, a l k y l  su l fa tes ,  f l u o r i n a t e d  a l k y l  ca rboxy l i c  

acids,  amine s a l t s ,  t e t r a a l  kylammonium (RqN') s a l t s ,  C104-, 

P04-3, and others (1,7-16). Secondary e q u i l i b r i a  between t h e  

a d d i t i v e  and t h e  AA o r  pept ide w i l l  o f t e n  b r i n g  about s i g n i f i c a n t  

changes i n  r e t e n t i o n  c h a r a c t e r i s t i c s .  I n  general , r e t e n t i o n  i s  

augmented due t o  t h e  presence o f  t h e  a d d i t i v e .  

mobi le  phase and s t a t i o n a r y  phase mod i f i ca t i ons  t h e  na tu re  o f  t h e  

secondary e q u i l i b r i a  can range from i o n  p a i r  format ion t o  an i o n  

exchange s e l e c t i v i t y .  

f i r s t  format ion o f  an i o n  p a i r  between t h e  AA o r  pept ide and t h e  

a d d i t i v e  which i s  o f  opposi te  charge and then r e t e n t i o n  o f  the 

i o n  p a i r  by t h e  s t a t i o n a r y  phase. 

\ 

Depending on t h e  

I n  t h e  former t h e  i n t e r a c t i o n  i s  viewed as 

I n  t h e  l a t t e r  t h e  a d d i t i v e  ( i f  
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114 I S K A N D W I ,  SMITH, AND PIETRZYK 

hydrophobic)  i s  f i r s t  r e t a i n e d  and then  t h e  AA o r  p e p t i d e  as a 

charged species exchanges w i t h  t h e  co - ion  t h a t  accompanies t h e  

charged a d d i t i v e .  More r e c e n t l y  i t  has been shown t h a t  under 

de f i ned  mob i l e  phase c o n d i t i o n s  a dynamic i o n  exchange ( a l s o  

c a l l e d  i o n  i n t e r a c t i o n )  t y p e  i n t e r a c t i o n  occurs,  t h e  d e t a i l s  o f  

t h i s  and p rev ious  model s t u d i e s  a r e  rev iewed i n  d e t a i l  elsewhere 

(7-9,17-20). Of p a r t i c u l a r  i n t e r e s t  i s  t h e  r e c e n t  s t u d i e s  which 

i n d i c a t e  t h a t  under d e f i n e d  m o b i l e  phase c o n d i t i o n s  t h e  i o n  

i n t e r a c t i o n  t y p e  r e t e n t i o n  i s  p resen t  when u s i n g  bo th  t h e  PSDB 

and a l ky l -mod i f i ed  s i l i c a  as t h e  s t a t i o n a r y  phase and RS03- s a l t s  

o r  R4N+ s a l t s  as m o b i l e  phase a d d i t i v e s  (18,19). 

Many s t u d i e s  i n  t h e  pas t  employed a m o b i l e  phase pH i n  t h e  

range o f  about 2.5 t o  7 i n  p a r t  because o f  t h e  pH l i m i t a t i o n  

o f  t h e  a l k y l - m o d i f i e d  s i l i c a .  

being p a r t i a l  c a t i o n s  t o  z w i t t e r i o n s  and t h e  f u l l  e f f e c t  o f  us ing  

hydrophobic i ons  as m o b i l e  phase a d d i t i v e s  i s  n o t  always r e a l i z e d .  

I n  t h i s  s tudy  we r e p o r t  t h e  use o f  R4N s a l t s  as mob i l e  phase 

a d d i t i v e s  and employ a m o b i l e  phase pH (pH > 10) t h a t  ensures 

t h a t  t h e  carboxy l - te rminus  o f  an AA o r  p e p t i d e  and a c i d i c  s i d e  

chains, i f  present,  a r e  i n  t h e i r  a n i o n i c  form. The e f f e c t  o f  

RS03 s a l t s  as m o b i l e  phase a d d i t i v e s  on t h e  r e t e n t i o n  o f  AA and 

pep t ides  f rom an a c i d i c  mob i l e  phase, where t h e  amine te rminus  and 

bas ic  s i d e  cha ins ,  i f  present ,  a r e  i n  t h e i r  c a t i o n  form, was a l s o  

s tud ied .  PRP-1, which i s  a PSDB r e v e r s e  s t a t i o n a r y  phase and i s  

s t a b l e  f rom pH 1 t o  14, was used th roughout  t h i s  i n v e s t i g a t i o n .  

Thus, AA and pep t ides  range from 

f 

- 
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Chemicals and Instrumentation 

Amino ac ids  and peptides were obtained from Sigma Chemical 

Co. , Chemalog, Vega Biochemicals, and Research Plus.  Tetra- 

propyl-(TPABr) , tetrabutyl-(TBABr) , and tetrapentyl-(TPeABr) 

ammonium bromide and pentyl-(C5S03H), heptyl-(C7S03H) , and oc ty l -  

(C8S03H) sulfonic  ac ids  were purchased from Eastman Kodak and 

Aldrich Chemical Co. Different  anion forms of t he  R 4 N +  s a l t s  

were prepared by an anion exchange procedure (18) while t he  

RS03H was converted t o  the  s a l t  form by t i t r a t i o n  w i t h  MOH or  by 

ca t ion  exchange (19) .  

while a1 1 inorganic s a l t s  were ana ly t ica l  reagent grade. 

Organic solvents  and water were LC qua l i t y  

PRP-1 i s  a 10 pm, spherical  PSDV p a r t i c l e  w i t h  a l a rge  

surface area and porosity and was obtained a s  a prepacked column 

(4.1 mm x 

equipped w 

wave1 ength 

50 mm) from Hamilton Co. A Waters Model 202 LC 

t h  a Tracor Model 970 or Spectra Physics 770 var iab 

detector  was used. 

e 

Procedures 

Peptide and A4 sample solutiorls of about 1 mg/ml were 

prepared by dissolving mg quan t i t i e s  in  H20, E t O H ,  o r  their 

mixture i n  septa sealed v i a l s  and re f r igera ted  when not i n  use.  

Sample t r ans fe r  was by syringe. Operating condi t ions,  i n  

general ,  involved 5 p1 sample a l iquo t s ,  1 m l / m i n  flow r a t e ,  i n l e t  

pressures of 700 t o  1400 psi depending on mobile phase, detect ion 
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116 ISKANDARANI, SMITH, AND PIETRZYK 

a t  215 nm, and c o n t r o l l e d  tempera ture  a t  25°C. Mixed so l ven ts  

a r e  expressed as per  cen t  by volume. M o b i l e  phase pH was con- 

t r o l l e d  by phosphate b u f f e r s ,  HC1, o r  NaOH. 

Vo ,  f o r  a g i v e n  mob i l e  phase was determined by us ing  ana ly tes  

t h a t  were n o t  r e t a i n e d .  Capac i ty  f a c t o r ,  k ' ,  was c a l c u l a t e d  by 

k '  = ( v -vo ) / vo  where v i s  t h e  r e t e n t i o n  volume o f  t h e  a n a l y t e  o f  

i n t e r e s t .  

descr ibed (1  8) . 

Column v o i d  volume, 

Breakthrough volumes were determined as p r e v i o u s l y  

RESULTS AND DISCUSSION 

Two major  e q u i l i b r i a  i n f l u e n c e  t h e  r e t e n t i o n  o f  a charged 

a n a l y t e  on PRP-1 when u s i n g  hydrophobic i ons  as m o b i l e  phase 

a d d i t i v e s  (18-20). 

phobic i o n  and i t s  c o - i o n  on t h e  PRP-1 s u r f a c e  as a double l a y e r  

where t h e  hydrophobic i o n  makes up t h e  p r imary  l a y e r  and t h e  

co - ion  t h e  secondary l a y e r .  The second i s  an i o n  exchange 

s e l e c t i v i t y  between t h e  c o - i o n  and t h e  a n a l y t e  i o n .  For a 

R4Nt s a l t  as t h e  a d d i t i v e ,  A- i t s  co-anion, and K- t h e  a n a l y t e  

anion, t h e  r e t e n t i o n  can be viewed as 

One desc r ibes  t h e  r e t e n t i o n  o f  t h e  hydro- 

'"} ( 1 )  
(PRP-1) + R4NtA- 

(PRP-1) * * 'R4NtA- + X- = (PRP-1) ' "R4NtX- + A-  

(PRP-1) ' "R4N+A- 

(1 b )  

I f  a RS03- s a l t  i s  t h e  a d d i t i v e ,  Ct i t s  co -ca t i on ,  and M+ t h e  

a n a l y t e  c a t i o n  t h e  process i s  
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INFLUENCE OF HYDROPHOBIC I O N S  117 

(2a)  } ( 2 )  
(PRP-1) t RSO3-C+ __ ~ (PRP-1) ' ' 'RS03 -C+ 

(PRP-1) ' ' 'RSO3-Cf + Mt (PRP-1) ' ' 'RS03-M+ + Ct (2b) 

S ince  t h e  hydrophobic s a l t  i s  a t  a cons tan t  c o n c e n t r a t i o n  i n  t h e  

m o b i l e  phase and t h e  i n t e r a c t i o n  i s  dynamic t h e  o v e r a l l  process 

i s  g i v e n  by t h e  combina t ion  o f  equat ions l a - l b  and 2a-2bY 

r e s p e c t i v e l y ,  as t h e  a n a l y t e  passes th rough t h e  column. 

