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Abstrakt

Hlavnim cilem této disertacni prace je vyvoj a testovani novych netoxickych
elektrodovych materialt, jejich pfiprava a vyvoj analytickych metod pouzitelnych pro
selektivni stanoveni nitro-substituovanych polutantu.

Pozornost je zaméfena na modifikace leSténé stiibrné pevné amalgamové elektrody (p-
AQSAE). Nové elektrodové povrchy se daji rozdélit do dvou skupin. Do prvni skupiny patii
modifikace provedené pomoci rtuti a vzniklda meniskem modifikovana stfibrnd pevna
amalgamova elektroda a rtutovym filmem modifikovand amalgamova elektroda. Vzhledem
k silici merkurofobii ve spole¢nosti byla také vénovana pozornost vyvoji druhé skupiny
elektrod a to filmovych.

Lesténa stiibrna pevna amalgamova elektroda byla modifikovana bismutovym a
uhlikovym filmem. Byly nalezeny optimalni Casy pro pfipravu téchto filmd a ovéteny
vSechny podminky potiebné pro métent.

Elektrochemické chovani elektrod bylo zkoumano na karcinogennich a mutagennich
polutantech 2-amino-6-nitrobenzothiazolu (ANBT) a 5-nitrobenzimidazolu (5-NBIA). Tyto
analyzy byly provadény pomoci metod stejnosmérné voltametrie (direct current voltametry -
DCV) a diferen¢ni pulzni voltametrie (DPV).

Pokus 0 zvyseni citlivosti za pouziti adsorpéni rozpoustéci DC a DP voltametrie na
studovanych elektrodach nebyl uspésny. Pro sniZzeni meze stanovitelnosti byla vyzkousena
metoda zalozend na piidavku cetyltrimethylammonium bromidu (CTMAB) ke zvolené
koncentraci 5-NBIA. Vysku piku se povedlo touto metodou za optimalnich podminek
zdvojnésobit.

Vsechny nové vyvinuté elektrody byly shledany jako vhodné alternativa ke rtutoveé
elektrod¢. Praktické pouziti nové vyvinutych metod a elektrod bylo ovéfeno na modelovych

vzorcich deionizované, pitné a fi¢ni vody.



1. Uvod

Nitrované heterocykly patii k velmi nebezpeéné skupiné mutagennich latek, proto je
zajem o analyzu téchto latek zfejmy. Mnoho z téchto latek vznika pii spalovani ropy a unika
do ovzdusi. Nejvétsi usili je vénovano sledovani téchto latek v riznych ptirodnich vzorcich,
protoze se mohou dostat do téla inhalaci, pozitim ¢i prostupem pies kuzi. Pozornost je
vénovana také derivatiim, které mohou vznikat pii biologické transformaci.

Vzhledem k velkému poctu sloucenin, matrici ve kterych se mohou vyskytovat a
ruznych interferenci, jsou potfeba metody nejen extrémné citlivé, ale i velmi selektivni.

Elektroanalytické metody jsou dnes intenzivné studovany i ve srovnani s
dominantnimi separa¢nimi a spektrometrickymi metodami diky vyvoji novych vhodnych
elektrodovych materidl a moznosti jejich mechanickych ¢i chemickych modifikaci.
Elektrochemické senzory ptredstavuji vhodny néstroj k monitorovani studovanych sloucenin v
pfirod¢, v medicin€ ¢i pfi vyvoji léciv. Velkou vyhodou je jejich nizkd cena a snadné

zachazeni.

2. Cile prace

Hlavnimi cili této prace byl vyvoj novych elektrodovych materialti a optimalizace metod
pro jejich dalsi vyuziti. Jako vychozi elektroda pro dalsi rozvoj a modifikaci povrchu, byla
zvolena stiibrna pevna amalgamova elektroda. Tato elektroda a jeji modifikace byly pouzity
pro voltametricka stanoveni 4-nitrofenolu (4-NP), 2-amino-6-nitrobenzothiazolu (ANBT) a
5-nitrobenzimidazolu (5-NBIA). Tyto latky jsou mutagenni a pouzivaji se v zem&délstvi
(nitrofenoly jako stimulanty rdstu), v primyslu (5-NBIA, ANBT), ale také jako prekurzory
pii vyrobé 1éku (5-NBIA, ANBT).

Sensory vyvinuté v této praci by mély slouZit pro stanoveni chemicky podobnych latek a
mohou byt vhodnou nahradou za rtutovou elektrodu. Diky jednoduchosti a nizké pofizovaci
cen¢ mohou byt také vhodnou alternativou k masové pouzivanym drazsim technikdm jako je

kapalinova ¢i plynova chromatografie nebo elektromigracni metody.



