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INTRODUCTION 

The chromatographic procedures normally used for the analysis 
of chlorinated hydrecarbons in the environment, e.g., gas-liquid 
chromatography and thin-layer chromatography, are limited by the 
fact that the analytical information obtained by any one method is 
g e n e r a l l y  i n s u f f i c i e n t  fo wa r r an t  more t h a n  t e n t a t i v e  i d e n t i f i c a t i o n .  
This  a m b i g u i t y  a r i s e s  due  to the  f a i l u r e  to e s t a b l i s h  a s e t  of  
d i s t i n c t i v e  p r o p e r t i e s  wh ich  could  s e r v e  as  a " f inge rp r in t "  for  e a c h  
c o m p o u n d .  In f ra red  s p e c t r a  p rov i de  s u c h  " f i n g e r p r i n t i n g ' ;  but  mos t  
s a m p l e s  o b t a i n e d  from the  e n v i r o n m e n t  a re  too s m a l l  t o b e  i d e n t i f i e d  
by  in f ra red  s p e c t r o m e t r y .  G a s - l i q u i d  c h r o m a t o g r a p h y - m a s s  s p e c t r o -  
me t ry  (GLC-MS) c a n  be  e m p l o y e d  as  a me thod  for c l a s s i f i c a t i o n ,  
but  it  d o e s  not  e s t a b l i s h  i d e n t i f i c a t i o n  in a l l  c a s e s .  For exa rnp l e ,  
the  m a s s  s p e c t r a  of  the  i s o m e r i c  p o l y c h l o r i n a t e d  b i p h e n y l  c o m p o u n d s  
c a n  b e  u s e d  t o  d e t e r m i n e  the  number  of  c h l o r i n e s  on e a c h  b i p h e n y l ,  
bu t  it  c a n n o t  d i s t i n g u i s h  b e t w e e n  the  d i f f e r en t  i s o m e r s  (SAPE and 
HUTZINGER 1972). One a p p r o a c h  toward  the  i d e n t i f i c a t i o n  of c e r t a i n  
o r g a n o c h l o r i n e  i n s e c t i c i d e s  by  m e a n s  of  a c h a r a c t e r i s t i c  f i nge rp r in t  
h a s  r e c e n t l y  b e e n  r epo r t ed  u s i n g  U V - i n d u c e d  d e g r a d a t i o n  p a t t e r n s  
(KAUFMAN e t  a l .  1972). 

A study of the voltammetric reduction of various chlorinated 
compounds was initiated in order to investigate the possibility of 
a voltammetric detector for chlorinated hydrocarbons in the environ- 
ment. This detector could provide both gross classification, such 
as distinguishing between polychlorinated biphenyls (PCB) and 
polychlorinated naphthalenes (PGN), and identification of the 
specific isomer in each class of cempound. Normal dc polarography 
of certain organochlorine insecticides has previously been reported 
in the l˜ (ROSENTHAL et al. 1957, KEMULA 1967), but our 
paper reports the first voltammetric reduction of the PCB's and PGN's. 
The reduction potential data are presented in this paper as a prelimin- 
ary description of the analytical methodology applicable to the rapid 
identification of these compeunds. Although seine of the compounds 

1pub l i shed  a s  Journa l  S e r i e s  393,  M o n t a n a  Agr icu l tu ra l  Expe r imen t  
S t a t i on .  Work s u p p o r t e d  in pa r t  by  r e g i o n a l  r e s e a r c h  f u n d s ,  
P ro j ec t  W-45 .  

2par t  of  t h i s  work w a s  p r e s e n t e d  a t  the  26th N o r t h w e s t  Reg iona l  
M e e t i n g  of  the  Amer ica l  C h e m i c a l  S o c i e t y ,  June 1971. 
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i nves t i ga t ed  are un l ike ly  environmenta l  po l lu t an t s ,  they  were 
inves t iga t ed  as part of a sy s t ema t i c  s tudy of the vol tammetr ic  
de t ec to r  p r inc ip le .  

