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Anotace

Nitropesticid bifenox (metyl 5-(2,4-dichlorofengx®-nitrobenzoét) je redukovan
v aprotickém rozpou&tlle ve dvou krocich. Na dc-polarogramu jsou pozangvdva
odcklené kroky zahrnujici jednoelektronovou redukigi-fr,45 V a tielektrodovou redukci
pii mnohem negatiw)Sich potencidlech (-1,9 Va mg&nv zavislosti na pouzitém
zakladnim elektrolytu) proti redox paru Fc/FErenosem prvniho elektronu je redukovana
nitro skupina v molekule bifonoxu a je produkovéglativre stabilni anion radikal
bifenoxu, ktery byl identifikovan elektronovou spirou rezonaéni spektroskopii
(electron paramagnetic resonance spectroscopy), EPR

Anion radikal je v suchém acetonitrilu stabilni p@kolik hodin. Nicmérs
v pritomnosti i pouze stopového mnozZstvi vody v eldiravaném vzorku koncentrace
anion radikalu prudce klesaiitdmné stopové mnozstvi vodyéni predevsSim zcela
realkéni mechanismus a s né&fgi prava@podobnosti Ize toto povaZzovat za@vdd pro
posledni nejistoty v interpretaci redukho mechanismu ueznych nitroslodenin
v nevodném prosedi.

Elektrochemicky generovany anion radikal dateghdzi na dva stabilni produkty.
Pfrenos naboje v ramci molekuly nasledovany chemideakci vede v prvnimifpact
k odSEpeni karboxymetylové skupiny a tim ktvérbnitropesticidu nitrofenu
((2,4-dichlorofenyl)(4-nitrofenyl) éter). V druhémpiipadt dochazi k transesterifikaci.
Metylova skupina zjvodni slodeniny bifenoxu je nahrazena jinym alkylem v zawsio
na pouzitém zakladnim elektrolytu. Oba ré&zkprodukty si zachovavaji pesticidniitky
puvodni latky, coz vysitluje vysokou dinnost bifenoxu jako pesticidufi®omnost alkyl
esteru a ztrata karboxymetylové skupiny dokazujeenibky proces spojeny
s intramolekularnimignosem elektronu v nitro anion radikalu.

Tvorba anion radikalu nitrofenu ébem redukce bifenoxu nebyla v mych
experimentech nikdy zji&a. Nitrofen je tvéen z anion radikalu po konci elektrolyzy a
vystaveni vyelektrolyzovaného produktu vzduchuhkeosti.

Systém vykazuje neobgjné elektrochemické vlastnosti, souvisejici s iteor
elektrodovych procésa strukturou elektrodové dvojvrstvy na fazovémhrani rtwova
kapkova elektrodalelektrolyt. Poprvé je pozorovhw elektrodové dvojvrstvy na redukci
elektrochemicky fipraveného anion radikalu. Redukce anion radikéknbxu probiha na
zaporrg nabitém povrchu elektrody a hodnota rethiko potencialu je nizSi nez hodnota
potencialu nulového ndboje. To znamena, Ze poviekiredy je nabit zapogna tento
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naboj je kompensovan v oblasti elektrodové dvopyrsslozené z nadbytku katién
zakladniho elektrolytu.

Vliv elektrodové dvojvrstvy se projevuje jako &na rychlosti penosu naboje
v zavislosti na iontové sile zakladniho elektrolyAnion radikal pesticidu bifenoxu je
v acetonitrilu elektrochemicky redukovarermi elektrony na fenylhydroxylamin. Tato
heterogenni reakce je silnovlivnéna koncentraci a charakterem kationu zékladniho
elektrolytu. V zavislosti na pouzitém tetraalkylaméon kationtu zakladniho elektrolytu se
potencial redukce liSi az o 450 mV. Kinetické paetm byly ziskany pro @
tetraalkylamonych hexafluorofostat Zdiraziuji, Ze vSechny kvky byly zaznamenany
s automatickou kompenzaci poklesu ohmického padknwizavislosti na odporu roztoku.
Uginnou a doke fungujici kompenzaci umddje nizka koncentrace bifenoxu a tim
odpovidajici nizky faradicky proud. Kineticka datalukce anion radikalu byla korigovana
podle Frumkinovi teorie. Frumkinova korekceegpoklada, Ze \Wjsi Helmholtzova rovina
je shodna s regki plochou.