The charge form o f  an AA and p e p t i d e  i s  ve ry  dependent on pH 

because o f  t h e i r  a c i d i c  and bas i c  t e r m i n a l  groups. The pKa 

values, which a r e  a l s o  i n f l u e n c e d  by s i d e  c h a i n  groups, de termine  

these pH c o n d i t i o n s .  I n  genera l ,  a t  pH < 2 t h e  amine te rminus  i s  

a c a t i o n .  A t  a bas i c  pH, pH > 10, t h e  ca rboxy l  te rminus  i s  an 

an ion  w h i l e  a t  an i n t e r m e d i a t e  pH t h e  AA and pep t ides  a r e  

z w i t t e r i o n s .  I f  t h e  s i d e  cha ins  a l s o  c o n t a i n  a c i d i c  o r  bas i c  

groups they  can p r o v i d e  a d d i t i o n a l  charge s i t e s  depending on t h e i r  

pKa va lues  and t h e  m o b i l e  phase pH. 

It f o l l o w s  from equat ions 1 and 2 t h a t  i n  o rde r  t o  separa te  

AA and pep t ides  as anions, R4N+ s a l t s  and a bas ic  m o b i l e  phase 

would be bes t  w h i l e  as ca t i ons ,  RS03- s a l t s  and an a c i d i c  m o b i l e  

phase would be bes t .  Prev ious  r e s u l t s  (18) have a l r e a d y  i n -  

d i c a t e d  t h a t  t h e  z w i t t e r i o n  pH p rov ides  the  l owes t  r e t e n t i o n  and 

o f t e n  t h e  poores t  s e l e c t i v i t y .  

phase pH o r .one  c l o s e  t o  t h i s ,  which i s  used most o f t e n  (7-16) i s  

t h e  l e a s t  u s e f u l  o f  t h e  t h r e e  p a r t i c u l a r l y  when a t tempt ing  t o  

separa te  c l o s e l y  r e l a t e d  AA and pep t ides .  

For these reasons t h i s  mob i l e  
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118 ISKANDARANI, SMITH, AND PIETRZYK 

Several mobi le  phase va r iab les  have been i d e n t i f i e d  (18-20) 

which can be manipulated t o  a l t e r  ana ly te  r e t e n t i o n  and subse- 

quent ly  improve r e s o l u t i o n  and s e l e c t i v i t y  w h i l e  s t i l l  mainta in-  

i n g  favorable analysfs  times. 

AA and pept ide r e t e n t i o n ,  as w e l l  as previous data f o r  t h e  reten-  

t i o n  o f  ana ly te  ca t i ons  and anions (18-20), on PRP-1 from mobi le  

phases con ta in ing  hydrophobic ions a r e  cons is ten t  w i t h  these 

genera l i za t i ons .  B r i e f l y ,  these a r e  summarized i n  t h e  fo l l ow ing .  

1) The s t r u c t u r e  and concen t ra t i on  o f  t h e  R4N+ o r  RS03- s a l t  can 

be a l t e r e d .  As t he  a l k y l  cha in  length,  R, increases, r e t e n t i o n  

increases, due t o  t h e  s h i f t  i n  t he  e q u i l i b r i u m  shown i n  equations 

l a  and 2a, l ead ing  t o  an increase i n  the  number o f  charge s i t e s ,  

which i n  t u r n  increases ana ly te  r e t e n t i o n .  

c e n t r a t i o n  o f  t h e  a d d i t i v e  i n  the  mobi le  phase a l s o  increases i t s  

r e t e n t i o n ,  number o f  charge s i t e s ,  and ana ly te  r e t e n t i o n .  2 )  The 

i o n  exchange s e l e c t i v i t y ,  i n d i c a t e d  by t h e  e q u i l i b r i u m  i n  

equat ion l b  and 2b i s  responsive t o  t h e  concentrat ion and type 

o f  co- ion i n  t h e  mobi le  phase. Thus, t h e  e l u t i o n  order,  which 

i s  a measure o f  t he  s e l e c t i v i t y  o f  one i o n  over another and 

c l o s e l y  resembles t h e  more t r a d i t i o n a l  i o n  exchange s e l e c t i v i t y  

(21 ), fo l lows,  i n  general , t h e  order  

The data repo r ted  i n  t h i s  paper for 

Increas ing t h e  con- 
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INFLUENCE OF HYDROPHOBIC IONS 119 

+ 
where a R4N s a l t  o r  a RS03- s a l t  i s  used, respec t i ve l y .  3)  

Mobi le  phase pH determines t h e  charge on t h e  pept ide and AA; i n  

general, as t h e  charge increases r e t e n t i o n  increases i n  t h e  

presence o f  a hydrophobic i o n  o f  opposi te  charge. 4 )  A l t e r i n g  

t h e  organic so1vent:water r a t i o  sharp ly  changes t h e  r e t e n t i o n  of 

t h e  a d d i t i v e  on t h e  s t a t i o n a r y  phase (equat ions l a  and 2a) which 

then in f luences t h e  number o f  charge s i t e s ,  and a n a l y t e  re ten-  

t i o n ;  decreasing t h e  organic m o d i f i e r  i n  t h e  so lvent  m i x t u r e  leads 

t o  increased a d d i t i v e  r e t e n t i o n ,  l a r g e  number 07 charged s i t e s ,  

and increased ana ly te  r e t e n t i o n .  5) The type o f  organic m o d i f i e r  

used in f l uences  t h e  previous va r iab le .  

t h e  order CH3CN > E t O H  > MeOH. 

used t o  i n f l uence  ana ly te  i o n  r e t e n t i o n  (equat ions lb and 2b) 

s ince i t  can prov ide a d d i t i o n a l  amounts o f  t h e  same or  an 

i n d i f f e r e n t  co- ion t h a t  accompanies t h e  a d d i t i v e ;  increas ing 

i o n i c  s t reng th  w i l l  decrease ana ly te  r e t e n t i o n .  

The e l u t i n g  power f o l l e w s  

I o n i c  s t w n g t h  c o n t r o l  can be 6) 

Table I demonstrates t h a t  AA and pept ide r e t e n t i o n  increases 

as t h e  hydrophobic i o n  a l k y l  cha in  l eng th  increases and t h a t  t h e  

a d d i t i v e  s i g n i f i c a n t l y  augments ana ly te  r e t e n t i o n .  When us ing  

t h e  R4N+ s a l t s  t h e  mobi le  phase i s  basic (pH = 111 ensur ing t h e  

ana ly te  i s  an anion w h i l e  w i t h  t h e  RS03- s a l t s  t h e  mob i l e  phase 

pH i s  a c i d i c  (pH = 2)  so t h a t  t h e  analy tes a r e  ca t i ons .  

ana ly te  r e t e n t i o n  i s  p l o t t e d  versus C-number, where C-number i s  

equal t o  t h e  sum o f  a l l  carbons i n  t h e  a l k y l  cha in  o f  the R4N' 

s a l t s ,  r e t e n t i o n  increases r a p i d l y  and provides or approaches a 

If 
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122 ISKANDARANI , SMITH, AND PIETRZYK 

maximum. 

i t s  loca t ion  r e l a t i v e  t o  C-number is  a funct ion of t he  re ten t ion  

of t he  R4N+ s a l t .  This re ten t ion  increases  a s  t he  CH3CN concen- 

t r a t i o n  in  the  mobile phase decreases and therefore  increases  the  

number of charged s i t e s  (according t o  the  equilibrium i n  equation 

l a )  on the  PRP-1 (18) due t o  the  retained R4N+ s a l t .  As t he  

number of s i t e s  increase,  the  maxima s h i f t s  t o  a lower C-number. 

Since only a few RS03- s a l t s  were examined under comparable 

mobile phase condi t ions,  i t  was not possible  t o  ascer ta in  

whether a maximum was present when using RS03- s a l t s  as  mobile 

phase addi t ives .  These and other  data  not shown here,however, 

c l ea r ly  ind ica te  t h a t  increasing the alkyl  chain i n  the  RS03- 

s a l t  increases  the  number of charged s i t e s  ( see  equilibrium i n  

equation l b )  due t o  RS03- s a l t  r e t en t ion  and enhances AA and 

peptide re ten t ion .  A l s o ,  a s  the  organic sol vent concentration 

decreases i n  the  mobile phase the  number o f  RS03- s i t e s  on the  

PRP-1 surface increases  (19) .  

