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DETERMINATION OF CARBONYL 2,4-DINITROPHENYLHYDRAZONES 
BY LIQUID CHROMATOGRAPHY/ELECTROCHEMISTRY 

W .  A. Jacobs and P .  T.  K i s s i n g e r  

Department o f  Chemistry 
Purdue U n i v e r s i t y  

West La faye t te ,  Ind iana 47907 

ABSTRACT 

Reduct ive mode l i q u i d  chromatographylelectrochemistry was 
eva lua ted  f o r  use i n  q u a n t i t a t i n g  2,4-dini  t ropheny lhydraz ine  
d e r i v a t i v e s  o f  carbony ls .  
o p e r a t i n g  p o t e n t i a l  o f  -0.75V vs Ag/AgCl. De tec t i on  l i m i t s  f o r  
DNPH-formal dehyde , acetaldehyde , acetone, and a c r o l  e i  n were 
54, 80, 76, and 99 pg r e s p e c t i v e l y .  These d e t e c t i o n  l i m i t s  were 
approx imate ly  20 t imes lower than o b t a i n a b l e  w i t h  UV absorbance 
a t  254 nm. 

Optimum performance was achieved a t  an 

INTRODUCTION 

The r e a c t i o n  o f  aldehydes and ketones w i t h  2 , 4 - d i n i t r o -  

phenylhydrazine (DNPH; equa t ion  1 )  has l o n g  formed t h e  bas i s  o f  
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670 JACOBS AND KISSINGER 

c o l o r i m e t r i c  methods f o r  de termin ing  carbonyl  con ten t  ( 1 ) .  More 
r e c e n t l y  t h e  use o f  l i q u i d  chromatography t o  reso lve  t h e  
i n d i v i d u a l  d e r i v a t i v e s  f o l l o w e d  by absorbance d e t e c t i o n  has become 

very popu lar  (2-8) .  
i n  a l l o w i n g  pre-chromatographic concen t ra t i on  o f  a i r b o r n e  
carbonyls by t r a p p i n g  DNPH d e r i v a t i v e s ,  thereby  f a c i l i t a t i n g  

d e t e c t i o n  a t  low concen t ra t i ons .  
s ince  the  r e a c t i o n  i s  q u i t e  s p e c i f i c  f o r  t h e  carbonyl  
f u n c t i o n a l i t y .  A f u r t h e r  b e n e f i t  i s  t h a t  t h e  d e r i v a t i z a t i o n  
s t a b i  1 i zes  o therw ise  v o l a t i l e  and o f t e n  r e a c t i v e  compounds. 

l a b e l s  f o r  1 i q u i d  chromatographylelectrochemistry (LCEC) has 
been discussed p r e v i o u s l y  (9 , lO) .  Such an approach has a l ready  
been shown t o  be a p p l i c a b l e  t o  t h e  de te rm ina t ion  o f  amino ac ids  
i n  b r a i n  t i s s u e  (11 ) .  
demonstrate the  u t i l i t y  o f  LCEC f o r  carbonyl  de te rm ina t ions  us ing  
DNPH d e r i v a t i z a t i o n .  
i s  expected t o  p rov ide  advantages, i n c l  u d i  ng decreased d e t e c t i  on 
l i m i t s  and/or l e s s  r e s t r i c t i v e  sampling requirements.  

Th is  approach i s  p a r t i c u l a r l y  advantageous 

S e l e c t i v i t y  i s  a l s o  enhanced 

The p o t e n t i a l  u t i l i t y  o f  n i t r o a r o m a t i c s  as d e r i v a t i z a t i o n  

The purpose o f  t h i s  comnunicat ion i s  t o  

The s u p e r i o r  s e n s i t i v i t y  o f  EC d e t e c t i o n  

EXPERIMENTAL 

Chemicals: A l l  chemicals were ACS Reagent grade o r  b e t t e r .  
Te t rahydro furan  ( s t a b i l i z e d )  and n-propanol were f rom Ma1 l i n c k r o d t  
(S t .  Lou is ,  M O ) .  A c e t o n i t r i l e  was f rom J .  T. Baker ( P h i l l i p s b u r g ,  
NJ). 
were f rom F ishe r  S c i e n t i f i c  ( P i t t s b u r g ,  PA). Acetone, a c r o l e i n ,  
acetaldehyde, and formaldehyde (37  w t .  % s o l u t i o n )  were a l l  from 

A l d r i c h  Chemical Co. (Milwaukee, WI). 

