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SEPARATION OF FREE AMINO ACIDS ON 
REVERSE STATIONARY PHASES USING AN 

ALKYL SULFONATE SALT AS A MOBILE 
PHASE ADDITIVE 

Thomas A.  Walker and Donald J .  Pietrzyk* 
Department of Chemistry 

University of Iowa 
Iowa City, Iowa 52242 

ABSTRACT 

A l k y l s u l f o n a t e  (RSOS) s a l t s  were eva lua ted  as m o b i l e  phase 
a d d i t i v e s  f o r  t h e  s e p a r a t i o n  o f  f r e e  amino a c i d s  on r e v e r s e  
s t a t i o n a r y  phases u s i n g  an a c i d i c  mob i l e  phase where t h e  amino 
ac ids  a r e  c a t i o n s .  The enhanced amino a c i d  r e t e n t i o n  i s  t h e  r e -  
s u l t  o f  two major  i n t e r a c t i o n s ,  one be ing  r e t e n t i o n  o f  t h e  RSO3- 
s a l t  on t h e  s t a t i o n a r y  phase and t h e  o t h e r  an i o n  exchange 
s e l e c t i v i t y  between t h e  amino a c i d  a n a l y t e  c a t i o n  and t h e  RSO3- 
c o u n t e r c a t i o n ,  o r  o t h e r  c o u n t e r c a t i o n s  i n  t h e  mob i l e  phase. Ma jo r  
inobi le  phase v a r i a b l e s  are:  t y p e  and c o n c e n t r a t i o n  o f  RSO3- s a l t  
( t h e  s t u d i e s  focused on CgS03- s a l t s ) ,  presence o f  o r g a n i c  
m o d i f i e r ,  t y p e  o f  c o u n t e r c a t i o n  p r e s e n t ,  and m o b i l e  phase pH and 
i o n i c  s t r e n g t h .  
benzene copolymer ic  r e v e r s e  s t a t i o n a r y  phases were compared. A 
mob i l e  phase g r a d i e n t ,  i n c r e a s i n g  p e r  cen t  o r g a n i c  m o d i f i e r  was 
shown t o  be bes t ,  i s  necessary f o r  s e p a r a t i n g  complex m i x t u r e s  o f  
p o l a r  and nonpolar  o r  b a s i c  amino a c i d s .  The procedure i s  a p p l i -  
c a b l e  t o  t h e  i d e n t i f i c a t i o n  and/or  d e t e r m i n a t i o n  o f  amino a c i d s  
i n  m i x t u r e s  o r  i n  pep t ides  a f t e r  h y d r o l y s i s .  

A l k y l  m o d i f i e d  s i l i c a  and p o l y s t y r e n e d i v i n y l -  
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2048 WALKER AND PIETRZYK 

INTRODUCTION 

The accu ra te  d e t e r m i n a t i o n  o f  amino a c i d s  (AA)  has been l o n g  

recognized as one o f  t h e  most i m p o r t a n t  t ypes  o f  a n a l y s i s  i n  b i o -  

l o g i c a l  and r e l a t e d  sc iences.  Because o f  AA s i m i l a r i t y ,  a 

separa t i on  s t r a t e g y  i s  a lmos t  always p a r t  o f  t h e  procedure 

p a r t i c u l a r l y  when d e a l i n g  w i t h  complex AA m i x t u r e s .  

t h e  separa t i on  i s  u s u a l l y  designed t o  t a k e  advantage o f  t h e  

d i f f e r e n c e s  i n  t h e  AA s i d e  c h a i n  h y d r o p h o b i c i t y  and/or  i t s  

i n f l u e n c e  on t h e  charge t h a t  can be pro'duced a t  t h e  t e r m i n a l  -NH2 

and -C02H group v i a  pH c o n t r o l .  

t o g r a p h i c  techniques have been a p p l i e d  t o  AA separa t i ons .  

n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  modern h i g h  performance l i q u i d  

chromatography (HPLC) , which o f f e r s  many p r a c t i c a l  advantages , 

has a l s o  been s t u d i e d  e x t e n s i v e l y  f o r  t h i s  k i n d  o f  a p p l i c a t i o n .  

I n  genera l ,  

V i r t u a l l y  a l l  t ypes  o f  chroma- 

I t  i s  

The more success fu l  HPLC methodologies f o r  AA separa t i ons  

employ e i t h e r  reve rse  o r  i o n  exchange t y p e  s t a t i o n a r y  phases; t h e  

former a r e  g e n e r a l l y  a l k y l  m o d i f i e d  s i l i c a s  w h i l e  t h e  l a t t e r  a r e  

s u l  f ona ted  p o l y s t y r e n e d i v i n y l  benzene copo lymer i c  c a t i o n  

exchangers and t o  a l e s s e r  e x t e n t  su l fona ted  a l k y l  m o d i f i e d  

s i l i c a s .  S ince most AA a r e  modes t l y  chromophoric o n l y  a t  a low 

UV wavelength, a favo rab le ,  s e n s i t i v e  d e t e c t i o n  i s  achieved by  

convers ion  o f  t h e  AA t o  a d e r i v a t i v e  t h a t  e i t h e r  f l u o r e s c e s  o r  

absorbs i n  t h e  UV o r  v i s i b l e .  D e r i v a t i z a t i o n  can be per formed 

by e i t h e r  a post-column o r  pre-column s t r a t e g y .  I n  t h e  l a t t e r  

case, f r e e  amino a c i d s  a r e  n o t  be ing  separated and mob i l e -  

s t a t i o n a r y  phase parameters a r e  o p t i m i z e d  acco rd ing  t o  t h e  
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FREE AMINO ACIDS 2049 

s t r u c t u r e  o f  t h e  AA d e r i v a t i v e .  Several r e c e n t  rev iews  (1-3)  

have surveyed HPLC methodologies f o r  AA separa t i ons  i n  terms o f  

chromatographic parameters, r e s o l u t i o n ,  e f f i c i e n c y ,  d e t e c t i o n  

s e n s i t i v i t y ,  accuracy, r e p r o d u c i b i l i t y ,  and areas o f  a p p l i c a t i o n .  

AA analyses cover  a wide spectrum o f  samples and a p p l i c a -  

t i o n s  and i t  i s  n o t  l i k e l y  t h a t  a s i n g l e  HPLC methodology w i l l  be 

i d e a l  f o r  a l l  cases. C l e a r l y ,  advantages and d isadvantages a r e  

apparent f o r  e x i s t i n g  HPLC s t r a t e g i e s .  

t i z e d  AA separa t i on  on a reve rse  s t a t i o n a r y  phase i s  o n l y  modest ly  

success fu l  because r e t e n t i o n  o f  t h e  more p o l a r  AA i s  low, thus ,  a 

f a v o r a b l e  r e s o l u t i o n  f o r  these AA cannot be ob ta ined .  Fo r  t h e  

l e s s  p o l a r  AA, where AA r e t e n t i o n  increases w i t h  s i d e  c h a i n  

h y d r o p h o b i c i t y  ( 4 - 7 )  separa t i on  o f  many AA combinat ions a r e  

f a v o r a b l e .  

dansy lsu l fonamide,  pheny l th iohydan to in ,  and o r t h o p h t h a l d i a l d e h y d e  

(OPA) AA d e r i v a t i v e s  a re  p robab ly  t h e  most w i d e l y  used ( 1 - 3 ) ,  

reve rse  phase HPLC p rov ides  f a v o r a b l e  r e s o l u t i o n ,  a n a l y s i s  t imes,  

and d e t e c t i o n  l i m i t s  b u t  a l s o  r e q u i r e s  a p re -separa t i on  d e r i v a t i -  

z a t i o n  s tep .  

a l s o  r e q u i r e s  t h a t  t h e  d e r i v a t i z a t i o n  s t e p  be q u a n t i t a t i v e  and 

r e p r o d u c i b l e .  

Fo r  example, under i va -  

Wi th pre-column d e r i v a t i z a t i o n  s t r a t e g i e s ,  where 

Th is  approach p reven ts  recove ry  of t h e  f r e e  AA and 

Polymer ic  t ype  c a t i o n  exchangers a r e  f a v o r a b l e  s t a t i o n a r y  

phases f o r  t h e  s e p a r a t i o n  o f  f r e e  AA ( 1 - 3 ) .  

t h e  mob i l e  phase pH i s  c a r e f u l l y  a l t e r e d  on t h e  a c i d i c  s i d e  and AA 

r e t e n t i o n  changes acco rd ing  t o  t h e  c a t i o n i c  c h a r a c t e r  o f  t h e  AA 

t e r m i n a l  -NH2 group. Acceptance o f  po l ymer i c  c a t i o n  exchangers 

I n  t h i s  methodology 
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2050 WALKER A N D  PIETRZYK 

f o r  t h e  HPLC s e p a r a t i o n  o f  AA m i x t u r e s  has been s low  because 

o f  column c o s t ,  s u s c e p t i b i l i t y  t o  column p r e s s u r e  d r o p  due t o  

copolymer e x p a n s i o n - c o n t r a c t i o n ,  and t h e  u n a v a i l a b i l i t y ,  u n t i l  

r e c e n t l y ,  o f  sma l l  p a r t i c l e s  o f  an u n i f o r m  s i z e  d i s t r i b u t i o n .  