The maximum, which has been observed before (18 ) ,  and 

Tetraal kylammonium S a l t s  

Table I and o ther  preliminary experiments suggested t h a t  the 
+ optimum R4N 

Retention data fo r  several  AA a t  pH = 11 u s i n g  these  th ree  

R4N+ s a l t s  a s  addi t ives  a r e  shown in  Table 11. 

were used because F- i s  one of t he  weakest e luent  co-anions 

( 1 8 , Z O )  ( s ee  equation l b ;  a l s o  compare data for  Phe i n  Tables I 

and 11). 

s a l t s  were ones where R = propyl , butyl , or  pentyl . 

The F- s a l t s  

The presence of the  R 4 N +  s a l t  s ign i f i can t ly  enhances 
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TABLE I 1  

E f f e c t  of R 4 N t  S a l t s  on the  Retention of 
Amino Acids on PRP-1 

Capacity Fac to r ,  k '  

Amino 
Acid/% CH3CN 

Nonpolar 

L-A1 a 

L-Pro 

L-Met 

L-Phe 

Polar  

G1 Y 

L-Ser 

L-Thr 

L- cys 

L-Asn 

L-G1 n 

Basic 

L-His 

Acidic  

L-Asp 

L-G1 u 

L-Tyr 

TPAF - 

0% - 5% - 

2.15 

10.8 1.10 

2.67 

14.0 

2.15 

2.04 

2.73 

2.02 

2.18 

2.63 

3.37 

1 .60 

1.64 

2.11 

TBAF TPeAF - -  

10% - 15% - 

2.60 5.05 

2.59 6.11 

2.65 5.44 

22 .o 

2.60 5.05 

2.24 4.98 

2.79 5.34 

4.18 

2.58 4.85 

2.34 4.80 

2.65 5.44 

18 .2  

17.7 

16.6 

A 10 pm, 4.1 mm x 150 mm PRP-1 column using a 
CH3CN:H20, 1-00 x 10-3M R4NF, 1 .OO x 10-3M 
NaOH , mobi 1 e phase a t  1 .O m l  /mi n w i t h  
d e t e c t i o n  a t  215 nm. 
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124 ISKANDARANI, SMITH, AND PIETRZYK 

AA r e t e n t i o n ,  however, t h e  d i f f e r e n c e s  i n  r e t e n t i o n  f o r  AA w i t h  

p o l a r  and bas i c  s i d e  cha ins  tend t o  be sma l l .  

d i f f e r e n c e s  a r e  l a r g e  o n l y  f o r  those AA w i t h  v e r y  hydrophobic 

s i d e  cha ins  such as w i t h  Phe and Leu. 

For nonpolar AA 

I f  t h e  AA s i d e  c h a i n  i s  a c i d i c  and t h e  m o b i l e  phase pH i s  

bas ic  enough t o  c o n v e r t  t h i s  group i n t o  an a n i o n i c  s i t e  t h e n  t h e  

AA i s  a d i v a l e n t  an ion .  As seen i n  Tab le  I 1  a marked inc rease  

i n  r e t e n t i o n  i s  found when a R4Nt s a l t  i s  p resen t  as a m o b i l e  

phase a d d i t i v e .  

r e t e n t i o n  on PRP-1 as t h e  d i -an ion .  

o f  t h e  R4Nt s a l t  i s  inc reased t h e  r e t e n t i o n  o f  t h e  a c i d i c  AA 

markedly inc reases  i n  comparison t o  AA w i t h o u t  a c i d i c  s i d e  

cha ins .  

approx imate ly  t h e  same (10  t o  13 pmoles o f  R4N s a l t  r e t a i n e d /  

column as determined from break through volumes) f o r  TPAF, TBAF 

and TPeAF when t h e  CH3CN:H20 r a t i o  i s  5:95, 10:90, and 15:85, 

r e s p e c t i v e l y .  

d i f f e r e n c e s  i n  l o a d i n g  c a p a c i t y .  

I n  t h e  absence o f  t h e  R4Nt s a l t  t h e r e  i s  no 

I f  t h e  a l k y l  c h a i n  l e n g t h  

I n  Tab le  11 t h e  number o f  s i t e s  ( r e t a i n e d  R4Nf s a l t )  
+ 

Thus, t h e  observed r e t e n t i o n  t rends  a r e  n o t  due 

The da ta  i n  Tab le  I 1  i n d i c a t e  t h a t  a c i d i c  and v e r y  hydro- 

S 

t o  

phobic AA can be r e a d i l y  separated from o t  kr AA. 

i n t e r e s t  a r e  t h e  separa t i ons  i n v o l v i n g  t h e  a c i d i c  AA. 

presence o f  a R4Nt s a l t  t hese  a r e  h i g h l y  r e t a i n e d  and would e l u t e  

a f t e r  t h e  p o l a r ,  bas ic ,  o r  weakly hydrophobic AA; i n  t h e  absence 

o f  t h e  R4Nt s a l t  and a m o b i l e  phase pH o f  11 t h e  a c i d i c  AA would 

e l u t e  f rom PRP-1 be fo re  o r  w i t h  these weakly r e t a i n e d  AA. 

O f  p a r t i c u l a r  

I n  t h e  
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I N F L U E N C E  OF HYDROPHOBIC I O N S  125 

Al though n o t  shown AA e l u t i o n  peaks a r e  w e l l  d e f i n e d  and e x h i b i t  

c o l  umn e f f i c i e n c i e s  sirni 1 a r  t o  p e p t i d e  chromatographic peaks 

shown l a t e r .  

S i m i l a r  r e t e n t i o n  s t u d i e s  were c a r r i e d  o u t  us ing  d i p e p t i d e s  

t h a t  con ta ined  p o l a r  subun i t s  and t r i p e p t i d e s  t h a t  con ta ined  

weakly hydrophobic s i d e  cha ins  as ana ly tes .  

d i f f i c u l t  t o  separa te  i n  t h e  absence o f  hydrophobic i o n s  i n  t h e  

mob i l e  phase. 

d i p e p t i d e s .  

presence o f  t h e  R4N 

cases r e t e n t i o n  on  PRP-1 i s  zero  o r  b a r e l y  de tec tab le ,  d i f f e r e n c e s  

among t h e  d i p e p t i d e s  a r e  smal l  except f o r  those c o n t a i n i n g  ve ry  

hydrophobic s i d e  cha ins  o r  a c i d i c  s i d e  cha ins  (see Tab le  I V ) .  

I f  t h e  mob i l e  phase i s  a t  t h e  z w i t t e r i o n  pH r e t e n t i o n  i n  

Often, these a r e  

Tab le  I11 l i s t s  r e t e n t i o n  da ta  f o r  severa l  o f  t h e  

I n  genera l ,  even though r e t e n t i o n  i s  enhanced i n  t h e  
+ 

s a l t  r e l a t i v e  t o  i t s  absence, where i n  most 

+ 
t h e  presence o f  t h e  R4N 

absence o f  t h e  R4N s a l t  i n  t h e  mob i l e  phase. However, t h e  l e v e l  

o f  enhancement i s  n o t  comparable t o  t h a t  ob ta ined  when t h e  m o b i l e  

phase pH i s  bas i c  and t h e  ca rboxy l  te rminus  and a c i d i c  s i d e  

cha ins ,  i f  present ,  a r e  i o n i z e d .  The presence o f  t h e  c a t i o n i c  

s i t e  i n  t h e  z w i t t e r i o n  i s  r e s p o n s i b l e  f o r  t h i s  d i f f e r e n c e .  

s a l t  i s  s t i l l  enhanced r e l a t i v e  t o  t h e  
t 

F igu re  1 shows t h e  separa t i on  o f  severa l  t r i p e p t i d e s  t h a t  

a r e  p o o r l y  r e t a i n e d  i n  t h e  absence o f  t h e  R4N+ s a l t  and t h e  

improvement i n  r e s o l u t i o n  t h a t  can be ob ta ined  by o p t i m i z i n g  

t h e  mob i l e  phase v a r i a b l e s .  I n  F i g u r e  1A poor r e s o l u t i o n  i s  

obta ined i n  t h e  absence o f  a R4N+ s a l t .  Marked improvement i s  
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TABLE 111 

E f fec t  of  R4Nf S a l t s  on t h e  R e t e n t i o n  of 
Po la r  D ipep t ides  o n  PRP-1 

D i p e p t i d e / %  CH3CN 

Gly-Gly 

Gly-L-Ser 

Gly-L-Thr 

Gly-L-LyS 

Gly-L-Asn 

Gly-L-Met 

L-Ala-L-Ser 

L- A1 a- L-T h r  

L-Ala-L-Lys 

L-Ala-L-Asn 

t - A 1  a- L-Me t 

L-Ata-L-A1 a 

L-Ser- L-Ser 

L-Ser-1-Gly 

L-Ser-L-A1 a 

L-Ser- L-Met 

L-Ser- L- Leu 

L-Met-L-GI y 

L-Met-L-Ser 

Capac i t y  Fac tor ,  k’ 

