
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

The Direct Electrochemical Detection of Amino Acids at a Platinum
Electrode in an Alkaline Chromatographic Effluent
J. A. Poltaa; D. C. Johnsona

a Department of Chemistry, Iowa State University, Ames, Iowa, U.S.A.

To cite this Article Polta, J. A. and Johnson, D. C.(1983) 'The Direct Electrochemical Detection of Amino Acids at a
Platinum Electrode in an Alkaline Chromatographic Effluent', Journal of Liquid Chromatography & Related
Technologies, 6: 10, 1727 — 1743
To link to this Article: DOI: 10.1080/01483918308064887
URL: http://dx.doi.org/10.1080/01483918308064887

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918308064887
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL, OF LIQUID CHROMATOGRAPHY, 6(10) , 1727-1743 (1983) 

THE DIRECT ELECTROCHEMICAL DETECTION OF 
AMINO A C I D S  AT A PLATINUM ELECTRODE I N  

AN ALKAL I NE CHROMATOGRAPHIC EFFLUENT 

J.A. Po l ta  and D.C. Johnson* 
Department of Chemistry 

Iowa Sta te  U n i v e r s i t y  
Ames, Iowa 50011 U.S.A. 

ABSTRACT 

It i s  t h e  general  exper ience t h a t  most o rgan ic  compounds 
i n c l u d i n g  amino ac ids  do n o t  produce r e v e r s i b l e  o r  even quasi-  
r e v e r s i b l e  anodic waves a t  a P t  e lec t rode  under c o n d i t i o n s  o f  
convent ional  c y c l  i c  v o l  tammet ry. 
de tec t i on  o f  these compounds a t  a constant e lec t rode  p o t e n t i a l  
i s  n o t  successful  because o f  t h e  accumulation o f  adsorbed 
r e a c t i o n  products and/or an ox ide  f i l m  a t  t h e  e lec t rode  
surface. 
c leaned q u i t e  e f f e c t i v e l y  o f  adsorbed organ ic  molecles and 
r a d i c a l s  simultanaeously w i t h  t h e  anodic fo rmat ion  o f  t h e  ox ide  
layer.  This o x i d a t i o n  o f  adsorbed organ ic  species i s  concluded 
t o  be e l e c t r o c a t a l y z e d  by P t O H  formed as t h e  f i r s t  s t e p  i n  t h e  
produc t ion  o f  t h e  ox ide  l a y e r  (PtO).  
waveform a p p l i e d  a t  a frequency o f  ca. 1 Hz i s  demonstrated t o  
p rov ide  d i r e c t  anperometri  c de tec t i on  o f  adsorbed amino ac ids  a t  
a P t  e lectrode. S a t i s f a c t o r y  a n a l y t i c a l  p r e c i s i o n  (i.e., < 3% 
r e l .  std.  dev. ) r e s u l t s  because t h e  waveform reproduci  b l y  
generates t h e  c a t a l y t i c a l l y  a c t i v e  sur face  s t a t e  a t  t h e  P t  
e lec t rode.  
determined w i th  s a t i s f a c t o r y  de tec t i on  l i m i t s :  e.g., ca. 13 n g  
f o r  g l yc ine ,  7 ng  f o r  phenylamine and 23 ng f o r  hydroxypro l ine  
i n  50-pL s a q l e s .  A n a l y t i c a l  response i s  concluded t o  depend on 
t h e  adsorp t ion  i so the rm o f  t h e  amino a c i d  be in#  detected. 
Hence, t h e  c a l i b r a t i o n  p l o t  of 1/I  vS. 1 / C  i s  l i n e a r  f o r  
low sur face  coverages. 
de tec t i on  o f  a s y n t h e t i c  m ix tu re  o f  amino ac ids  by anion- 
exchange chromatography us ing  NaOH as t h e  e luen t  and suppor t i ng  
e l e c t r o l y t e .  

Furthermore, amperomet r i  c 

However, i t  i s  observed t h a t  a P t  e lec t rode  su r face  i s  

A pu lsed-poten t ia l  

Both p r imary  and secondary amino ac ids  a r e  

Resu l ts  a r t e % w n  f o r  amperometric 
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1728 POLTA AND JOHNSON 

INTRODUCTION 

An e x t e n s i v e  l i t e r a t u r e  (1-5) has accumulated d u r i n g  t h e  

l a s t  t h r e e  decades as a r e s u l t  o f  s t u d i e s  o f  t h e  e l e c t r o c h e m i c a l  
o x i d a t i o n s  o f  o r g a n i c  compounds a t  noble-meta l  e l e c t r o d e s ,  i n  

genera l  , and P t  e l e c t r o d e s ,  i n  p a r t i c u l a r .  

c o n p a r a t i  v e l y  few e l  e c t r o a n a l y t i  c a l  procedures have r e c e i v e d  

wide acceptance f o r  t h e  anod ic  d e t e c t i o n  o f  o r g a n i c  compounds a t  

noble-meta l  e l e c t r o d e s  i n  aqueous so l ven ts .  The reasons a r e  

e a s i l y  unders tood  by o b s e r v i n g  t h a t  t h e  a n o d i c  r e a c t i o n s  

g e n e r a l l y  y i e l d  v o l t a m m e t r i c  responses (e.g. , I-E cu rves )  

c h a r a c t e r i z e d  as  b e i n g  " s u r f a c e - c o n t r o l l e d " .  S u r f a c e - c o n t r o l l e d  

r e a c t i o n s  a r e  t h o s e  i n  wh ich  t h e  t o t a l  f a r a d a i c  charge passed i s  

c o n t r o l l e d  by t h e  s u r f a c e  a rea  o f  t h e  e l e c t r o d e .  

