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NITROAROMATIC REAGENTS FOR DETERMINATION OF AMINES A N D  AMINO 
ACIDS BY LIQUID CHROMATOGRAPHY/ELECTROCHEMISTRY 

W .  A .  Jacobs and P .  T .  Kissinger 
Department of Chemistry 

Purdue University 
West Lafayet te ,  Indiana 47907 

ABSTRACT 

Tri n i  trobenzene sul foni c acid , 2,4-di ni t r o f l  uorobenzene 
and 2-chloro-3,5-dini t ropyridine were compared in  terms o f  
propert ies  re levant  t o  use as  precol umn der iva t iza t ion  labe ls  
fo r  amino compounds. This i ncl uded consideration of  chemical 
cha rac t e r i s t i c s  as  well as  purely de tec tor  or iented behavior. 
Trinitrobenzene sulfonic  acid appears t o  be superior  in  a l l  
respec ts ,  y ie ld ing  the most detectable  der iva t ives  with 
minimum production of i n t e r f e r ing  by-products. 

INTRODUCTION 

Electrochemical detectors  f o r  l iqu id  chromatography u t i l i z e  
the inherent s e n s i t i v i t y  o f  hydrodynamic electrochemistry t o  
allow detect ion and  quant i ta t ion  of t r ace  amounts of e l ec t ro -  
ac t ive  mater ia ls .  
detectors  capable o f  competing with fluorescence de tec tors  i n  
terms of analyte  de t ec t ab i l i t y .  
some time in expanding the u t i l i t y  of EC detect ion through the 
appl icat ion of e f f ec t ive  precolumn der iva t iza t ion  schemes. 
Of the  avai lable  "electrophoric"  labe ls  which one m i g h t  consider, 
nitroaromatics appear t o  be the most general ly  useful .  

They are  the only commercially ava i lab le  L C  

We have been in t e re s t ed  f o r  

Nitro- 
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882 JACOBS AND KISSINGER 

aromatic moieties a re  already among the  most f requent ly  used 
der i  vati  zi ng groups due t o  the strong chromophori c propert ies  
of the resu l t ing  der iva t ives ,  and a var ie ty  of reagents a r e  
avai lable  which allow convenient der iva t iza t ion  of many c lasses  
of compounds. 

The potent ia l  u t i l i t y  of nitroaromatics as l abe l s  f o r  
1 i quid chromatography/electrochemistry ( L C E C )  has been discussed 
previously in some de ta i l  ( 1 , 2 )  and i s  based on the pa r t i cu la r ly  
favorable electrochemistry of a rona t ic  n i t r o  groups. 
they a re  reduced a t  moderate negative poten t ia l s  in multi-  
e lectron s teps  (equations 1 and 2 ) .  

In genera l ,  

The exact nature of the  

(1 1 +4e-, 4H+ R-NO2 _____t R-NHOH 

+2e- 2H+ R-NHOH A R-NH2 

product(s)  as well as  the required p o t e n t i a l ( s )  depends on a 
number of parameters including pH, electrode material  
nature and  or ien ta t ion  of other  r ing subs t i tuents  ( 3 )  
behavior makes them idea l ly  su i ted  f o r  reductive mode 
detection ( 4 ) .  

Nitroaromatics have been and continue t o  be wide 
reagents fo r  der iva t iz ing  amino compounds , espec ia l ly  

and the  
This 

E C  

y used as  
amino ac ids  

(5 ,6 ) .  
i d e n t i f i c a t i o n / q u a n t i t a t i o n  of der iva t ives ,  b u t  the  lack of 
s e n s i t i v i t y  1 imi ts the u t i  1 i t y  of these procedures f o r  t r ace  
determinations. Recently, however, a method fo r  determining 
y-aminobutyric acid i n  brain t i s s u e  by L C E C ,  as  i t s  
t r i  tii trophenyl der iva t ive  was reported which demonstrates the 
s ign i f i can t  improvement in  s e n s i t i v i t y  which can be achieved by 
the use o f  electrochemical detect ion ( 7 ) .  