TPAF 

- 0% 5.!, 

2.85 

2.57 

4.33 0.84 

1.10 

2.65 

3.33 

4.24 

1.15 

4.08 

6.07 

1.05 

2.39 

2.51 

3.23 

2.57 

3.69 

4.34 

3.51 

TBA F 

10% 

2.47 

2.39 

2.64 

2.72 

2.29 

7.77 

2.62 

2.98 

2.29 

2.44 

- 

11.3 

3.14 

2.29 

2.31 

2.46 

6.14 

8.11 

9.00 

7.67 

TPeAF 

15% 

5.87 

5.61 

6.06 

5.43 

5.28 

- 

14.4 

6.39 

6.71 

5.77 

5.62 

17.9 

7.03 

5.25 

5.34 

5.57 

11.4 

14.3 

15.0 

13.3 

Column c o n d i t i o n s  a r e  t h e  same as Tab le  11. 
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INFLUENCE OF HYDROPHOBIC IONS 

TABLE I V  

127 

R e t e n t i o n  o f  A c i d i c  D ipep t ides  on PRP-1 i n  t h e  
Presence of TPAF 

Capac i ty  Fac to r ,  k' 

DH 

a .a5 - D i p e p t i d e  11 .oo 

L- Tyr  3.43 1.31 

G l p  L-Tyr 4.10 2.70 

L-Tyr- Gly 5.01 4.58 

L-A1 a- L-Tyr 4.67 3.90 

L-Tyr- L-A1 a 6.79 6 .OO 
r 

L-Arg- L-Tyr 1.97 1.12 

L-Tyr- L-Arg 2.98 1 .a7 

L- Lys- L-Tyr 4.36 0.91 

L-Tyr-L-Lys 5.04 1.45 

L-G1 u- t - T y r  9.83 3.93 

L-Tyr- L-G1 u 11 .a 6.17 

Column c o n d i t i o n s  a r e  t h e  same as Tab le  
I1 except CH3CN:H20 i s  5:95 and pH=8.85 

i s  by 1 .0x10-2M NH3/NH4' b u f f e r  w i t h  
d e t e c t i o n  a t  215 nm. 
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128 ISKANDARANI, SMITH, AND PIETRZYK 

a. Gly-Gly-Gb 
b. Gly-Gly-L-Ala 
c. L-Ab-Gly-Gly 
d. Gly-Gly-L-Val 
a. L-Val-Gly-Gly 
1. Gly-Gly-L-La 

h. Gly-Gly-L-h 
i. L-f-M-Gly-Gly 

9. L-Leu-Gly-Gly 

FIGURE 1 

E f f e c t  o f  Mobi le  Phase Var iab les on Pept ide 
Separations on PRP- I  Using a R4N+ S a l t  as 

a Mobi le  Phase A d d i t i v e  

A 4.1 mm x 150 mm, 10 pin, PRP-1 column and a 5:93 CH3CN:H20 
mobi le  phase so l ven t  con ta in ing  A )  pH=ll.O P o i  b u f f e  

(C) 1 .OOxlO-3M TPeABr, pH=l l  .O (NaOH), and (D)  1 .OOx10-3M 
TPeAF, pH=ll .O (NaOH) a t  a f l o w  r a t e  o f  1 .O ml/min. 

5 w i t h  no R4N' s a l t ,  (B) 1 .OOxlO' 5 M TPeABr, pH=l l  .O (PO4 ) 

obtained, F igure l B ,  when using TPeABr i n  t h e  mob i l e  phase. 

However, t h i s  mobi le  phase conta ins several  s t rong e luen t  

co-anions (18,20) (Br-, PO4 

s a l t ,  t h e  b u f f e r  which y i e l d s  pH = 11, and NaCl which provides 

i o n i c  s t reng th  c o n t r o l  , r e s p e c t i v e l y )  which w i l l  reduce r e t e n t i o n  

-3 , and C1- prov ided by t h e  R4Nt 
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INFLUENCE OF HYDROPHOBIC IONS 129 

and a f f e c t  r e s o l u t i o n .  By s w i t c h i n g  t o  NaOH which p rov ides  t h e  
- 3  necessary pH, PO4 

OH- (18,ZO). Thus, r e s o l u t i o n  i n  F i g u r e  l C ,  where o n l y  t h e  

l e a s t  r e t a i n e d  t r i p e p t i d e s  a r e  considered, i s  s i g n i f i c a n t l y  

improved as a r e s u l t  o f  inc reased r e t e n t i o n  and s e l e c t i v i t y .  An 

a d d i t i o n a l  improvement i s  made by us ing  TPeAF i n s t e a d  o f  t h e  B r -  

s a l t  s i n c e  F- i s  a l s o  a ve ry  weak e l u e n t  co-anion (18,20); t h i s  

i s  shown i n  F i g u r e  1D where t h e  t h r e e  t r i p e p t i d e s  t h a t  appear i n  

t h e  f i r s t  peak i n  F i g u r e  1B a r e  now separated. A l though n o t  

shown here  a v e r y  modest change i n  CH3CN:H20 r a t i o  w i l l  a l s o  

s t r o n g l y  a f f e c t  r e t e n t i o n  and r e s o l u t i o n ,  p a r t i c u l a r l y  f o r  t hose  

ana ly tes  t h a t  a r e  h i g h l y  r e t a i n e d .  

i s  rep laced  by t h e  v e r y  weak e l u e n t  co-anion, 

The o b s e r v a t i o n  t h a t  t h e  g r e a t e s t  e f f e c t  on  AA and p e p t i d e  

r e t e n t i o n  i s  due t o  i o n i z a t i o n  o f  a d d i t i o n a l  a c i d i c  s i t e s  i s  

c o n s i s t e n t  w i t h  t h e  e q u i l i b r i a  i n d i c a t e d  i n  equat ion  1, 

p a r t i c u l a r l y  t h e  exchange e q u i l i b r i u m  shown i n  equa t ion  l b .  

i s  t h i s  exchange s e l e c t i v i t y  between t h e  a n a l y t e  an ion  and t h e  

co-anion p rov ided  by t h e  R4N+ s a l t  o r  any o t h e r  s a l t  i n  t h e  m o b i l e  

phase which appears t o  account f o r  t h e  major  d i f f e r e n c e  i n  r e -  

t e n t i o n .  A l though t h e  presence o f  nonpolar,  p o l a r ,  and bas i c  

s i d e  cha ins  can i n f l u e n c e  r e t e n t i o n ,  t h i s  e f f e c t  i s  smal l ,  

except f o r  ve ry  hydrophobic groups, and t h e  major  i n f l u e n c e  

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

I t  

The e f f e c t  o f  one o r  two a c i d i c  s i d e  cha ins  on d i p e p t i d e  

r e t e n t i o n  i s  i l l u s t r a t e d  i n  Tab le  I V .  When o n l y  one a c i d i c  
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130 ISKANDARANI, SMITH, AND PIETRZYK 

s i d e  c h a i n  i s  p resent  t h e  o t h e r  AA s u b u n i t  p rov ides  a v e r y  

p o l a r  s i d e  c h a i n  and i t s  e f f e c t  would be one t o  a l s o  s h a r p l y  

decrease r e t e n t i o n  i n  t h e  absence o f  t h e  R4Nt s a l t .  I n  a l l  

cases t h e  m o b i l e  phase pH i s  bas i c  enough so t h a t  bo th  t h e  

a c i d i c  s i d e  c h a i n  g roup(s)  and t h e  carboxy l  te rminus  a r e  i on i zed .  

Thus, a l l  ana ly tes  i n  Tab le  I V  a r e  d i - o r  t r i v a l e n t  anions and 

r e t e n t i o n  i s  s i g n i f i c a n t l y  enhanced due t o  these  a d d i t i o n a l  

a n i o n i c  charges. 

t i o n  o f  a l l  t h e  d i p e p t i d e s  i s  n e g l i g i b l e  i n  t h e  absence of  a 

R4N 
smal l  o r  b a r e l y  de tec tab le .  

I f  t h e  m o b i l e  phase pH i n  Table I V  i s  reduced t o  a pH where 

A t  t h e  CH3CN:H20 r a t i o  used and pH = 11 r e t e n -  

t s a l t ;  even a t  100% H20, pH = 11 r e t e n t i o n  i n  most cases i s  

t h e  Tyr s i d e  c h a i n  i s  n o t  i o n i z e d  r e t e n t i o n  i s  reduced. 

t i o n  a l s o  c o r r e l a t e s  t o  t h e  h y d r o p h o b i c i t y  p rov ided  by  t h e  second 

AA subun i t  ( w i t h o u t  t h e  a c i d i c  s i d e  cha in )  i n  t h e  d i p e p t i d e .  The 

more hydrophobic t h e  s i d e  c h a i n  t h e  g r e a t e r  t h e  r e t e n t i o n  i s .  