Negativni potencial WjSi Helmholtzovy roviny ¢, zpisobuje elektrostatické
odpuzovani anion radikalu od reakho prostoru negati¥nnabitého povrchu elektrody,
kde vznika. B vloZzeném potencialu, kde je bifenox redukovan,ps¢encidle, vnejsi
Helmholtzovy roviny stava sefedinim zékladniho elektrolytu negatijgim. Cim vic je
potencial ¢, negativijSi, tim silrgjSi je odpuzovani anion radikalu z vrstvgsie u
elektrody do objemu roztoku. Proto rychlost naséededukce klesa ve vicéezknych
roztocich zékladniho elektrolytu jakégledek vlivug, potencialu.

Pouze v pipact tetrametylamonium hexafluorofosfatu korekce s@mé rychlosti
redukce koreluje s pozorovanym efektem. fifgmnosti vySSich tetraalkylamonych
homolodi dochazi k odchylkam od teoretické zavislosti rgelil p'enosu elektronu na
potencialu ¢, vn&Si Helmholtzovy roviny. V¥tSi kationy, jako naibklad
tetrahexylamonium, Zfsobuji posun reakiho prostoru dale od povrchu elektrody, nez je
v pfipadc malych katiofi. Ztoho vyplyva, Ze vedle elektrostatického odmden
negativi¢ nabitého anion radikdlu od negativmabitého povrchu elektrody, hraje
nezanedbatelnou ulohu raimtyp kationtu zakladniho elektrolytu, ktery tingi@stava byt
tak indiferentni, jak se doposud uvazovalo.

Korigovand rychlostni konstantaégmosu elektronu klesa exponenctfrostouci
délkou alkylovéhaetzce kationtu zakladniho elektrolytu s exponenfem0,83. Tim se
potvrzuje, Ze reati plocha redukce anion radikalu bifenoxu je pr@dia zakladni

elektrolyt jin4. A tim se doplje Frumkinova korekce, ktera samotna neni schpppéat
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a vyswtlit tento pozorovany jev, ktery neni specificky yze pro bifenox, ale byl

pozorovan také pro dalsi nitrolatky, jmenewiitrobenzen, nitrobenzoat a nitrofen.

Klicova slova: elektrodova dvojvrstva, bifenox, nitaraatické sloteniny,
tetraalkylamonny hexafluorofosféat



Summary

Nitropesticide bifenox (methyl 5-(2,4-dichloroploety)-2-nitrobenzoate) is
reduced in aprotic media in two reduction steps.oTseparate steps are observed on
dc-polarograms involving reduction by one electbyn-1,45 V against the Fc/Fc+ couple
and the reduction by three electrons by more negatdtentials (-1,9 V (Fc/FEor less).
First heterogeneous electron transfer involvesatteeptance of one electron leading to
the reduction of nitro-group in bifenox moleculadaormation of a relatively stable nitro
anion radical that was characterized by Electromafagnetic (Spin) Resonance
Spectroscopy (EPR) spectroscopy.

The radical anion is stable in dry acetonitrile &everal hours. However, in
the presence of water traces in the electrolyzedpks the radical anion concentration
decayed very rapidly. Hence the water traces chéamgeverall mechanism profoundly,
and most probably, this is the reason for lastimgeutainties in the interpretation of
the reduction mechanism of various nitro compoundsn-agueous solvents.