chemical  i n t e r a c t i o n  o f  t h e  s u r f a c e  w i t h  t h e  r e a c t a n t s  and/or  

r e a c t i o n  p r o d u c t s  u s u a l l y  i s  conc luded t o  e x i s t  f o r  s u r f a c e -  

c o n t r o l l e d  r e a c t i o n s .  I n  t h e  case o f  t h e  a n o d i c  d e t e c t i o n  o f  

s i m p l e  a l c o h o l s  a t  a P t  e l e c t r o d e ,  f o r  example, a s u r f a c e -  

c a t a l y z e d  dehydrogenat ion occu rs  f o r  t h e  adsorbed mo lecu les  w i t h  

t h e  concomi tant  o x i d a t i o n  o f  t h e  adsorbed hydrogen atoms, i.e. 

(H)ads + H+ t e (6,7). The rema in ing  carbonaceous p r o d u c t s  o f  
t h e  dehydrogenat ion r e a c t i o n  a r e  s t r o n g l y  adsorbed a t  t h e  

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

f r o m  f u r t h e r  p a r t i c i p a t i o n  i n  t h e  a n o d i c  dehydrogenat ion o f  

un reac ted  mo lecu les  f r o m  t h e  s o l u t i o n  phase. 

e l e c t r o d e  c u r r e n t  decays q u i c k l y  t o  z e r o  f o r  t h e  case o f  a 

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

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

a p p l l c a t i o n s  f o r  d e t e c t i o n  i n  l i q u i d  chromatography. 

v o l t a m m e t r i c  s t u d i e s  o f  i n o r g a n i c  systems t h a t  t h e  presence o f  

even t r a c e  l e v e l s  o f  o r g a n i c  corpounds can a l t e r  s i g n i f i c a n t l y  

t h e  I-E response o f  e l e c t r o a c t i v e  species. 
become s t a n d a r d  p r a c t i c e  t o  p r e s c r i b e  c e r t a i n  r i t e s  o f  s u r f a c e  

p r e t r e a t m e n t  f o r  nob le -me ta l  e l e c t r o d e s  t o  i n s u r e  t h e  

Never the less,  

St rong 

Hence, t h e  

S u r f a c e - c o n t r o l l e d  anod ic  r e a c t i o n s  

It has l o n g  been t h e  genera l  e x p e r i n c e  i n  c o n v e n t i o n a l  

As a r e s u l t ,  i t  has 
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ELECTROCHEMICAL DETECTION OF AMINO ACIDS 1729 

r e p r o d u c i b i l i t y  o f  vo l tammet r i c  d a t a  (8). 
i n e v i t a b l y  i n c l u d e s  t h e  a l t e r n a t e  anod ic  and  c a t h o d i c  

p o l a r i z a t i o n s  o f  t h e  e l e c t r o d e  a t  p o t e n t i a l  va lues  n e a r  t h e  

l i m i t s  f o r  decomposi t ion o f  t h e  aqueous s o l v e n t  t o  b r i n g  abou t  

t h e  r a p i d ,  repea ted  f o r m a t i o n  and d i s s o l u t i o n ,  r e s p e c t i v e l y  , o f  

an o x i d e  l a y e r  a t  t h e  e l e c t r o d e  sur face.  I t i s  o u r  premise t h a t  

s u r f a c e - c o n t r o l l e d  anod ic  r e a c t i o n s  o f  o r g a n i c  compounds a t  P t  

and  o t h e r  noble-meta l  e l e c t r o d e s  can be a p p l i e d  f o r  amperometric 

d e t e c t i o n  w i t h  s a t i s f a c t o r y  s e n s i t i v i t y  and  p r e c i s i o n  i f  t h e  

a c t i v e  s u r f a c e - s t a t e  o f  t h e  e l e c t r o d e  can be reproduced e x a c t l y  

p r i o r  t o  each measurement o f  t h e  f a r a d a i c  s i g n a l .  
f u r t h e r  t h a t  t h e  o x i d e - c a t a l y z e d  oxygena t ion  r e a c t i o n s  

r e s p o n s i b l e  f o r  t h e  anod ic  c l e a n i n g  o f  P t  e l e c t r o d e s  can be used 

as t h e  b a s i s  f o r  amperometric d e t e c t i o n  o f  t h o s e  compounds i n  

aqueous chromatographic  e f f l u e n t s .  

volumes o f  s o l u t i o n  i n  conven t iona l  c e l l s  have r e q u i r e d  

p o t e n t i a l  waveforms wh ich  were des igned t o  p r o v i d e  r e s o l u t i o n  o f  

t h e  separa te  I - E  responses f o r  each component o f  a m i x t u r e  o f  

e l e c t r o a c t i v e  species. Hence, t h e  v a r i o u s  waveforms (e.g. , 
l i n e a r  sweep, normal pu lse,  d i f f e r e n t i a l  pu l se ,  e t c . )  were 

r e q u i r e d  t o  produce a p l o t  o f  t h e  e l e c t r o d e  c u r r e n t  o v e r  a 

s u b s t a n t i a l  p o r t i o n  o f  t h e  a v a i l a b l e  p o t e n t i a l  range f o r  t h e  

p a r t i c u l a r  e l e c t r o d e  m a t e r i a l  i n  use. 

amperometric d e t e c t i o n  t o  LC, we develop o u r  waveforms on t h e  

p remise  t h a t  t h e  chromatographic  system i s  r e s p o n s i b l e  f o r  

r e s o l u t i o n  o f  m ix tu res .  Furthermore, t h e  background s i g n a l  i s  

e a s i l y  de te rm ined  i n  LC/EC f r o m  t h e  d e t e c t o r  response between 

e l u t i o n  peaks. Consequently, e x t e n s i v e  f reedom i s  a l l  owed i n  

t h e  des ign  o f  t h e  waveforms t o  maximize t h e  b e n e f i c i a l  

e l e c t r o c a t a l y t i  c p r o p e r t i e s  o f  t h e  e l e c t r o d e  su r face .  