A g e n e r a l  methodology t h a t  has been w i d e l y  used t o  s e p a r a t e  

i o n i c  a n a l y t e s  on r e v e r s e  s t a t i o n a r y  phases i s  t o  use a hyd ro -  

phob ic  i o n  o f  o p p o s i t e  charge as a m o b i l e  phase a d d i t i v e .  The 

i n t e r a c t i o n  between t h e  hyd rophob ic  i o n ,  t h e  a n a l y t e  i o n ,  and 

t h e  r e v e r s e  s t a t i o n a r y  phase enhances r e t e n t i o n  and i n c r e a s e s  

t h e  nuiiiber o f  m o b i l e  phase v a r i a b l e s  w h i c h  can t h e n  be a l t e r e d  

t o  b r i n g  abou t  t h e  d e s i r e d  r e s o l u t i o n .  A l t h o u g h  t h i s  t e c h n i q u e  

i s  o f t e n  r e f e r r e d  t o  as i o n - p a i r  chromatography,  many s t u d i e s  

c l e a r l y  i n d i c a t e  t h a t ,  depending on t h e  ch romatog raph ic  c o n d i -  

t i o n s  and degree o f  h y d r o p h o b i c i t y  o f  t h e  a d d i t i v e  and a n a l y t e ,  

f o r m a t i o n  o f  i o n  p a i r s  appears t o  p l a y  l i t t l e  o r  no r o l e  i n  t h e  

i n t e r a c t i o n s .  Bo th  h i s t o r i c a l  and r e c e n t  advances i n  t h i s  a rea  

have been rev iewed  e x t e n s i v e l y  ( 9 - 1 4  and r e f e r e n c e s  w i t h i n ) .  

AA and p e p t i d e s ,  because o f  t h e i r  z w i t t e r i o n  c h a r a c t e r ,  a r e  

a n a l y t e s  whose r e t e n t i o r !  can be marked ly  a l t e r e d  by a d j u s t m e n t  o f  

m o b i l e  phase pH and t h e  a d d i t i o n  o f  s u i t a b l e  hyd rophob ic  i o n  

a d d i t i v e s .  

f o r  sma l l  c h a i n  p e p t i d e  s e p a r a t i o n s  ( see  f o r  example 13-15 and 

r e f e r e n c e s  w i t h i n ) ,  Seve ra l  worke rs  have r e p o r t e d  enhanced AA 

r e t e n t i o n  i n  t h e  presence o f  a l k y l  s u l f o n a t e s  o r  t e t r a a l k y l -  

ammonium s a l t s  as hyd rophob ic  i o n  a d d i t i v e s  u s i n g  p r e d o m i n a t e l y  

aqueous m o b i l e  phases (10, 11, 13, 14, 16-19) and combined 

T h i s  s e p a r a t i o n  s t r a t e g y  has been p a r t i c u l a r l y  u s e f u l  
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FREE AMINO ACIDS 20s I 

aqueous-immiscible s t a t i o n a r y  1 i q u i d  phases (20 -22 ) ,  b u t  o n l y  a 

few have at tempted t o  i d e n t i f y  (11,  13, 17-19) a l l  t h e  chroma- 

t o g r a p h i c  v a r i a b l e s  and app ly  t h i s  s t r a t e g y  t o  t h e  s e p a r a t i o n  

(13,  17, 19) o f  complex m i x t u r e s  o f  AA.  

t h e  use o f  a l k y l  s u l f o n a t e s  as hydrophobic  i o n  mob i l e  phase 

a d d i t i v e s  combined w i t h  a mob i l e  phase pH t h a t  ensures t h a t  t h e  

AA a re  p redomina te l y  i n  t h e i r  c a t i o n  form, t h e  i d e n t i f i c a t i o n  

and o p t i m i z a t i o n  o f  a l l  o t h e r  m o b i l e  phase v a r i a b l e s ,  and a 

comparison o f  two t ypes  o f  r e v e r s e  s t a t i o n a r y  phases f o r  t h e  

s e p a r a t i o n  o f  u n d e r i v a t i z e d  A A .  

Th i s  r e p o r t  focuses on 

EXPERIMENTAL 

Reagents and I n s t r u m e n t a t i o n .  Amino a c i d s ,  2-mercapto- 

e thanol  and o r thoph tha la ldehyde  (OPA) were ob ta ined  from Sigma 

Chemical Co. A l k y l  s u l f o n i c  a c i d s  (RSOiH') o r  t h e i r  Na s a l t s  

were purchased f rom Eastman Kodak and A l d r i c h  Chemical Co. Con- 

v e r s i o n  o f  Na-sa l t s  t o  t h e  a c i d  was achieved by pass ing  aqueous 

s o l u t i o n s  o f  t h e  RS03 

exchanger (Dowex 50 x 8, 100 t o  200 mesh). 

were LC q u a l i t y .  

passage o f  d i s t i l l e d  wa te r  th rough  a SybronlBarnstead w a t e r  

p u r i f i c a t i o n  u n i t .  

pump, and A l t e x  210 i n j e c t o r ,  and a Beckman 160 f i x e d  wavelength 

d e t e c t o r  (214 nm f i l t e r )  f o r  d i r e c t  AA d e t e c t i o n  were used. For  

pos t  column d e r i v a t i z a t i o n  t h e  d e t e c t o r  (340 nm f i l t e r )  was used 

as p a r t  o f  a p o s t  column apparatus which a l s o  i n c l u d e d  an A l t e x  

- 
s a l t  t h rough  a s t r o n g  a c i d ,  H-form, c a t i o n  

A l l  o r g a n i c  s o l v e n t s  

LC q u a l i t y  wa te r  was f r e s h l y  prepared by 

A DuPont 8800 g r a d i e n t  c o n t r o l l e r  and 870 
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2052 WALKER A N D  PIETRZYK 

100 pump, a SSI m i x i n g  T (0 .62 ~1 i n t e r n a l  volume) and 0.01 i n c h  

i d  connect ing SS t u b i n g .  

a t  1.0 mL/rnin. 

obta ined f rom Hami l ton Co. (PRP-1, a 4.1 x 150 mm, 10 um, 

s p h e r i c a l ,  p o l y s t y r e n e d i v i n y l  benzene copolymer) and DuPont Co. 

(Zorbax O c t y l ,  C-6, and O D s ,  C-18, 4 .6  x 150 mm and 250 mm, 

s p h e r i c a l ,  5 t o  6 pm, a l k y l  m o d i f i e d  s i l i c a ) .  

The OPA s o l u t i o n  was d e l i v e r e d  t o  t h e  T 

The reve rse  phase prepacked columns used were 

Procedures. Aqueous AA samples o f  about  1 mg/mL were used. 

T y p i c a l  o p e r a t i n g  c o n d i t i o n s  i n v o l v e d  a 0 . 5  t o  1 h r  column e q u i -  

1 i b r a t i o n  p e r i o d  a f t e r  t h e  RS03- s a l t  column breakthrough w i t h  

t h e  RS03-  s a l t  mob i l e  phase, 2 t o  10 pL sample a l i q u o t s ,  1 .0  mL/ 

min f l o w  r a t e s ,  i n l e t  pressures of 500 t o  1200 p s i  depending on 

column and mob i l e  phase, and a column temperature o f  25°C. 

so l ven ts  used i n  i s o c r a t i c  o r  g r a d i e n t  e l u t i o n  a re  pe rcen t  by 

volume. B u f f e r  s a l t s  and i n e r t  s a l t s  were used, when needed, t o  

~~ 

Mixed 

m a i n t a i n  mob i l e  phase pH and i o n i c  s t r e n g t h ,  r e s p e c t i v e l y .  Column 

breakthrough volumes were determined as desc r ibed  p r e v i o u s l y  (1  2)  

and were used t o  c a l c u l a t e  apparent  c a t i o n  exchange c a p a c i t i e s .  

The OPA s o l u t i o n  r e q u i r e d  f o r  p o s t  column d e t e c t i o n  (1 -3 ,  

2 3 )  was made by m i x i n g  0.5 g OPA, KOH s o l u t i o n  t o  y i e l d  pH = 

10.0, and 10 mL o f  1.43 M 2-mercaptoethanol w i t h  an aqueous 

s o l u t i o n  c o n t a i n i n g  0.10 mole o f  K3B03 and d i l u t i n g  t h e  m i x t u r e  t o  

1 L. The OPA reagent  was r e f r i g e r a t e d  when n o t  i n  use.  

RESULTS AND D I S C U S S I O N  

Enhanced r e t e n t i o n  o f  i n o r g a n i c  a n a l y t e  i o n s  on r e v e r s e  

s t a t i o n a r y  phases f rom a m o b i l e  phase c o n t a i n i n g  a hydrophobic  
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F R E E  AMINO ACIDS 2053 

i o n  o f  oppos i te  charge has been shown t o  be determined by two 

major  e q u i l i b r i a  (11 -13 ) .  One accounts f o r  t h e  r e t e n t i o n  o f  t he  

hydrophoic  i o n  on t h e  s t a t i o n a r y  phase w h i l e  t h e  second de- 

s c r i b e s  an i o n  exchange s e l e c t i v i t y  between t h e , a n a l y t e  i o n  and 

c o u n t e r i o n  assoc ia ted  w i t h  t h e  r e t a i n e d  hydrophobic  i o n .  For  an 

a l k y l s u l f o n a t e  ( R S 0 3 - )  s a l t  as t h e  a d d i t i v e  these e q u i l i b r i a  a r e  

represented by eqs. 1 and 2 ,  r e s p e c t i v e l y ,  

t 
where A i s  t he  s t a t i o n a r y  phase, C 

t h e  RS03- s a l t ,  t he  b u f f e r ,  and/or  i o n i c  s t r e n g t h  s a l t ,  and Xt i s  

t h e  a n a l y t e  i o n .  A d d i t i o n a l  e q u i l i b r i a  may become s i g n i f i c a n t  

as t h e  hydrophobic  cen te r  w i t h i n  t h e  mob i l e  phase a d d i t i v e  and/or  

w i t h i n  the  o rgan ic  a n a l y t e  i o n  i nc reases  and as mob i l e  phase 

a d d i t i v e  c o n c e n t r a t i o n  increases (11-13) .  

i s  a c o u n t e r i o n  p r o v i d e d  by 

Since AA a r e  conver ted i n t o  c a t i o n s  a t  a c i d i c  c o n d i t i o n s ,  

enhanced AA r e t e n t i o n  should t a k e  p lace  f rom an a c i d i c  m o b i l e  

phase c o n t a i n i n g  a RS03- s a l t  a d d i t i v e  acco rd ing  t o  eqs. 1 and 2 .  

