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DETERMINATION OF ORGANIC PEROXIDES 

TOGRAPHY WITH ELECTROCHEMICAL 
DETECTION 

BY HIGH PERFORMANCE LIQUID CHROMA- 

Max 0. Funk, Jr.* and William J. Baker 
Bowman-Oddy Laboratories 
Depar tm en t of Ch em is try 

University of Toledo 
2801 West Bancroft Street 

Toledo, Ohio 43606 

ABSTRACT 

The a p p l i c a t i o n  of e lectrochemical  d e t e c t i o n  t o  t h e  h igh  perfor-  
mance l i q u i d  chromatographic determinat ion of organic  peroxides 
has  been s tudied.  The use  of a buffered mobile phase w a s  found 
t o  be c r i t i ca l  t o  t h e  success fu l  a n a l y s i s  of samples con ta in ing  
hydroperoxides. Using amperometric d e t e c t i o n ,  mixtures  of pero- 
x ide  containing compounds were r e a d i l y  determined. 
t i v i t y  of t h e  amperometric d e t e c t o r  was i n  the  one nanogram 
range f o r  both benzoyl peroxide and cumene hydroperoxide. 
ographic de t ec t ion  was  found t o  be a h igh ly  reproducible  method 
f o r  t he  a n a l y s i s  of samples con ta in ing  peroxides  as components 
of mixtures  i n  t h e  range of 5-2000 ng. The peroxide con ta in ing  
compounds determined i n  t h i s  manner were t -butyl  hydroperoxide,  
cumene hydroperoxide, and 13-hydroperoxy-9(Z)-ll(E)-octadecadien- 
o i c  ac id .  
observed half-wave p o t e n t i a l s  f o r  t he  peroxides  under d i f f e r e n t  
chromatographic condi t ions.  
l y  with l i t e r a t u r e  r e s u l t s  on t h e  polarography of t h e s e  compounds. 

The sens i -  

Polar- 

The polarographic d e t e c t i o n  system was  used t o  ob ta in  

These observat ions c o r r e l a t e d  close-  
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INTRODUCTION 

FUNK AND BAKER 

A wide va r i e ty  of techniques have been developed f o r  t he  

determination of organic peroxides (1). The combination of the  

usefulness of these compounds as  f r e e  r ad ica l  i n i t i a t o r s  and the 

hazard caused by the  tendency f o r  peroxides t o  form i n  many or- 

ganic chemicals upon s torage has  supported t h i s  technological 

development. The determination of organic peroxides has  a l s o  

become an important b io logica l  problem. For example, i t  has  been 

shown tha t  the two primary products of arachidonic ac id  metabol- 

i s m  i n  mammalian cells  are peroxides (2).  Further,  the determin- 

a t ion  of t he  peroxidation of l i p i d s  containing polyunsaturated 

f a t t y  ac ids ,  an important medical pharmacological and biochemical 

phenomenon, has long been a d i f f i c u l t  ana ly t i ca l  problem. In 

f a c t ,  the  commonly u t i l i z e d  th ioba r i tu r i c  ac id  test f o r  l i p i d  

peroxidation does not measure the  l i p i d  peroxide content of sam- 

p les  a t  a l l .  Rather, it is sens i t i ve  t o  compounds tha t  have re- 

su l ted  from the  decomposition of t he  i n i t i a l l y  formed peroxides 

( 3 ) .  
The standard ana lys i s  of samples spec i f i ca l ly  f o r  t h e i r  

peroxide content f o r  many years  has been iodometry. In t h i s  

approach, the t r i i o d i d e  ions formed upon reduction of t he  per- 

oxide by excess iodide w e r e  t i t r a t e d  t o  a v i sua l  o r  amperometric 

endpoint with a standardized th iosu l f a t e  so lu t ion  (1,4). When 

applied t o  a sample containing a mixture of peroxides an analy- 

sis of t h i s  nature  yielded a t o t a l  peroxide value. Only a small 

degree of s e l e c t i v i t y  w a s  obtainable i n  iodometric t i t r a t i o n s  by 

adjust ing the  react ion temperature t o  favor reduction of very 

reactive as opposed t o  r e l a t i v e l y  unreact ive (acyl vs. d la lkyl )  

peroxides. In  addi t ion  t o  the  lack  of s e l e c t i v i t y ,  standard 

iodometry had l imited s e n s i t i v i t y  (~100 pg benzoyl peroxide). 