There have been a few o b s e r v a t i o n s  o f  g r e a t e r  s t a b i l i t y  i n  

t h e  e l e c t r o c h e m i c a l  response o f  s o l i d  e l e c t r o d e s  r e s u l t i n g  from 

a p p l i c a t i o n  o f  p u l s e d - p o t e n t i a l  waveforms. Brown [ 9 1  expressed 

Pre t rea tmen t  

We conclude 

T r a d i t i o n a l  procedures f o r  v o l t a m m e t r i c  a n a l y s i s  o f  l a r g e  

I n  a p p l i c a t i o n s  o f  
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1730 POLTA AND JOHNSON 

t h e  observa t ion  t h a t  f o r  anodic o rgan ic  e l e c t r o l y s i s ,  t h e  

"coat ing  o f  t h e  anode w i t h  i n s o l u b l e ,  i n s u l a t i n g ,  polymeric 

f i l m s  i s  a common hazard b u t  i t  can be a l l e v i a t e d  by use o f  

p e r i o d i c  p o l a r i t y  reve rsa l  techniques." Clark, e t  al. ,  [ l o ]  
app l i ed  pu lsed  voltammetry f o r  o x i d a t i o n  o f  p ropy lene a t  a P t  

e lec t rode  t o  ma in ta in  e lec t rode  su r face  a c t i v i t y .  

Duke [ll] observed an improvement i n  s t a b i l i t y  f o r  t h e  anodic 

de tec t i on  o f  p-aminophenol a t  a P t  f l  ow-through e lec t rode  when 

normal pu l se  amperometry was used i n s t e a d  o f  DC amperometry. 

S t u l i k  and Hora [12] a p p l i e d  p e r i o d i c  p o t e n t i a l  pu lses  du r ing  

t h e  ca thod ic  detecton o f  Fe3+ and Cu+* a t  a P t  e lec t rode  and 

repor ted  improved s t a b i l i t y  o f  t h e  ca thod ic  s i g n a l  when t h e  

pu lse  ampl i tude was s u f f i c i e n t l y  l a r g e  t o  r e s u l t  i n  fo rmat ion  

and subsequent d i s s o l u t i o n  o f  t h e  ox ide  f i l m  on t h e  e lec t rode  

surface. I n  p rev ious  work f rom ou r  l a b o r a t o r y  (13-16), a 

t r i p l e - s t e p  p o t e n t i a l  waveform was a p p l i e d  success fu l l y  f o r  t h e  

anodic d e t e c t i o n  o f  t h e  C-OH moiety o f  a l coho ls  and 

carbohydrates a t  a P t  e lec t rode  i n  a l k a l i n e  so lu t i ons .  

According t o  t h i s  waveform, see Fig. 1 o f  (15), t h e  f a r a d a i c  

cu r ren t  f o r  o x i d a t i o n  o f  adsorbed molecules i s  measured us ing  an 

analog sample-hold c i r c u i t  i n  t h e  l a s t  few m i l l i s e c o n d s  o f  t h e  

de tec t i on  p e r i o d  a t  p o t e n t i a l  E l .  The p o t e n t i a l  t h e n  i s  stepped 

t o  a va lue  E2 near t h e  l i m i t  f o r  anodic breakdown o f  t h e  aqueous 

so l ven t  which causes t h e  fo rmat ion  o f  an ox ide  l a y e r  a t  t h e  

e lec t rode  su r face  w i t h  s i m l t a n e o u s  o x i d a t i v e  removal o f  t h e  

adsorbed o rgan ic  r a d i c a l s  which had been produced du r ing  t h e  

de tec t i on  period. 

t h e  s o l u t i o n  does n o t  occur a t  t h e  ox ide-covered su r face  and t h e  

subsequent s tep  of p o t e n t i a l  t o  E3 i s  necessary t o  b r i n g  about 

ca thod ic  reduc t i on  o f  t h e  ox ide  l aye r .  Molecules o f  unreacted 

ana ly te  f rom t h e  s o l u t i o n  phase a r e  adsorbed a t  E3 which, i n  

t u r n ,  a r e  de tec ted  f o l l o w i n g  t h e  subsequent p o t e n t i a l  s tep  t o  

E l .  
su r face  processes f o l l o w i n g  t h e  s tep  t o  E l  (i.e., doub le- layer  

MacDonal d and 

Fu r the r  anodic d e t e c t i o n  o f  molecules f rom 

The e l e c t r i c a l  c u r r e n t  corresponding t o  t h e  " r e s i d u a l "  
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ELECTROCHEMICAL DETECTION OF AMINO ACIDS 1731 

I I I I 

FIGURE 1. 
C u r r e n t - p o t e n t i a l  cu rves  f o r  g l y c i n e  by c y c l i c  1 i n e a r  scan v o l  tammetry 
a t  a P t  RDE. 

Cond i t i ons :  
Concentrat ions(mM): 
e - 0.70, f - 1.20. 

