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Purdue U n i v e r s i t y  
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C r a i g  S.  B r u n t l e t t  

Research Labora to r ies  
B i o a n a l y t i c a l  Systems I n c .  

West La faye t te ,  I nd iana  47906 

ABSTRACT 

An e lec t rochcmica l  d e t e c t o r  f o r  1 i q u i d  chromatography i s  
descr ibed based on t h e  use of  a mercury f i l m  e l e c t r o d e  i n  a 
t h i n - l a y e r  c e l l  w i t h  t h e  a u x i l i a r y  e l e c t r o d e  p laced across t h e  
channel f rom t h e  work ing  e lec t rode .  Cons idera t ions  r e l e v a n t  
t o  o p t i m i z i n g  performance o f  t h e  d e t e c t o r  a re  descr ibed i n c l u d i n g  
removal o f  d i s s o l v e d  oxygen from t h e  sample and mob i l e  phase. 
De tec t i on  l i m i t s  a re  r e p o r t e d  f o r  a number o f  r e d u c i b l e  o r g a n i c  
compounds of  i n t e r e s t  i n  environmental  and b iomed ica l  research .  
De tec t i on  l i m i t s  a t  t h e  picomole l e v e l  a re  r e a d i l y  achieved 
f o r  e a s i l y  reduced n i t r o  compounds. Typ ica l  a p p l i c a t i o n s  a re  
i l l u s t r a t e d  f o r  t he  de te rm ina t ion  o f  p a r a t h i o n  i n  f i e l d  r u n o f f  
water  and chloramphenicol  i n  human plasma. 

INTRODUCTION 

Amperometric de tec to rs  f o r  1 i q u i d  chromatography a r e  i n  
widespread use f o r  t h e  t r a c e  de te rm ina t ion  o f  e a s i l y  o x i d i z e d  
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1778 BRATIN, KISSINGER, AND BRUNTLETT 

organic compounds of environmental , cl i n i  cal , and pharmaceutical 
i n t e r e s t .  Recent technological advances and appl icat ions in  
t h i s  area have been reviewed (1-5) .  Relat ively l i t t l e  a t t en t ion  
has  been paid t o  electrochemical detect ion of e a s i l y  reducible 
organic compounds because, un t i l  recent ly ,  i t  has  been d i f f i c u l t  
t o  prepare a r e l i a b l e  mercury e lec t rode ,  and carbon electrodes 
have n o t  been ser ious ly  considered f o r  t h i s  appl icat ion due t o  
thei r re1 a t i  vely low hydrogen overvol tage . 
has been slow due t o  problems associated with dissolved oxygen 
and metal ion impuri t ies ,  b u t  perhaps a more important reason 
i s  t h a t  many substances which a re  readi ly  reduced on a mercury- 
f i lm electrode a r e  a l so  good candidates f o r  detect ion by opt ica l  
absorption methods. 

(DME) f o r  LCEC detect ion of eas i ly  reducible compounds i n  1952 
( 6 ) ,  several inves t iga tors  have worked t o  improve the design 
of the DME based detector  (7-10).  
only a l imited use i n  a few academic labora tor ies  due t o  the 
time dependent surface a rea ,  the expense and tox ic i ty  of mercury, 
the poor tolerance t o  a rapidly moving so lu t ion ,  and awkward c e l l  
construction. 
have been accomplished by reducing the flow r a t e  and by 
decreasing the drop time of the DME (7 , lO) .  
accomplished a t  the expense o f  higher detect ion l i m i t s .  Never- 
t he l e s s ,  even though the problems are  se r ious ,  several  promising 
appl icat ions of DME-based detectors  have recent ly  been reported 
(11-14). 
carbon (15) ,  a basal plane pyrolyt ic  graphi te  (16) ,  and carbon 
impregnated s i  1 icone rubber (1 7 )  have been evaluated f o r  
reductive L C E C .  
appl icat ions espec ia l ly  because preparation of the e lec t rode  
surface i s  notably simp1 i f i e d .  
t o  be the material o f  choice fo r  most electrochemical reductions.  