I f  i t  i s  assumed t h a t  r e t e n t i o n  o f  t h e  R S 0 3 -  s a l t  and i o n  ex-  

change s e l e c t i v e l y  a r e  t h e  ma jo r  f a c t o r s  i n f l u e n c i n g  t h e  enhanced 

r e t e n t i o n ,  t h e  ma jo r  m o b i l e - s t a t i o n a r y  phase parameters t h a t  need 

t o  be a d j u s t e d  a r e  t h e  t y p e  o f  s t a t i o n a r y  phase used, t h e  hydro-  

phobic  cha rac te r  o f  t h e  RS03- s a l t  a d d i t i v e ,  and mob i l e  phase i o n i c  

s t r e n g t h ,  t h e  m o b i l e  phase c o n c e n t r a t i o n s  o f  o r g a n i c  m o d i f i e r  and 

RS03 s a l t ,  and the  k i n d  o f  c o u n t e r c a t i o n s  p r o v i d e d  by t h e  b u f f e r  
- 
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2054 WALKER A N D  PIETRZYK 

and/or i o n i c  s t r e n g t h  s a l t s  added t o  t h e  m o b i l e  phase. 

a c t  as s imple c a t i o n s  and r e t e n t i o n  due t o  i n t e r a c t i o n  between t h e  

s t a t i o n a r y  phase and t h e  AA s i d e  cha ins  a r e  m ino r ,  t h e  e f f e c t s  o f  

these v a r i a b l e s  shou ld  be c o n s i s t e n t  w i t h  those observed when 

us ing  hydrophobic i o n  m o b i l e  phases f o r  t h e  s e p a r a t i o n  o f  i n -  

o rgan ic  and o t h e r  s imple o r g a n i c  a n a l y t e  i ons  (11 -13 ) .  Thus, t h e  

f o l l o w i n g  should be expected. 1 )  A s  RS03- s a l t  m o b i l e  phase 

c o n c e n t r a t i o n  increases,  i t s  r e t e n t i o n  and t h e  apparent  c a t i o n  ex- 

change c a p a c i t y  (see eq. 1 )  should i nc rease  on t h e  s t a t i o n a r y  

phase and lead  t o  h i g h e r  AA r e t e n t i o n  up t o  a p o i n t  where t h e  

c o u n t e r c a t i o n  accompanying t h e  RS03- s a l t  competes f a v o r a b l y  w i t h  

t h e  AA c a t i o n  f o r  t h e  exchange s i t e  (see eq. 2 ) .  

s a l t  r e t e n t i o n  should i nc rease  as t h e  h y d r o p h o b i c i t y  of R i n -  

creases producing more apparent  c a t i o n  exchange s i t e s  and thus  

h i g h e r  AA r e t e n t i o n .  3 )  I n c r e a s i n g  t h e  o r g a n i c  m o d i f i e r  concen- 

t r a t i o n  i n  t h e  mob i l e  phase shou ld  reduce RS03- s a l t  r e t e n t i o n  and 

subsequently AA r e t e n t i o n .  4)  Coun te rca t i ons  i n  t h e  mob i l e  phase 

should i n f l u e n c e  AA r e t e n t i o n  acco rd ing  t o  t h e i r  c a t i o n  exchange 

s e l e c t i v i t y .  5 )  An i nc rease  i n  mob i l e  phase i o n i c  s t r e n g t h  

should i nc rease  RS03- s a l t  r e t e n t i o n  which produces more c a t i o n  

exchange s i t e s  and h i g h e r  AA r e t e n t i o n ,  however, t h i s  should be 

counterbalanced by t h e  c o m p e t i t i v e  a c t i o n  o f  t h e  s imul taneous 

inc rease  i n  c o u n t e r c a t i o n  c o n c e n t r a t i o n ;  ove r  a broad and h i g h  

i o n i c  s t r e n g t h  range t h e  e f f e c t  o f  t h e  c o u n t e r c a t i o n  concentra-  

t i o n  should be more s i g n i f i c a n t  t hus  reduc ing  AA r e t e n t i o n .  6) 

Mob i l e  phase pH w i l l  i n f l u e n c e  AA r e t e n t i o n  by de te rm in ing  i t s  

c a t i o n i c  charge. 

I f  t h e  AA 

2 )  The RS03- 
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FREE AMINO ACIDS 1055 

TABLE I .  R e t e n t i o n  o f  C8S03- S a l t  on t h e  S t a t i o n a r y  Phase as a 

Func t i on  o f  C8S03- M o b i l e  Phase C o n c e n t r a t i o n  

m i  croniol es Cgs03- Sal t Re ta ined  pe r  c o l  urnn 
C 8 S O ? - H f ,  M 

Col umn 0. 0005a 0.001 a 0. 0025a 0. 005a 0.01 Ob 0.020' 

C-8 26 35 56 76 110 170 

PRP-1 100 140 190 240 300 

___ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _  

a. The aqueous n iob i l e  phase con ta ins  CgS03-H+, 0.010M HC1, 
and L i C l  t o  g i v e  u=0.020M. All f l o w  r a t e s  a r e  1 . 0  imL/min. 

b .  The m o b i l e  phase c o n t a i n s  C8S03-H+ and 0.010M HC1 
(u=O. 020M). 

c .  The aqueous mob i l e  phase c o n t a i n s  C8S03-H (u=0.020M). 
+ 

- 
RSO, S a l t .  Zorbax a l k y l  mod i f i ed  s i l i c a  and PRP-1, a 

p o l y s t y r e n e  d i v iny lbenzene  copolymer, were eva lua ted  as t h e  

s t a t i o n a r y  phases. Prev ious s t u d i e s  (11-13) had shown t h a t  

bo th  a c t  as reve rse  phases towards hydrophobic  i o n  r e t e n t i o n .  

Breakthrough volumes were determined f o r  t h e  two columns as a 

f u n c t i o n  o f  mob i l e  phase RS03- s a l t  c o n c e n t r a t i o n  by passage o f  

each m o b i l e  phase th rough  a c l e a n  column. 

summarized i n  Table I ,  i n d i c a t e  t h a t  RS03- s a l t  r e t e n t i o n  and 

subsequent apparent  c a t i o n  exchange c a p a c i t y  i nc reases  as m o b i l e  

phase RS03 s a l t  c o n c e n t r a t i o n  i nc reases .  The exchange 

c a p a c i t i e s  r e p o r t e d  here a r e  h i g h e r  than  p r e v i o u s l y  r e p o r t e d  (12, 

13) because o f  t h e  l ower  m o b i l e  phase pH and inc reased  i o n i c  

s t r e n g t h  used i n  Table I ;  as i o n i c  s t r e n g t h  i nc reases  RS03- s a l t  

r e t e n t i o n  a l s o  i nc reases .  

These da ta ,  which a r e  

- 
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2056 WALKER AND PIETRZYK 

'1 

O J  I I I 1 

c5 c6 =7 
CHAIN LENGTH 

FIGURE 1 

E f f e c t  o f  RSO; S a l t  A l ky l  Chain Length on Amino Acid Retent ion 

A 4.1 mm x 150 mm, 10 urn, PRP-1 column and an aqueous 1.0 x 

10-3M RS03-Ht, 0.010M HC1 mobile phase a t  1.0 mL/min. 

The hydrophobic character o f  the RS03- s a l t  in f luences  AA re -  

t en t i on .  Although not shown, as the  R chain increases i n  l eng th  

(C5 t o  C8 was studied) RS03- s a l t  r e t e n t i o n  (and apparent ca t i on  

exchange capaci ty)  increases causing AA r e t e n t i o n  t o  a l so  i n -  

crease. 

several AA on PRP-1 i s  p l o t t e d  versus carbon number f o r  the  

RS03- s a l t .  

This e f f e c t  i s  i l l u s t r a t e d  i n  F ig .  1 where r e t e n t i o n  o f  

- 
O f  the  s a l t s  s tud ied  the  C8S03 s a l t  provides the 
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FREE AMINO ACIDS 2057 

l a r g e s t  number o f  apparent c a t i o n  exchange s i t e s ,  t h e  h i g h e s t  AA 

r e t e n t i o n ,  and t h e  most f a v o r a b l e  s e l e c t i v i t y  f o r  AA r e t e n t i o n  

a t  a g i v e n  c o n d i t i o n .  

s t u d i e s .  

Thus, t h i s  s a l t  was chosen f o r  subsequent 

C8S03- S a l t  Concen t ra t i on .  The m o b i l e  phase C8S03-  s a l t  con- 

c e n t r a t i o n  p l a y s  a ma jo r  r o l e  i n  t h e  r e t e n t i o n  o f  AA. 