Thus, r e t e n t i o n  f o r  cor respond ing  d i p e p t i d e s  i s  i n  t h e  o rde r  

A l a  > Lys > Gly > Arg.  For t h e  Glu-Tyr d i p e p t i d e s  t h r e e  a n i o n i c  

s i t e s  a r e  p resen t  a t  pH = 11 and r e t e n t i o n  o f  t hese  d i p e p t i d e s  i s  

h ighe r .  

Reten- 

I t  shou ld  be noted t h a t  r e t e n t i o n  i s  always t h e  l a r g e s t  

when t h e  a c i d i c  s i d e  c h a i n  i s  a t  s u b u n i t  1 i n  t h e  d i p e p t i d e  

o r  when t h e  s i d e  c h a i n  a n i o n i c  s i t e  i s  f a r  removed from t h e  

te rm ina l  -C02 s i t e .  A l though n o t  shown i n  Tab le  I V Y  t h i s  

t r e n d  was observed when comparing Asp-Gly t o  Gly-Asp and 

- 
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INFLUENCE OF HYDROPHOBIC IONS 131 

C. L-Tyr 
d Gly-L-Tyr 
e. L-Ala-L-Tyr 
f . L-Tyr-Gly 
9. L-Tyr-L-Ala 
h. L-Glu-L-Tyr 
i . L-Tyr-L-Glu 

Glu-Gly t o  Gly-Glu. 

behav io r  i s  n o t  s p e c i f i c  t o  Tyr.  

These obse rva t i ons  demonstrate t h a t  t h e  

S e l e c t i v i t y  i n  Tab le  I V  i s  v e r y  f a v o r a b l e  and many 
t separa t ions  a r e  p o s s i b l e  v i a  t h e  use of a R4N 

phase a d d i t i v e ,  

t y r o s y l  d i p e p t i d e s  i s  shown i n  F i g u r e  2A where TPAF i s  used as 

t h e  m o b i l e  phase a d d i t i v e .  As i n  p rev ious  separa t ions  

s a l t  as a m o b i l e  

The separa t i on  o f  a 8-component m i x t u r e  o f  

al 
0 
C 
0 

41 1 I 
I 

0 5 10 15 20 0 10 

L 
I 

20 
ml rnl 

FIGURE 2 

Separa t ion  o f  Tyr -Conta in ing  A c i d i c  D ipep t ides  

A 4.1 mm x 150 mm, 10  vm, PRP-1 column and a ( A )  
CH3CN:H20, l.OOxlO-3M TPAF, pH=ll .O (NaOH) mob i l e  phase a t  a f low 
r a t e  o f  1.0 m l / m i n ;  ( B )  

5:95 

same as ( A )  except 100% H20. 
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132 ISKANDARANI, SMITH, AND PIETRZYK 

e x c e l l e n t  peak symmetry and f a v o r a b l e  column e f f i c i e n c y  i s  

ob ta ined.  

pept ides  by a l t e r i n g  t h e  CH3CN:H20. 

separa t ion ,  F i g u r e  28, i s  ob ta ined  f o r  t h e  f i r s t  two d i p e p t i d e s  

i n  t h e  separa t i on  o f  F i g u r e  2A by us ing  100% H20. I f  t h e  TPAF 

i s  o m i t t e d  f rom t h e  m o b i l e  phase i n  F i g u r e  2 a l l  o f  these ve ry  

p o l a r  d i p e p t i d e s  would c o e l u t e  w i t h  t h e  dead volume peak on t h e  

PRP-1 when u s i n g  a 5:95 CH3CN:H20 m o b i l e  phase a t  pH = 11.0. 

Table V l i s t s  r e t e n t i o n  da ta  f o r  severa l  Tyr c o n t a i n i n g  

pep t ides  i n  t h e  presence and absence o f  TPAF. 

r e t e n t i o n  o f  t h e  pep t ides  i n  t h e  presence o f  TPAF i s  g r e a t l y  

R e s o l u t i o n  can be improved f o r  g i v e n  p a i r s  o f  d i -  

For example, a b a s e l i n e  

I n  bas i c  s o l u t i o n  

TABLE V 

R e t e n t i o n  o f  Tyros ine  Pept ides  on PRP-1 i n  t h e  

Presence o f  TPAF 

k '  k '  

Pept ide  No S a l t a  TPAFb Pep t ide  NO S a l t a  T P A F ~  

L-Tyr 0.29 4.46 Gly-Gly-Gly 0.29 1 .15 

Gly-Gly 0.28 1.07 Gly-Gly-L-Tyr 0.37 6.54 

G 1 y - L - Tyr 0.35 5.86 Gly-L-Tyr-Gly 0.69 8.75 

L- Tyr  - G 1 y 0.35 8.00 L-Tyr-Gly-Gly 0.66 10.1 

A 10 urn, 4.1 mm x 150 mm PRP-1 column us ing  ( a )  100% H20, 

1.00 x 10-3M TPAF, 1.00 x 10-3M NaOH m o b i l e  phase a t  1 ml/min 
w i t h  d e t e c t i o n  a t  215 nm. 

1.00 x 10- 3 M NaOH, 1 .0  x 10- 1 M NaCl o r  ( b )  a 2.5:97.5 CH3CN:H20, 
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I N F L U E N C E  O F  HYDROPHOBIC I O N S  133 

enhanced due t o  t h e  a d d i t i o n a l  a n i o n i c  charge o f  t h e  Tyr  s i d e  

cha in .  Furthermore, t h e  e f f e c t  inc reases  as t h i s  charged Ty r  s i d e  

c h a i n  i s  moved f u r t h e r  f rom t h e  charged -C02- te rminus .  

demonstrates t h a t  TPAF i n  t h e  mob i l e  phase improves t h e  r e s o l u -  

t i o n  o f  p e p t i d e  m i x t u r e s  where t h e  pep t ides  have a c i d i c  s i d e  

cha ins  and t h a t  a modest change i n  s o l v e n t  compos i t ion  s i g n i f i -  

c a n t l y  changes r e t e n t i o n  and a1 t e r s  r e s o l u t i o n  (compare F igu res  

3A and 36 where t h e  % CH3CN i s  decreased by  2.5%, r e s p e c t i v e l y ) .  

Very l i t t l e  r e t e n t i o n  i s  observed when a t tempt ing  t o  separa te  

t h e  pep t ides  i n  F i g u r e  3 when o m i t t i n g  t h e  TPAF from t h e  m o b i l e  

F i g u r e  3 

a Gly 
b Gly-Gly-Gly 
c .  L-Tyr 
d. Gly-L-Tyr 
e. Gly-Gly-L-Tyr 
f .  L-Tyr-Gly 
gg Gly-L-Tyr-Gly 
h. L-Tyr-Gly-Gly 

0 5 
ml 0 

I I I I 
5 10 15 20 

ml 

FIGURE 3 
E f f e c t  o f  Mob i l e  Phase So lven t  Composi t ion on 

R e s o l u t i o n  o f  Tyr -Conta in ing  A c i d i c  Pept ides  

A 4.1 mm x 150 mm, 10 w, PRP-1 column and a 1.00 x 1 0 - 3 ~  TPAF, 
pH = 11.0 (NaOH), (A)  5:95or (B) 2.5:97.5 CH3CN:H20 m o b i l e  
phase a t  1 m l l m i n .  
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134 ISKANDARANI, SMITH, AND PIETRZYK 

phase. 

r e t e n t i o n  a t  t h e  z w i t t e r i o n  pH and i n  t h e  presence o f  TPAF 

ind i ca ted  an enhanced r e t e n t i o n  over t h e  absence of TPAF. 

However, t h e  increase does no t  compare w i t h  t h a t  obtained a t  t h e  

basic pH. 

Although no t  shown i n  Table V ,  determinat ion o f  pept ide 

Retent ion was determined f o r  a se r ies  o f  Tyr pept ides t h a t  

a l s o  con ta in  a Trp subuni t  as a f u n c t i o n  o f  so l ven t  composi t ion 

i n  t h e  absence and presence o f  TPABr a t  pH = 11. A t  t h i s  pH a l l  

t h e  Tyr-pept ides a r e  d ian ions.  Since r e t e n t i o n  i s  h igh due t o  

t h e  very hydrophobic s i d e  cha in  from Trp, t h e  Br-  s a l t  was used 

t o  prov ide a s t ronger  e luent  co-anion. 

i n  Table V I .  

and drops o f f  as t h e  CH3CN concen t ra t i on  increases i n  t h e  mobi le  

phase. With t h e  R4N+ s a l t  present i n  t h e  mob i l e  phase r e t e n t i o n  

i s  sharp ly  enhanced and a l so  drops r a p i d l y  w i t h  i nc reas ing  CH3CN 

i n  t h e  mobi le phase. These trends c o r r e l a t e  w i t h  t h e  decrease i n  

r e t e n t i o n  o f  TPABr, these data a r e  provided elsewhere (61, on t h e  