Progress in t h i s  area 

Since the introduction of the dropping mercury e lec t rode  

These devices have shown 

Improvements in tolerance t o  a moving so lu t ion  

This was 

Carbon-based electrode mater ia ls  including glassy 

These mater ia ls  hold promise f o r  many 

Nonetheless, mercury continues 
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DETECTOR FOR LIQUID CHROMATOGRAPHY 1779 

Our  laboratory (5,18) and others  (19,ZO) have successful ly  used 
amalgamated gold,  s i l v e r ,  and platinum e lec t rodes .  This approach 
r e s u l t s  in  eas i ly  prepared and mechanically r ig id  e lec t rodes  
which provide adequate performance f o r  monitoring t r ace  amounts 
o f  many e a s i l y  reducible compounds. Nevertheless, in ce r t a in  
speci l ized appl ica t ions ,  DME-based transducers wil l  remain 
useful because they possess two d i s t i n c t  advantages over o ther  
e lec t rodes :  a more negative potent ia l  range and a constant ly  
renewable surface.  

In the  present paper we discuss various f ac to r s  influencing 
the successful u t i  1 i zat ion of reductive mode L C E C  f o r  determi na- 
t ion  of organic compounds. 

MATERIALS AND METHODS 

Apparatus 

A model LC-304 1 iquid chromatograph (Bioanalytical  Systems) 
equipped with a PM-20 solvent  del ivery system, 70-10 fixed 
volume (20 or  100 pL) ro ta ry  sample in jec t ion  valve,  L C - 4  
e l ec t ron ic  con t ro l l e r  and LC-19 transducer package was used 
f o r  a l l  experiments. The columns were 15 cm x 3 mm i . d .  packed 
w i t h  10 pm LiChrosorb RP-18,  15 cm x 2 rnm i . d .  packed w i t h  10  um 
LiChrosorb RP-2, o r  25 cm x 4.6 mm i . d .  5 pm Biophase C18 
(Bioanalytical  Systems Inc . ) .  

Chemical s 

Reagent grade a c e t o n i t r i l e ,  n-propanol , and t r i p l e  d i s t i l l e d  
mercury from Fisher  S c i e n t i f i c  were used as  purchased. 
Technical grade methanol and deionized water were d i s t i l l e d  in  
an a l l  glass  apparatus pr ior  t o  solut ion preparat ion.  C i t r i c  
ac id ,  sodium phosphate (d ibas ic )  , monochloroacetic ac id ,  sodium 
ace ta t e ,  and g lac ia l  ace t i c  acid purchased from Fisher S c i e n t i f i c  
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1780 BRATIN, KISSINGER,  AND BRUNTLETT 

were used without fur ther  puri f i  ca t ion .  
f i l t e r e d  t h r o u g h  0.22 um ce l lu lose  ace t a t e  Mill ipore f i l t e r s  
(Mi 11 i pore Corp . ,  Bedford Mass). Parathion and methyl parathi on 
were purchased from Analabs Inc. (North Haven, C T ) .  R D X ,  TNT, 
and PETN were g i f t s  from Dr. Dietz (Bureau of Alcohol, Tobacco, 
and Firearms, Department of the Treasury, Cincinnati , O H ) .  
Diazepam, chlordiazepoxide and nitrazepam were received as g i f t s  

A1 1 mobile phases were 

from Dr 
re s in ,  
Paschal 

Prepara 

R .  P .  W .  Sco t t ,  Hoffman La-Roche Co., Nutley, 
20 mesh (Rohm and  Hass) was conditioned accord 
e t  a l .  ( 2 1 ) .  

ion of Mercury-Film Electrode 

NJ, XAD-2  

ng  

Preparation of Gold Substrate  

I t  i s  very important t o  remove any residue present  on the 
gold surface,  in order t o  obtain an e lec t rode  w i t h  low back- 
ground and noise cha rac t e r i s t i c s .  
be removed before polishing the gold subs t r a t e .  This can be 
eas i ly  achieved by placing a few drops  of 6 M n i t r i c  acid on 
the amalgam surface.  
was washed w i t h  d i s t i l l e d  water.  Surface residues were removed 
by rubbing the e lec t rode  cube over a 600 g r i t  s i l i c o n e  carbide 
abrasive paper. A mirror- l ike f i n i s h  was obtained by r u b b i n g  
the electrode cube over a microcloth (Buehler) polishing pad  
which was covered with Gamma Alumina (Fisher  Sc ien t i f i c ) .  Water 
was used as a lubr icant .  
by sonicating the  electrode cube in  water/ethanol so lu t ion .  