0.25 M NaOH, 0 = 7.2 V m i n - l ,  w = 168 r a d  s e c - l .  
a - 0.00, b - 0.050, c - 0.15, d - 0.35, 

charging, a n o d i c  d i s s o l u t i o n  o f  adsorbed hydrogen atoms produced 

a t  E3, and t h e  f o r m a t i o n  o f  a sma l l  amount o f  PtOH) decays more 

q u i c k l y  t h a n  t h e  c u r r e n t  f o r  o x i d a t i o n  o f  t h e  adsorbed a l c o h o l s  

and carbohydrates.  Hence, measurement o f  t h e  d e s i r e d  a n a l y t i c a l  

s i g n a l  can b e  made a c c u r a t e l y  a f t e r  a d e l a y  o f  o n l y  a few 

m i l l i s e c o n d s .  The u s e  of a p u l s e d - p o t e n t i a l  waveform f o r  

d e t e c t i o n  o f  a l c o h o l s  and  c a r b o h y d r a t e s  a t  Au e l e c t r o d e s  has 

a l s o  been demonstrated r e c e n t l y  f o r  d e t e c t i o n  i n  LC (17). 
The g e n e r a l  e x p e r i e n c e  among e l e c t r o a n a l y t i c a l  chemis ts  

t h a t  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  a l i p h a t i c  amines and  

amino a c i d s  i n  aqueous s o l u t i o n s  canno t  r e a d i l y  b e  a c h i e v e d  by 

c o n v e n t i o n a l  vo l tammet ry  and  amperometry i s  i l l u s t r a t e d  h e r e  by 

s e l e c t e d  q u o t a t i o n s .  Adam (18) s t a t e d :  'I.. . a l i p h a t i c  amines 

a r e  d i f f i c u l t  t o  a n o d i c a l l y  o x i d i z e  i n  any q u a n t i t a t i v e  
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1732 POLTA AND JOHNSON 

fashion." Malfoy and Reynaud (19) claimed: "Among t h e  20 amino 

ac ids  p resent  i n  t h e  p r o t e i n s  o n l y  t ryp tophan and t y r o s i n e  a r e  

s e l e c t i v e l y  o x i d i z e d  a t  a gold, p la t inum o r  carbon electrode. 

H i s t i d i n e  i s  o x i d i z a b l e  o n l y  a t  a carbon electrode."  

Davi es (20) reported: "Most amino ac ids  a r e  n o t  

electroact ive. .  .'I 

d e r i v i t i z a t i o n  o f  amino ac ids  t o  enable t h e i r  e lec t rochemica l  

de tec t i on  i n  LC. 

Joseph and 

They proceeded t o  desc r ibe  t h e  a p r i o r i  

The d i r e c t  anodic d e t e c t i o n  o f  amino ac ids  a t  a cons tan t  

e lec t rode  p o t e n t i a l  has been repo r ted  r e c e n t l y  by Huber e t  a l .  
(21,22) a t  an oxide-covered N i  e lec t rode  i n  a l k a l i n e  

so lu t ions .  

F1 eischman -- e t  al .  (23) t o  occur  w i t h  d i  r e c t  involvement o f  t h e  

oxide. 

subsequent anodic o x i d a t i o n  o f  N i  (OH)2 back t o  NiO(0H)z. 

Disadvantages o f  u s i n g  t h e  N i  e lec t rode  r e s u l t  f rom 1) a l o n g  

s ta r t -up  time, du r ing  which t h e  th i ckness  o f  t h e  ox ide  l a y e r  i s  

s t a b i l i z e d  and t h e  background c u r r e n t  decays t o  a steady value; 

and 2) t h e  f i n i t e  s o l u b i l i t y  o f  t h e  oxides i n  t h e  a l k a l i n e  

e l e c t r o l y t e  sol u t  i ons. 

p o t e n t i a l  waveforms f o r  t h e  d i r e c t  anodic de tec t i on  o f  p r imary  

and secondary amino ac ids  a t  a P t  e lec t rode  i n  0.25 M NaOH. 

The d e t e c t i o n  r e a c t i o n  has been diagnosed by 

The amino a c i d s  reduce NiO(0H)p t o  Ni(OH)2 w i t h  

Here we r e p o r t  on t h e  successful  t e s t i n g  o f  t r i p l e - s t e p  

MATERIALS 

Cur ren t -po ten t i a l  curves ( I -E )  were ob ta ined by c y c l i c ,  
l i n e a r  scan voltammetry a t  a P t  r o t a t e d  d i s k  e lec t rode  (RDE, 

0.460 cm2; Pine Instrument Co., Grove City, PA) us ing  a model 

P I R  r o t a t o r  and a model RDE3 p o t e n t i o s t a t  (P ine  Instrument 

Co.). The I - E  curves were recorded by an X-Y  recorder  (model 

RE0074, EG&G Pr ince ton  App l i ed  Research). The chromatographic 

system cons is ted  o f  a C M A - 1  chromatographic module and a PMA-1 

pumping module (Dionex Corp., Sunnyvale, CA). Separations were 

achieved w i t h  an an i  on-exchange column (model 48F, Dionex Corp.; 
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ELECTROCHEMICAL DETECTION OF AMINO ACIDS 1733 

10-m, 1 cm i.d. x 25 cm) a t  40°C us ing  0.25 M NaOH as t h e  

e luen t  a t  a f l o w  r a t e  o f  0.6 mL rnin-l. 

uL. F low- in jec t i on  de tec t i ons  were performed w i t h  t h e  

chromatographic i ns t rumen ta t i on  a f t e r  removal o f  t h e  anion- 

exchange column f rom t h e  f l u i d  stream. 

w i r e  which was heat-sealed i n t o  a 100-VL d isposab le  g lass  

pipet.  