C8S03- s a l t  i s  absent from t h e  m o b i l e  phase most o f  t h e  AA a r e  n o t  

r e t a i n e d  w h i l e  o t h e r s  a r e  p o o r l y  r e t a i n e d  on t h e  two types o f  r e -  

ve rse  phases. Only f o r  t h e  more nonpo la r  AA i s  r e t e n t i o n  s i g n i f -  

i c a n t  enough t o  a l l o w  t h e i r  s e p a r a t i o n  i n  t h e  absence o f  t h e  C8S03- 

s a l t .  Table I 1  l i s t s  r e t e n t i o n  d a t a  f o r  seve ra l  o f  t h e  more p o l a r  

AA on PRP-1 and C-8 as a f u n c t i o n  o f  C8S03 

These da ta  show t h a t  bo th  AA s e l e c t i v i t y  and r e t e n t i o n  i nc rease  as 

C8S03- s a l t  c o n c e n t r a t i o n  i nc reases .  The enhanced AA r e t e n t i o n  

c o r r e l a t e s  t o  t h e  i nc rease  i n  apparent  c a t i o n  exchange s i t e s  on 

t h e  s t a t i o n a r y  phase (see eq. 1 )  t h a t  was determined ove r  t h i s  

C8S03- s a l t  c o n c e n t r a t i o n  range (see Table I ) .  

w i t h  PRP-1 and C-18 i n d i c a t e  t h a t  even though t h e  apparent  c a t i o n  

exchange c a p a c i t y  cont inues t o  i n c r e a s e  as C8S03- s a l t  concentra-  

t i o n  i nc reases  ( s t u d i e s  were done up t o  0.025 M C8S03-M+) AA r e -  

t e n t i o n  begins t o  l e v e l  o f f  and appears t o  pass th rough  a maxi -  

mum. 

s t a n t  above 0.001 M C8S03- s a l t  c o n c e n t r a t i o n .  

of AA r e t e n t i o n  i s  c o n s i s t e n t  w i t h  E q .  2 .  

t i o n  i nc reases ,  i t s  co -ca t i on ,  i n  t h i s  case H , a l s o  i nc reases  

and, t hus ,  because o f  massedction and t h e  c a t i o n  exchange s e l e c -  

When t h e  

- 
s a l t  c o n c e n t r a t i o n .  

Subsequent s t u d i e s  

Furthermore, t h e  s e l e c t i v i t y  between AA appears t o  be con- 

The l e v e l i n g  o f f  

As C8S03- concentra-  
+ 
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2058 WALKER A N D  PIETRZYK 

TABLE 11. R e t e n t i o n  o f  Amino Ac ids  as a F u n c t i o n  o f  CaS03 C o n c e n t r a t i o n  