3. Material a metodika

3.1 Amalgamova Elektroda

Rtut’ je unikatni elektrochemicky materidl kvali svému atomérné hladkému povrchu,
jednoduché obnovitelnosti povrchu a Sirokému katodickému oknu. Bohuzel v dnesni dobé¢ sili
strach z kapalné rtuti a je vyvijen tlak na pfechod k méné konfliktnim materialtim.

Vhodnou volbou je netoxickd lesténa stfibrnd pevna amalgamova elektroda
(p-AgSAE) [1], ktera ma podobné vlastnosti jako rtut. Jeji vyhodou je pevny povrch a
moznost vyuziti v proudicich systémech [2]. Nevyhodou v§ak mtize byt pasivace povrchu [3],
které se mizeme zbavit mechanickym ¢i elektrochemickym cisténim povrchu.

Tyto typy elektrod maji mnoha elektroanalytickd vyuziti shrnutd v ptehledovych
¢lancich [1,3].

Nekteré vlastnosti amalgamové elektrody mohou byt jesté¢ vice vylepSeny dalsi

modifikaci jejiho povrchu [4, 5].

3.2 Rtuti modifikovany povrch amalgamové elektrody

Nejjednodussi modifikaci je pouziti kapalné rtuti na tvorbu meniskové elektrody
(m-AgSAE). Tato elektroda se vytvoii ponofenim p-AgSAE po dobu 15 s do kapalné rtuti.

Takto pfipravena elektroda kombinuje vyhody rtutovych a pevnych elektrod [6].
Elektroda je stabilni i po né€kolik tydnd, az po del§im Case klesa opakovatelnost a citlivost
meéfeni. Velkd ¢ast vyzkumu téchto elektrod byla shrnuta do dfivéjSich ptehledovych ¢lanka
[7, 8]. Nevyhodou této elektrody je horSi opakovatelnost velikosti menisku vzniklého na
povrchu elektrody.

Z tohoto divodu byl navrzen postup pro piipravu vzdy stejného mnoZstvi rtuti na
povrchu elektrody a to piiprava rtutového filmu. Tato modifikace elektrody je zaloZena na
elektrochemickém vylouceni rtutového filmu na povrch p-AgSAE z roztoku rtutnatych soli.

Tloustka filmu zavisi na délce vylucovani dle Faradayova zakona [9].

3.3 Bismutovym filmem modifikovani amalgamova elektroda

Vhodnou volbou pro dal§i méfeni bylo pouziti jinych kovli pro modifikace p-AgSAE
[10]. Téchto kovti neni mnoho. V této praci byl zkouman bismut.

Hlavni vyhodou téchto elektrod je malé mnozstvi pouZzitého kovu. Existuji dva hlavni
postupy jak elektrody pfipravovat a to “ex situ” and “in situ”. Prvni moznost je zaloZena na

vylou¢eni kovu z roztoku jeho soli na povrch m-AgSAE a nasledné ponofeni do roztoku



zkoumané latky a meéteni jejich voltamogramii. Druhou mozZnosti je pfidat sil kovu do
roztoku analytu a vyloucit ho z tohoto roztoku a méfit v jednom roztoku [4]. Oba postupy
maji své vyhody a nevyhody. Prvni metoda je vyhodnéjsi v piipadé nebezpeci kontaminace
povrchu necistotami z méfené¢ho roztoku a je zde moznost vizudlni kontroly povrchu filmu.
Takovato elektroda mize byt pouzivana n€kolik hodin. Druhd moznost mize byt vyhodnéjsi
Vv ptipadé, kdy si potiebujeme byt jisti plochou vylou¢eného filmu. Tato metoda je vSak

vhodna jen pro jedno méteni a poté musi byt film odstranén a pfipraven znovu [11].

3.4 Uhlikovym filmem modifikovana amalgamova elektroda

Rtut a amalgdm jsou vhodnou volbou v pfipadé elektrochemické redukce, ale
nevhodné pro oxidace. Proto byl jako dalsi modifikace p-AgSAE pouzit uhlikovy film.

Tento film vznikd ponofenim povrchu p-AgSAE do uhlikového inkoustu, ktery
nasledn¢ zaschne a p-AgSAE slouzi jako elektricky kontakt K vytvofenému uhlikovému
filmu.

Jistou nevyhodou této elektrody je maly oxida¢ni pik kolem +100 mV, ktery je
nejpravdépodobnéji  zpisoben nekompletnim pokrytim hran elektrody, prosakovanim
analyzovaného roztoku k povrchu p-AgSAE a naslednou oxidaci pfitomné rtuti [12].