PRP-1 and a r e  cons is ten t  w i t h  t h e  e q u i l i b r i u m  shown i n  equat ion 

l a .  That i s ,  as the  CH3CN concen t ra t i on  increases t h e  number o f  

charged s i t e s  on the  PRP-1 sur face provided by t h e  r e t a i n e d  R4N+ 

s a l t  decreases which then a l s o  decreases ana ly te  r e t e n t i o n .  

these data as w e l l  as others i n d i c a t e  t h a t  optimum r e t e n t i o n  and 

r e s o l u t i o n  r e q u i r e  very c a r e f u l  c o n t r o l  o f  t h e  mobi le  phase 

so lvent  m ix tu re  and R4N+ concen t ra t i on  so t h a t  t he re  a r e  a t  

l e a s t  a minimum number of  re ta ined  charge s i t e s ;  our experiments 

These data a r e  summarized 

I n  t h e  absence o f  t h e  R4Nt s a l t  r e t e n t i o n  i s  h igh  

Thus, 
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INFLUENCE OF HYDROPHOBIC IONS 135 

TABLE V I  

The E f f e c t  o f  So lven t  Composi t ion on t h e  

R e t e n t i o n  o f  Ty ros ine  Pept ides  on PRP-1 

Pep t ide  1% CH,CN 

L-Tyr 

L-Trp 

L-Trp-L-Tyr 

L -Trp(Gly ) l  L-Tyr 

L-Trp(G1y) 2L-Tyr 

L-Trp(Gly)3L-Tyr 

L-Trp(Gly)4L-Tyr 

L-Tyr (Gl y ) 2L-Phe-L-Leu 

(Gl y ) 2L-Phe- L- Leu 

L-Tyr (61 y )  2L-Phe-L-Met 

( G l  y ) 2L-Phe-L-Met 

Capac i ty  Fac tor ,  k '  

No TPABra 1 .OO x 10-3M TPABrb 

7.5% 10% 13% 15% 

0 0.72 0.40 0.25 0.20 

8.12 1.61 9.32 4.21 2.07 1.46 

11.5 1.31 27 8.02 2.85 1.85 

16.4 1.38 2C 7.78 2.76 1.80 

18 1.41 26 7.46 2.62 1.79 

21 1.56 28 8.05 2.80 1.80 

25 1.77 30 8.38 2.87 1 .75 

- - - -  2.5% 10% - -  

Encaphel ins 

3. 95a 16.1' 

6 .46a 6.25' 

2. 92a 12.2c 

4 .77a 6.68' 

A 1 0  urn, 4.1 mm x 150 mm PRP-1 column u s i n g  ( a )  a CH3CN:H20, 
3 1.00 x 10m3M NaOH, 1.00 x 10- M NaF m o b i l e  phase, ( b )  a CH3CN:H20, 

1.00 x 10-3M TPABr, 1.00 x 10-3M NaOH m o b i l e  phase, o r  ( c )  same as 
(b )  except TPAF and 12:88 CH3CN:H20 a t  a f l o w  r a t e  o f  1 ml /min  

w i t h  d e t e c t i o n  a t  215 nm. 
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136 ISKANDARANI, SMITH, AND PIETRZYK 

i n d i c a t e  t h a t  f o r  a 150 mm PRP-1 column t h e  range i s  about 10 t o  

25 pmole/column. The r e t e n t i o n  minimum i n  Tab le  V I  t h a t  occurs 

i n  t h e  presence o f  t h e  TPABr when Gly u n i t s  a r e  i n s e r t e d  i s  

p robab ly  t h e  r e s u l t  o f  p e p t i d e  c o i l i n g  and t h e  subsequent 

l o c a t i o n  o f  t h e  t e r m i n a l  hydrophobic T rp  s u b u n i t  r e l a t i v e  t o  t h e  

te rm ina l  d i v a l e n t  a n i o n i c  charge due t o  t h e  Ty r  subun i t .  

Data f o r  t h e  4 encaphe l in  pept ides  i n  Tab le  V I  i l l u s t r a t e  

how an R4N s a l t  can be used t o  reve rse  e l u t i o n  o r d e r .  I n  t h e  

absence o f  t h e  TPAF t h e  Tyr c o n t a i n i n g  encaphel ins a r e  l e s s  r e -  

t a i n e d  on PRP-1 than  t h e  des-Tyr encaphel ins a t  pH = 11. Th is  i s  

due t o  t h e  a n i o n i c  charge s i t e  from t h e  Tyr  s u b u n i t  and i t s  r e -  

duc ing  e f f e c t  ( 6 )  on t h e  hydrophobic t y p e  r e t e n t i o n  t h a t  occurs 

i n  t h e  absence o f  t h e  TPAF. 

same a n i o n i c  charge s i t e  causes such a sharp i nc rease  i n  r e t e n -  

t i o n  f o r  t h e  Ty r  encaphel ins t h a t  t hey  a r e  now more r e t a i n e d  than  

t h e  des-Tyr encaphel ins whose r e t e n t i o n s  undergo 1 i t t l e  change. 

Th is  i s  c o n s i s t e n t  w i t h  an inc reased exchange e f f e c t  between t h e  

a n a l y t e  d i - a n i o n  and t h e  r e t a i n e d  TPAF as shown i n  equat ion  l b .  

Chromatograms i l l u s t r a t i n g  t h i s  e l u t i o n  r e v e r s a l  , which i s  so 

f a v o r a b l e  t h a t  b a s e l i n e  separa t ions  a r e  e a s i l y  ob ta ined,  a r e  

shown i n  F i g u r e  4 .  

+ 

I n  t h e  presence o f  t h e  TPAF t h i s  

The e f f e c t  o f  R4N+ s a l t s  on t h e  r e t e n t i o n  o f  (L-Ala)n,where 

n = 1 t o  6, was s tud ied .  I n  t h e  presence o f  TPAF r e t e n t i o n  was 

enhanced r e l a t i v e  t o  i t s  absence and increased as n, t h e  number 

o f  A la  subun i t s  i n  t h e  pept ide ,  inc reased.  However, s e l e c t i v -  
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a. L-Ty r - Gly -Gly - L-P he- L-Met 
b. Gly-Gly -L-Phe- L- Me1 

Q 

0 
0 
c 
0 

0 
u) 

0 

e 
n 

A h 
0 5 

mi 

c. L-Tyr-Gly-Gly-L-Phe-L-Leu 
d. Gly-Gly-L-Phe-L-Leu 
e. impuri 

e 

C 

.;r 
5 
ml 

d 

e I C 

137 

L 
I 
15 

FIGURE 4 

Separa t ion  o f  Encaphe l in  Pept ides  on PRP-1 

A 4.1 mm x 150 mm, 10 pm, PRP-1 column and a ( A , B )  13.5:86:5 
CH3CN:H20 o r  (C,D) 1 :9 CH3CN:H20, pH = 11 .O (NaOH) mob i l e  phase i n  
t h e  presence (B,D) and absence (A,C) o f  1.00 x 10-3M TPAF a t  a 
f l o w  r a t e  o f  1 ml/min. 

i t y ,  when compared t o  mob i l e  phase c o n d i t i o n s  where t h e  TPAF i s  

o m i t t e d  (6), does n o t  improve. 

When r e t e n t i o n  o f  d i p e p t i d e  diastereomers were s t u d i e d  t h e  
+ presence o f  a R4N 

D,D enantiomers f rom L,D and D,L enantiomers even though r e t e n -  

t i o n  was enhanced. I n  most cases s e l e c t i v i t y  was a c t u a l l y  

poorer  than  t h a t  ob ta ined  i n  t h e  absence o f  a R4N 

s a l t  d i d  no t  improve t h e  separa t i on  o f  t ,L  and 

+ 
s a l t  ( 6 ) .  
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138 ISKANDARANI, SMITH, AND PIETRZYK 

Although the  number of examples were l imited i t  appeared t h a t  

this was a l s o  true fo r  dipept ide diastereomers t h a t  a l s o  con- 

tained an AA s u b u n i t  w i t h  an ac id i c  side chain.  

Alkylsulfonate S a l t s  

In the presence o f  a RS03- s a l t  and a mobile phase pH of 

pH < 2 ,  AA re ten t ion  is  enhanced i n  comparison t o  the  absence of 

t he  RS03- s a l t  with the  l a rges t  increase occurring f o r  AA w i t h  

very hydrophobic o r  basic s ide  chains .  A t  this ac id ic  pH both 

the  amine terminus and basic s i d e  chains a r e  i n  the ca t ion  

form. 

re ten t ion .  

re ten t ion  of several  polar AA can be compared i n  t he  presence of 

H+, Li', and Na' s a l t s  of C8S03- a t  pH = 2.  

AA i s  s ign i f i can t ly  enhanced s ince  i n  t he  absence of the C8S03- 

s a l t  re ten t ion  i s  zero o r  barely de tec tab le .  

unlike AA r e t en t ion  i n  the presence of R4N 

Figure 5 d i f f e r s  f o r  t he  polar AA s tud ied .  