C a p a c i t y  Fac to r ,  k '  
C,SO,-H+, Ma 

Amino 
A c i d  

L-Asn 

L-Asp 

L-Ser 

G l Y  

L-G1 n 

L-Thr 

L-G1 u 

L-A1 a 

L-Flet 

L-ASn 

L-Asp 

L-Ser 

G l Y  

L-G1 n 

L-Thr  

L-G1 u 

L-A1 a 

0.0005 

0.75 

0.73 

0.73 

0.77 

0.93 

0.97 

0.98 

1.06 

5.54 

1.76 

1 .a5 

1.80 

1.80 

2.30 

3.29 

3.69 

3.72 

0.0010 

0.98 

0.94 

0.94 

0.99 

1.23 

1.32 

1.33 

1.45 

8.58 

2.24 

2.82 

2.37 

2.40 

3.27 

4.36 

4.76 

5.C1 

0.0025 0.0050 0.01 0.02 
~~~~ 

Zorbax C-8 

1.33 

1.32 

1.32 

1.35 

1.71 

1.89 

1.87 

2.11 

12.7 

1.65 

1.64 

1.65 

1.70 

2.10 

2.35 

2.27 

2.67 

15 

Hami 1 ton  PRP-1 

2.97 

3.65 

3.18 

3.20 

4.27 

5.66 

6.00 

6.66 

2.10 3.79 

2.08 3.79 

2.07 3.79 

2.16 3.96 

2.68 4.83 

2.96 5.26 

2.78 5.26 

3.33 6.15 

3.66 4.18 

4.48 4.89 

3.99 4.46 

4.00 4.59 

5.20 5.83 

6.88 7.51 

7.10 7.38 

8.29 9.10 

4.87 

5.18 

5.18 

5.50 

6.67 

7.9a 

7.98 

10.6 

A .  An aqueous C8S03-Ht m o b i l e  phase c o n t a i n i n g  0.01M 

HC1 and L i C l  t o  g i v e  i o n i c  s t r e n g t h  o f  0.020M 

(0.02M CgS03-Hf d i d  n o t  c o n t a i n  HC1 o r  L iC1)  a t  a 

1.0 mL/min f l o w  r a t e .  
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FREE AMINO ACIDS 2059 

t i v i t y  o f  H', t h e  e q u i l i b r i u m  i n  eq. 2 begins t o  s h i f t  t o  t h e  

l e f t .  A l s o ,  r a p i d  column d e t e r i o r a t i o n  was found f o r  t h e  C-18 

column, b u t  n o t  t h e  PRP-1, i n  repeated column uses w i t h  t h e  more 

concentrated C8S03- s a l t  mob i l e  phases. 

1.0 x 10-3M C8S03- s a l t  mob i l e  phase was used i n  subsequent AA 

separa t i on  s t u d i e s .  

For  these reasons a 

M o b i l e  Phase pH. A s  mob i l e  phase pH inc reases  toward t h e  AA 

z w i t t e r i o n  pH, AA r e t e n t i o n  on t h e  s t a t i o n a r y  phase s h a r p l y  de- 

creases i n  t h e  presence o f  a RS03- s a l t .  

i n  F i g .  2 where r e t e n t i o n  o f  seve ra l  l e s s e r  r e t a i n e d  AA a r e  shown 

o n l y  f o r  PRP-1 and a C8S03- s a l t  mob i l e  phase. For  more nonpo la r  

AA t h e  change i n  r e t e n t i o n  i s  much g r e a t e r .  I f  t h e  AA c o n t a i n s  a 

b a s i c  s i d e  cha in ,  r e t e n t i o n  i s  a l s o  g r e a t e r  because a t  t h e  more 

a c i d i c  mob i l e  phase pH bo th  t h e  t e r m i n a l  -NH2 group and t h e  b a s i c  

s i d e  cha in  group a r e  conver ted i n t o  c a t i o n  charge s i t e s .  

AA r e t e n t i o n  i s  p o s s i b l e  a t  z w i t t e r i o n  pH c o n d i t i o n s ,  p a r t i c u l a r l y  

f o r  nonpolar  AA, t h e  more f a v o r a b l e  l e v e l s  o f  r e t e n t i o n ,  se lec -  

t i v i t y ,  and r e s o l u t i o n  o f  complex AA m i x t u r e s  a r e  ob ta ined  a t  an 

a c i d i c  pH where t h e  AA a r e  c a t i o n s .  

c o n d i t i o n s  were used i n  subsequent s t u d i e s .  

These t r e n d s  a r e  shown 

Whi le  

Thus, a c i d i c  pH m o b i l e  phase 

M o b i l e  Phase So lven t  Composit ion. A s  o r g a n i c  m o d i f i e r  con- 

c e n t r a t i o n  i nc reases  i n  t h e  mob i l e  phase, RS03- s a l t  r e t e n t i o n  

on t h e  s t a t i o n a r y  phase decreases reduc ing  t h e  apparent  c a t i o n  

exchange c a p a c i t y .  Thus, t h e  AA r e t e n t i o n  a l s o  decreases. T h i s  

i s  i l l u s t r a t e d  i n  Table I 1 1  where r e t e n t i o n  o f  severa l  AA on C-8 
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50- 
Vd 

25- 

20- 

K 15- 

' 0 -  cyr 

5-  E Ask 

0 ,  
1 2 3 4 5 

PH 
FIGURE 2 

E f f e c t  o f  Mob i l e  Phase pH on Amino A c i d  R e t e n t i o n  

Same as F i g .  1 u s i n g  C8S03-H+ and HC1 and/or LiH2P04 t o  y i e l d  t h e  
mob i l e  phase pH and 0.025M i o n i c  s t r e n g t h .  

from a mob i l e  phase c o n t a i n i n g  a C8S03- s a l t  a r e  shown as a 

f u n c t i o n  CH3CN-H20 composi t ion.  

o r g a n i c  m o d i f i e r  t h e  r e t e n t i o n  e f f e c t  i s  l e s s  where t h e  o r d e r  i s  

CH3CN > EtOH > MeOH. 

I f  a l c o h o l s  a r e  used as t h e  

Mobi le  Phase I o n i c  S t reng th .  The i o n i c  s t r e n g t h  a f f e c t s  AA 

One, i n c r e a s i n g  i o n i c  s t r e n g t h  r e t e n t i o n  i n  two competing ways. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FREE AMINO ACIDS 206 1 

TAGLE 111. E f f e c t  o f  Organic  M o d i f i e r  on Amino A c i d  R e t e n t i o n  

C a p a c i t y  F a c t o r ,  k '  

P e r c e n t  C H ~ C N ~  

Aini no 
A c i d  

L-Asn 

L-Ser 

L-Asp 

61 Y 

L-G1 n 

L-Thr  

L-G1 u 

L-A1 a 

L-cys 

L-Pro 

L-Val  

L-Lys 

L -H is  

L-Met 

L-Arg 

L-Leu 

L -Ty r  

L - I l e  

L-Phe 

L -T rp  

1 . 0  2 . 5  5.0 7.5 10.0 12.5 - - -  

2.09 1.71 1.37 1.20 0.95 0.74 

2.15 1.73 1 .30  1.22 0.94 0.74 

2.16 1.75 1.36 1.19 0 .92  0.72 

2.25 1.89 1.50 1.32 1.'04 0.81 

2 .66  2.06 1 .55  1.35 1.04 0 .80  

3.00 2.28 1 .69  1.44 1 .09  0.83 

3 .28  2.44 1 .76  1.50 1 .12  0.86 

3.40 2.58 1.90 1 .63  1 .22  0.92 

3.68 2.73 1 . 9 3  1 .63  1 .19  0 .90  

5 .15  3 .70  2.45 2.02 1 . 4 3  1.05 

15.3 9.86 5.54 4.70 2 . 5 4  1 .72  

2.81 1 .72  

7.31 5.92 3.14 2.02 

22.5 1 3 . 3  7.49 6.31 3 .35  2.20 

4 .43  2.62 

12.4 9.82 5 .65  3.36 

30 13.5 9.90 4.39 2.61 

13.7 9 .18  4.46 2.95 

31.8 24 11.2 5.83 

28 14.6 

a. A H20-CH3CN m o b i l e  phase c o n t a i n i n g  

1.00 x 10-3M C8S0iHf and 0.010M HC1 a t  a 

1.0 mL/min flow r a t e  on a C-8 column. 
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2062 WALKER AND PIETRZYK 

5.5 - 

k' 4 

3 -  

2.5 - 
2- 

1 . d  , I 1 1 1 I 
-2 -1.9 -l.8 -1.7 -1.8 -1.5 

*G" UCI 

F I G U R E  3 

E f f e c t  o f  M o b i l e  Phase I o n i c  S t r e n g t h  on Amino A c i d  R e t e n t i o n  

Cond i t i ons  a re  t h e  same as F i g .  1 u s i n g  C8S03-HS w i t h  added L i C l  

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

causes RSOg- s a l t  r e t e n t i o n  t o  i nc rease  p roduc ing  a h i g h e r  

apparent c a t i o n  exchange c a p a c i t y  which should l e a d  t o  h i g h e r  AA 

r e t e n t i o n .  Opposing t h i s  i s  t h e  c o u n t e r c a t i o n  e f f e c t ,  whereby 

i n c r e a s i n g  t h e  i o n i c  s t r e n g t h  i nc reases  t h e  c o u n t e r c a t i o n  con- 

c e n t r a t i o n  causing a decrease i n  AA r e t e n t i o n  due t o  a s h i f t  i n  

t h e  e q u i l i b r i u m  i n  eq. 2 t o  t h e  l e f t .  S ince d i f f e r e n t  c a t i o n s  

w i l l  e x h i b i t  t h e i r  own c a t i o n  s e l e c t i v i t y  t h e  magnitude of t h e  
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FREE AMINO ACIDS 2063 

e f f e c t  w i l l  depend n o t  o n l y  on c o n c e n t r a t i o n  b u t  a l s o  on t h e  

t ype  o f  c o u n t e r c a t i o n .  F i g .  3 shows t h a t  AA r e t e n t i o n  decreases 

as i o n i c  s t r e n g t h  increases i n d i c a t i n g  t h a t  t h e  c o u n t e r c a t i o n  

e f f e c t  i s  more dominant than  t h e  i nc rease  i n  apparent  c a t i o n  ex- 

change s i t e s ,  

s t r e n g t h  t h e  decrease i n  r e t e n t i o n  i s  g r e a t e r .  

c a t i o n s  s t u d i e d  t h e i r  e f f e c t  on AA r e t e n t i o n  i s  i n  t h e  o r d e r  

Mt2 > Kf > Na 

i n v o l v i n g  o r g a n i c  and i n o r g a n i c  c a t i o n  a n a l y t e s  (12,13) and w i t h  

c a t i o n  exchange s e l e c t i v i t y  e x h i b i t e d  by c l a s s i c a l  s u l f o n a t e d  

s t r o n g  a c i d  c a t i o n  exchangers ( 2 4 ) .  

I f  a Kt s a l t  i s  used as a source f o r  i o n i c  

For  t h e  c o u n t e r -  

i i 
> L i  which i s  c o n s i s t e n t  w i t h  p rev ious  s t u d i e s  

~ _ _ _  Amino A c i d  Concen t ra t i on .  The a n a l y t e  c o n c e n t r a t i o n  w i l l  be 

an i m p o r t a n t  v a r i a b l e  i f  t h e  a n a l y t e  consumes a s i g n i f i c a n t  

p o r t i o n  o f  t h e  apparent  c a t i o n  exchange c a p a c i t y  generated by 

t h e  r e t e n t i o n  o f  t h e  R.510~- s a l t  (see eq. 1 -2 ) .  

(11-13) have shown t h a t  t h e  a n a l y t e  r e t e n t i o n  w i l l  decrease as 

a n a l y t e  c o n c e n t r a t i o n  increases i n  t h e  r e g i o n  where s i g n i f i c a n t  

c a t i o n  exchange c a p a c i t y  i s  u t i l i z e d .  

here 0.6: o r  l e s s  o f  t h e  t o t a l  apparent  c a t i o n  exchange s i t e s  

