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ABSTRACT

1-methyl-3-propylimidazoliumiodide (MPI1), 3-hexyl-1-methylimidazolium
iodide (HMI1) and three tetraal kylammonium salts were employed as sup-
porting electrolyteson el ectrochemical reduction determination of 3,3°,4,4°-
tetrachlorobiphenyl (PCB-77) at Pt, Ag, Cu electrodes. It was found that
HMII and MPII can effectively increase the cathodi ¢ peak current of PCB-
77 and the e ectrocatalysis activity of the metal on electrochemical determi-
nation of PCB-77 wasinthefollowing order: Cu>Ag>Pt.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Polychlorinated biphenyls (PCBs) weretypical
high toxic persistent organic pollutantsin various en-
vironmental media. Although PCBs have been ana-
Iytical determined by means of gas chromatography!
3, dectrochemica reductionin some specid caseswas
agood alternative because it could be used in on-
scene determination and was cheaper on operational
costs. For electrochemical determination of PCBs, it
was necessary to usethe supporting el ectrolytes such
assulfuricacid*®, hexadecyltrimethylammonium bro-
mide, tetraal kylammonium salts”*2, Imidazolium-
based ionicliquidsdisplay superb € ectrochemica sta
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bility and broad el ectrochemical window. However,
the application of imidazolium-based ionicliquidsas
supporting el ectrolytes has not been reported. And
theinfluence of the supporting el ectrolytes on el ectro-
chemical reduction of PCBs has not been compared
systematicaly.

Inthispaper, 1-methyl-3-propylimidazoliumiodide
(MPII), 3-hexyl-1-methylimidazolium iodide (HMII)
and threetetraal kylammonium saltswereemployed as
supporting eectrolytes. Theinfluence of thesupporting
electrolytes with various structure on 3,3’,4,4’-
tetrachl orobiphenyl (PCB-77) el ectrochemica reduc-
tion determination at Pt, Ag, Cuelectrodeswasinves-
tigated by cyclic voltammetry(CV).
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EXPERIMENTAL

Chemicals

3,3’,4,4’-tetrachlorobiphenyl (PCB-77) was ob-
tained from AccuStandard Inc. Thestructure of PCB-
77 was sketched in Scheme 1.
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Scheme1: Sructureof PCB-77

Tetrabutylammonium bromide (TBAB) and Tetra-
ethylammonium bromide (TEAB) were purchased from
Guangfu Fine Chemical Research Institute, China.
Tetrabutylammonium perchlorate (TBAP) and N,N-
dimethylformamide (DMF) were purchased from
Sinopharm Chemica Reagent Co., Ltd. Thesynthesis
of HMIIl wassimilar to MPII according to our previous
report™3. Thestructure of five supporting e ectrolytes
wasshownin Scheme?2.
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Scheme2: Sructureof thesupporting electrolytes

Apparatusand procedur es

CV was performed through an electrochemical
workstation (CHI660B, China) at ascan rate of 100
mV s and the potential range were between-1.4 and
-2.2V indl CV measurements. Thethree electrode-
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systemwasemployed and theworking € ectrodeswere
Pt wire (CHI115, d=0.27 mm), Ag wire (laboratory-
made, d=0.12 mm) and Cu wire (laboratory-made,
d=0.20 mm), respectively. Thereferencedectrodewas
a3 M agueous Ag/AgCI/KCI electrode and Pt wire
was used as counter electrode. The concentration of
theeectrolyteswas 0.1 mol/L inall experiments.

RESULTSAND DISCUSSION

Influence of supporting electrolytes on PCB-77
electrochemical reduction at Pt electrode
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Figurel: CV curvesof 1.65x10°mal/L PCB-77in DM F with
different supporting electrolytesat Pt electrode.

TheCV curvesof PCB-77 in DMF with different
supporting e ectrolytesat Pt dectrodeareshownin Fg-
ure 1. Weak cathodic peaksat approximately -1.95V
when TEAB, TBAB and TBAPwere used as support-
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ing el ectrolytes, indi cating when tetraal kylammonium
wasthecation of the supporting el ectrolytes, therewas
no difference between anions of bromideand perchlo-
rate*¥. It was no obvious reduction peak observed on
MPII and HMII curves, which showed that PCB-77
can not be reduced when organicswith aromatic ring
was used as supporting electrolytes at Pt electrode.
Moreover, the results showed that Pt was not an ap-
propriate el ectrode dueto thelow dectrocataysisac-
tivity on thereduction of PCB-77.