Ammonium Acetate,  p e r c h l o r i c  a c i d  and d i m e t h y l s u l f o x i d e  

D e r i v a t i v e  Format ion:  Standard d e r i v a t i v e s  were prepared 
by p r e c i p i t a t i o n  f rom DNPH/Perchlorate (1.29 DNPH i n  100 mL o f  
30% P e r c h l o r i c  a c i d )  and p u r i f i e d  by repeated  r e c r y s t a l  l i z a t i o n  
f rom 95% ethano l .  

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



CARBONYL 2,4-DINITROPHENYLHYDRONES 67 1 

1.0 

0.8 

0.6 
9 

0.4 

0.2 

L i q u i d  Chromatography: A1 1 separa t ions  were c a r r i e d  o u t  

us ing  a B i o a n a l y t i c a l  Systems (West La faye t te ,  IN )  LC-304 l i q u i d  
chromatograph mod i f i ed  t o  a1 low cont inuous deoxygenat ion o f  t h e  
mob i le  phase, and o f  samples p r i o r  t o  i n j e c t i o n  (12) .  

amperometric t ransducer  was a model TL-5A g lassy  carbon c e l l  (BAS). 
The system was equipped w i th  a Biophase o c t y l  column, 0.46 x 25 cm, 

5 pin p a r t i c l e  s i z e  (BAS). The mob i le  phase cons is ted  o f  (by  
vo l  ume) 20% a c e t o n i t r i l e ,  20% te t rahyd ro fu ran ,  10% n-propanol  , 
and 50% 0.1M ammonium aceta te ,  pH 5.0. D e r i v a t i v e s  were d i s s o l v e d  

i n  DMSO f o r  i n j e c t i o n  on to  t h e  chromatograph. 

For LCUV exper iments,  an LC-6 254 nm f i x e d  wavelength UV 

d e t e c t o r  was used (BAS). 

The 

- 

- 

- 

- 

- 

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

Vol tammetry o f  DNPH-Deri v a t i  ves 

Hydrodynami c vo l  tammograms (HDV ' s )  o f  DNPH-formal dehyde , 
acetaldehyde, and acetone a r e  shown i n  F i g u r e  1.  The d e r i v a t i v e  

0 DNPH-ACETONE 

n DNPH-ACETALDEHYDE 

0 DNPH-FORMALDEHYDE g,l-B-U-o 
/ 

e 
/ 1, ' -0 1 , I 

0 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 

E (volts) 

FIGURE 1 . 
D e r i v a t i v e s .  0 i s  t he  normal ized  response, OE = iE/ila1 

Hydrodynamic Vol tammograms (HDV's) o f  Se lec ted  Carbonyl 
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FIGURE 2 .  Chromatograms o f  Carbonyl D e r i v a t i v e s  a t  A. -0.75V 
and B. -1 .OOV vs Ag/AgCl . Peaks: 1 .  DNPH-formaldehyde 
2 .  Acetaldehyde 3. Acetone 4. A c r o l e i n  Approximately 2 ng 
o f  each d e r i v a t i v e .  

HDV's r e f l e c t  t h e  favo rab le  e lec t rochemica l  p r o p e r t i e s  o f  these 
compounds. The vo l tammet r ic  behav io r  o f  a l l  d e r i v a t i v e s  i s  
v i r t u a l l y  i d e n t i c a l ,  each e x h i b i t i n g  two equ iva len t  r e d u c t i v e  
waves. 
f o u r  e l e c t r o n  reduc t i ons  o f  t h e  n i t r o  groups t o  hydroxylamines 
(equat ions 2 and 3 ) .  