The old amalgam surface must 

After 2-3 minutes the e lec t rode  surface 

Alumina and gold residues were removed 

Preparation of Mercury-Fi lm Electrode Surface 

The mercury-film surface was prepared by two methods. 
Method 1 .  A small amount o f  mercury i s  placed on the  polished 

gold surface with a mirror- l ike f in i sh  (making sure  
tha t  the e n t i r e  gold surface i s  covered by mercury). 
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DETECTOR FOR LIQUID CHROMATOGRAPHY 1781 

After  2-3 minutes the excess mercury i s  removed i n t o  
a beaker using a computer card.  
i s  then "smoothed" out using a dry t i s sue .  The 
electrode i s  now ready t o  be used. 
Elec t ro ly t ic  amalgam preparation i s  car r ied  out  in  
two s teps .  Inthe f i r s t  step a so lu t ion  containing 
0.01 M Hg(N03)2, 0 .5  M KC1, and  0.1 M HC1 i s  passed 
slowly through the ce l l  using a 10 mL syr inge.  The 
syringe i s  connected d i r e c t l y  t o  the flow c e l l .  
potent ia l  of the  working e lec t rode  i s  s e t  a t  -0 .7  V 
vs. Ag/AgCl f o r  a period of 10-15 minutes. In the 
second s tep  a solut ion containing 0.5 M KN03 and 
0.1 M HN03 i s  pumped through the ce l l  and the 
potent ia l  of the working e lec t rode  i s  s e t  a t  -1 .5  V 
f o r  a period of th ree  minutes. 
e lectrode surface w i t h  water the e lec t rode  i s  ready 
to  be used. 

The mercury layer  

Method 11. 

The 

After  r ins ing  the 

Oxygen Removal 

Two modifications of the  L C  system were made f o r  reduct ive 
The e n t i r e  L C  system was constructed w i t h  316 s t a i n l e s s  L C E C .  

s t ee l  tubing and an oxygen removal apparatus (schematically 
shown in Figure 1 )  was placed in l i n e  w i t h  the  pump and sampling 
val ve. 

The dissolved oxygen i n  the  mobile phase was removed by 
modifying a procedure of Michael and Zatka ( 7 ) .  The mobile 
phase was heated t o  60-70°C and nitrogen gas was vigorously 
bubbled t h r o u g h  the mobile phase f o r  approximately 20-30 
minutes before i n i t i a t i n g  flow through the  LC system (helium 
or argon have a l so  been used).  After s t a r t i n g  the LC pump, 
a gent le  flow of nitrogen gas was maintained over the  surface o f  

the  mobile phase in order t o  prevent oxygen from di f fus ing  back 
in to  the mobile phase, and  the  temperature of the mobile phase 
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1782 BRATIN, KISSINGER, AND BRUNTLETT 

Water out 

Water in 

b 

Shut -off 

Heating Mantle 
Temperature Controller 

Valve 

Nitrogen 

Injection Valve 

Electrochemical Controller for 
Detector Cell Electrochemical 

Detector 

FIGURE 1 .  Schematic diagram o f  the reductive mode L C E C  system. 
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DETECTOR FOR L I Q U I D  CHROMATOGRAPHY 1783 

was lowered t o  35-40°C. The mob i l e  phase was heated and a f l o w  

o f  n i t r o g e n  was main ta ined th roughout  t h e  course o f  a l l  LC 

exper iments.  Valuable t i m e  was saved when deoxygenat ion o f  t h e  

mob i l e  phase was performed o v e r n i g h t  a t  minimum f l o w  (0.2 t o  
0.3 mL/min) th rough the  LC system. 

gas th rough a sample s o l u t i o n .  
o f  s o l v e n t  f rom a sample s o l u t i o n ,  d r y  n i t r o g e n  gas was passed 

th rough a s a t u r a t i o n  chamber which conta ined t h e  same s o l v e n t  

as t h e  sample s o l u t i o n .  The deoxygenated sample s o l u t i o n  was 

p u l l e d  i n t o  a sample l oop  w i t h o u t  exposure t o  t h e  ambient 

atmosphere. Th is  sampl ing procedure was more conven ien t  and 

e f f e c t i v e  than i n j e c t i n g  deoxygenated s o l u t i o n  i n t o  a sample 
l o o p  w i t h  a sy r inge .  