Electrochemically generated radical anion deconmgpdsetwo stable products.
Intramolecular electron transfer coupled with chehisteps leads in the first case to
the cleavage of carboxymethyl group and the foromatof nitropesticide nitrofen
((2,4-dichlorophenyl)(4-nitrophenyl)  ether) and inthe second case to
the trans-esterification process, i.e. an exchaoig¢ghe methyl group for an alkyl of
the supporting electrolyte. Both these final priduretain pesticidal activity, which
explains high efficiency of bifenox as pesticidene presence of alkyl ester and the lost of
the carboxymethyl-group indicate chemical processemected with the intramolecular
electron transfer from the nitro radical anion.

The formation of anion radical of nitrofen duriniget reduction of bifenox was
never detected in our experiments. Hence, nitregeiormed from the radical anion after
the end of electrolysis and exposure of the elbaea product to air and moisture.

The system shows an extraordinary electrochenpoaperties connected with
the electrode process theory and the double layactsre on the phase interface of
mercury electrode | electrolyte. A first exampfele effect of electric double—layer on
the reaction of electrochemically generated rad&acies is reported. Reduction of
bifenox takes place at potentials, which are nggafiom the potential of zero charge.

This means that the electrode surface bears negaiarge and consequently this charge is



compensated in the double-layer region by excessgehcomposed of cations of
the indifferent electrolyte.

The influence of the double—layer structure candiexlosed as a change of
the electron transfer rate with the ionic strengjtkhe indifferent electrolyte. Anion radical
of nitropesticide bifenox is electrochemically redd in acetonitrile to
phenylhydroxylamine derivative in a process invotythree electrons. This heterogeneous
reaction is strongly influenced by the concentratimd nature of cation of the indifferent
electrolyte. Depending on the type of tetraalkylasniom cation the redox potential
changes by 0.45V. The kinetic parameters weraidd for five tetraalkylammonium
hexafluorophosphate salts. | need to pick up thHatcarves were recorded with
an automatic compensation of the ohmic potentiap dtue to the solution resistance. Low
bifenox concentration and correspondingly low faiadcurrent allowed an efficient
compensation. The Frumkin correction, which assuthas the outer Helmholtz plane
coincides with the reaction site, was applied teelic data of the radical anion reduction.

Bifenox radical anion most likely experiences elestatic repulsion from
the negatively charged electrode surface; where generated. At electrode potentials
where bifenox is reduced thie-potential of the outer Helmholtz plane becomesemor
negative in more diluted electrolyte solutions. eTimore negative thé,-potential is
the stronger is the repulsion of anion radical fribia pre-electrode layer towards the bulk
of the solution. Hence the rate of its furtherueitbn decreases in more dilute solutions of
indifferent electrolytes as a consequencégpotential influence.

The correction of the apparent rate accounted Her dbserved effect only in
the case of tetramethylammonium salt. The preseasfcénigher tetraalkylammonium
homologues causes the deviations from predictedramce of the electron transfer rate
on the ¢,-potential of the outer Helmholtz plane. Larger Kyul cations, like
tetrahexylammonium, cause that the reaction planedated considerably further away
from the electrode surface than in the case obratwith a smaller ionic radius. Hence
the nature of cation of the electrolyte exerts Hert effect extending beyond
the electrostatic repulsion only. The influence tbé nature of TAA illustrates that
the cation may not be as ‘indifferent’ as supposed.

The corrected rate of electron transfer decreaggsnentially with increasing size
of the alkyl chain of the indifferent electrolytatmon in the order methyl > ethyl > propyl >

butyl > hexyl. The rate decay is characterized texponenfi = 0.83. This confirms that



the reaction plane for the reduction of bifenox ical anion is different for each
electrolyte. Due to this fact the Frumkin correoticannot fully account for the observed
dependence of the heterogeneous rate on the soldimposition. The observed effect is
not specific to bifenox radical. A similar influemmf the concentration and nature of
cation of the indifferent electrolyte was observed other nitro compounds, namely,
nitrobenzene, nitrobenzoate and nitrofen.

Key words: double-layer, bifenox, nitroaromatic qmounds, tetraalkylamonnium
hexaflurophosphates
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