a re  u t i l i z e d  f o r  r e t e n t i o n  o f  t h e  AA c a t i o n i c  a n a l y t e ,  which i s  

w i t h i n  an a n a l y t e  c o n c e n t r a t i o n  range where a n a l y t e  r e t e n t i o n  i s  

independent o f  i t s  c o n c e n t r a t i o n .  

r e t e n t i o n  i s  i n f l u e n c e d  by t h e  e q u i l i b r i u m  i n  eq. 1, o r  r e t e n t i o n  

o f  t h e  RS03- s a l t ,  and by t h e  e q u i l i b r i u m  i n  eq. 2, o r  t h e  ex- 

change s e l e c t i v i t y  f o r  t h e  a n a l y t e  c a t i o n  and any o t h e r  c a t i o n  

i n  t h e  m o b i l e  phase. 

P rev ious  s t u d i e s  

For  t h e  d a t a  r e p o r t e d  

Thus, under these c o n d i t i o n s  AA 

I t  should be no ted  t h a t  t h e  a n a l y t e  concen- 
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2064 WALKER A N D  PlETRZYK 

t r a t i o n  range t h a t  p rov ides  r e t e n t i o n  independent o f  a n a l y t e  con- 

c e n t r a t i o n  a l s o  depends on those  m o b i l e  phase v a r i a b l e s  t h a t  

i n f l u e n c e  RS03- s a l t  r e t e n t i o n ,  s ince  these  w i l l  determine t h e  

apparent c a t i o n  exchange c a p a c i t y ,  and t h e  m o b i l e  phase pH, 

s i n c e  t h i s  determines t h e  c a t i o n i c  c h a r a c t e r  o f  t h e  AA. Fo r  

mob i l e  phase c o n d i t i o n s  t h a t  p r o v i d e  100 pmole o f  r e t a i n e d  RS03 

s a l t  pe r  15 cm column l e n g t h ,  i n j e c t i o n  o f  5 pg o f  a s i n g l e  AA 

a n a l y t e  w i l l  consume approx ima te l y  0.5% o f  t h e  c a t i o n  exchange 

c a p a c i t y  assuming mo lecu la r  we igh t  o f  115. 

____ S t a t i o n a r y  Phase. While i n v e s t i g a t i n g  t h e  e f  e c t s  o f  t h e  

mob i l e  phase v a r i a b l e s  severa l  d i f f e r e n c e s  between t h e  C-8, C-18, 

and PRP-1 s t a t i o n a r y  phases were no ted .  I n  genera , t h e  apparent  

c a t i o n  exchange c a p a c i t i e s ,  which were c a l c u l a t e d  f rom t h e  

breakthrough volumes and a r e  due t o  RS03- s a l t  r e t e n t i o n ,  were 

n e a r l y  t h e  same f o r  t h e  C-18 and PRP-1 columns and l a r g e r  than  

f o r  t h e  C-8 column f o r  a g i v e n  m o b i l e  phase c o n d i t i o n .  S ince 

prepacked columns were used, no a t tempt  was made t o  determine 

t h e  l o a d i n g  per  gram o f  s t a t i o n a r y  phase and t h e  apparent  exchange 

c a p a c i t i e s  r e p o r t e d  here a r e  f o r  15 cm columns. 

r e t e n t i o n  i s  g r e a t e r  and s e l e c t i v i t y  appears t o  be more f a v o r a b l e  

on t h e  PRP-1 column, 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  complex AA 

m ix tu res ,  i s  n o t  as f a v o r a b l e  as w i t h  t h e  C-18 column because t h e  

band shapes a r e  much broader  on t h e  PRP-1 column. PRP-1 i s  

s t a b l e  below pH = 2 u n l i k e  t h e  C-8 o r  C-18, however, t h i s  more 

a c i d i c  mob i l e  phase which should ensure a more complete con- 

v e r s i o n  o f  t h e  AA i n t o  a c a t i o n  does n o t  l e a d  t o  an improved 

Al though AA 
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FREE AMINO ACIDS 2065 

chromatography on t h e  PRP-1. 

c o u n t e r c a t i o n  e f f e c t  o f  H (see eq.  2 )  i s  a l s o  i nc reased .  

I n  t h e  more a c i d i c  m o b i l e  phase t h e  
+ 

The c o n d i t i o n i n g  p e r i o d  w i t h  t h e  RS03 s a l t  m o b i l e  phase was 

found t o  be s i m i l a r  f o r  t h e  t h r e e  columns, however, removal o f  

t h e  r e t a i n e d  RS03- s a l t  w i t h  mixed s o l v e n t  f r e e  o f  t h e  RS03- s a l t  

was much s lower  on t h e  C-8 and C-18 columns sugges t ing  t h a t  t h e  

s o r p t i o n - d e s o r p t i o n  o f  t h e  RS03- s a l t  on t h e  PRP-1 i s  more 

r e v e r s i b l e  than  on t h e  C-8 and C-18. I t was a l s o  no ted  t h a t  t h e  

ch romatog raph ica l l y  u s e f u l  t i m e  p e r i o d  f o r  t h e  PRP-1 column was 

s i g n i f i c a n t l y  l o n g e r  than  f o r  t h e  C-8 and C-18 column. Because 

o f  t h e  more f a v o r a b l e  e f f i c i e n c y  on C-18 t h e  focus  o f  t h e  

s e p a r a t i o n  s t u d i e s ,  p a r t i c u l a r l y  f o r  more complex AA m i x t u r e s ,  

was w i t h  t h e  C-18 column. 

t h e  PRP-1 column can be as f a v o r a b l e ,  and i n  some cases more 

f a v o r a b l e ,  as t h a t  ob ta ined  w i t h  t h e  C-18. 

For  s i m p l e r  AA m i x t u r e s  r e s o l u t i o n  on 

Separa t i ons .  

here (13,  17-19) i n d i c a t e  t h a t  nonpo la r  AA and those w i t h  b a s i c  

s i d e  cha ins  a re  h i g h l y  r e t a i n e d  i n  t h e  presence o f  t h e  C8S03- 

s a l t  w h i l e  the  more p o l a r  AA a r e  l e s s  r e t a i n e d  and r e s o l u t i o n  o f  

m i x t u r e s  o f  t h e  l a t t e r  group i s  more d i f f i c u l t .  F i g .  4 

i l l u s t r a t e s  t h e  e f f e c t  o f  mob i l e  phase C8S03- s a l t  concentra-  

t i o n  and t y p e  o f  s t a t i o n a r y  phase on t h e  s e p a r a t i o n  o f  t h e  more 

p o l a r  A A .  

n o t  improve c o n t i n u o u s l y  because o f  t h e  competing e f f e c t  o f  t h e  

c o u n t e r c a t i o n ,  H , which a1 so i nc reases  i n  c o n c e n t r a t i o n .  Thus, 

even though t h e  apparent  c a t i o n  exchange c a p a c i t i e s  i n c r e a s e  due 

Tables 11, 111 and o t h e r  da ta  n o t  r e p o r t e d  

As  C8S03- s a l t  c o n c e n t r a t i o n  i nc reases  r e s o l u t i o n  does 

-+ 
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2066 WALKER AND PIETRZYK 

- - - 
0.001M C8S03 0.01M C8S03 ~ . ~ 2 M  C,SO, 

mL rnL I rnL 

FIGURE 4 

E f f e c t  o f  C8S03- S a l t  Concentrat ion on the  Retent ion O f  

Polar Amino Acids on C-18 and PRP-1 Sta t ionary  Phases 

A t o  C :  

0.011M, ( B )  0.010M C8S03-Ht, 0.0047M HC1, 0.010M LiC1, u = 0.021M, 

and (C) an 0.020M C8S03-Ht, u = 0.020M mobi le phase a t  1.0 mL/min. 
D t o  F: 

CH3CN:H20, p = 0.011M, ( E )  0.010M C8S03 H , p = 0.010MY and ( F )  

0.020M C8S03-Ht, p = 0.020M mobi le phase a t  1.0 mL/min. 

C-18 column and(A) 0.0010M C8S03-Ht, 0.010M HC1, u = 

PRP-1 column and ( 0 )  0.0010M C SO -L i t ,  0.001M HC1, 1:99 8 +3 
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FREE AMINO ACIDS 2067 

t o  i nc reased  amount o f  r e t a i n e d  C8S03- s a l t ,  optimum r e s o l u t i o n  

i s  ob ta ined  a t  about  0.001M C8S03- s a l t  c o n c e n t r a t i o n .  Com- 

p a r i s o n  o f  t h e  chromatograms a l s o  i n d i c a t e s  a more e f f i c i e n t  

column performance f o r  t h e  s m a l l e r  p a r t i c l e ,  C-18 column. 

PRP-1 column, which subsequent ly  became a v a i l a b l e ,  was n o t  

eva lua ted  i n  these s t u d i e s .  

The mob i l e  phases used i n  F i g .  4 were f r e e  o f  b u f f e r  s a l t s  

and i n e r t ,  i n o r g a n i c  e l e c t r o l y t e .  I f  e i t h e r  o f  t hese  i s  added 

t o  t h e  mob i l e  phase, AA r e t e n t i o n  and r e s o l u t i o n  i s  decreased 

due t o  t h e  mass a c t i o n  e f f e c t  and t h e  c a t i o n  exchange s e l e c t i v -  

i t y  due t o  t h e  t y p e  o f  c o u n t e r c a t i o n s  t h a t  a r e  a l s o  added. 

S i m i l a r l y ,  adding o r g a n i c  m o d i f i e r  t o  t h e  m o b i l e  phase reduces 

r e t e n t i o n  and r e s o l u t i o n .  

A 5 pm 

Nonpolar and b a s i c  s i d e  c h a i n  AA r e t e n t i o n  i s  more enhanced 
- 

t h a n  f o r  p o l a r  AA f rom a C8S03 

e l u t i n g  power i s  r e q u i r e d  t o  reduce a n a l y s i s  t i m e  when s e p a r a t i n g  

m i x t u r e s  o f  t h e  former AA.  T h i s  i s  achieved by i n c r e a s i n g  m o b i l e  

phase o r g a n i c  m o d i f i e r ,  pH, and/or  i o n i c  s t r e n g t h ,  choosing a 

c o u n t e r c a t i o n  o f  g r e a t e r  s e l e c t i v i t y ,  o r  dec reas ing  t h e  C8S03- 

s a l t  c o n c e n t r a t i o n .  

m o d i f i e r ,  (see Table 111) which has t h e  n e t  e f f e c t  o f  r e d u c i n g  

t h e  apparent  c a t i o n  exchange c a p a c i t y  by s h i f t i n g  t h e  

e q u i l i b r i u m  i n  eq. 1 t o  t h e  l e f t ,  p rov ides  f a v o r a b l e  chroma- 

tography and a n a l y s i s  t imes .  T h i s  i s  i l l u s t r a t e d  i n  F i g .  5A-B 

where CH3CN i s  added t o  t h e  aqueous, C8S03- s a l t  m o b i l e  phase 