Influence of supporting electrolytes on PCB-77
electrochemical reduction at Ag electrode

TABLE 1: Cathodicpeak current of PCB-77 with different
supporting electrolytesat Ag electrode

Supporting electrolytes  Cathodic peak current/ pA

TEAB 21
TBAB 22
TBAP 21
MPI 5.6
HMII 51

Figure2 showedtheCV curvesof PCB-77inDMF
with different supporting dectrolytesat Agelectrode. The
primary reduction peak wasdetected at roughly -1.85
V inal five supporting e ectrolytes curves dueto the
dechlorination of thefirst chlorineatom on PCB-77. It
wasinteresingtoinvestigatethat thesma| reduction pesk
at gpproximately -2.10V, seen only with TBAB, TBAP
and TEAP containing diphétic chain assupporting eec-
trolyte, wasdetermined, yet only one cathode peak was
observed using MPIl and HMII with aromatic ring as
supporting dectrolytes, whichindicated theexistence of
different dechlorination mechanisms FromTABLE 1, it
was noticeableto find that the anodic peak current val-
ueswith TBAB, TBAPand TEAPwereequal to about
2.1 pA. Thesevauesweresharply increased to above
5.0 uA when MPII and HMII were used as supporting
eectrolytes. It wasobviousthat imidazolium-based ionic
liquidswereappropriate supporting electrolytesdueto
the high anodic peak current values of PCB-77 com-
pared with diphatic organicsat Ag electrode. What is
more, Ag displayed agood el ectrocata ysisactivity on
reduction determination of PCB-77 for Agcanforma
chemical bond with chloride atom of PCB-77, which
reduced the carbon-ha ogen bond(*®!.
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Influence of supporting electrolytes on PCB-77
electr ochemical reduction at Cu electrode

16 I -1.7 I -18 I -19 I -2 I =21
EV
Figure2: CV curvesin 1.65x10-*mol/L PCB-77in DM F with
different supporting electrolytesat Ag electrode.

Figure3wasCV curvesof PCB-77in DMF with
different supportingdectrolytesat Cudectrode. Themain
reduction pesk at about -1.90 V wasfound when TBAP
and TBAB wereempl oyed as supporting electrol ytes.
And thereduction potential at roughly -1.87 V wasde-
tected in TEAB curve. It wasinteresting that therewere
two reduction pesk observedin TBAB, HMII and M
curves. Theobviousreduction pegk of HMII and MPII
curves was detected at -1.85 V, while the weak peak
was observed at about -2.1V. From TABLE 2, thean-
odic pesk current valuesof PCB-77withTBAB, TEAB,
TBAP, MPIl, HMII were 2.1, 2.1, 2.4, 3.8, 4.5 pA,
respectively. It wasinfar agreement withtheresult at Ag
electrodethat aromaticring can effectively increasethe
cathodic peak current compared with aliphatic chain
at both Ag and Cu electrodes.
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Figure3: CV curvesin 1.65x10°*M PCB-77in DMF with
different supporting electrolytesat Cu electrode.

TABLE 2: Cathodic peak current of PCB-77 with different
supporting electrolytesat Cu electrode

Supporting electrolytes  Cathodic peak current/ pA

TEAB 21
TBAB 21
TBAP 24
MPI 3.8
HMII 4.5

= Pyl Paper
Determination limit of PCB-77

Figure4wasCV curvesin 1.65x10“*mol/L PCB-
77inDMFwith HMII at Cu electrode. Considering
the cathodic peak current value, HMII was used as
supporting el ectrolyteat Cu e ectrode. An obviousre-
duction peak at the potentid of -1.85V wasobserved,
indicating the determination limit was found to be
1.65x10*mol/L. Thereforethee ectrocatal ysisactivity
of themetal on the el ectrochemical determination of
PCB-77 wasinthefollowing order: Cu>Ag>Pt.
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Figured: CV curvesin 1.65x10*mal/L PCB-77in DM F with
HMI1 at Cu electrode.
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CONCLUSIONS

Inthispaper, 1-methyl-3-propylimidazoliumiodide
(MPII), 3-hexyl-1-methylimidazoliumiodide (HMII)
and threetetraal kylammonium saltswereemployed as
supporting e ectrolytes. Theinfluence of the supporting
electrolyteswith various structureon 3,3’,4,4’-PCB
electrochemica reductiondeterminationat Pt,Ag, Cu
electrodeswasinvestigated by cyclic voltammetry. It
wasfound that MPIl and HMII canbepromising dter-
natives as supporting el ectrolytes dueto the high ca-
thodic peak valuesof 3,3’,4,4’-PCB. The determina-
tionlimit wasfoundto be 1.65x10“mol/L a Cu elec-
trode, thereforethedectrocatal ysisactivity of themeta
onthe e ectrochemica determination of PCB-77 was
inthefollowing order: Cu>Ag>Pt.
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