Také bylo pozorovéano, Ze pii pouziti organického media jako rozpoustédla, vzrista
s poctem méfeni proud pozadi. Tento jev je pravdépodobné spojen s poskozenim a adhezi

mezi hranou skla a uhlikovym filmem.

3.5 Metody analyzy

Jako metody pro elektrochemické stanoveni zkoumanych latek na vybranych
elektrodach byly pouzity DC voltametrie (DCV) a diferen¢ni pulzni voltametrie (DPV).
Jako pokus o zvySeni citlivosti byla pouZita adsorpéni rozpoustéci voltametrie

(AdSV). Tato metoda vSak nebyla Gspésna pii méteni na pouzitych elektrodach.

4. Vysledky a diskuse

4.1 Priprava elektrod

Priprava p-AgSAE byla jednoducha. Tato elektroda se skladala ze sklenéné trubicky,
ktera byla naplnéna stiibrnym praskem (2.0 — 3.5 um), ktery byl zamalgamovan, a byl k nému



pifipojen vodivy kontakt. Jediné co bylo tfeba udé€lat pied zacatkem méfeni, bylo vylestit
povrch na aluming (1.1 pm particle) [3].

M-AgSAE se pripravila z p-AgSAE ponofenim do malého objemu rtuti na 15 sekund
[13].

MF-AgGSAE byla pfipravena vylou¢enim z roztoku (obsahujiciho 0,2 ml 0,01 mol I
HgCl, a 1 mol I KI) nalitého ve specialni nadobce, na jejimZ dné se nachazi kovova rtut’ a
uhlikovy kontakt. Tato elektroda musela byt ptipravovana denné, protoze tloustka filmu
s ¢asem slabne. Po optimalizaci tloustky filmu, ktera sestavala z vylucovani filmt po rtizné
Casové useky (300 — 3600 s) a ovéfeni opakovatelnost vyluCovani filma (10 filmi) pfi
zvoleném Case, byl zvolen jako optimalni ¢as vylucovani filmu 3600 s [9].

BiF-AQSAE byla pfipravovana exsitu zroztoku obsahujiciho standardni roztok
bismutu (1000 mg I* Bi(NO3)3) a 1,0 mol I acetatového pufru pH 4,75 (5:95, v/v). Elektroda
vznikla vylouenim filmu na p-AgSAE z roztoku pii —1,2 V (vs Ag/AgCl/3 mol I* KCI) po
zvoleny Cas (tgep) za stalého michani [14, 15]. Elektroda byla pfipravovana kazdy den, protoze
tloustka filmu scasem slabne. I zde byl optimalizovan c¢as vylucovani filmu. Pro
velkoplos$nou elektrodu (pramér 2,64 mm) byl zvolen ¢as 1800 s. Opakovatelnost vylu¢ovani
filmi pfi zvoleném case byla charakterizovéana relativni smérodatnou odchylkou signalu na
urovni 3 % pii méteni na 20 raznych filmech. Pro elektrodu o priméru 0,5 mm byl zvolen ¢as
300 s (ze zkoumaného intervalu 60 — 600 s), kde relativni smérodatna odchylka obdobnych
méfenich dosahovala 5% [4].

CFE Dbyla ptipravena ponofenim povrchu p-AgSAE do vodivého inkoustu
obsahujiciho, krystalicky uhlik o velikosti ¢astic 2 pm a polystyren. Po dvou minutach se
1,2-dichloroethan uzity jako rozpoustédlo vypafil a vznikl tuhy polymerni film. Kdyz bylo

potieba film odstranit, otfel se o filtracni papir [16].

4.2 Polarografické a voltametrické stanoveni 5-nitrobenzimidazolu

Optimalni prostfedi pro voltametrické stanoveni 5-NBIA na p-AgSAE, m-AgSAE a
MF-AgSAE byl Britton-Robinsontiv (BR) pufr o pH 6,0. pH 8,0 za pomoci modifikace
surfaktanty bylo pouzito pro zvyseni citlivosti DCV a DPV. Pro méfeni na BiF-AgSAE a
CFE bylo jako optimalni vybrano pH 7,0.

Pro méteni na p-AgSAE, m-AgSAE, MF-AgSAE byla nutné pieduprava povrchu a to
aktivaci (na zacatku kazdého dne) v 0,2 mol L™ KCl pii —2,2 V za stalého michéani po dobu

300 s. Pied startem kazdého méfeni byla provedena elektrochemicka regenerace zalozena na



300 polarizacnich cyklech sestavajicich z potencialll Ej req @ E3 reg vloZenych po dobu 50 ms.
Pro vSechny zminéné elektrody byly Ej reg = —100 mV and Ej reg = — 600 mV.