These methods normally u t i l i z e  T L C  or L C U V  f o r  

I n  se lec t ing  reagents f o r  der iva t iza t ion  procedures i t  i s  

Of 
important t o  consider not only the detectabi  1 i t y  of the r e su l t i ng  
der ivat ives  b u t  a l so  the convenience of appl ica t ion .  
pa r t i cu la r  concern i s  the propensity f o r  formation of i n t e r f e r ing  
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DETERMINATION OF M I N E S  AND AMINO ACIDS 883 

by produc ts  and t h e  ease w i t h  wh ich  these and excess reagen t  

can be removed. 
i n t r o d u c t i o n  o f  a n i t r o a r o m a t i c  mo ie ty  i n t o  amino compounds a r e  

shown below. A l l  a r e  chemica l l y  q u i t e  s i m i l a r ,  b e i n g  

Three o f  t h e  most common reagents  f o r  

No2 No2 

DNFB E P  TNBS 

Abbrev ia t i ons :  DNFB = 2,4-Dinitrofluorobenzene 
DNCP = 2-Chloro-3,5-dinitropyridine 
TNBS = 2,4,6-Tri  n i  t robenzene s u l  f o n i  c a c i d  

We have eva lua ted  these t h r e e  reagents  f o r  use 
s u s c e p t i b l e  t o  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  a s t r o n g l y  a c t i v a t e d  
r i n g  p o s i t i o n .  

i n  c o n j u n c t i o n  w i t h  LCEC b y  comparing b o t h  vo l tammet r i c  behav io r  

o f  d e r i v a t i v e s  and r e l e v a n t  chemical  p r o p e r t i e s  o f  each reagent  

as d iscussed above. The approach we have taken i s  t o  p r o v i d e  an 
overv iew o f  i m p o r t a n t  f ea tu res ,  r e c o g n i z i n g  t h a t  s p e c i f i c  needs 

vary  f rom a p p l i c a t i o n  t o  a p p l i c a t i o n .  

EXPERIMENTAL 

Chemical s : DNFB, DNCP , a1 1 amino a c i d s  , DNP-ami no a c i  ds , 
and UNPy-amino a c i d s  were f rom Sigma ( S t .  Lou is ,  MO). 

TNP-amino ac ids  were f rom I C N  B iochemica ls  (C leve land,  O H ) .  

Ammoni um aceta te ,  sod i  um a c e t a t e  

( a l l  reagent  grade) were f rom F i s h e r  ( P i t t s b u r g ,  PA). C i t r i c  
a c i d  was f rom Ma1 1 i n c k r o d t  ( S t .  Lou is ,  MO). Sodium t e t r a b o r a t e  

and 3,5-Dini  t ro -2 -hyd roxypy r id ine  were f r o m  J .  T. Baker 

(Phi  11 i psbu rg ,  NJ ) . 
L i q u i d  Chromatography: A l l  l i q u i d  chromatography as w e l l  

as hydrodynamic vol tammetry was c a r r i e d  o u t  u s i n g  a BAS LC-154 

TNBS and 

and d i  b a s i c  sod i  um phosphate 
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884 JACOBS AND KISSINGER 

l iqu id  chromatograph (Bioanalytical  Systems, West Lafayet te ,  IN)  
equipped with a TL-5A glassy carbon th in  layer  amperometric 
transducer c e l l  a n d  modified t o  allow continuous deoxygenation 
of mobile phase and deoxygenation o f  samples pr ior  t o  in j ec t ion  

(8) .  
Biophase 6017 O D s ,  both 0.46 x 25 cm with a 5 urn pa r t i c l e s  (BAS). 
Details  of the mobile phase composition and  de tec tor  po ten t ia l s  
a r e  provided in f igure  legends. 
(BAS) f ixed wavelength de tec tor  (254 n m )  was used. 
integrat ion was done with a Minigrator (Spectra-Physics,  Santa 
Clara ,  C A )  . 

was mixed w i t h  3 mL of borate  buffer  (0.2M, pH 9 . 0 )  and the 
react ion i n i t i a t e d  by addi t ion o f  1 mL of 0.03M TNBS (prepared 
da i ly  in d i s t i l l e d  H20). The mixture was incubated a t  room 
temperature f o r  1 hour a t  which time the react ion was complete. 
An a1 iquot of the mixture was then e i t h e r  d i l  uted and in jec ted  
d i r e c t l y ,  or subjected t o  ex t r ac t ion .  

and DNCP were dissolved in  acetone a t  a concentration of 0.15M. 