This approach w a s  updated recent ly  by Hicks and Gebicki who em- 

ployed spectrophotometric detect ion of t he  t r i i o d i d e  ion formed 
(5). Using t h i s  method, t he  de tec t ion  l i m i t  f o r  l i n o l e i c  acid 

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



DETERMINATION OF ORGANIC PEROXIDES 665 

hydroperoxide w a s  reduced t o  300 ng. 

r e c e n t l y  reported on a new method f o r  peroxide determinat ion 

based on t h e  ox ida t ion  of d i ch lo ro f luo resc in  t o  t h e  f l u o r e s c e n t  

d i ch lo ro f luo resce in  by c e r t a i n  peroxides i n  t h e  presence of hema- 

t i n  (6). This development reduced t h e  d e t e c t a b i l i t y  of l i n o l e i c  

a c i d  hydroperoxide to 10 ng. 

hanced t h e  s e n s i t i v i t y  of peroxide determinat ions,  t h e i r  l a c k  of 

s e l e c t i v i t y  and t h e  p o s s i b i l i t y  f o r  i n t e r f e r e n c e  from absorbing 

o r  f luo rescen t  compounds remain problematic. 

Cathcar t  e t  al. have very 

While t h e s e  new methods have en- 

To enhance the  s e l e c t i v i t y  f o r  t h e  determinat ion of organic  

peroxides,  high performance l i q u i d  chromatography h a s  been e f -  

f e c t i v e l y  u t i l i z e d .  

t h i s  method has  been appl ied t o  t h e  s tudy  of t h e  au tox ida t ion  of 

hydrocarbons and polyunsaturated f a t t y  a c i d s  (7,8). While t h i s  

approach has been success fu l  in re so lv ing  c l o s e l y  r e l a t e d  perox- 

ides ,  t h e  s e n s i t i v i t y  w a s  l i m i t e d  in the  s tudy of compounds n o t  

containing a chromophore i n  a r e a d i l y  a c c e s s i b l e  region of t h e  

spectrum. 

s t rong ly  absorbing compounds t h a t  do n o t  con ta in  the peroxide 

bond. We have r e c e n t l y  demonstrated in a prel iminary communi- 

c a t i o n  t h a t  an electrochemical  d e t e c t i o n  system coupled t o  a 

high performance l i q u i d  chromatograph provides t h e  p o t e n t i a l  f o r  

both enhanced s e n s i t i v i t y  and s e l e c t i v i t y  i n  peroxide determina- 

t i o n s  (9). Peroxides are r e a d i l y  reduced electrochemical ly .  

They may, t he re fo re ,  be de t ec t ed  i n  very small q u a n t i t i e s  by 

e l e c t r o n i c  ampl i f i ca t ion  of t h e  c u r r e n t  obtained from t h i s  re- 
duction. Following this b a s i c  approach, we were able t o  ob ta in  

analyses  of samples containing as l i t t l e  as 10 ng of benzoyl 

peroxide and approximately 50 ng of t -butyl  hydroperoxide. 

technique w a s  h igh ly  s e l e c t i v e .  

tographic  p r o p e r t i e s  bu t  n o t  con ta in ing  the  oxygen-oxygen bond 

d id  no t  i n t e r f e r e .  

r e a l i z e d  p o t e n t i a l  of t h i s  approach t o  o rgan ic  peroxide detec-  

Using u l t r a v i o l e t  l i g h t  absorbance d e t e c t i o n ,  

The method is a l s o  s u s c e p t i b l e  t o  i n t e r f e r e n c e  by 

The 

Compounds with similar chroma- 

In t h i s  paper,  we r e p o r t  on t h e  l a r g e l y  
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666 FUNK AND BAKER 

t f o n  and i l l u s t r a t e  some of t h e  f a c t o r s  t h a t  in f luence  these  

determinations.  