Iowa Sta te  U n i v e r s i t y  Chemistry Shop accord ing  t o  a p rev ious  
design (16). G l a s s - f i l l e d  Te f lon  (Crown P l a s t i c ,  Inc., S t .  

Paul, MN) was used f o r  t h e  major p o r t i o n  o f  t h e  d e t e c t o r  body 

w i t h  PTX p l a s t i c  ( M i t u s i  Petrochemical Ind., Ltd., Tokyo, Japan) 

f o r  t h e  i n l e t  system. Back pressure was a p p l i e d  t o  t h e  s o l u t i o n  

i n  t h e  d e t e c t o r  c e l l  by a needle-valve connected i n t o  t h e  o u t l e t  

t u b i n g  t o  e l i m i n a t e  e l u e n t  degasing and accumulation o f  bubbles 

a t  t h e  d e t e c t o r  electrode. 

generated au tomat i ca l l y  by a microprocessor- c o n t r o l  l e d  

p o t e n t i o s t a t  (model UEM, Dionex Corp.). A1 1 e lec t rode  

p o t e n t i a l s  a r e  repo r ted  i n  v o l t s  ( V )  fi. t h e  sa tu ra ted  calomel 

e lec t rode  (SCE) as a reference. 

Sample volumes were 50 

The amperometric de tec to r  was cons t ruc ted  f rom 22-ga. P t  

The f law-through de tec to r  c e l l  was cons t ruc ted  i n  t h e  

The t r i p l e - s t e p  waveform was 

CHEMICALS 

A l l  chemicals were reagent grade. Water was d i s t i l l e d ,  

demineral ized, and passed through an a c t i v a t e d  carbon column 

p r i o r  t o  use. 
sa tura ted  s tock  s o l u t i o n  (18.0 M) u s i n g  f r e s h l y  b o i l e d  water t o  

minimize carbonate contamination. A1 1 e l u e n t s  were passed 

through a 0.45-pm f i l t e r  p r i o r  t o  use. 

A l l  e l u e n t  s o l u t i o n s  o f  NaOH were prepared f rom a 

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

The vol tammetr ic responses o f  amino ac ids  a t  P t  e lec t rodes  

i n  0.25 M NaOH a r e  i l l u s t r a t e d  adequately by t h e  I - E  curves f o r  

g l y c i n e  ob ta ined  f o r  a c y c l i c ,  l i n e a r  scan o f  p o t e n t i a l  a s  shown 
i n  Fig. 1 f o r  t h e  P t  RDE. The r e s i d u a l  response o f  t h e  
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1734 POLTA AND JOHNSON 

e lec t rode (curve a) ob ta ined i n  t h e  absence o f  t h e  amino a c i d  i s  

charac ter ized  by an anodic wave du r ing  t h e  p o s i t i v e  scan f o r  E > 
-0.3 V which corresponds t o  t h e  fo rma t ion  o f  t h e  ox ide  l a y e r  

(P tOH and P tO) .  Rapid e v o l u t i o n  o f  02(g)  occurs f o r  E > 0.6 
V. The ox ide  l a y e r  i s  c a t h o d i c a l l y  reduced on t h e  negat ive  

p o t e n t i a l  scan t o  produce t h e  peak a t  -0.3 V. 
anodic peaks i n  t h e  reg ion  -0.6 t o  -0.9 V correspond t o  t h e  

electrochemical  product i on and d i s s o l u t i o n ,  r e s p e c t i v e l y  , o f  

adsorbed a tomic  hydrogen. 

< -0.9 V. Addi t ions  o f  t h e  amino a c i d  r e s u l t  i n  a decrease i n  

t h e  q u a n t i t y  o f  adsorbed atomic hydrogen which can be produced 

dur ing  t h e  nega t i ve  p o t e n t i a l  scan. Th is  i s  exp la ined i f  t h e  

amino a c i d  i s  adsorbed a t  t h e  e l e c t r o d e  su r face  thereby 

dep le t i ng  t h e  number o f  a v a i l a b l e  P t  s i t e s .  Ox ida t ion  o f  t h e  

adsorbed amino a c i d  produces an anodic wave on t h e  p o s i t i v e  

p o t e n t i a l  scan i n  t h e  reg ion  E = 0.3 - 0.6 V ,  w i t h  t h e  cu r ren t  

i nc reas ing  as a non l i nea r  f u n c t i o n  o f  t h e  bu lk  concent ra t ion  o f  

t h e  amino a c i d  (Cb). 

ox ida t i on  o f  t h e  amino a c i d  on t h e  subsequent negat ive  p o t e n t i a l  

scan i n  t h e  reg ion  E = 0.6 - 0.3 V. 

The anodic wave f o r  t h e  amino a c i d  ob ta ined on t h e  p o s i t i v e  

p o t e n t i a l  scan was determined t o  vary i n  h e i g h t  as a l i n e a r  

func t i on  o f  t h e  r a t e  o f  p o t e n t i a l  scan and t o  be v i r t u a l l y  

independent o f  t h e  r o t a t i o n a l  v e l o c i t y  o f  t h e  ROE. Such 

behavior i s  cons is ten t  w i t h  t h e  conc lus ion  t h a t  t h e  o x i d a t i o n  i s  

a su r face -con t ro l l ed  reac t ion .  

produced on t h e  p o s i t i v e  p o t e n t i a l  scan t o  0.65 V prevents 

f u r t h e r  d e t e c t i o n  o f  t h e  amino a c i d  on t h e  nega t i ve  p o t e n t i a l  

scan. 