The observed waves a r e  presumed t o  be due t o  successive 

Th is  would be i n  agreement w i th  t h e  

c l a s s i c a l l y  observed e l e c t r o c h e m i s t r y  o f  n i t r o a r o m a t i c s  (13) .  
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FIGURE 3. C a l i b r a t i o n  curves f o r  Carbonyl D e r i v a t i v e s  
O D N P H  - Acro le in ,  r = 0.999 
X DNPH - Acetaldehyde, r = 0.999 
A DNPH - Acetone, r = 0.999 
0 DNPH - Formaldehyde, r = 1 .OOO 

S e l e c t i o n  o f  App l i ed  P o t e n t i a l  f o r  LCEC 

I n  s e l e c t i n g  the  optimum d e t e c t o r  p o t e n t i a l ,  i t  i s  

d e s i r a b l e  t o  maximize c u r r e n t  response t o  ana ly tes  o f  i n t e r e s t  

w h i l e  m in im iz ing  background no ise .  
carbony ls  an a p p l i e d  p o t e n t i a l  o f  -0.75 v o l t s  (on wave 1,  n = 4 )  
was found t o  be s u p e r i o r  t o  - 1  .OO v o l t s  (on wave 2, n = 8) even 

though t h e  absol  Ute c u r r e n t  response was sma l le r .  Inc reased 
no ise  and b a s e l i n e  d r i f t  a t  t he  h i g h e r  p o t e n t i a l  more than 

o f f s e t  t h e  g a i n  i n  abso lu te  response (F igu re  2 ) .  

I n  t h e  case o f  t h e  DNPH 

De tec to r  L i n e a r i t y  and Sensi ti v i  ty  

Typ ica l  c a l i b r a t i o n  curves f o r  DNPH-formaldehyde, 
acetaldehyde, acetone, and a c r o l e i n  a r e  shown i n  F i g u r e  3 .  
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FIGURE 4. Chromatograms us ing  A.  LCEC a t  -0.75V and B. LCUV 
a t  254 nm. 

TABLE 1 

De tec t i on  L i m i t s  f o r  Carbonyl 2,4-Dini t ropheny l  hydrazones 
$ 

LCEC* LCUV - 
1 
1 

lOng(5) , 1 . l n g ( 4 )  1.3ng 
Acetaldehyde 80Pg lOng(5) , 2.0ng(4) , 2.0ng 

Acetone 76PQ lOng(51, 1 .4ng1 

Acro l  e i  n 88Pg 10ng(S) 1 .5ng1 

Formal dehyde 54P9 

* S I N  = 4 

re fe rences  i n  parentheses 

' t h i s  work SIN = 4 
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CARBONYL 2,4-DINITROPHENYLHYDRAZONES 675 

E x c e l l e n t  l i n e a r i t y  was ob ta ined  i n  t h e  range f rom 100 pg t o  
100 ng i n j e c t e d  f o r  each o f  t h e  d e r i v a t i v e s .  

d e t e c t i o n  l i m i t s  a r e  g iven i n  Tab le  1 .  
by LCUV are  a l s o  l i s t e d  f o r  comparison. 
l e a s t  20-30 t imes more s e n s i t i v e  than absorbance i n  a l l  cases. 

T h i s  i s  c l e a r l y  i l l u s t r a t e d  i n  F igu re  4 which shows chromatograms 
ob ta ined  i n  t h i s  l a b o r a t o r y  us ing  EC and UV de tec to rs  i n  s e r i e s  
(UV f i r s t )  f o r  2 ng o f  each d e r i v a t i v e .  

Corresponding 

De tec t i on  l i m i t s  r e p o r t e d  
E lec t rochemis t r y  i s  a t  

As shown here ,  LCEC p rov ides  a v i a b l e  a l t e r n a t i v e  t o  LCUV 

f o r  q u a n t i t a t i n g  carbonyl  2,4-di n i  t ropheny l  hydrazones. The 

s i g n i f i c a n t  ga in  i n  s e n s i t i v i t y  us ing  LCEC r e s u l t s  i n  

s u b s t a n t i a l l y  lowered d e t e c t i o n  l i t r i t s .  

improvement o f  e x i s t i n g  methods which u t i l i z e  DNPH d e r i v a t i z a t i o n .  

I n  p a r t i c u l a r ,  t h e  use o f  e lec t rochemica l  d e t e c t i o n  shou ld  be 
use fu l  f o r  de termina t ions  o f  low l e v e l  a i r b o r n e  carbony ls  where 

l ong  sampling t imes ( t y p  1-2 h r s )  a re  c u r r e n t l y  requ i red .  

Th is  shou ld  a l l o w  
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