EXPERIMENTAL 

Asymmetric PCB i somers ,  wtth ch lor ines  on one r ing,  were 
s y n t h e s i z e d  from the appropr ia te  ch loroan i l ine  by the Gomberg 
reac t ion  us ing b a s i c a l l y  the method of WEINGARTEN (1961). The 
symmetr ic  PCB's were prepared by the t e t r a zo t i z a t i on  of the 
appropr ia te  ch lor ina ted  benz id ine  fol lowed by ac id ic  deeompos i t ion  
of the te t razonium sal t  with H3PO 2 or CuC1/HC1. Monoace ty l a t i on  
of 2 , 5 , 2 ' ,  5 ' - t e t r a c h l o r o b e n z i d i n e  a l lowed for the s y n t h e s i s  of 
2 , 5 , 2 ' ,  4 ' , 5 ' - p e n t a c h l o r o b i p h e n y l .  Spec i f i ca l l y ,  2 , 5 , 2 ' , 5 ' -  
t e t r ach lo robenz id ine  was monoace ty la t ed  with ace t i c  anhydr ide .  
The resu l t ing  compound was d i a z o t i z e d ,  added to CuC1/HC1 to 
y ie ld  2 , 5 , 2 ' ,  4 ' ,  5 ' - p e n t a c h l o r o - N - a e e t y l - 4 - a m i n o b i p h e n y l .  
This product  was d e a c e t y l a t e d  in H2SO4, d i azo t i z ed  and added 
to H3PO 2 giving 2 , 5 , 2 ' ,  4 ' ,  5 ' - p e n t a c h l o r o b i p h e n y l .  Ai1 the PCB' s 
prepared were confirmed by mass spec t romet ry  and melt ing po in t s .  
The puri ty  of each  compound was shown to be at  l e a s t  95% by GLC. 

The organochlor ine  p e s t i c i d e s  and the ch lo robenzenes  were 
ob ta ined  from commercia l  s o u r c e s .  The PCN's  were generous  gif ts  
from Dr. Iul ius  Hyman,  Berke ley ,  Ca l i fomia ;  Imperial  Chemical  
Indus t r i e s ,  L t d . ,  England; and Dr. Dusan Hadzi  and Dr. Ludvik 
C e n c e l j ,  Univ .  Ins t i tu te  of Boris Kidrie, Ljubl jana ,  Yugoslavia .  

The apparatus used for this study employed three-electrode 
potentiostatic control circuitry with interruptable linear voltage 
sweep control. The logic-controlled interrupted voltage scan was 
used to minimize interference due to preceeding reduction steps in 
polychlorinated compounds (FARWELL et al., in preparation). The 
normal voltage scan rate was 142 millivolts/sec. 

The r e f e r ence  e l ec t rode  was an aqueous  sa tura ted  ca lomel  
e l ec t rode  (SCE), the auxi l i a ry  e l ec t rode  was a plat inum wire ,  and 
the stat•onary working electrode2was a mercury-coated platinum 
electrode with an area of 42 mm . The sample cell volume was 3 
ml. Ail solution concentrations were 5 x i0 -4 _M in the electro- 
active species. Dimethyl sulfoxide was used as the solvent 
with 0.1 M tetraethylammonium bromide (Et4NBr) as the supporting 
electrolyte. Nitrogen gas was used for deaeration. 

RESULTS 

Figure 1. shows the reduct ion  voltammograms for 1 , 3 , 5 , 7 -  
t e t r a c h lo rona ph t ha l ene .  Figure I-A is the normal s i n g l e - s w e e p  
osc i l l og raph ic  voltammogram and Figure I-B is the second  
de r iva t ive  voltammogram of I-A. In order  to s ign i f i can t ly  improve 
the quan t i t a t ive  reso lu t ion  for the individual  p e a k s ,  a temporary 
interrupt ion of the l inear  vo l tage  sweep at  each  wave was n e c e s s a r y .  
The analog second  de r iva t tve  of the current  was u sed  to control  
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the vo l t ages  at  which the scans  were in terrupted (E2d v a l u e s ) .  
Thus,  the interTupt or hold po ten t ia l  and the length  of the hold 
were au toma t i ca l l y  cont ro l led  by the vol tammetr ic  ins t rument .  
Figure 1-C demons t ra t e s  the i n t e r r up t ed - sweep  or s equen t i a l  
r a m p - a n d - h o l d  o sc i l l og raph i c  vol tammogram. 

Figure 2 shows the r amp-and-ho ld  vol tammograms for 
h e x a c h l o r o b e n z e n e ,  DDE and 2 , 4 , 5 , 2 ' , 4 ' , 5 ' - P C B .  These  cur ren t -  
vo l t age  curves  demons t ra te  that  pure unknowns can be iden t i f ied  
by v i sua l  compar ison with known vol tammograms.  Both the re la t ive  
reduc t ion  po ten t i a l s  and the r e l a t ive  i n t e n s i t i e s  for the  reduct ion  
peaks  are use fu l  in v i sua l  i den t i f i ca t ion .  In addi t ion to the ramp- 
and-ho ld  f ingerpr in t ,  the  normal s i n g l e - s w e e p  and second  
de r iva t ive  osc i l log rams  are ava i l ab le  for  iden t i f i ca t ion  of unknowns .  