t h e  bas i s  o f  t h e  I - E  curves i n  Fig. 1. Three such waveforms a r e  
descr ibed i n  Table 1. Anodic d e t e c t i o n  o f  t h e  amino ac ids  

occurs a t  p o t e n t i a l  E l .  The anodic s i g n a l  i s  measured u s i n g  an 

analog sample-hold c i r c u i t  a f t e r  t h e  de lay  p e r i o d  td ;  ca. 50 

The ca thod ic  and 

Rapid e v o l u t i o n  o f  H2(g) occurs f o r  E 

There i s  v i r t u a l l y  no evidence f o r  

Furthermore, t h e  ox ide  f i l m  

Various t r i p l e - s t e p  p o t e n t i a l  waveforms were developed on 
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ELECTROCHEMICAL DETECTION OF AMINO ACIDS 1735 

TABLE 1. Desc r ip t i on  o f  t h r e e  t r i p l e - s t e p  p o t e n t i a l  waveforms 
f o r  d e t e c t i o n  o f  amino ac ids  a t  P t  e lec t rodes  i n  
0.25 M NaOH. 

Waveform Step P o t e n t i a l  Pe r iod  Func t ion  
( V )  (msec) 

A. 1 E l  = 0.50 t i  = 580 anodic de tec t i on  
( t d  = 530) (delay be fo re  sampl i n g )  

2 E2 = -0.89 t 2  = 750 reduc t i on jadso rp t i on  
3 E3 = 0.78 t 3  = 50 anodic a c t i v a t i o n  

B. 1 E l  = 0.50 t l  - 250 -as above- 
( t d  = 200) 

2 E2 = -0.89 t p  = 650 
3 E3 = 0.78 t 3  = 50 

C. 1 E l  = 0.50 t i  = 510 -as above- 
( t d  = 460) 

2 E2 = -0.89 t 2  = 360 
3 E3 = 0.70 t 3  = 50 

40 

10 

40 60 

t (sec )  

FIGURE 2. 

Cur ren t - t ime curves f o r  g l y c i n e  a t  a P t  RDE. 
1 Cond i t ions :  0.25 M NaOH; w = 41.9 r a d  sec- . 

Curves: a - 0.00 mM g l yc ine ,  E = 0.50 V; b - 0.50 mM 
g l yc ine ,  E = 0.50 V ;  C - 0.50 mM g l yc ine ,  
waveform A .  
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1736 POLTA AND JOHNSON 

msec was a l lowed f o r  t h e  sampling operat ion.  

requ i red  t o  o x i d i z e  t h e  amino ac ids  i s  s i g n i f i c a n t l y  more 

p o s i t i v e  than r e q u i r e d  f o r  a l coho ls  and carbohydrates i n  t h e  

same a l k a l i n e  medium. 

surface by ox ide  a t  t h e  respec t i ve  d e t e c t i o n  p o t e n t i a l s  ( E l )  i s  

s u b s t a n t i a l l y  g rea te r  f o r  amino a c i d s  t h a n  f o r  carbohydrates, 

and t h e  corresponding r e s i d u a l  c u r r e n t  i s  slow t o  decay t o  a 

n e g l i g i b l e  value. The expected need f o r  a l o n g  de lay  p e r i o d  

( t d )  be fore  t h e  a n a l y t i c a l  s i g n a l  sampled i s  obv ia ted  i n  t h e  

case o f  t h e  amino ac ids  by use o f  t h e  l a r g e  va lue  f o r  E3 w i t h  
t h e  s tep  back t o  t h e  d e t e c t i o n  p o t e n t i a l  E l .  

ox ide  coverage produced du r ing  t h e  s h o r t  p e r i o d  t 3  i s  g rea te r  
t han  t h e  e q u i l i b r i u m  coverage f o r  p o t e n t i a l  El. 

f rom E3 t o  El r e s u l t s  i n  t h e  immediate cessa t ion  o f  ox ide  

growth. Electrochemical  reduc t i on  o f  P t O H  and P t O  does n o t  

occur a t  El and, t he re fo re ,  t h e  r e s i d u a l  c u r r e n t  i s  n e g l i g i b l e  
a f t e r  several  m i l l i seconds.  

does r e s u l t  i n  t h e  r a p i d  reduc t i on  o f  t h e  o x i d e  l a y e r  fo l l owed  
by t h e  adsorp t ion  o f  unreacted amino a c i d s  f rom t h e  bu lk  

so lu t ion .  

acids commences immediately upon t h e  p o t e n t i a l  s t e p  f rom E2 t o  

E3. 
because t h e  p e r i o d  f o r  decay o f  t h e  f a r a d a i c  c u r r e n t  f o r  t h e  

amino ac ids  i s  slow r e l a t i v e  t o  t h e  combined t i m e  pe r iods  t 3  + 

td. 
i s  s u f f i c i e n t  f o r  t h e  "cont inuous" m o n i t o r i n g  o f  a 

chromatographic e f f l u e n t  stream. 

Eg a re  near t h e  l i m i t  f o r  anodic breakdown o f  t h e  a l k a l i n e  

medium, r e t e n t i o n  on t h e  e lec t rode  s u r f a c e  o f  f ree - rad i ca l  

products generated du r ing  t h e  d e t e c t i o n  p e r i o d  does n o t  p e r s i s t  

s u b s t a n t i a l l y  beyond t h e  nex t  r e p e t i t i o n  o f  t h e  waveform. 