Sample deoxygenation was achieved by b u b b l i n g  n i t r o g e n  

I n  o r d e r  t o  p reven t  evapora t i on  

RESULTS AND DISCUSSION 

Performance o f  t h e  De tec to r  

The u t i l i t y  o f  r e d u c t i v e  mode LCEC d e t e c t i o n  i s  g r e a t l y  

l i m i t e d  i f  t h e  d i sso l ved  oxygen i s  n o t  removed f rom t h e  mob i l e  
phase and sample s o l u t i o n  p r i o r  t o  i n j e c t i o n .  
r e l a t i v e l y  low p o t e n t i a l s ,  ve ry  l a r g e  background c u r r e n t s  a re  

observed when oxygen i s  n o t  removed f rom t h e  mob i l e  phase as 

i l l u s t r a t e d  i n  F igu re  2. As mentioned p r e v i o u s l y ,  t h e  LC 

system was m o d i f i e d  t o  p reven t  d i f f u s i o n  o f  oxygen th rough t h e  
t e f l o n  t u b i n g  which i s  w i d e l y  used i n  making low pressure  
connect ions  i n  LC systems. 

the  des ign  o f  t h e  r e d u c t i v e  mode LCEC system by e n c l o s i n g  i t  

i n  a box purged w i t h  n i t r o g e n ,  i f  a l l  t e f l o n  connect ions  a r e  

rep laced w i t h  a s t a i n l e s s  s t e e l  t ub ing .  

l a r g e  background c u r r e n t s  (> 50 nA) a r e  encountered e s p e c i a l l y  
when the  t ransducer  schemat i ca l l y  shown i n  F igu re  3a was used 

Even a t  

I t  i s  n o t  necessary t o  comp l i ca te  

The s o l u t i o n  r e s i s t a n c e  ( R )  can a l s o  be a concern when 
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FIGURE 2 .  
w i t h  ( m )  and  without ( 0 )  deoxygenation o f  the  mobile phase. 

The observed background cur ren t  on a Au/Hg e lec t rode  

in preliminary experiments. This transducer performs adequately 
under low background cur ren t  conditions (low negative po ten t i a l s  
and also in  oxidat ive L C E C ;  background cur ren t  plus response 
due t o  analyte 2 150 nA) otherwise the product o f  curren t  and 
resis tance ( re fer red  t o  as IR d r o p )  s ign i f i can t ly  diminishes 
the potent ia l  across the  working e lec t rode .  The d i r e c t  r e s u l t  
of t h i s  IR drop i s  a decrease in the dynamic range o f  the  
detector  as discussed in de t a i l  elsewhere (18) .  The solut ion 
res i s tance  in the  thin- layer  channel can be decreased by 
increasing the ion ic  s t rength of the buf fer ,  increasing the 
thickness o f  the  channel , and decreasing the concentration o f  

non-aqueous so lvents .  Increasing the  ion ic  s t rength  can a l so  
cause an increase in background current  because s a l t s  of ten 
contain eas i ly  reducible impuri t ies  such as  t r ans i t i on  metal 
ions.  Metal deposit ion on the mercury-surface decrease the 
negative potent ia l  range of the de tec tor  by decreasing the  
hydrogen overvoltage which in  turn increases  the  background 
cur ren t .  

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



DETECTOR FOR L I Q U I D  CHROMATOGRAPHY 1785 

R 
I 

FIGURE 3. Common designs of thin- layer  amperometric t ransducer .  

The modified transducer i l l u s t r a t e d  i n  Figure 3b o f fe r s  
several  important advantages over the more widely used design. 
The auxi l ia ry  electrode is  placed in the  top block d i r e c t l y  
across  the channel from the  working electrode.  The path of 
current  (from working e lec t rode  t o  aux i l i a ry )  i s  across  the  th in  
channel. The solut ion res i s tance  even in  low ionic  s t rength  
solvents  i s  extremely small and no longer inf luences the  
potent ia l  of the  working e lec t rode ,  r e su l t i ng  i n  extension o f  

the  l i nea r  dynamic range of the transducer by two orders  o f  

magnitude. 
was found (50 pA -+ 2.5 ~ J A )  using p i c r i c  acid as  a model compound 
with the de tec tor  se t  a t  -0.8 V vs Ag/AgCl. 