MATERIALS AND METHODS 

Apparatus. The chromatograph cons is ted  of a pump (Waters, 

6000A), an i n j e c t o r  valve (Rheodyne, 70-10) with a 20 pL loop, a 

column (IBM, 4.6 x 15Omm, o c t y l  o r  Dupont, 4.6 x 25Omm, ODs) and 

a de tec tor  a l l  connected by minimum hold-up volume stainless 

steel tubing and connectors. The d e t e c t o r  was e i t h e r  a t h i n  

channel amperometric cell (BAS, TL6A, LC-4 c o n t r o l l e r )  cons is t -  

ing of an amalgamated gold d i s k  working e lec t rode ,  a g lassy  car- 

bon a u x i l i a r y  e lec t rode  and a s i l v e r / s i l v e r  ch lor ide  reference 

o r  a polarographic c e l l  (Princeton Applied Research, 310, 174A 

Analyzer) cons is t ing  of a dropping mercury e lec t rode ,  a platinum 

a u x i l i a r y  e lec t rode  and a s i l v e r / s i l v e r  ch lor ide  reference.  

Reagents. Benzoyl peroxide and t-butyl hydroperoxide were 

obtained from Aldrich Chemical Company. 

w a s  obtained from t h e  autoxidat ion of cumene and was p u r i f i e d  by 

chromatography on s i l i c a  gel .  

agent grade with t h e  exception of t h e  so lvents  used f o r  the  mobile 

phases which were HPLC grade. The 13-hydroperoxy-9(Z),ll(E)-octa- 

decadienoic ac id  w a s  prepared and p u r i f i e d  by a previously re- 

ported procedure (10). 

Cumene hydroperoxide 

A l l  chemicals u t i l i z e d  were re- 

Procedure. Chromatography w a s  c a r r i e d  out  under anaerobic  

condi t ions using the  techniques presented i n  a published repor t  

(11). The flow rate f o r  a l l  experiments was  1.m min-l. 

samples were made oxygen f r e e  by purging with a stream of argon 

as previously reported (11). 

and were maintained a t  i c e  ba th  temperature during t h e  analyses.  

The peak height  a t  a constant  r e t e n t i o n  t i m e  f o r  each component 

of a sample w a s  t h e  measure of d e t e c t o r  response presented. 

reported e lec t rode  p o t e n t i a l s  were all relative t o  t h e  s i l v e r /  

s i l v e r  ch lor ide  reference.  

The 

The samples were s tored  a t  - 2 O O C  

The 
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DETERMINATION OF ORGANIC PEROXIDES 667 

The polargraphic  d e t e c t o r  w a s  used i n  the hanging mercury 

drop e l e c t r o d e  mode i n  which a s i n g l e  newly formed, medium 

s i z e d  (2.9 me) mercury drop ac t ed  as t h e  working e l e c t r o d e  f o r  

each chromatogram. 

sampled D.C. mode. 

The polargraphic  analyzer  was used i n  the 

RESULTS AND DISCUSSION 

An improved ce l l  designed f o r  r educ t ive  mode amperometric 

d e t e c t i o n  of compounds in  chromatographic e f f l u e n t s  f e a t u r i n g  an 

amalgamated gold d i sk  working e l ec t rode ,  a l l  stainless steel  

plumbing, and optimized e l e c t r o d e  geometry has  r e c e n t l y  become 

ava i l ab le .  The new design a l l e v i a t e s  much of the d i f f i c u l t y  en- 

countered i n  reducing t h e  i n t e r f e r e n c e  from atmospheric molecular 

oxygen i n  t h i s  d e t e c t i o n  system, Techniques have been developed 

f o r  reducing t h e  background c u r r e n t  from t h e  reduct ion of oxygen 

i n  t h e  mobile phase and t h e  sample t o  acceptable  l e v e l s  (11). 
In t h e  a p p l i c a t i o n  of t h i s  approach t o  t h e  sepa ra t ion  of mixtures  

of hydroperoxides, we have found t h a t  it is c r i t i ca l  t o  use  buf- 

fered mobile phases. 

t a i n i n g  a mixture of cumene hydroperoxide, t -bu ty l  hydroperoxide 

and duroquinone as internal s tandard is presented i n  Figure 1. 