The d i f f i c u l t y  assoc ia ted  w i t h  a p p l i c a t i o n  o f  sur face  

c o n t r o l l e d  reac t ions  f o r  amperometric de tec t i on  a t  a constant 
app l i ed  p o t e n t i a l  i s  i l l u s t r a t e d  f o r  g l y c i n e  i n  Fig. 2. P r i o r  

t o  record ing  t h e  cur ren t - t ime ( I - t )  data, t h e  p o t e n t i a l  o f  t h e  

The p o t e n t i a l  

Hence, t h e  coverage o f  t h e  e lec t rode  

For E3 > E l ,  t h e  

Hence, t h e  s tep  

The p o t e n t i a l  s t e p  from El t o  E2 

C lea r l y ,  t h e  s u r f a c e - c o n t r o l l e d  o x i d a t i o n  o f  amino 

The a n a l y t i c a l  success ob ta ined  f o r  t hese  waveforms r e s u l t s  

The waveform a r e  a p p l i e d  a t  a frequency o f  ca. 1 Hz which 

Because t h e  va lues  o f  El and 
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A 0 

b 

d 

B 

2 . 0 p  I 
C 

FIGURE 3. 

F low- in jec t ion  de tec t ion  peaks f o r  g lyc ine .  

Condi t ions:  
; waveforms as ind ica ted .  
Concentrations(mM): 

50-pL i n j e c t i o n s ;  0.25 M NaOH f l ow ing  a t  0.80 mL inin-' 

a - 1.00, b - 0.50, c - 0.33, d - 0.25, e - 0.20. 

P t  RDE was cycled repeatedly i n  t h e  manner used f o r  ob ta in ing  
Fig. 1. The f i n a l  scan was terminated a t  t h e  negat ive l i m i t ,  

t h e  p o t e n t i a l  was stepped t o  0.50 V and t h e  I-t curve 

recorded. The anodic s igna l  i n  t h e  presence o f  t h e  amino a c i d  

(curve b)  decreased rap id l y .  

absence o f  t h e  amino a c i d  (curve a) i s  shown f o r  corrparison. 

The I-t curve f o r  g l yc ine  i s  a l s o  shown i n  Fig, 2 which was 
obtained us ing  t h e  t r i p l e - s t e p  waveform A (curve c ) ;  no 

pretreatment o f  t h e  e lec t rode was needed i n  con junc t ion  w i t h  

curve c. 

period. 

The res idua l  response i n  t h e  

No decrease o f  t h e  s igna l  was observed over  a l O m i n  
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1738 POLTA AND JOHNSON 

Waveforms A and B i n  Table 1 were a p p l i e d  f o r  t h e  de tec t i on  

o f  var ious amino ac ids  i n  t h e  f low-through de tec to r  under 

cond i t ions  o f  f l o w - i n j e c t i o n  de tec t i on  w i t h  repeated i n j e c t i o n s  

of 50-pL samples o f  t h e  amino acids. The concent ra t ion  o f  NaOH 

i n  t h e  samples and t h e  c a r r i e r  stream was 0.25 M. 

Representative r e s u l t s  a re  shown i n  Fig. 3 f o r  g lycine. 
Basel ine d r i f t  i s  l e s s  f o r  waveform A ,  whereas s e n s i t i v i t y  i s  

g rea tes t  f o r  waveform B. 

s e n s i t i v i t y  o f  de tec t i on  f o r  var ious  amino acids by t h e  

waveforms i n  Table 1, t h e  average peak cu r ren ts  ob ta ined by f l ow  

i n j e c t i o n  de tec t i on  a r e  given t o  Table 2 f o r  2 1  amino acids a t  a 

concent ra t ion  o f  5.0 x M. Prec is ion  i s  s a t i s f a c t o r y  f o r  

a l l  amino acids by t h e  f l o w - i n j e c t i o n  technique w i t h  a r e l a t i v e  

standard dev ia t i on  < 3%. 
C a l i b r a t i o n  p l o t s  f o r  g l yc ine  (Ip,,& E. c”),  prepared from 

data ob ta ined by t h e  f l  ow-i n j e c t i o n  technique, approached 

l i n e a r i t y  a t  low concentrat ions (i.e., Cb < 0.6 mM) b u t  deviated 

s i g n i f i c a n t l y  f rom l i n e a r i t y  a t  h igher  concentrat ions.  

behavior i s  t h e  same as t h a t  observed f o r  de tec t i on  o f  a lcoho ls  

and carbohydrates (13-16) by t h e  t r i p l e - s t e p  technique and i s  
concluded t o  be t h e  consequence o f  a r e a c t i o n  mechanism i n  which 

on ly  adsorbed species a re  detected. Hence, t h e  anodic s igna l  i s  

p ropor t i ona l  t o  t h e  surface coverage ( 0 )  by t h e  adsorbed 
analyte. Based on t h e  Langnuir isotherm, which i s  expected t o  

be v a l i d  fo r  

a re  p red ic ted  t o  be l i nea r .  

data i n  Fig. 4 f o r  g lycine. 

us ing  waveform B determined by f l o w - i n j e c t i o n  de tec t i on  are  

given i n  Table 3. 

The a p p l i c a b i l i t y  of t h e  t r i p l e - s t e p  waveform f o r  

amperometric d e t c t i o n  of amino ac ids  i n  t h e  f low-through 

de tec to r  i s  f u r t h e r  demonstrated i n  Fig. 5 f o r  t h e  

chromatgraphic separat ion o f  a syn the t i c  mix tu re  o f  amino 

acids. The p o t e n t i a l  waveform was C (Table 1). Response f o r  

For t h e  purpose o f  comparing t h e  

This 

<< 1 (i.e., small $1, p l o t s  o f  1 / 1 ~ ~ ~ ~  vs. I / C ~  
This p r e d i c t i o n  i s  v e r i f i e d  by t h e  

Detec t ion  l i m i t s  (signa1:noise = 2) f o r  several  amino acids 
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TABLE 2. Average peak c u r r e n t  (PA)  ob ta ined by f l o w - i n j e c t i o n  
d e t e c t i o n  f o r  21  amino acids. 