A l i n e a r  dynamic range of 5 1 / 2  orders  o f  magnitude 

The upper l i m i t  
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BRATIN, KISSINGER, AND BRUNTLETT 1786 

of the 
was due 
current  

inear  dynamic range was not caused by the IR drop, b u t  
t o  sa tura t ion  of the operational amplif ier  i n  the  
to-vol tage converter.  The modified transducer a1 so 

allows the use of mobile phases with low ionic  s t rength  and high 
concentration of non-aqueous solvents  such as  a c e t o n i t r i l e ,  THF,  
or propanol. 

I t  i s  very important t o  achieve a good amalgam formation 
around the edge of the gold subs t ra te  in  order  t o  minimize random 
noise spikes.  
surface every time a new mercury surface was required. Usually 
an old amalgam surface was used 5 o r  6 times as  a subs t ra te  f o r  
the electrode surface regeneration, before i t  had t o  be removed 
with n i t r i c  ac id .  S l igh t ly  lower noise and long term s t a b i l i t y  
a t  high detector  s e n s i t i v i t y  (espec ia l ly  a t  po ten t i a l s  grea te r  
than -0.8 V )  was observed when the  e l e c t r o l y t i c  method (Method 11) 
was used t o  prepare a new e lec t rode  sur face .  Nevertheless,  

I t  i s  not necessary t o  remove the  old amalgam 

TABLE 1 

Typical Detection Limits of Easily Reduced Organic Compounds a t  
S/N = 3 on a Au/Hg Electrode 

Compounds Detection Limits , picomoles 

P icr ic  Acid 0.13 
2,5 - Dinitrophenol 0.16 
p-Ni trophenol 0.72 
RDX (Cycl oni t e )  0.76 
Isosorbide d i n i t r a t e  1 . 3  
Ni trazepam 1.8 
Chl ordi azepoxi de 3.3 
Diazepam 7.0  
N-Ni trosopyrrol id ine  10 
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DETECTOR FOR L I Q U I D  CHROMATOGRAPHY 1787 

Method I was generally preferred because i t  was l e s s  time 
consuming. 

compounds a re  l i s t e d  in Table 1 .  
l imi t s  f o r  nitroaromatic compounds (espec ia l ly  f o r  polyaromatic 
compounds) a re  1 ower because they undergo mu1 t i e l e c t r o n  reduction 
processes,  t yp ica l ly  4-12 e lec t rons  depending on the number of 
n i t r o  groups, pH of the mobile phase, and the  nature  of the  
o ther  subs t i tuents  on the r ing.  Higher detect ion l i m i t s  were 
observed f o r  compounds w i t h  fewer e lec t rons  t ransfer red  and/or 
a higher reduction potent ia l  (diazepam and n-ni t rosopyrol idine) .  
Lower detect ion l imi t s  were obtained when the  chromatographic and 
de tec tor  conditions were optimized f o r  de tec t  on o f  a s p e c i f i c  
compound of i n t e r e s t .  
s e n s i t i v i t y  f o r  n i t r o  aromatic compounds, b u t  t he  determination 
of several  nanograms of n i t r a t e  e s t e r s  per in ec t ion  i s  d i f f i c u l t  
as i l l u s t r a t e d  in  Figure 4.  Crouthamel and Dorsch (22) reported 
LCUV detect ion l imi t s  o f  30 ng f o r  n i t roglycer in .  
detector  performed be t t e r  t h a n  expected in the case of TNT and 
RDX explosives as evident from a healthy response t o  6 ng  of R D X  
and  1 . 4  ng  of TNT. 

minimum detectable  quan t i t i e s  t h a t  the  background cur ren t  and  
the qua l i t y  of amalgam surface s t rongly a f f e c t s  the noise level  
of the  de tec tor .  
mercury f i lm electrode were high and low frequency noise and 
random "spike" noise.  As expected, the high frequency r e p e t i t i v e  
noise had a good cor re la t ion  with the  level  of the  background 
current  as i l l u s t r a t e d  in Figure 5 .  The random spike noise had 
no cor re la t ion  with the background cur ren t  and was d i f f i c u l t  t o  
reproduce on a day-to-day basis  and almost impossible t o  
e l iminate ,  Occasionally, when noise l eve l s  ( typ ica l ly  due t o  
spike noise)  were unacceptably high (>2 n A ) ,  a new mercury 