When no b u f f e r  w a s  used, a l a r g e  nega t ive  excursion w a s  observed 

preceding each hydroperoxide peak. This phenomenon w a s  n o t  ob- 

served f o r  d i a c y l  peroxides and could have been due t o  a decom- 

p o s i t i o n  of t he  hydroperoxides caused by a c t i v e  s i l a n o l  groups 

remaining on the su r face  of t h e  chromatographic medium. 

of t h i s  hypothesis,  we observed t h a t  t h i s  e f f e c t  w a s  i n v e r s e l y  re- 
l a t e d  t o  t h e  l eng th  of t h e  hydrocarbon chain bonded t o  t h e  s i l i ca  

g e l  even though t h e  chromatographic media were uniformly end- 

capped. 

t a i n  t h e  simultaneous determination of small q u a n t i t i e s  of c l o s e l y  

r e l a t e d  peroxides as components of mixtures.  

An example of t h e  a n a l y s i s  of  a sample con- 

In  support  

Figure 1 c l e a r l y  i l l u s t r a t e s  t h a t  i t  is p o s s i b l e  t o  ob- 
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668 FUNK AND BAKER 

4 

- 
50nA 

- 

1 I I 
0 

RETENTION TIME lminl 
10 20 

+ 
Figure 1. The simultaneous determination of A, t-butyl hydro- 

peroxide (200 ng); B, cumene hydroperoxide (200 ng) and C,  
duroquinone (400 ng) using amperometric detect ion.  Mobile 
phase: 55/45, methanol/sodium c i t r a t e  (0.91 M, pH 6.25); 
Column: ODS; appl ied poten t ia l ,  -1.OV. 

The optimized c e l l  geometry has reduced the i n t e r n a l  resis- 

tance of t he  amperometric de tec tor  and has resu l ted  i n  an in- 

crease i n  s e n s i t i v i t y  associated with a drop i n  the  background. 

Examples of the s e n s i t i v i t y  of t h i s  method f o r  the  detect ion of 

individual peroxides are presented in Figure 2. 

l i m i t s  (4X noise) f o r  cumene hydroperoxide and benzoyl peroxide 

have been reduced t o  1 ng and 500 pg, respect ively,  in  t h i s  

manner. 

The detect ion 

This newly developed system is no t ,  however, without draw- 

backs. 

i n  the chromatographic e f f luen t s  by va r i a t ion  of t he  applied 

In an attempt t o  study the  electrochemistry of peroxides 
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DETERMINATION OF ORGANIC PEROXIDES 669 

i, lb  i0 

- 
0.5 nA - 

1 I I 1 
0 5 10 15 

RETENTION TIME lminl 

Figure 2 .  x. The analysis of a sample containing 750 pg ben- 
zoyl peroxide (A) using amperometric detection. Mobile 
phase: 70130, methanollwater, 0.1 M lithium perchlorate; 
Column: ODS; applied potential, +O.lV. 
Bottom. 
hydroperoxide (B) using amperometric detection. A blank 

The analysis of a sample containing 2.5 ng cumene 

injection of methanol gave an identical trace except that 
peak B was absent. Mobile phase: 55/45 methanol/sodium 
citrate (0.091 M, pH 6.25); Column: ODS; applied potential, 
-1. ov. 
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670 FUNK AND BAKER 

p o t e n t i a l ,  it was found t h a t  reproducible values  f o r  responses 

could not  be obtained. 

a l t e r a t i o n  of the  working e lec t rode  in  t h e  amperometric d e t e c t o r  

as a r e s u l t  of peroxide reduction. 