E l e c t r o l y t e :  
Amino Acids: 50 PL, 5.0 x i n  0.25 M NaOH 

0.25 M NaOH a t  0 50 mL min" 

Amino Ac id  Waveform Amino Ac id  Waveform 
A B A B 

a1 an i  ne 
B-alanine 
a r g i  n ine  
asparagi ne 
cys te ine  
c y s t i n e  
g lu tamic  a c i d  
g l y c i  ne 
H i  s t a d i  ne 
hydroxyprol  i n e  
i soleucine 

6.44 13.9 
10.46 17.8 
26.9 32.0 
11.8 20.6 
20.6 21.4 
13.6 16.7 

3.92 7.19 
8.58 16.4 

21.6 29.6 
5.30 9.50 
3.86 7.68 

1 euci  ne 
l y c i n e  

met h i  on i ne 
p henyl a 1 an i  ne 

pro1 i ne 
s e r i  ne 

t hreon i  ne 
t ry p t op ha n 

t y r o s  i ne 
v a l i n e  

4.32 8.13 
18.6 22.7 
23.7 26.5 
23.5 30.3 

2.19 5.19 
9.40 18.3 
10.38 18.3 
25.9 31.6 
20.3 23.7 

3.56 6.53 

FIGURE 4. 

C a l i b r a t i o n  curves (1/Ipeak vs. l /Cb) f o r  g l y c i n e  by f l ow-  
i n j e c t i b n  de tec t ion .  

Condi t ions:  

Curves: a - waveform A; b,c - waveform B. 

50-pL i n j e c t i o n s ;  0.25 M NaOH f l o w i n g  a t  
0.80 mL min-1. 
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TABLE 3. Detec t ion  l i m i t s  f o r  severa l  amino ac ids  u s i n g  
waveform B. 

amino a c i d  P Pm n9 
(ug mL-1) (50 VL sample) 

pheny la lan ine  
methionine 
g l y c i  ne 
hydroxyprol  i n e  
pro1 i ne 

W 

c .- 
.- 
5 
E 

0.12 
0.12 
0.23 
0.45 
0.86 

7 
7 

13 
23 
43 

Column: Dionex 48F (10 pm, 40°C. 
1 cm i .d .  x 25 cm) 

Eluent: 0.25 M NaOH, 
0.60 mL min-1 

Sample: 50 P L ,  1.0 mM f o r  each 
amino a c i d  

Waveform: C (see Table 1) 

FIGURE 5. 

Chromatogram o f  Selected Amino Acids Using T r i p l e -  
Step Pu lsed-Poten t ia l  Amperometric Detect ion.  

Peaks, in order  o f  appearance: void,  a rg in ine ,  l y s i n e ,  
a lan ine ,  g lyc ine ,  methionine, phenylalanine, h is tad ine .  
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waveform C i s  s i m i l a r  t o  t h a t  f o r  waveform A (i.e., l o w  b a s e l i n e  
d r i f t ) ;  however, t h e  f requency i s  somewhat l a r g e r  (i.e., 1.1 Hz 

vs. 0.6 Hz f o r  waveform A) .  

by a s u b s t a n t i a l  decrease o f  p e r i o d  t 2 .  F u r t h e r  decrease o f  t 2  

r e s u l t e d  i n  a s e r i o u s  s a c r i f i c e  o f  s e n s i t i v i t y ,  presumably 
because a d s o r p t i o n  o f  t h e  amino a c i d s  d i d  n o t  r e a c h  t h e  

e q u i l i b r i u m  v a l u e  o f  s u r f a c e  coverage. We has ten  t o  emphasize 

w i t h  r e g a r d  t o  Fig. 5 t h a t  we a r e  s t r e s s i n g  t h e  f e a s i b i l i t y  o f  

t h e  amperometric d e t e c t i o n  system and n o t  t h e  q u a l i t y  o f  t h e  

separa t i on .  The Dionex 4% anion-exchange column was used f o r  

s e p a r a t i o n s  o f  ca rbohydra te  m i x t u r e s  under  e l u t i o n  w i t h  d i l u t e  

s o l u t i o n  o f  NaOH and  c o n d i t i o n s  were n o t  o p t i m i z e d  f o r  

s e p a r a t i o n s  o f  amino ac ids .  

s o l u t i o n s  f o r  e l u t i o n  i s  c e r t a i n l y  advantageous, a l t hough  use  o f  

post-column a d d i t i o n  o f  t h e  e l e c t r o l y t e  can b e  s u c c e s s f u l  

(15,16). 

The improvement i n  f requency  came 

The freedom t o  use a l k a l i n e  

We p r e d i c t ,  on t h e  b a s i s  o f  work w i t h  amino a c i d s  and  

carbohydrates,  t h a t  t r i p l e - s t e p  p o t e n t i a l  waveforms w i l l  make 

a v a i  1 a b l e  many a d d i t i o n a l  su r face -con t  r o l  l e d  anod ic  r e a c t  i o n s  o f  

o r g a n i c  f u n c t i o n a l  groups a t  noble-meta l  e l e c t r o d e s  f o r  

anperomet r i c  d e t e c t i o n  i n  l i q u i d  chromatography. 
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