t o  b r i n g  about r e s o l u t i o n  o f  t h e  more h i g h l y  r e t a i n e d  AA i n  a 

s a l t  m o b i l e  phase and inc reased  

I n  g e n e r a l ,  a modest i n c r e a s e  i n  o r g a n i c  
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2068 WALKER AND PIETRZYK 

B 

100 

5 0  %B 

3 

I 
30 

m L  

FIGURE 5 

E f f e c t  o f  CH3CN:H20 Gradient on Retent ion o f  Nonpolar-Basic 

Side Chain Amino Acids on C-18 Column 

A. A step grad ien t  w i t h  an A so lvent  o f  0.0010 M C8S03-Ht, 
0.010 M HC1, and 0.5:99.5 CH3CN:H20 and a B so lvent  o f  t he  

same except 15:85 CH3CN:H20 a t  1 .O mL/min. 
An i s o c r a t i c - l i n e a r  g rad ien t  using the  same A and B solvent.  B. 
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FREE AMINO ACIDS 2069 

reasonable a n a l y s i s  t ime .  

d i t i o n e d  w i t h  an aqueous C8S03-Ht m o b i l e  phase which shou ld  

p r o v i d e  t h e  l a r g e s t  number o f  exchange s i t e s  due t o  t h e  r e t a i n e d  

C8S03-H+ on t h e  s t a t i o n a r y  phase (see eq. 1 ) .  As t h e  AA m i x t u r e  

i s  i n t roduced ,  t h e  CH3CN i s  s imu l taneous ly  i nc reased  t o  7 . 5 %  CH CN 
3 

and subsequent ly  stepped t o  15% CH3CN. R e s o l u t i o n  o f  L-His ,  L-Lys 

and L-Leu, L-Arg appears t o  be t h e  most c r i t i c a l  i n  ad jus tmen t  o f  

t h e  t i m e  and pe rcen t  CH3CN f o r  t h e  e l u t i o n .  

o f  nonpolar  AA t h e  s teps  can be a d j u s t e d  a c c o r d i n g l y .  L -A la  was 

i n  t h e  m i x t u r e  t o  i n d i c a t e  how r a p i d l y  t h e  more p o l a r  s i d e  c h a i n  

AA would be e l u t e d  under these c o n d i t i o n s .  L-Trp was o m i t t e d  i n  

F i g .  5A because i t s  r e t e n t i o n  t i m e  would be abou t  35  min; L-Phe 

and L -T rp  s e p a r a t i o n  t imes can be reduced by i n c r e a s i n g  t h e  p e r -  

cen t  CH3CN i n  an a d d i t i o n a l  s tep .  

i n  F i g .  5A would be about 7 and 10 min, r e s p e c t i v e l y .  When a 

l i n e a r  g r a d i e n t  o f  t h e  s lope  shown i n  F i g .  5B i s  used, r e s o l u t i o n  

o f  L - I l e ,  L-Tyr ,  L-Lys i s  n o t  ob ta ined ;  a d j u s t i n g  t h e  g r a d i e n t  

s lope w i l l  a l t e r  t h i s  r e s o l u t i o n  as w e l l  as r e s o l u t i o n  f o r  o t h e r  

AA.  The e l u t i o n  o r d e r  f o r  t h e  b a s i c  AA d i f f e r s  i n  t h e  two ch ro -  

matograms due t o  t h e  e f f e c t  o f  t h e  g r a d i e n t  on t h e  number o f  ex- 

change s i t e s  r e t a i n e d  on t h e  column as t h e  p e r c e n t  CH3CN i s  i n -  

creased.  

acco rd ing  t o  t h e  bas i c -nonpo la r  AA be ing  separated by a d j u s t i n g  

t h e  r a t e  o f  a d d i t i o n  o f  CH3CN t o  t h e  mob i l e  phase. 

I n  F i g .  5A t h e  column was f i r s t  con- 

For  a s i m p l e r  m i x t u r e  

L-Cys and L-Pro r e t e n t i o n  t i m e  

Thus, t h e  e l u t i o n  o r d e r  can be a l t e r e d  and o p t i m i z e d  

The o v e r a l l  AA e l u t i o n  o r d e r  i n  F i g .  5 i s  n o t  i d e n t i c a l  t o  

t h e  o r d e r  ob ta ined  when u s i n g  t y p i c a l  s t r o n g  a c i d  c a t i o n  exchangers 
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2070 WALKER AND PIETRZYK 

as t h e  s t a t i o n a r y  phase (1 -3 ) .  

o r d e r  i s  t h e  same w h i l e  i n  t h e  l a t t e r  s tages t h e  o r d e r  i s  t y p i c a l  

o f  reve rse  phase AA chromatography ( 4 - 7 ) .  F o r  example, i n  F i g .  5 

t h e  AA w i t h  b a s i c  s i d e  cha ins ,  which a r e  p a r t i a l l y  d i - c a t i o n s  a t  t h e  

c o n d i t i o n s  used, a re  e l u t e d  b e f o r e  t h e  v e r y  nonpolar  AA; on a 

t y p i c a l  c a t i o n  exchanger (1-3)  t h e  b a s i c  s i d e  c h a i n  AA a r e  t h e  most 

r e t a i n e d  f rom an a c i d i c  mob i l e  phase. As t h e  CH3CN i s  stepped o r  

t h e  g r a d i e n t  i s  s t a r t e d  t h e  r e t a i n e d  RS03- s a l t  on t h e  s t a t i o n a r y  

phase decreases as t h e  mob i l e  phase CH3CN c o n c e n t r a t i o n  i nc reases .  

A t  15% CH3CN t h e  r e t e n t i o n  o f  t h e  C8S03- s a l t  i s  m ino r  ( 1 2 ) .  

Dur ing  t h i s  s tage o f  t h e  chromatography t h e  c a t i o n  exchange s i t e s  

a r e  being removed and t h e  s t a t i o n a r y  phase i s  conve r ted  i n t o  a r e -  

verse phase; t h e  f a s t e r  t h e  CH3CN i s  i n t r o d u c e d  i n  t h e  g r a d i e n t  

t h e  more r a p i d  t h e  convers ion  takes  p l a c e  and t h e  g r e a t e r  t h e  

e f f e c t  on AA e l u t i o n  o r d e r  s i n c e  reve rse  phase AA r e t e n t i o n  i s  n o t  

o n l y  s o l v e n t  dependent b u t  i s  a l s o  i n f l u e n c e d  d i f f e r e n t l y  by  AA 

s i d e  cha in  s t r u c t u r e  ( 4 - 7 ) .  

I n  t h e  e a r l y  s tages t h e  e l u t i o n  

A s i n g l e ,  i s o c r a t i c  e l u t i o n  scheme w i l l  n o t  p r o v i d e  f a v o r a b l e  

r e s o l u t i o n  and/or  a n a l y s i s  t i m e  i f  t h e  AA m i x t u r e  i s  composed o f  

b o t h  p o l a r - a c i d i c  and nonpo la r -bas i c  AA. 

e l u t i o n  scheme i s  one which p rov ides  a cons tan t ,  weak e l u t i n g  power 

f o r  t h e  l e s s  r e t a i n e d  AA f o l l o w e d  by a g r a d i e n t  f o r  t h e  more h i g h l y  

r e t a i n e d  AA o r  a combinat ion o f  c o n d i t i o n s  used i n  F i g s .  4 and 5. 

Using a t e s t  m i x t u r e  o f  po la r -nonpo la r  AA, g r a d i e n t s  i n v o l v i n g  

e i t h e r  an i nc rease  i n  o r g a n i c  m o d i f i e r  , pH , e l u e n t  c o u n t e r c a t i o n  o f  

g r e a t e r  i o n  exchange s e l e c t i v i t y  a t  f i x e d  i o n i c  s t r e n g t h ,  and i o n i c  

s t r e n g t h ,  w h i l e  a l l  o t h e r  v a r i a b l e s  were h e l d  cons tan t ,  were 

The more f a v o r a b l e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FREE AMINO ACIDS 207 1 

eva lua ted .  

because o f  t h e  e q u i l i b r a t i o n  p e r i o d  r e q u i r e d  f o r  RS03- s a l t  r e t e n -  

t i o n  on to  t h e  s t a t i o n a r y  phase (see eq. 1 ) .  

ca ted  t h a t  a s o l v e n t  g r a d i e n t  was t h e  b e s t .  

m i x t u r e s  o t h e r  g r a d i e n t s  can be optimum depending on t h e  t y p e  o f  AA 

p r e s e n t ,  

A RS03- s a l t  c o n c e n t r a t i o n  g r a d i e n t  was n o t  s t u d i e d  

These s t u d i e s  i n d i -  

For s imp le  AA 

F i g u r e  6A-B shows t h e  s e p a r a t i o n  o f  a complex AA m i x t u r e  on a 

15 and 25 cm C-18 column, r e s p e c t i v e l y ,  u s i n g  an i s o c r a t i c  e l u t i o n  

f o r  t h e  p o l a r ,  l e s s  r e t a i n e d  AA and a l i n e a r  nonpolar  g r a d i e n t  f o r  

t h e  nonpolar ,  bas i c ,  more r e t a i n e d  AA. 

was used w i t h  a combined i s o c r a t i c - g r a d i e n t  c o n d i t i o n  as i n  F i g .  6A  

u s i n g  HOAc i n s t e a d  o f  HC1, AA r e t e n t i o n  o r d e r  was t h e  same, peaks 

were broader ,  and r e s o l u t i o n  due t o  peak broadening was n o t  as 

f a v o r a b l e  p a r t i c u l a r l y  f o r  t h e  e a r l y  e l u t i n g  AA.  I n c r e a s i n g  t h e  

column l e n g t h  improves t h e  r e s o l u t i o n  o f  t h e  weakly r e t a i n e d  AA.  A 

more gradual  g r a d i e n t  change i n  pe rcen t  CH3CN was used on t h e  2 5  cm 

column ( F i g .  66) versus t h e  15 cm column ( F i g .  6 A ) .  

removal o f  t h e  r e t a i n e d  RS03- exchange s i t e s  and t h e  convers ion  t o  

a reve rse  t ype  s t a t i o n a r y  phase i s  l e s s  r a p i d  on t h e  former column. 

T h i s  causes a s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  AA e l u t i o n  o r d e r  i n  t h e  

nonpo la r -bas i c  AA range o f  t h e  separa t i on ,  p a r t i c u l a r l y  f o r  t h e  

b a s i c  AA where t h e i r  e l u t i o n  r e l a t i v e  t o  t h e  nonpolar  AA i s  much 

e a r l i e r .  The bes t  r e s o l u t i o n  f o r  a complex m i x t u r e  o f  AA, w h i l e  

a l s o  m a i n t a i n i n g  a f a v o r a b l e  a n a l y s i s  t ime ,  i s  ob ta ined  by u s i n g  a 

s tep  g r a d i e n t .  

aqueous mob i l e  phase i s  used t o  e l u t e  t h e  p o l a r  AA and t h e  

p e r c e n t  CH3CN i s  stepped (see F i g .  5A)  t o  remove t h e  nonpolar-  

When a 15 cm PRP-1 column 

Thus, t h e  