The mixture contained 0.8 mL H20 and was i n i t i a t e d  by addi t ion 
of 0.2 mL of the appropriate acetone so lu t ion .  

Notes: For each reagent the t o t a l  incubation volume was 
5 mL and  the reagent concentration 0.006 mM. The react ion pH 
was between 8.8 a n d  3.9.  For micro-scale der iva t iza t ions  a l l  
volumes were decreased by a f ac to r  of 1 0 .  

character ize  the pH dependence o f  ex t r ac t ion ,  a s e r i e s  of 
standard mixtures were prepared in McIlvaine buffers  ranging 
in pH from 2 t o  9 .  All o f  the  so lu tes  of i n t e r e s t  were present  
a t  a concentration o f  approximately 10 A 0 . 5  mL a l i quo t  
of each solut ion was extracted (vortexed f o r  15 seconds) 1 time 
with 2.5 mL of a 4 : l  ethyl acetate:hexane mixture. P a r t  o f  t he  

The L C  was equipped with a Biophase 6032 octyl o r  a 

For LCUV experiments a model LC-6 
Peak 

Derivatization of Synthetic Samples: TNBS: 1 mL of sample 

D N F B ,  DNCP: The procedure was as  fo r  TNBS except t h a t  DNFB 

extraction of Derivatization M i x t u r e s :  In order  t o  

-4 M .  
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DETERMINATION OF AMINES AND AMINO ACIDS 885 

organic layer  (2.0 m L )  was removed and evaporated and the  residue 
redissolved in  0.5 mL of 0 .1  M HC1O4. 
were d i lu ted  1:200 pr ior  t o  in jec t ion .  

or,  i n  the case of TNBS, a c id i f i ed  with 1 drop 6 M HC1 (adjusted 
pH Q, 2 )  p r ior  t o  ex t rac t ion .  
mixtures, the organic phase was discarded and a n  a l iquot  of the 
aqueous phase in jec ted  onto the  L C .  

The  recons t i tu ted  samples 

Derivatization mixtures were extracted in  the same manner 

With DNFB and DNCP react ion 

RESULTS AND DISCUSSION 

Vol tammetric Behavior: The hydrodynamic voltammetric 
behavior of DNP, DNPy, and TNP-alanine was taken as  an indicat ion 
of the s u i t a b i l i t y  of each der iva t ive  type fo r  reductive mode 
electrochemical detect ion.  From a purely de tec tor  or iented 
viewpoint 
a t  which reduction occurs and n ,  the  number of e lec t rons  
t ransfer red .  Since the  s e n s i t i v i t y  of  E C  detectors  i s  d i r e c t l y  
proportional t o  n ,  i t  i s  des i rab le  t o  maximize n while maintaining 
the operating potent ia l  in a region which minimizes s teady-s ta te  
background current  and noi,se. 

t h e  most important parameters a re  the potent ia l  ( s )  

Hydrodynamic v o l  tammograms , obtained under typical  chromato- 
graphic conditions a re  shown in Figure 1.  The r e s u l t s  a r e  
plot ted as  n e f f  vs E (see Appendix). As might be expected the 
TNP der ivat ive y i e lds  the g rea t e s t  number of e lec t rons  a t  the  
lowest (most pos i t ive)  po ten t i a l s .  Although not f u l l y  resolved,  
each voltammogram cer ta in ly  contains two o r  more waves None of 
the der ivat ive types a re  completely reduced within the  potent ia l  
range examined, however. A t  -1 .lV the DNPy, DNP,  and NP 
der iva t ives  y i e ld  8 ,  10 ,  and  1 2  e lec t rons  respec t ive ly .  Complete 
reduction of a l l  n i t r o  groups t o  amino groups whould produce n e f f  
values of 1 2 ,  1 2 ,  and 18. 
y i e lds  only 8 e lec t rons  r a the r  than 10 as does the DNP compound. 
No e f f o r t  was made t o  e lucidate  the  actual  reduction product(s)  

I t  i s  n o t  c l e a r  why the DNPy der iva t ive  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



886 JACOBS AND KISSINGER 

TNP-Ala 

A DNP-Ala . DN Py-Ala 

.I .3 .5 .7 .9 1.1 

- E (volts) 

FIGURE 1 .  
Conditions: 
1 .O mL/min. 

