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DL Aspartie acid is reduced at the d.m.e, in 0.1M tetra- 
methylammonium bromide, te t raethylammonium bromide, so- 
dium chloride, potassium chloride, potassium nitrate, sodium 
perchlorate and l i thium sulphate; in aqueous media. The 
waves are irreversible, diffusion controlled involving one 
electron transfer process determined by millicoulometry. The 
values of the kinetic parameters, transfer coefficient (~) and 
formal rate constant (k~ h) have been calculated by Koutecky's 
method and are 0.479 and 15.9 • 10 -16 respectively. 

Amino acids are well known  for their  impor t an t  role in  h u m a n  metab-  
olism and  physiology and  also in  protein  chemistry.  Earl ier  investi-  
gators 1-8 have most ly  confined themselves to the s tudy  of meta l  com- 
plexes of amino acids and  their  indirect  polarographic determinat ion.  
I n  view of their  biological and  physiological impor tance  i t  was considered 
worthwhile to make  a detailed electrochemical s tudy  of these compounds.  

The present  communica t ion  embodies the results of a detai led polaro- 
graphic invest igat ion of DL aspart ic acid for which no re levant  reference 
is available in the  l i terature.  

Experimental 

Dr~ aspartic acid (referred herein as DAA) was obtained from B.D.H. 
Peele, England, and all other solutions were Analal~ (B.D.H.) grade. A 
manual  polarograph with scalamp galvanometer and a saturated LiC1 
electrode (S. L. E. as a reference electrode) was used for recording the 
polarograms. Due to the possible interference of K + ions 4, saturated KC1 
was replaced by saturated LiC1 in the S.C.E. The LiC1 electrode maintained 
a stable potential within the given working period. Me4NBr was used as 
supporting electrolyte which was found to be polarographically inert in 
the potential range 0.4 to - -  1.8 V vs. S. L. E. 
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The polarograms were run in 0.8 mM-DAA, O.1M-MeaNBr and 0.002% 
tr i ton X-100 in unbuffered media unless otherwise stated, in an inert 
atmosphere of nitrogen. The capillary had the following characteristics 
in 0.8 mM-DAA, O.1M-Me4NBr and 0.002~ o t r i ton X-100 at  1.55 V with 
hi-it value of 40 em: 

m = 1.50rag/see; t = 3.83 seconds. 

The value of n, number of electrons involved in the electrode process was 
determined by  millieoulometric method of Devries and Kroon 5 using a 
mercury pool cathode. Kinetic parameters,  ~ and K~ h were determined 
from the polarograms of the solutions containing 0.8mM-DAA, 0.1M- 
Me4NBr and 0.002~o t r i ton  X-100. The current was recorded at  the end 
of the drop life instead of average current as the determinat ion of kinetic 
parameters  is based on Koutecky's method. 

R e s u l t s  a n d  D i s c u s s i o n  

D A A  gave a single well def ined cathodic  wave  in the  po ten t ia l  
range - - 1 . 2  to - - 1 . 7 0  V vs. S.L.E.  The convent iona l  log plots  were 
l inear  b u t  the i r  slopes were no t  coinciding wi th  the  theore t ica l  va lue  for 
the  reversible  one electron t ransfer  process as ascer ta ined  b y  millieoulo- 
m e t r y  5, ind ica t ing  the  i r revers ible  na tu r e  of the  e lectrode react ion.  
Fu r the rmore ,  the  half  wave  poten t ia l s  were s l ight ly  dependen t  on 
concentra t ion,  which confirms the  i r revers ib i l i ty  of the  waves 6. 

ia (diffusion current)  changes l inear ly  wi th  the  depolar izer  and  the  
mean  va lue  of I (diffusion current  constant)  was found to be 6.660. F o r  

0.8 mM-DAA,  id/h~} in the  height  range 20 to 60 cm of h~g was calcu- 
l a t ed  to  be 1.339 and  t empe ra tu r e  coefficient of ia was found to be 
0.719% per  degree in the  range 15--40  ~ which were a lmos t  cons tan t  
wi th in  the  exper imenta l  error, ind ica t ing  the  diffusion control led  na tu re  
of the  wave  (Table 1). 

Po la rograms  of 0.8 m M - D A A  were recorded  in presence of 0 .1M 
different  suppor t ing  electrolytes  viz. NaC1, KCI, EtaNBr,  Me4NBr,  
K N 0 3 ,  NaCI04,  and  Li~S04 respect ively ,  and  0.002% t r i ton  X-100 in 
an  iner t  a tmosphere  of ni t rogen,  an  i r revers ible  ca thodic  wave  was 
ob ta ined  in all  cases and  the i r  diffusion current  cons tan t  was found 
in the  following order  

NaC1 > KC1 > Et4NBr > Me4NBr > K N 0 3  > NaC104 > Li~SOa 

( - -  E ~  and  I are  summar i sed  in t ab le  2). 
A solut ion of 0 . 8 m M - D A A ,  O.1M-MeaNBr and  0.002% t r i ton  

X-100 was e lectrolysed in an iner t  a tmosphere  of n i t rogen  for 12 hours 
a t  - - 1 . 7 0  V (corresponding to  l imi t ing current) .  The va lue  of ia was 
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found to decrease and - - E ~ 4  value was found to shift towards more 
negative potential  with the t ime interval showing the irreversible 
reduct ion of the depolarizer. 

Before electrolysis After 12 hours of electrolysis 

i~ - -  E ,  A i~ - -  E ~  
8.5 ~tA 1.55 4.85 y.A 1.58 

C o u r s e  o f  E l e c t r o d e  P r o c e s s  

An aqueous solution of an amino acid has a dielectric constant  
greater than  tha t  of water, p robably  due to the presence of zwitter ion 
formation,  essential for the reduction of an intermediate in which the 
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Fig. 1. Cm.ves: 1. Plot of ia vs. [DAA]. 2. Plot of ia vs. temperature. 3. Plot 
of ie vs. he~" 

carboxyl  group is ionized while the amino group is pro tonated  7. The 
protonat ion essential for the reduction of an intermediate species takes 
place in an acidic aqueous media and the course of electroreduction of 
DL aspartic acid proceeds as follows: 

+H + + e-- + 
R(NHa+)COO - ~ R(NH3)COOH . ~ R(NHs)COO-  + H 

where R denotes - -CH~CH2COOH group. 
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K i n e t i c  P a r a m e t e r s  

The  values  of k ine t ic  pa rame te r s  are ca lcu la ted  f rom Koutec]cy's s 

t r e a t m e n t  as e x t e n d e d  b y  Meites and  Israel 9 which follows for an 
i r revers ible  wave  as:  

Ed.e. ~- 0.2412 - -  0.05915 log 
~ n  

which m a y  be wr i t t en  as 

Ed.e. --~ E�89 

1.349 K~ h t �89 0.0542 i 
log ~a - 

Do ~ ~ n - - i  

0.0542 l o g .  i 

0.05915 1.349 K ~  h t~  
wi th  E ~  = - -  0.2412 d- - - t o g  

n Do �89 

(Ed.e. and  E ~  are referred to  S .L .E . ) .  

The va lue  of n was de t e rmined  b y  mi l l i cou lomet ry  5 and  ~ was 

i 0.0542 
ob ta ined  b y  equa t ing  the  slope of Ed.e. vs. l o g ~  p lo t  to  - - - -  

~ n  
and  was found  to be 0.479. The  in te rcep t  of the  same p lo t  (E,A) was 
used to  calcula te  K~ h, a n d  was found  to be 15.9 • 10 -16 cm/sec. 
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