The co-cation accompanying the  RS03- s a l t  a1 so  influences 

These two trends a r e  i l l u s t r a t e d  i n  Figure 5 where 

Retention f o r  t he  

Furthermore, 
+ s a l t s ,  r e t en t ion  i n  

This i s  a useful 

property s ince  these AA a r e  the  most d i f f i c u l t  t o  separa te  by 

RPLC i n  the  absence of mobile phase add i t ives .  

noted t h a t  i n  Figure 5 t he  mobile phase solvent  of 100% water is 

the  weakest e luent  solvent  possible .  

I t  should be 

The e f f e c t  of t he  added Na', Li', and H+, which i s  provided 

by the  C8S03- s a l t ,  i s  compared a t  a 0.001M concentrat ion i n  

Figure 5. 

a l l  three so lu t ions  a l s o  contain 0.01M HC1 (pH = 2)  so t h a t  t he  

The f u l l  co-cation e f f e c t  can not be rea l ized  s ince  
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7 

6 

5 

k' 
4 

3 

2 

L-GIu 

L-Thr 

L- pro -b 

'-+ L- Ala 
L-Gin 

I I I 

H Li Na 

I - Octanesulfonate 

FIGURE 5 

Effect of Co-Cation on Amino Acid 
Retention on PRP-1 

20 

19 

18 

k' 
15 

14 

13 

A 4.1 Tm x 150 Tm, 10 pm, PRP-1 cylumn and a h.0 x 10-3M 
CgSOjM where M = H + ,  L i + ,  o r  Na , 1.0  x 10- M HC1, 
100% H20, mobile phase a t  a flow r a t e  of 1 ml/min,. 
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140 ISKANDARANI, SMITH, AND PIETRZYK 

AA a r e  in  t h e i r  ca t ion ic  charged form. 

the  co-cation e f f e c t ,  where the  co-cation competes i n  the  

secondary layer  with the  AA ca t ion  fo r  t he  C8S03- anion s i t e  i n  

the  primary layer  ( see  the  exchange equ i l ib r i a  i n  equation 2b)  i s  

evident.  > L i t  > H , 

which i s  typical  of the  c l a s s i ca l  ion exchanger s e l e c t i v i t y  

observed f o r  these ca t ions  (21 ) .  A s  indicated by Table I ,  

decreasing the alkyl  chain length i n  the RS03- s a l t  decreases re -  

ten t ion ;  t he  co-cation e f f e c t  i s  a l s o  s t i l l  observed, 

Even a t  t h i s  low level 

t t T h u s ,  the  s e l e c t i v i t y  follows the  order Na 

Figure 6 i l l u s t r a t e s  t he  separat ion of several  very polar AA 

as  cat ions by using a C8S03H, pH = 2 ,  aqueous mobile phase. 

the absence of the  C8S03H l i t t l e  or  no re ten t ion  i s  fourd f o r  

these AA, and i n  general ,  these  a r e  very d i f f i c u l t  t o  separate  by 

R P L C .  A s  indicated in  Figure 5, many other  separat ions a r e  a l so  

possible.  Retention times and reso lu t ion  a r e  readi ly  a l t e r ed  by 

using d i f f e ren t  RS03- s a l t s ,  modest addi t ion of organic solvent  

t o  the mobile phase, and a l t e r i n g  the  RS03- s a l t  concentration. 

Polar dipept ide re ten t ion  i s  s ign i f i can t ly  enhanced on 

In 

PRP-1 from an ac id i c ,  RS03- s a l t  containing mobile phase where 

the  amine terminus i s  converted in to  the  ca t ion ic  form. Data 

i l l u s t r a t i n g  this a r e  shown i n  Table VII. 

C8S03Na re t en t ion  on PRP-1 i s  barely detected even when using 

100% H20. 

t i v i t y  so tha t  many polar dipept ides  a r e  more eas i ly  separated.  

Two examples a r e  shown i n  Figure 7 .  

In the  absence of t he  

The enhanced re ten t ion  provides a s u f f i c i e n t  selec-  

I t  should be noted t h a t  the  
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~ 5 I 

j a. L-Ser 
b. L-Asn 

d. L-Gln 
e.lL-Thr 

C. L-AsP 

i 10 I 

ml 

FIGURE 6 

Separa t i on  o f  Po la r  Amino Ac ids  on PRP-1 

A 4.1 mm x 150 mm, 10 pm, PRP-1 column and a 1.0 x 10-2W HC1, 
1.00 x 10-3W CBSO~H', 100% H20 mob i le  phase a t  a f l o w  r a t e  of  
1.0 ml/min. 

p o l a r  diastereomers o f  DL-Ala-DL-Ser ( F i g u r e  7B) a r e  r e a d i l y  

separated. 

absence o f  t h e  RS03- s a l t .  

l i m i t e d  i t  appears t h a t  an a c i d i c ,  RS03- s a l t ,  m o b i l e  phase i s  

s u p e r i o r  t o  a bas ic ,  R4N 

p e p t i d e  d ias te reomers .  

be s u p e r i o r  t o  RPLC ( 6 )  f o r  d i p e p t i d e  d ias te reomer  separa t i on  

p a r t i c u l a r l y  when t h e  d i p e p t i d e s  c o n t a i n  p o l a r  s i d e  cha ins .  

Also,  t h e r e  i s  an advantage over  RPLC (6 )  f o r  these k inds  o f  

I n  bo th  separa t ions  no r e t e n t i o n  i s  observed i n  t h e  

A l though t h e  number o f  examples a r e  

t s a l t ,  m o b i l e  phase f o r  separa t i ng  d i -  

The former m o b i l e  phase a l s o  appears t o  
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142 ISKANDARANI, SMITH, AND PIETRZYK 

TABLE VII 

Retention of Polar Dipeptides on PRP-1 i n  t he  
Presence of C8S03H 

Capacity Factory k' 

Peptide/CRS03Na - Oa O . O O I M b  

L-S er-  L-Ser 0.12 2.38 

G1 y- L-Ser 0.13 2.39 

L-S er-  G1 y 0.12 2.68 

L-Ala-L-Ser 0.16 2.77 

L-Ser-L-Ala 0.24 4.27 

Gly-L-Thr 0.23 3.40 

L-Ala-L-Thr 0.24 3.80 

G1 y- L- As n 0.12 2.28 

A 10 pm, 4.1 mm x 150 mm PRP-1 column 
u s i n g  ( a )  a 1 .0x10-2M HC1 
NaCl 100% H20 mobile phase and (b) 
a 1 .0x10-2M HCl  1 . O X ~ O - ~ M  C8S03Na, 
5:95 CH3CN:H20 mobile phase a t  a 
flow r a t e  of 1 m l / m i n  w i t h  de tec t ion  
a t  215 nm. 

1 .0x10-2M 

separat ions pa r t i cu la r ly  when separat ing d i  pepti de d ias  tereomers 

t h a t  contain polar AA subunits s ince  these a r e  the  most d i f f i c u l t  

t o  separa te .  T h e  l imited number of examples tes ted  ind ica te  

t h a t  t he  L y L  and D,D enantiomers always coelute  f i r s t .  
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INFLUENCE OF HYDROPHOBIC IONS 143 

a. L-Ser 
b. Gly-Ser-Gly 
c. L-Ser-Gly 
d. L-Ala-L-Ser 
e. L-Ser-L-Ala 
f. L(D)-Ala-L(D)-Ser 
g. D(L)-Ala-L(D)-Ser 

f 

ml mi 

FIGURE 7 

Separat ion o f  Polar  and Diastereomeric 
Dipept ides on PRP-1 

2 -3 A 4.1 mm x 150 mm, 10 pin, PRP-1 column and a 2.5 x 10- M PO4 
pH = 2.2 bu f fe r ,  5.00 x 10'3M CgS03-Nat, 100% H20 mob i l e  phase 
a t  a 1.0 ml/min f l ow  r a t e .  

A major enhancement i n  r e t e n t i o n  occurs i f  t h e  AA, o r  

pept ide conta ins a basic s ide  cha in  and t h e  mobi le  phase pH i s  

a c i d i c  enough t o  convert  t h i s  group, i n  a d d i t i o n  t o  t h e  terminal  

amine group, i n t o  i t s  c a t i o n i c  form. This a d d i t i o n a l  charge 
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144 ISKANDARANI, SMITH, AND PIETRZYK 

s i t e  ( s ee  the  exchange equilibrium in  equation 2b)  accounts f o r  

t he  enhancement. T h i s  i s  i l l u s t r a t e d  i n  Table VIII where re-  

ten t ion  data  in  t h e  presence of C5S03Na a r e  shown; when the  

C5S03- s a l t  i s  omitted from the  mobile phase i t t l e  or  no reten-  

t ion  i s  found. The enhanced re ten t ion  follows the  order 

Arg > His > Lys and i s  followed (Table VIII)  even when con- 

s ider ing comparable Gly peptides of t he  th ree .  Table VIII a l so  

reveals  t h a t  t he  l a rges t  re ten t ion  i s  favored when the  charged 

basic s i d e  chain i s  in  posi t ion 1 i n  the  peptide o r  i s  i n  t he  

same u n i t  a s  t h a t  which provides the  terminal -NH3 charge s i t e .  