Hydrodynamic vol tammograms of Ala der iva t ives .  
0.1 M NaOAc, pH 5 . 0 ,  10% 1-propanol, flow r a t e  = 

fo r  any o f  the der ivat ive types b u t  several  mechanisms could be 
formulated t o  explain the observed r e s u l t s .  Nevertheless,  tke 
TNP der iva t ives  should exhib i t  the most favorable detect ion 
cha rac t e r i s t i c s  with reductive L C E C .  

Figure 2 shows standard curves obtained f o r  
each der iva t ive  type using both EC detect ion a t  -0.85 vs Ag/AgCl 
and  UV detect ion a t  254 nm. 
connecting the detectors  in s e r i e s  ( U V  f i r s t )  and recording data 
from both simultaneously. The enhanced s e n s i t i v i t y  of  EC 
detect ion i s  c l ea r ly  i l l u s t r a t e d  (note  the p lo ts  give S/N r a t i o  
vs injected amount t o  e f f ec t ive ly  normalize between detect ion 
modes). Detection l imi t s  a t  a signal t o  noise r a t i o  of 3 a r e  

Detec tab i l i ty :  

These r e su l t s  were obtained by 
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DETERMINATION OF AMINES AND AMINO ACIDS 887 

200 

I60 

I20 

S I N  
80 

40 

DNPy - A h  DNP - A h  

10 20 30 40 X 10 20 30 

picomoles injected 

FIGURE 2 .  
LCEC. 

C a l i b r a t i o n  curves f o r  A la  d e r i v a t i v e s  by LCUV and 
Cond i t ions  as i n  F igu re  4 *UV oEC 

l i s t e d  i n  Tab le  1. A r e p r e s e n t a t i v e  chromatogram i s  shown i n  

F igu re  3. 

f o r  t h e  TNP-der iva t ive  by b o t h  UV and EC b u t  i n  a l l  cases EC 

p rov ides  l ower  d e t e c t i o n  l i m i t s  than UV by about  one o r d e r  o f  

magnitude. 

As expected, t h e  lowest  d e t e c t i o n  l i m i t  i s  ob ta ined  

Both de tec to rs  were l i n e a r  ove r  t h e  range examined. 

TABLE 1 
De tec t i on  L i m i t s  f o r  A la  D e r i v a t i v e s  by  LCUV and LCEC (pmole, 
S/N = 3) 

uv 
DNP-A1 a 1 .o 10 
DNPy-A1 a 0.60 12 
TNP-A1 a 0.31 5.7 

- EC - 
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aaa JACOBS AND KISSINGER 

**yIJ 111 uv 

I. DNP y -Ala (5.8 pmole 1 
2. DNP-Ala(7.lpmole) 

3. TNP-Ala(3.9 pmole) 

EC 

Minutes 

F I G U R E  3. Chromatograms o f  s tandard  A la  d e r i v a t i v e s  by LCUV 
and LCEC. Cond i t i ons :  Mob i l e  phase: 0.1 M NaOAc, pH 5.0, 
12.5% l -p ropano l .  Column: Biophase C , 5 wn, 25 x 0.46 cm. 
Flow r a t e :  1.0 mL/min. UV a t  254 nm.18EC a t  -0.85V vs Ag/AgCl. 

Occurrence o f  and Removal o f  I n t e r f e r e n c e s :  A f a c t o r  o f  
p r imary  concern w i t h  precolumn d e r i v a t i z a t i o n  schemes i s  t h e  ease 
w i t h  which excess reagent  and/or by-produc t  can be removed 

(assuming they  a re  d e t e c t o r  respons ive ) .  

reagents used i n  t h i s  s tudy ,  i n t e r f e r e n c e  f rom t h e  pa ren t  
reagent must i n  f a c t  be considered. I n  a d d i t i o n ,  each reagent  
hydro lyzes  t o  some e x t e n t  under t h e  d e r i v a t i z a t i  on c o n d i t i o n s  

employed, r e s u l t i n g  i n  pheno l i c  by-products wh ich  a l s o  c o n s t i t u t e  
p o t e n t i a l  i n t e r f e r e n c e s .  The problem o f  these i n t e r f e r e n c e s  may 

be d e a l t  w i t h  by u t i l i z i n g  a prechrornatographic c lean  up s t e p  