Tables 1,2,3 and 4 present the E2d and the AE2d for 
organochlorine pesticides, PCB's, PCN' s and the polychlorinated 
benzenes. The E2d values were obtained from a digital voltage 
read-out of the interrupted or hold potentials. The E2d value is an 
"apparent" half peak potential Ep/2 since the E2d voltage is 
detemined by the second deriva%ive crossing zero. The compounds 
which appear in Tables i-4 are representative of approximately 100 
organochlorine compounds that have been analyzed in our research. 

DISCUSSION 

As evident from Figures 1 and 2 and Tables 1-4, the reduction 
fingerprints and/or E2d values are distinctive for the individual 
chlorinated compounds. While the apparent E2d values have been 
shown to vary by as much as 20 millivolts from day to day under 
out experimental conditions, each reduction peak shifts by the 
same amount for a particular compound; therefore, the relative 
difference in millivolts between the individual reduction peak 
(reported as AE2d) is constant~ Consequently the data for the 
PCB's can be corTected to an internal standard value which is the 
biphenyl E2d reduction potential (arbitrarily set at -2. 411 V). Like- 
wise the data for the PCN's can be compared to an intemal standard 
which is the second reduction wave for naphthalene (arbitrarily set 
at -2. 326 V). Data gathered on any one day has been shown to be 
reproduc ib le  to within +- 2 mi l l i vo l t s .  

Since the vol tammetr ic  de t ec t o r  requi res  r e l a t i ve ly  pure 
compounds for pos i t i ve  i den t i f i ca t i on ,  it will  have  to be connec ted  
to a chromatograph (GLC or LC) in order  to a n a l y z e  complex  mixtures  
(MAIRANOVSKII and YANOTOVSKII 1963; KOEN et a l .  1970). In c a s e s  
where two components  have the saine re ten t ion  t ime,  the voltammogram 
for the chromatographic  peak would conta in  addi t iona l  waves  and wam 
the ana ly s t  tha t  the  an t i c ipa t ed  compound is con tamina ted .  

A de t e c t i on  l imit  of 2 x 10 -9 M_ has  been  repor ted  for a 
po la rographic  d e t e c t o r  which employed a carbon membrane e l ec t rode  
(PUNGOR and SZEPESVARY 1968). A microce l l  with a d e t e c t o r  volume 
of 20 p l  should provide a s e n s i t i v i t y  of about  20 ppb.  
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Figure i: Reduction of 1,3,5,7-PCN 
A: Normal voltammogram 
B: Second derivative voltammogram 
C: Interrupted scan voltammogram 

Figure 2: Interrupted scan voltammograms 
A: I-lexachlorobenzene 
B: DDE 
C: 2,4,5,2' ,4' ,5'-PCB 
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TABLE i 

Reduction Po tentials of Selected Organochlorine Insecticides 

Sample E2d in vol ts  AE2d in vol ts  

Heptachlor  -1.656 -0.431 
-2.087 -0.232 
-2.319 

Dieldrin -1.675 -0.363 
-2.038 -0.195 
-2.233 -0.217 
-2.450 

DDE -1.814 -0.121 
-1.935 

-0.242 
-2.177 -0.329 
-2.506 

Aldrin -1.716 -0.339 
-2.055 -0.193 
-2.248 -0.205 
-2.453 

Lindane -1.521 -0.485 
-2.006 -0.275 -2.281 

Chlordene -1.753 -0.353 
-2.106 -0.227 
-2.333 

t r ans -  -1,565 -0.386 
Chlordane -1,951 -0.221 

-2,172 -0.215 
-2,387 

TAB LE 2 

Reduction Potent ia ls  of Selected PCB's 

Sample E2d in vol ts  AE2d in volts  

Biphenyl -2.411 

2- -2,101 -0.310 
-2,411 

2,5- -1.944 -0.156 
-2.100 -0.311 
-2.411 
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Sample 

2,6- 

2,4,5- 

3 , 4 , 5 -  

2 , 3 , 5 , 6 -  

2 , 3 , 4 , 5 , 6 -  

2 , 2 ' -  

4 , 4 ' -  

3 , 3 ' -  

2 , 4 ' -  

3 , 4 , 3 ' , 4 ' -  

3 , 5 , 3 ' , 5 ' -  

TABLE 2 (cont.) 

E2d in volts 

-2.108 
-2.411 

-1.837 
-1.955 
-2.106 
-2.411 

-1.696 
-1.894 
-2.092 
-2.411 

-1.787 
-1.904 
-2.098 
-2.411 

-1.552 
-1.780 
-1.911 
-2.090 
-2.411 

-2.126 
-2.411 

-2.000 
-2.411 

-2.030 
-2.128 
-2.411 

-2.042 
-2.411 

-1.764 
-2.003 
-2.112 
-2.411 

-1.720 
-1.807 
-1.988 
-2.103 
-2.411 

AE2d in volts 

-0.303 

-0. i18 
-0.151 
-0.305 

-0.198 
-0.198 
-0.319 

-0.117 
-0.194 
-0.313 

-0.228 
-0.131 
-0.179 
-0.321 

-0.285 

-0.411 

-0.098 
-0.283 

-0.369 

-0.239 
-0.109 
-0.299 

-0.087 
-0.181 
-0.115 
-0.308 
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TABLE 2 (cont.) 