This i s  opposite t o  the  r e s u l t s  found when u s i n g  R4N s a l t s ,  a 

basic mobile phase pH, and peptide ana ly tes  containing ac id i c  

s ide  chain subuni ts .  I f  t he  peptide contains several  basic s ide  

chains,  t he  increased number of charge s i t e s  sharply increases 

re ten t ion .  This i s  pa r t i cu la r ly  not iceable  when comparing the  

re ten t ion  of ( L - L Y s ) ~ ,  where n = 1 t o  5, peptides.  Data a r e  

shown i n  Table VIII only fo r  n = 2 .  For n = 3 re ten t ion  times 

appear t o  be a t  l e a s t  90 minutes; i f  t he  RS03- s a l t  i s  omitted 

no re ten t ion  i s  observed. 

+ 
t 

Several chromatograms, which focus on the separat ion of 

peptides containing basic s ide  chains,  a r e  shown i n  Figure 8 .  

In addi t ion t o  high re ten t ion  and favorable s e l e c t i v i t y  ( i n  

the  absence of t he  RS03- s a l t  no re ten t ion  i s  observed), chro- 

matographic peaks, column ef f ic iency ,  and ana lys i s  times a r e  

general ly  favorable .  
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TABLE V I I I  

R e t e n t i o n  o f  Bas ic  Pept ides  on PRP-1 i n  t h e  

Presence of C5S03Na 

Pep t ide  

L-Lys 

L-His 

L-Arg 

( L- LYS 12 

G1 y- L-LyS 

L- Ly s - G 1 y 

Gl y-Gl y-L- L ~ s  

kia 

2.1 5 

2.70 

7.70 

15.2b 

6.62 

6.92 

8.30 

- Pept i de 

G1 y-G1 y-L-Hi s 

Gly-L-His-Gly 

L-Hi s-Gly-Gly 

L-Ala-L-His 

L-Hi s-  L-A1 a 

L-His-L-His 

Gly-L-Arg 

G1 y- L- LyS-G1 y 9.10 

L-Ala-L-Lys 8.60 L-Arg-L-Ala 

L-Lys-L-Ala 16.1 L-Arg- G1 y- G1 y 

Gly -L-H is  9.50 G1 y- L-Ar g-G1 y 

L-His-Gly 10.4 Gly-Gly-L-Arg 

L- Arg - G1 y 

k I a  

11.3 

18 

19 

12.9 

22 

35 

15.5 

19  

42 

32 

24 

1 9  

- 

A 10 pm, 4.1 m m  x 150 mm PRP-1 column u s i n g  ( a )  a 
2 2.5 x 10m3M C5S03Na, 1 . O  x 10- M HC1, 100% H20 m o b i l e  

phase a t  a f l o w  r a t e  o f  2 ml /min  and d e t e c t i o n  a t  

215 run; f o r  (b) t h e  C5S03Na was 1 .O x 10e3M; no 
r e t e n t i o n  i n  t h e  absence o f  C5S03Na. 
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d 

I I 
0 10 

a .  Gly-L-Lys 
b .  Gly-Gly-L-Lp 
c .  Gly-L-His 

d .  Gly-Gly-L-His 

f .  Gly-L-Arg 

I I I  I 
20  300 10 

9 .  Gly-L-Lys 
h.  L-Lys-Gly 
i .  Gly-L-His 

j .  L-His-Gly 
k .  Gly-L-Arg 
I .  L-Arg-Gly 

I I 
20 30 

ml ml 

FIGURE 8 

Separation of Basic Peptides on PRP-1 

A 4.1 mm x 150 mm, lOpm, PRP-1 column and a 5.0 x 10-3M 
CgS03Na', 1 . O  x lO-*M HC1, 100% H20 mobile phase a t  a flow r a t e  of 
2 .0  ml/min. 

Conclusions 

The data  reported here indica te  t h a t  the  major in te rac t ions  

influencing r e t en t ion  of AA and small chain peptides on PRP-1 

from a mobile phase containing a hydrophobic ion a r e  re ten t ion  

o f  t he  hydrophobic ion by the  s t a t iona ry  phase and an exchange 

between i t s  co-ion and the  charged form of the  AA or peptide.  

Evidence suggesting ion pair  formation a s  a major contr ibut ing 

fac tor  was not found. There i s ,  however, t he  poss ib i l i t y  t h a t  a 

hydrophobic in te rac t ion  between the  s t a t iona ry  phase and the  AA 
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INFLUENCE O F  HYDROPHOBIC IONS 147 

o r  p e p t i d e  can a l s o  occur even though t h e  ana ly tes  a r e  charged 

as t h e  r e s u l t  o f  m o b i l e  phase pH c o n t r o l .  S ince  t h e  amount o f  

r e t a i n e d  hydrophobic i o n  i s  smal l  ( u s u a l l y  l e s s  than 25 m o l e /  

column), su r face  coverage on t h e  PRP-1 ( s u r f a c e  area i s  about 

2 420 m /g  and t h e r e  i s  approx imate ly  1 g PRP-l/column) i s  ve ry  

sma l l .  

those t h a t  a l s o  c o n t a i n  ve ry  hydrophobic s i d e  cha ins ,  suggest 

t h i s  p o s s i b i l i t y .  Also,  r e c e n t  s t u d i e s  (22) ,  where 

s u p e r f i c i a l l y  charged i o n  exchangers were used as t h e  

s t a t i o n a r y  phase, s t r o n g l y  suggest t h i s  added i n t e r a c t i o n .  

These da ta  i n d i c a t e  severa l  o t h e r  g e n e r a l i z a t i o n s ,  i n  

Experiments w i t h  l onger  c h a i n  pep t ides  p a r t i c u l a r l y  w i th  

a d d i t i o n  t o  those c i t e d  e a r l i e r  i n  t h i s  r e p o r t ,  concern ing  AA 

and pep t ide  separa t ions .  

I t  i s  bes t  t o  s t a r t  a t  a hydrophobic i o n  (R4N+ s a l t  i n  a bas i c  

s o l u t i o n  o r  a RS03- s a l t  i n  an a c i d i c  s o l u t i o n )  concen t ra t i on ,  

o rgan ic  so1vent:water r a t i o ,  and an i o n i c  s t r e n g t h  t h a t  g i ves  a 

l o a d i n g  o f  about 15 t o  25 urnole o f  hydrophobic i o n  per column 

(15 cm). 

groups, t h e  c o n c e n t r a t i o n  o f  t h e  hydrophobic i on ,  t h e  t y p e  o f  

o rgan ic  so l ven t ,  and t h e  r a t i o  o f  o rgan ic  s o l v e n t  t o  water i n  

t h e  mob i l e  phase. 

o f  each o f  these v a r i a b l e s  can be ad jus ted  t o  p rov ide  t h e  b e s t  

column performance i n  terms o f  r e s o l u t i o n  and a n a l y s i s  t ime .  

l a r g e s t  e f f e c t  o f  t h e  hydrophobic i o n  i n  t h e  mob i l e  phase i s  

r e a l i z e d  when separa t i ng  e i t h e r  a c i d i c  AA o r  bas i c  AA o r  

These a r e  summarized i n  t h e  f o l l o w i n g .  

Th is  i s  c o n t r o l l e d  by t h e  hyd rophob ic i t y  o f  t h e  R 

From p r e l i m i n a r y  separa t i ons  t h e  concen t ra t i ons  

The 
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148 ISKANDARANI, SMITH, AND PIETRZYK 

peptides containing e i the r  of these s ide  chains .  

t he  RS03- s a l t s  in  an ac id i c  mobile phase a r e  more v e r s a t i l e  

than the  basic ,  R4N 

more favorable  e f f e c t  on t he  s e l e c t i v i t y  of polar AA and 

peptides.  

Although F-, OH- ,  and H a r e  the weakest e luent  co-ions when 

using R4N s a l t s  o r  RS03- s a l t s ,  respec t ive ly ,  and y ie ld  the  

most enhanced r e t en t ion ,  s t ronger  e luent  co-ions can be used 

to  reduce separat ion times, pa r t i cu la r ly  when dealing with 

very highly retained AA o r  peptides.  

peptides i n  the  presence of hydrophobic ions does not necessar i ly  

follow the  same re ten t ion  order as  in  the  absence o f  t he  mobile 

phase add i t ive ;  t h i s  i s  pa r t i cu la r ly  t r u e  when the  AA o r  

peptides contain ac id ic  o r  basic s ide  chains and a r e  ionized 

due t o  the  mobile phase pH. 

In general ,  

+ s a l t  mobile phases s ince  the  former has a 

Even diastereomers a r e  more r ead i ly  separated.  
+ 

+ 

Final ly ,  e lu t ion  of AA and 
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