I n  t h e  case o f  t h e  
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DETERMINATION OF AMINES AND AMINO ACIDS 889 

TABLE 2 

Summarized Acid/Base Properties of Reagent Deri vati  ves and 
Hydrolytic Products 

~ -~ 

Reagent Derivatives Hydrolysis 

TNBS - acid (pKa<l) neutral  o r  acid (pKa'"4) acid (pKa<l) 

DNFB - neutral  neutral  o r  acid ( p K a 4 )  acid (pKa24) 

DNCP - neutral  neutral  o r  acid (pKa24) acid (pKa"4) 

and/or by proper se lec t ion  of chromatographic conditions f o r  the 
f ina l  separat i  on. 

The acid-base propert ies  of each reagent and t h e i r  major 
hydrolyt ic  products and der iva t ives  a re  summarized i n  Table 2 .  
All of  the  der iva t ives  will  be neutral  or weakly ac id i c  depending 
on whether the  subs t ra te  i s  a simple amine o r  an amino ac id .  
The data  i n  Table 2 suggest t h a t  ex t rac t ion  schemes as  out l ined  
in Figure 4 would be useful as  pre-chromatographic clean u p  
procedures. 
products would not be removed, however. 
in Figure 5 ver i fy  the predicted ex t rac t ion  behaviors except 
fo r  p i c r i c  ac id ,  the  hydrolysis product of TNBS. Despite i t s  low 
pKa ( < l ) ,  PA i s  extracted t o  a s ign i f i can t  ex ten t  over t he  e n t i r e  
pH range examined. The reason f o r  t h i s  unusual behavior i s  n o t  
c l ea r  b u t  i t  may r e f l e c t  a tendency t o  form ext rac tab le  ion-pairs  
o r  dimers in the  buffer  system used. The ext rac t ion  p ro f i l e s  of 
DNFB and DNCP were not determined as  a function of pH s ince they 
possess no ionizable  groups. I t  should a l s o  be noted t h a t  while 
the shape of the  ex t rac t ion  p ro f i l e  i s  primarily due t o  the 
acid base propert ies  of the so lu t e ,  the  r e l a t i v e  ex t rac t ion  
e f f i c i enc ie s  a t  the extremes o f  the  curve depend on the hydro- 
phobicity of the  non-ionic portion of the molecule. 

With DNFB and DNCP, in te r fe rences  from hydrolyt ic  
The ex t rac t ion  p ro f i l e s  

This i s  t o  
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SAMPLE 
1 

DERlVATlZE(pH 8.8) 
B. - - 

A. A 
EXTRACT ADJUST TO pH 2.0 

I 
DISCARD ORGANIC EXTRACT 

INJECT ALIQUOT DISCARD AQUEOUS 

I 

I 

OF AQUEOUS 

EVAPORATE, RECONSTI- 
TUTE ORGANIC 

INJECT ALIQUOT 

FIGURE 4 .  
propert ies  o f  reagents and t h e i r  der iva t ives .  

Proposed ex t rac t ion  schemes based on aci  d/base 

O/O 

RECOVERY 

L 
0 2 4 6 8 10 

FIGURE 5.  
t h e i r  A1 a,  der i  vat i  ves , and expected phenol i c by-products ( s e e  
experimental sect ion fo r  d e t a i l s )  

pH dependence o f  ext rac t ion  e f f ic iency  f o r  reagents ,  
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DETERMINATION OF MINES AND AMINO ACIDS 89 1 

say t h a t ,  f o r  example, a pheny la lan ine  d e r i v a t i v e  may show 
s i g n i f i c a n t  e x t r a c t a b i l i t y  even a t  pH 9 w h i l e  t h e  cor respond ing  

a l a n i n e  d e r i v a t i v e  i s  o n l y  ve ry  s l i g h t l y  e x t r a c t e d .  There fore ,  
f o r  r e l a t i v e l y  hydrophobic amino ac ids  a h i g h  pH e x t r a c t i o n  f o r  

reagent  removal (as i n  t h e  case o f  DNFB and DNCP) c o u l d  r e s u l t  

i n  a s i g n i f i c a n t  l o s s  o f  t he  des i red  d e r i v a t i v e s .  I n  t h e  case 
of  s imp le  amine d e r i v a t i v e s  removal o f  excess DNFB and DNCP would 
be very  d i f f i c u l t  i f  n o t  imposs ib le .  