Representative detect ion l imi t s  f o r  several  e a s i l y  reduced 
As expected, the  detect ion 

An L C U V  system usually o f f e r s  adequate 

The U V  

I t  was c l ea r ly  evident from our determinations of the 

Two types of noise typ ica l ly  observed with a 
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EC 

RDX 

NG 
T W  PETN 

T uv  

0.0002 A.U. 

I I I ,  I l l  - 
0 8 16 24 0 8 16 24 

Minutes Minutes 

FIGURE 4. 
and U V  (on the r ight ,  a t  254 nm)  d e t e c t o r s  f o r  a mixture of 
explosive compounds. 27 pmoles o f  R D X ,  6 .2  pmoles o f  TNT, 41 
pmoles of N G  and 54 pmoles of PETN were sepa ra t ed  on a 25 cm 
Biophase column. Mobile phase composition: 0.02 M monochloro- 
a c e t i c  a c i d ,  0.0146 M sodium a c e t a t e ,  0.001 M EDTA,  16%(V/V) 
1-propanol, and 5%(V/V) ethanol  a t  2 m L / m i n .  

Comparison of EC (on the l e f t ,  E = -1.0 Y v s  Ag/AgCl) 
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FIGURE 5. 
background current  ( 0 )  on the applied potent ia l  of the Au/Hg 
electrode.  

The dependence of the high frequency noise ( m )  and 

surface had t o  be prepared and extreme care was exercised in  
order  t o  obtain a mirror- l ike gold subs t ra te  f r e e  of scratches 
and residue (formed during the n i t r i c  acid treatment o f  old 
amalgam). The  l i fe t ime of the e lec t rode  surface was dependent 
on the  operating potent ia l  , nature of the sample, and amount of 
analyte  in jec ted .  

Applications 

Determination o f  Parathion and Methyl parathion from Runoff Water 

Parathion and methylparathion a r e  organophosphorous 
insec t ic ides  which have been found t o  be e f f ec t ive  replacements 
f o r  extremely tox ic  organochlorine compounds such as  DDT and 
Aldrin. 
in  biological food chains because of t h e i r  r e l a t i v e l y  rapid 
decomposition, they a re  s t i l l  very tox ic  in t h e i r  nat ive form. 

Even though these pes t ic ides  accummulate very slowly 
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FIGURE 6. Representa t ive  chromatograms of r u n o f f  water .  ( A )  
Runoff  water b lank .  ( B )  Runof f  water  sp i ked  w i t h  40 ng/mL o f  
methyl  pa ra th ion  and pa ra th ion .  
a 15 cm column packed w i t h  10 um L iChrosorb  RP-2 m a t e r i a l ,  
mob i le  phase composi t ion:  
( V / V )  a c e t o n i t r i l e  a t  0.4 mL/min. 
s e t  a t  -1.05 V vs Ag/AgCl. 

Separa t ion  was achieved us ing  

0.005 M ace ta te  b u f f e r  pH 4 and 45% 
Au/Hg work ing  e l e c t r o d e  was 
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The i so l a t ion  and quanti , tat ion of parathion and methyl parathion 
were chosen a s  an example f o r  i l l u s t r a t i n g  the u t i l i t y  of the  
th in- layer  gold/mercury e lec t rode  as a reductive mode de tec tor .  

runoff water col lected from a s tagnant  farm pond in West 
Lafayette.  
e t  a l .  ( 2 1 )  with minor modifications.  Final separat ion and 
quanti t a t i on  was achieved using a micropart iculate  reverse-phase 
LC column with a TL-9A electrochemical transducer.  Two 25 mL 
runoff water samples were analyzed in  p a r a l l e l ;  one was used 
a s  a sample b l a n k  and the second was spiked with 1 pg of each 
of the two pes t ic ides  (40 ng/mL) .  
a 5 cm i so l a t ion  column packed with XAD-2 r e s in .  
were eluted from the res in  with 25 mL of diethyl  e the r .  
evaporating the  e the r  under a stream of nitrogen gas  a t  ambient 
temperature, t he  residue was dissolved in 400 pL of the  mobile 
phase. A 20 pL a l iquot  was in jec ted  onto the  L C  column and the  
chromatograms of the blank ( A )  and spiked sample ( B )  i l l u s t r a t e d  
in  Figure 6 were obtained. 
conditions a r e  given in the  f igure  capt ion.  