reduction at  s o l i d  e lec t rodes  i s  not  well understood (12) .  From 

our observations,  it appears t h a t  t h e  mercury s u r f a c e  on t h e  

e lec t rode  p a r t i c i p a t e s  i n  t h e  electrochemical  reac t ion  t o  t h e  

ex ten t  t h a t  the d e t e c t o r  response is a l t e r e d .  Such e f f e c t s  are 

w e l l  known f o r  t h e  electrochemistry of peroxides a t  s o l i d  metal 

e lec t rodes  (12). This a l t e r a t i o n  was s l i g h t  f o r  any set of ex- 

periments run sequent ia l ly  over a period of 4-8 hours a t  a 

s i n g l e  p o t e n t i a l ,  using low concentrat ions of peroxides. Re- 

p roducib i l i ty  was l o s t  when t h e  appl ied p o t e n t i a l  was  v a r i e d  

o r  the  experiments were c a r r i e d  out  i n t e r m i t t e n t l y  over an ex- 

tended period of time. These observat ions c a l l e d  f o r  f requent  

dismantling of the  c e l l  and resur fac ing  of t h e  e lec t rode .  In  

an e f f o r t  t o  circumvent some of t h e  problems r e s u l t i n g  from 

v a r i a t i o n  of the e lec t rode ,  a commercial polarographic de tec tor  

has  been evaluated f o r  t h e  de tec t ion  of organic  peroxides.  I n  

t h i s  technique, a drop of mercury t h a t  can be conveniently and 

reproducibly renewed acts as t h e  working e lec t rode .  

t o r  can be operated e i t h e r  as a dropping mercury e l e c t r o d e  by 

replacing t h e  drop as of ten  as  every 0.5 sec o r  a s  a hanging 

mercury drop e lec t rode  by replacing t h e  drop a f te r  each chromat- 

ogram. A descr ip t ion  of t h e  opt imizat ion of t h i s  system f o r  t h e  

determination of ni t roaromatic  compounds has  been recent ly  

reported (13). 

This e f f e c t  appeared t o  be r e l a t e d  t o  

The mechanism f o r  peroxide 

The detec- 

The polarographic de tec tor  was found t o  be an e f f e c t i v e  and 

reproducible approach t o  t h e  determination of organic  peroxides.  

An example of t h e  appl ica t ion  of t h i s  technique t o  t h e  a n a l y s i s  

of a sample cons is t ing  of a mixture of peroxides is presented i n  

Figure 3. The v i r t u e  of t h i s  system w a s  i ts  r e l i a b i l i t y .  The 

r e l a t i v e  standard deviat ion f o r  both sequent ia l  analyses  of 
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DETERMINATION OF ORGANIC PEROXIDES 67 1 
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Figure 3. The simultaneous determination of A, t -bu ty l  hydroper- 
oxide (500 ng);  B y  cumene hydroperoxide (250 ng) ;  C,  duro- 
quinone (250 ng) and D, 13-hydroperoxy-9(Z),ll(E)-octadeca- 
dienoic  ac id  (500 ng) using polarographic de t ec t ion .  Mobile 
phase: 66/32/2, ace ton i t r i l e / sod ium bora t e  (0.156M) facetic 
a c i d ;  Column: C8; app l i ed  p o t e n t i a l ,  -1.OV. 

samples and the  day-to-day r e p r o d u c i b i l i t y  with in t e rven ing  shut- 

down of t he  d e t e c t o r  and f r e s h l y  prepared samples averaged less 

than 5%. Because of t h e  r e l i a b i l i t y  of t h e  measurements, it was 

poss ib l e  t o  use  t h e  polarographic d e t e c t o r  t o  determine observed 

halfwave p o t e n t i a l s  f o r  t he  peroxides under t h e  chromatographic 

condi t ions.  

hydroperoxide and t -butyl  hydroperoxide are shown i n  Figure 4. 
Examples of t h e  kind of d a t a  obtained f o r  cumene 
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612 FUNK AND BAKER 

0.0 - 0.5 - 1.0 - 1.5 
APPLIED POTENTIAL (volts) 

Figure 4. Response versus applied po ten t i a l  curves for  A, duro- 
quinone (21.1g); B, cumene hydroperoxide (21.43) and C, t-butyl 
hydroperoxide (21.1g) using polarographic detection. Mobile 
phase: 6613212, acetoni t r i le lsodium borate  (0.156Mlacetic 
acid; Column: C8. 