Besides t h e  e x t r a c t i o n  behav io r  cons idered above, i t  i s  

d e s i r a b l e  t o  compare t h e  e x t e n t  t o  which i n t e r f e r i n g  r e a c t i o n  
by-products a r e  a c t u a l l y  formed w i t h  each reagent .  Again, t h e  
g r e a t e s t  concern i s  focused on t h e  simple h y d r o l y s i s  p roduc ts .  

F igu re  6 shows chromatograms ob ta ined  f rom reagent  b lank  and 
s y n t h e t i c  m i x t u r e  i ncuba t ions  w i t h  each reagent .  

t h a t  t h e  b lank  f o r  DNCB shows a s i g n i f i c a n t  number o f  u n i d e n t i f i e d  
peaks as w e l l  as the  major peaks f o r  t h e  reagent  and i t s  

h y d r o l y t i c  p roduc t .  

c lean  and t h e  PA Peak i s  smal l  compared t o  t h e  i n t e r f e r i n g  

by-produc t  peaks f rom t h e  o t h e r  reagents .  The chromatograms 

i n  F igu re  7 a r e  f rom s y n t h e t i c  samples i d e n t i c a l  t o  those i n  
F igu re  6 except t h a t  they  were sub jec ted  t o  an e x t r a c t i o n  p r i o r  

t o  i n j e c t i o n  (see exper imenta l  s e c t i o n ) .  
does very  l i t t l e  t o  remove i n t e r f e r e n c e s  f rom t h e  DNCP 
i ncuba t ion .  N e i t h e r  the  reagent  i t s e l f  

p roduc t  a re  removed t o  a s i g n i f i c a n t  e x t e n t .  I n  t h e  case o f  DNFB, 

e x t r a c t i o n  g r e a t l y  decreases i n t e r f e r e n c e  f rom t h e  p a r e n t  reagent  

b u t  has e s s e n t i a l l y  no e f f e c t  on t h e  h y d r o l y t i c  p roduc t  (as 
expected).  With TNBS t h e  e f f e c t  o f  e x t r a c t i o n  i s  s i m i l a r  t o  t h a t  
f o r  DNFB. Even a f t e r  i n c l u s i o n  o f  an e x t r a c t i o n  s tep ,  t h e  u s e f u l  
e l u t i o n  "window" i s  l a r g e r  w i t h  TNBS t h a n  w i t h  DNCP o r  DNFB. 
I n  f a c t ,  t h e  l i m i t e d  r e g i o n  o f  i n t e r f e r e n c e  w i t h  TNBS may make 

c lean  up unnecessary f o r  many a p p l i c a t i o n s ,  a f e a t u r e  which wou ld  

be p a r t i c u l a r l y  d e s i r a b l e  f o r  mic ro-sca le  d e r i v a t i z a t i o n s  where 
man ipu la t i on  o f  smal l  volumes i s  d i f f i c u l t  and ted ious .  

It i s  s t r i k i n g  

The TNBS b lank ,  on t h e  o t h e r  hand i s  q u i t e  

The e x t r a c t i o n  s t e p  
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FIGURE 7. 
F igu re  6 except  sub jec ted  t o  e x t r a c t i o n  as o u t l i n e d  i n  Exper i -  
menta l .  

Chromatograms f rom the  same s y n t h e t i c  i ncuba t ions  as 

Cond i t ions  as i n  F i g u r e  6.  

O f  the  t h r e e  reagents cons idered i n  t h i s  work, TNBS appears 

b e s t  s u i t e d  t o  a p p l i c a t i o n  as a pre-column d e r i v a t i z a t i o n  reagen t  
f o r  LCEC. Th is  conc lus ion  i s  based n o t  o n l y  on t h e  f a v o r a b l e  
e lec t rochemica l  p r o p e r t i e s  o f  t he  tri n i  t ropheny l  d e r i v a t i v e s  b u t  

a1 so t h e  minimal occurrence o f  extraneous r e a c t i o n  by-produc ts  
and/or reagent i m p u r i t i e s .  TNBS o f f e r s  t h e  f u r t h e r  advantage o f  

water  s o l u b i l i t y  thus  making i t s  use w i t h  aqueous samples 
convenient.  

s u i t e d  t o  a p p l i c a t i o n  i n  non-aqueous systems a1 though reagent  
removal would s t i l l  pose a problem. 