Parathion and methylparathion were determined in spiked 

The preliminary i so l a t ion  was according t o  Paschal 

Each sample was passed through 
The pes t ic ides  

After  

Chromatographic and de tec tor  

Determination of Chloramphenicol in Serum 

Chlorampenicol , a broad-spectrum a n t i b i o t i c ,  was o r ig ina l ly  
derived from Venezuelan s t r a i n  of streptomycetes.  
a n t i b i o t i c  i s  responsible f o r  bringing thyphoid fever  under the  
control s ince the end of World War 11. More than f i f t y  mil l ion 
people have been t rea ted  with t h i s  a n t i b i o t i c  in the past  th ree  
decades. Many analogs o f  chloramphenicol have been synthesized 
leading t o  the observation tha t  the nitro-group i n  the para 
posi t ion on the  phenyl r i n g  i s  essent ia l  t o  the  an t ibac te r i a l  
a c t i v i t y  of the  d r u g .  

e lec t rode .  A chromatogram of a diethyl  e ther  ex t r ac t  of plasma 

This 

Chloramphenicol i s  e a s i l y  reduced a t  a mercury f i lm 
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A. 

Ch 
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I 
u 
0 6 12 

B. 

T 
51A 
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lnA I 

L .  

C. 

Ch 

L 

FIGURE 7. (A) Chromatogram o f  295 pmoles o f  chloramphenicol  (Ch), 
( B )  Representa t ive  chromatogram o f  plasma b lank ,  (C) 
Chromatogram o f  plasma sp iked  w i t h  0.71 ug/mL o f  ch lo ramphen ico l .  
Chromatographic c o n d i t i o n s :  
packing, mob i le  phase conta ined 0.02 M monoch loroacet ic  a c i d ,  
0.001 M EDTA, and 0.0146 sodium ace ta te ,  and 9 % ( V / V )  1 -propano1 . 
2 mL/min, De tec to r  p o t e n t i a l :  -0.85 V vs AgCl. 

25 cm Biophase column w i t h  C18 

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



DETECTOR FOR L I Q U I D  CHROMATOGRAPHY 1793 

i s  i l l u s t r a t e d  i n  F igure 7. 
appropr ia te amounts o f  chlorampheni c o l  was deproteni  zed w i t h  
50 iiL o f  4 M p e r c h l o r i c  a c i d  and cen t r i f uged  f o r  5 minutes a t  

2000rpm. 300 iiL o f  t he  r e s u l t i n g  supernatant was loaded on an 
e x t r a c t i o n  column ( C l i n  E lu te  Mode No. 1000-M). Chlorarnphenicol 
was e l u t e d  w i t h  3 mL o f  d i e t h y l e t h e r .  A f t e r  evaporat ion o f  t h e  
e the r ,  t he  res idue was d i sso l ved  i n  300 VL o f  a m ix tu re  o f  water:  
ethanol  (80:ZO) and 50 VL o f  t h i s  r e c o n s t i t u t e d  s o l u t i o n  was 

i n j e c t e d  onto a reverse phase column. 

One mL o f  plasma spiked w i t h  

CONCLUSION 

Reductive electrochemical  d e t e c t i o n  has been developing 

I n  the  past  several  years very s low ly  over  n e a r l y  30 years.  
progress has accelerated r a p i d l y  as a p p l i c a t i o n s  t o  

organometa l l ic  (19,ZO) and organic compounds (5, l l -18)  have 
been developed. 
can be made r o u t i n e  f o r  a number o f  impor tant  problems. 
approach i s  t he re fo re  a v a i l a b l e  i n  the arsenal o f  t o o l s  f o r  t r a c e  

determinat ions by l i q u i d  chromatography. 

It i s  now c l e a r  t h a t  reduc t i ve  LCEC experiments 
A new 
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