T h i s  s e p a r a t i o n  i s  shown i n  F i g .  7 where an 
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2072 WALKER AND PIETRZYK 

I I I I I I I 
0 10 20 30 40 50 60 

mL 

rnLs 

F i g u r e  6 

Separa t i on  o f  a Complex M i x t u r e  o f  Amino Ac ids  on a C-18 Column 

A. An i s o c r a t i c - l i n e a r  g r a d i e n t  w i t h  an A s o l v e n t  o f  0.0010 M 

C8S03-Ht, 0.010 M HC1, 0.5:99.5 CH3CN:H20 and a B s o l v e n t  o f  
t he  same except  15:85 CH3CN:H20 a t  1.0 mL/min and a 4.6 x 

150 mn C-18 column. 

Same as chromatogram A excep t  f o r  0.089 M NaCl i n  t h e  B 
s o l v e n t  and a 4.6 x 250 mm C-18 column. 

8. 
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FREE AMINO ACIDS 2073 

m L  

F i g u r e  7 

Separa t i on  o f  Amino Acids on C-18 Using a Step G r a d i e n t  

A s t e p  g r a d i e n t  w i t h  an A s o l v e n t  o f  0.0010 M C8S03-Hf, 0.010 M 

HC1 100% H20 and a B s o l v e n t  o f  t h e  same excep t  15:85 CH3CN:H20 

a t  1.0 mL/rnin. 

b a s i c  AA. 

conve rs ion  t o  a reve rse  phase i s  g r a d i e n t  dependent, t h e  e l u t i o n  

o r d e r  f o r  t h e  bas i c -nonpo la r  AA i n  F i g .  7 i s  d i f f e r e n t  t h a n  t h e  

o r d e r  shown i n  F i g .  6. A t h i r d  s t e p  can a l s o  be used i n  F i g .  7 

t o  reduce t h e  r e t e n t i o n  t i m e  f o r  L-Trp.  

S ince removal o f  t h e  RS03- exchange s i t e s  and 

L-Cys and L-Pro e l u t e  i n  t h i s  o r d e r  a f t e r  L -A la  i n  F i g s .  6 

These a r e  n o t  shown because OPA post-column d e t e c t i o n  and 7 .  

was used; L-Cys has poor s e n s i t i v i t y  and L-Pro r e q u i r e s  a modi- 

f i e d  reagen t  f o r  OPA d e t e c t i o n  (1,3,23). S ince  t h e y  a r e  
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2074 WALKER A N D  PIETRZYK 

separated f rom each o t h e r  and ne ighbor  A A ,  f o r  example i n  F i g .  7 

L-Cys and L-Pro have r e t e n t i o n  t imes  o f  12 and 15 min,  respec-  

t i v e l y ,  r e s o l u t i o n  i s  f a v o r a b l e .  

t i z e d  AA i s  p o s s i b l e  a t  214 nm. 

i n t e r f e r r i n g  narrow and broad chromatographic  peaks were p r o -  

duced d u r i n g  t h e  CH3CN g r a d i e n t .  

shown t o  be due t o  removal o f  t h e  r e t a i n e d  C8S03- s a l t  and 

s u l f o n a t e d  i m p u r i t i e s  i n  t h e  C8S03- s a l t  (see eq. 1 )  f rom t h e  

column. 

background peaks b u t  d i d  n o t  e l i m i n a t e  them. 

340 nm u s i n g  OPA post-column d e r i v a t i z a t i o n  showed no s igns  o f  

t h i s  background and s p e c i a l  p u r i f i c a t i o n  o f  t h e  C8S03- s a l t s  was 

n o t  necessary f o r  t h i s  d e t e c t i o n ,  

mob i l e  phase i n  F i g s .  6-7 reduces a n a l y s i s  t imes  b u t  a l s o  

decreases r e s o l u t i o n  f o r  c l o s e l y  r e l a t e d  peaks. I f  t h e  m o b i l e  

phase C8S03- s a l t  c o n c e n t r a t i o n  i s  i nc reased ,  r e s o l u t i o n  i nc reases  

f o r  some ad jacen t  peaks and decreases f o r  o t h e r s .  

a t  0.01M C8S03-Ht L-Ser, Gly and L-Glu, L -A la  a r e  r e s o l v e d  w h i l e  

f o r  Gly, L-Asp and L-Thr, L-Glu r e s o l u t i o n  i s  l e s s  f a v o r a b l e .  

Th is  separa t i on  scheme shou ld  be a p p l i c a b l e  t o  p e p t i d e  AA 

UV d e t e c t i o n  o f  u n d e r r i v a -  

However, we found t h a t  seve ra l  

These peaks were subsequent ly  

P u r i f i c a t i o n  o f  C8S03- s a l t s  by prep LC reduced these  

D e t e c t i o n  a t  

Adding e l e c t r o l y t e  t o  the  

Fo r  example, 

i d e n t i f i c a t i o n  and a n a l y s i s  s i n c e  f o r  a g i v e n  g r a d i e n t  t h e  

appearance o f  t h e  peaks o f  a hyd ro l yzed  p e p t i d e  can be c o r r e l a t e d  

t o  r e t e n t i o n  t imes  and peak areas f o r  AA s tandards and AA concen- 

t r a t i o n - a r e a  c a l i b r a t i o n  curves, r e s p e c t i v e l y .  

t h e  s e p a r a t i o n  o f  AA d e r i v e d  f rom t h r e e  hyd ro l yzed  pep t ides .  

p e p t i d e  AA a r e  accounted f o r  and t h e i r  presence was v e r i f i e d  by 

F i g u r e  8 shows 

A l l  
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ANCIOTENSION I 

I I  I I I I I  I l l  
0 5 10 15 20 25 30 35 40 45 

mL 

FIGURE 8 

Separa t i on  o f  Amino Acids Der i ved  From Hydro lyzed Pepides 

on a C-18 Column 

C o n d i t i o n s  a r e  t h e  same as F i g u r e  7 excep t  0.5:99.5 CH3CN:H20 i n  

t h e  A s o l v e n t .  
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2076 WALKER AND PIETRZYK 

comparison t o  AA s tandards.  

was hydro lyzed w i t h  6M HC1 i n  a sealed, N2 purged g l a s s  tube  t h a t  

was heated a t  110°C f o r  24 hours,  and d i s s o l v e d  ( 3 ) .  

o f  t h i s  s o l u t  on was i n j e c t e d  i n t o  t h e  LC so t h a t  t h e  amount o f  

AA i n t roduced  never exceeded 0.1% o f  t h e  a v a i l a b l e  exchange 

c a p a c i t y  prov ded by t h e  r e t a i n e d  C8S03- s a l t  (see eq.  1 ) .  

s tepwise g r a d i e n t ,  l i k e  F i g .  7 ,  was used; f o r  a l i n e a r  g r a d i e n t ,  

l i k e  F i g .  6A, r e s o l u t i o n  o f  seve ra l  AA p a i r s  i s  n o t  complete f o r  

t h e  pep t ides  s t u d i e d .  

togram was t h e  sum o f  i n s u l i n  A and i n s u l i n  B .  

I n  F i g .  8, mg q u a n t i t i e s  o f  p e p t i d e  

An a l i q u o t  

A 

When i n s u l i n  was hyd ro l yzed  i t s  chroma- 

C a l i b r a t i o n  Curve. A n a l y t e  s tandards were prepared con- 

t a i n i n g  n e a r l y  i d e n t i c a l  amounts o f  L-Ser, L-Val ,  and L-Leu and 

covered t h e  range o f  20 t o  1000 ppm i n  each AA. 

was i n j e c t e d  and t h e  m i x t u r e  separated u s i n g  t h e  g r a d i e n t  e l u t i o n  

c o n d i t i o n s  o u t l i n e d  i n  F i g .  6A. A l i n e a r  c a l i b r a t i o n  curve (OPA 

d e t e c t i o n )  o f  peak area versus AA amount i n j e c t e d  was ob ta ined  

ove r  t h e  range o f  an i n j e c t i o n  o f  20 pL o f  20 t o  500 ppni AA.  

l i n e a r  l e a s t  squares f i t  o f  t hese  da ta  p r o v i d e d  a c o r r e l a t i o n  

f a c t o r  o f  0.997 o r  g r e a t e r .  Two major  f a c t o r s  c o u l d  s t r o n g l y  

i n f l u e n c e  t h e  l i n e a r  c a l i b r a t i o n .  

amount o f  r e t a i n e d  C8S03- s a l t  on t h e  s t a t i o n a r y  phase, as d i s -  

cussed p r e v i o u s l y ,  i s  g r a d u a l l y  reduced c o n v e r t i n g  i t  t o  a r e v e r s e  

phase. T h i s  change i n  r e t e n t i o n  mode cou ld  i n f l u e n c e  peak area 

and consequent ly  c a l i b r a t i o n .  

c a p a c i t y  due t o  t h e  r e t a i n e d  RS03- s a l t  i s  l ow  an ove r load ,  which 

w i l l  i n f l u e n c e  peak area and p o s i t i o n ,  c o u l d  occu r  because o f  

A 20 p1 a l i q u o t  

A 

F i r s t ,  d u r i n g  t h e  g r a d i e n t  t h e  

Second, s i n c e  t h e  apparent  exchange 
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FREE AMINO ACIDS 2077 

c o m p e t i t i o n  between t h e  AA f o r  t h e  a v a i l a b l e  exchange s i t e s .  The 

t h r e e  AA used i n  t h e  s tudy  a re  examples o f  e a r l y ,  m i d d l e  and l a t e  

e l u t e r s ,  r e s p e c t i v e l y .  S ince t h e  c a l i b r a t i o n  cu rve  f o r  each AA i s  

f a v o r a b l e ,  t hese  data i n d i c a t e  t h a t  these two f a c t o r s  a r e  n o t  

l i m i t i n g  i n  terms o f  t h e  c a l i b r a t i o n  cu rve  and t h a t  t h e  g r a d i e n t  

i s  n o t  harmfu l  d u r i n g  any p o i n t  o f  t h e  e l u t i o n .  

t e c t i o n  o f  t h e  post-column OPA d e r i v a t i v e  (440 nm emiss ion)  was 

a l s o  eva lua ted  s i n c e  t h i s  has a l ower  d e t e c t i o n  l i m i t  and i s  o f t e n  

used i n  AA a n a l y s i s  (1-3,  23 ) .  

t h r e e  AA were s t u d i e d .  

curve i n d i c a t i n g  t h a t  t h e  e f f e c t  o f  t h e  C8S03- s a l t  and g r a d i e n t  

on f l uo rescence  i s  e i t h e r  n e g l i g i b l e  o r  r e p r o d u c i b l e .  

f l uo rescence  d e t e c t i o n  i s  s t i l l  p o s s i b l e  depending on t h e  q u a l i t y  

o f  t h e  LC f l uo rescence  d c t e c t o r .  

F luorescence de- 

A 5 ng t o  500 ng range o f  t h e  

Each p r o v i d e d  a f a v o r a b l e  c a l i b r a t i o n  

Lower 
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