Sample E2d in volts A E2d in volts 

2 , 5 , 2 ' , 5 ' -  -1 .901  
-2 .017 
-2 .  120 
-2 .411  

-0 .116  
-0 .  103 
-0 .291  

2 , 6 , 2 ' , 6 ' -  -2 
-2 

�9 123 
.411 -0 .288  

2 , 5 , 2 ' , 4 ' , 5 ' -  -1 
-1 
-1 
-2 
-2 

.771 
�9 
.981 
.093 
.411 

-0 .  100 
-0 .110  
-0 .112 
-0 .318  

2 , 4 , 5 , 2 ' , 4 ' , 5 ' -  -1 .764  
-1 .902 
-2 .023  
-2 .127  
-2 .411  

-0 .  
--0. 
--0. 
--0. 

138 
121 
104 
284 

2 , 4 , 6 , 2 ' , 4 ' , 6 ' -  - 1 . 9 0 8  
-2 .047  
-2 .411  

- 0 .  139 
-0 .364  

TABLE 3 

Reduction Potent ia ls  of Selected PCN's 

Sample E2d in vol ts  & E2d in vol ts  

Naphthalene -2 .  199 
-2 .326  -0 .  127 

1- -1 .939 
-2 .326  -0 .387  

2- -1 .975 
-2 .326  -0 .351  

1 , 2 , 3 -  -1 .559 
-1 .766  
-1 .977  
-2 .326  

-0 .207  
-0 .211  
-0 .349 
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Sample 

1 , 2 , 3 , 4 -  

TABLE 3 (cont.) 

E2d in vol ts  A E2d in volts  

-1 .393  
-1 .563  -0 .  170 
-1 .  751 -0 .  188 
-1 .946  -0 .  195 
-2 .326 -0 .380  

1 , 2 , 3 , 5 -  -1 .411 
-1 .591 -0;  180 
-1 .784  -0 ,193  
-1 .948  -0 .  164 
-2 .326 -0 ,378  

1 , 3 , 5 , 7 -  -1 .444  
-1 .615 -0 .171  
-1 .836  -0 .221  
-1 ,960 -0 .124  
-2 .326  -0 ,366  

1 , 3 , 5 , 8 -  -1 .373 
-1 .616 -0 .243  
-1 ,783 -0 .167  

-0 .163 -1 .946 
-2 .326 -0 .380  

1 , 2 , 3 , 5 , 7 -  -1 .342 -0 .  168 
-1 .510 

-0 .  130 -1 .640 
-1 ,835 -0 .195 
-1 .984  -0 .149  

-0 .342 -2 ,326  

TABLE 4 

Reduction Potent ia ls  of Selected PolTchlorinated Benezenes 

Sample E2d in vol ts  A E2d in vol ts  

Benzene no reduction 

l -  -2 ,440  

1 ,2-  -2 .217 -0 .223  
-2 .440  

1,4-  -2 .  198 -0 .242  -2 .440 

1 , 2 , 3 -  -1 .962 -0 .244  -2 .206  -0 .234  -2 .440  
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TABLE 4 (cont.)  

Sample 

1 , 2 , 4 -  

E2d in vol t s  AE2d in vol t s  

- 1 . 9 9 7  - 0 . 2 0 3  
- 2 . 2 0 0  - 0 . 2 4 0  - 2 . 4 4 0  

1 , 2 , 3 , 4 -  -1.764 -0.236 
-2.000 
-2.201 -0.201 
-2.440 -0.239 

1,2,4,5- - 1 . 8 0 8  
- 1 . 9 9 7  - 0 . 1 8 9  
- 2 . 2 0 1  - 0 . 2 0 4  
- 2 . 4 4 0  - 0 . 2 3 9  

1 , 2 , 3 , 4 , 5 -  - 1 . 5 7 3  
- 1 . 8 0 2  - 0 . 2 2 9  
- 2 . 0 0 3  - 0 . 2 0 1  
- 2 . 2 0 1  - 0 . 1 9 8  
- 2 . 4 4 0  - 0 . 2 3 9  

1 , 2 , 3 , 4 , 5 , 6 -  - 1 . 3 2 1  
- 1 . 5 6 5  - 0 . 2 4 4  
- 1 . 7 9 9  - 0 . 2 3 4  
- 1 . 9 9 6  -0 .  197 

- 0 . 2 0 5  - 2 . 2 0 1  
- 2 . 4 4 0  - 0 . 2 3 9  
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