The trends expected fo r  the  polarographic reductions of the  two 

peroxides were observed. 

hydroperoxide was s ign i f i can t ly  more negative than tha t  f o r  

cumene hydroperoxide. Further, both values were much more posi- 

t i ve  when the  mobile phase contained less of t he  nonaqueous com- 

ponent. In methanollsodium c i t r a t e  (0.091 M, pH 6.251, 55/45 
(v/v), values of -0.2V and -0.8V were found f o r  cumene hydro- 

peroxide and t-butyl hydroperoxide, respectively.  These obser- 

vat ions were a l l  s imi la r  t o  those reported f o r  the  polarographic 

determination of these compounds i n  solut ion (14). 

The halfwave po ten t i a l  f o r  t-butyl 

The polarographic de tec tor  provided a sa t i s f ac to ry  l i n e a r  

response between concentration and current  a t  a f ixed po ten t i a l  
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b ' l ' l ' I  5 

RETENTION TIME [minl 

Figure 5. m. The a n a l y s i s  of a sample con ta in ing  750 pg ben- 
zoyl peroxide (A) us ing polarographic de t ec t ion .  Mobile 
phase: 70/30, methanol/water, 0.1M l i t h i u m  pe rch lo ra t e ;  
column: C 8 ;  appl ied p o t e n t i a l ,  -0.1V. 
Bottom. The a n a l y s i s  of a sample con ta in ing  2.5 ng cumene 
hydroperoxide (B) using polarographic  de t ec t ion .  Mobile 
phase: 55/45, methanol/sodium c i t ra te  (0.091M, pH 6.25); 
Column: C8; appl ied p o t e n t i a l  -0.4V. 

f o r  t h r e e  hydroperoxides (and one quinone) t e s t e d  i n  t h e  range 

of 5-2000 ng. 

of determinat ion ( r  ) were t -bu ty l  hydroperoxide (0.999), cumene 

hydroperoxide (0.995), 13-hydroperoxy-9(Z),11(E)-octadecadienoic 
a c i d  (0.999) and duroquinone (0.998). As suppl ied,  t h e  commer- 

c i a l  polarographic d e t e c t o r  was n o t  as s e n s i t i v e  as t h e  ampero- 

The compounds wi th  t h e i r  a s soc ia t ed  c o e f f i c i e n t s  
2 
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674 FUNK AND BAKER 

metric de tec to r .  The a p p l i c a t i o n  of t h e  r e c e n t l y  publ ished 

modif icat ions t o  t h e  polarographic system wi th  regard t o  t h e  

opt imizat ion of t h e  parameters (13) g r e a t l y  decreased t h i s  

d i f f e rence  in  s e n s i t i v i t y ,  I n  Figure 5, t h e  s e n s i t i v i t y  of t h e  

modified polarographic  d e t e c t o r  is demonstrated f o r  samples con- 

t a i n i n g  benzoyl peroxide and cumene hydroperoxide. 

p l e s  show t h a t  t h e  d e t e c t i o n  l i m i t s  f o r  t h e  modified polaro- 

graphic  d e t e c t o r  and t h e  amperometric d e t e c t o r  are similar. 

These exam- 

In summary, t hese  experiments have demonstrated t h a t  ve ry  

small q u a n t i t i e s  of organic  peroxides  can be reproducibly de t e r -  

mined using a modified polarographic  d e t e c t o r  f o r  high pe r fo r -  

mance l i q u i d  chromatrography, t h a t  samples containing mixtures  

of c l o s e l y  r e l a t e d  peroxides  can be r e l i a b l y  analyzed, and t h a t  

t h e  con ten t  of samples of low l e v e l s  

peroxides can be measured. These developments r e p r e s e n t  an im- 

p o r t a n t  s t e p  i n  our a t tempt  t o  f i n d  a u n i v e r s a l l y  a p p l i c a b l e  and 

h igh ly  s e n s i t i v e  method f o r  peroxide determinat ions.  

of i n d i v i d u a l  l i p i d  hydro- 
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