I t  may w e l l  be t h a t  DNFB and DNCP would be b e t t e r  
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APPENDIX 

The fundamental process occurring in  the flow ce l l  of the  
electrochemical detector  i s  governed by Faraday's Law 
(equation 1 )  modified t o  r e f l e c t  the f ac t  t h a t  t he  de tec tor  

Q = fnFN (1 1 
behaves amperometrically ( i  . e .  l e s s  than 100% o f  e lec t roac t ive  
material enter ing the flow ce l l  i s  ac tua l ly  reac ted) .  
number o f  Coulombs produced by the  n e lec t ron  reduction 
(oxidation) of N moles o f  analyte .  
(96,500 coulomb/equivalent) and 
f o r  the ana ly te ,  where OLfSl. T h e  conversion e f f ic iency  f o r  a 
selected analyte  i s  d ic ta ted  by a combination of thermodynamic 

Q i s  the  

F i s  the Faraday Constant 
f i s  the conversion e f f ic iency  
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(The Ners t i an  behav io r  o f  t h e  redox coup le)  and mass t r a n s p o r t  

( c e l l  geometry, f l o w  r a t e ,  a n a l y t e  d i f f u s i o n  c o e f f i c i e n t )  and 
i n  some cases e l e c t r o n  t r a n s f e r  k i n e t i c s  ( i f  s low) parameters.  

On t h e  p l a t e a u  r e g i o n  o f  t h e  HDV t h e  convers ion  e f f i c i e n c y  i s  

determined so ley  by mass t r a n s p o r t  , t h e  so -ca l l ed  d i f f u s i o n  

c u r r e n t  reg ion ,  t hus  f o r  a p a i r  o f  ana ly tes  we can w r i t e  
equat ion  2. I f  t h e  r e s p e c t i v e  d i f f u s i o n  c o e f f i c i e n t s  a r e  very  

Q f FN - 2 1  1 
'2 - Q1f2FN1 '1 

n e a r l y  t h e  same, then  ( 2 )  s i m p l i f i e s  t o  ( 3 )  and t r u e  n values 

Q2N1 

Ql N2 1 n 2 = - *  ( 3 )  

f o r  an unknown may be approximated by comparison t o  a re fe rence  

compound whose n va lue  i s  known. 

t h i s  s i m p l i f i c a t i o n  i s  n o t  v a l i d  and equa t ion  4 i s  a p p r o p r i a t e  

For  t h e  p o t e n t i a l  r e g i o n  where t h e  unknown HDV i s  r i s i n g  

The va lue  n2eff i s  now an apparent o r  f2 
= n 2  * -  f '  where n2eff 

e f f e c t i v e  n va lue  whjch r e f l e c t s  t h e  d i f f e r i n g  convers ion  
e f f i c i e n c i e s  between a n a l y t e  and re fe rence  compound. 

The use o f  neff values i s  v a l i d  under any c o n d i t i o n s  
as l ong  as t h e  t r u e  n va lue  o f  t h e  re fe rence  m a t e r i a l  i s  known. 

Under c o n d i t i o n s  o f  d i f f u s i o n  l i m i t e d  convers ion  neff  -+ n o n l y  
- i f  t h e  re fe rence  and a n a l y t e  d i f f u s i o n  c o e f f i c i e n t s  a r e  ve ry  

n e a r l y  equa l .  

compound and neff  values were c a l c u l a t e d  f o r  t h e  d e r i v a t i v e s  o f  

i n t e r e s t  ove r  t h e  e n t i r e  p o t e n t i a l  range examined by comparing 

i n t e g r a t e d  peak areas t o  t h a t  ob ta ined f o r  p - n i t r o a n i l i n e  under 
sol e l  y mass t r a n s p o r t  1 i m i  t e d  c o n d i t i o n s  . 

I n  t h i s  s tudy  p - n i t r o a n i l i n e  ( n  = 6 )  was used as a re fe rence  
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