Za t¢hto podminek byly naméteny kalibracni kiivky 5-NBIA v koncentraénim rozmezi
2x107" = 1x10°> mol L ™! pro DCV a DPV. p-AgSAE pro DCV poskytla mez stanovitelnosti
(Lo) na arovni 8x10~" mol L™ a pro DPV Lg = 5x10"" mol L™; na m-AgSAE pro DCV Lq =
3x10" mol L *a pro DPV Lg =2x10"" mol L'*; na MF-AgSAE pro DCV Lg = 1x10° mol L-
Lapro DPV Lo=7x10" mol L™ [5].

Optimalni podminky byly také aplikovany na méfeni DCV a DPV (na p-AgSAE,
m-AgSAE, MF-AgSAE) v modelovych vzorcich pitné a fi¢ni vody. BR pufr zde byl nahrazen
pro zjednodugeni 0.01 mol L™* NaOH (9:1). Kalibra¢ni kiivky byly linearni v koncentraénich
rozmezich 2x10~" — 1x10°° mol I'* a meze stanovitelnosti byly na p-AgSAE pro DCV Lg =
1x10°mol L™ a pro DPV Lo = 4x10'molL"; na m-AgSAE pro DCV a DPV
Lo = 3x10 'molL™"; na MF-AgSAE pro DCV Lo = 9x10'molL™" a pro DPV
Lo=28x10"mol L™ [5].

Pro snizeni meze stanovitelnosti na visici rtutové kaplové elektrod¢ (HMDE),
p-AgSAE a m-AgSAE bylo zkouméano ovlivnéni DPV pfidavkem surfaktant
cetyltrimethylammonium bromidu (CTMAB), Tritonu X-100 a sodium dodecyl sulfatu
(SDS). Pied startem méteni byla provedena elektrochemicka regenerace pro p-AgSAE mezi
potencidly Eirg = 0 mV and Ezrg = —1200 mV a pro m-AgSAE Ejry = —100 mV,
E2reg=—900 mV.

Kalibragni kiivky byly méfeny v koncentraénim rozsahu 2x10~" — 1x10° mol L™ pro
DPV. Pridavek SDS a Tritonu X-100 nem¢l vyznamnéjsi vliv na zadné elektrod¢é. Pouze
ptidavek CTMAB na p-AgSAE zvysil vysku DPV pikd.

Pro méteni na BiF-AgSAE nebyla tfeba Zadn4 aktivace ani regenerace, naopak za jejiho
pouziti dochazelo kposkozeni filmu. Kalibra¢ni kiivky 5-NBIA byly linearni
v koncentra¢nich fadech 2x107" — 1x10® mol I* pro DCV a 2x107° — 1x107° mol L™ pro
DPV s mezemi stanovitelnosti Lo =4x10"" mol L™ pro DCV a Lg = 7x10"° mol L™* pro DPV.

Optimalni podminky byly také aplikovany na méfeni DCV a DPV na BiF-AgSAE v
modelovych vzorcich pitné a mineralni vody. K obéma typim vod byla ptfidana EDTA (1 g na
50 ml vody) jejiz pomoci byly maskovany pfitomné kationtd. Bylo prokéazano, ze ptidavek
EDTA je nezbytny pro méfeni v 9 ml modelového vzorku vody doplnéné 1ml pufru. Kdyz
bylo méfeno ve smési 5 mL modelového vzorku vody a 5 mL pufru nebyla EDTA potieba.
Kalibragni kiivky byly méfeny v koncentraénim rozsahu 2x10~" — 1x10~° mol L™ pro DPV s
mezi stanovitelnosti pro DCV Lo = 7x10"" mol L™* (5:5) a Lo = 3x10"" mol L™ (9:1), pro DPV



Lo =1x10"°mol L™ (5:5) a Lg = 7x10"" mol L™ (9:1); pro modelovy vzorek mineralni vody
DCV Lo = 8x10 " mol L™ (5:5) a Lo = 5x10"" mol L™ (9:1), pro DPV Lg = 4x10 ®mol L™*
(5:5)aLo=3x10"mol L™ (9:1) [17].

Pro meétfeni kalibracnich zavislosti na CFE je nezbytné pouzit regeneraci
Eireg = — 400 mV a Ezreg = — 900 mV. Kalibra¢ni kiivky byly méfeny v koncentracnim
rozsahu 2x107 — 1x10° mol L™ pro DCV a DPV. Pro DCV byla Lo = 6x10" mol L ™" a pro
DPV Lg =3x10" mol L [18]. Optimalni podminky byly také aplikovany na méteni DCV a
DPV na CFE v modelovych vzorcich pitné a fi¢ni vody (9,0 mL modelového vzorku vody a
1,0 mL BR pufru o vhodném pH) v koncentraénim rozsahu 2x107" = 1x10° mol L™
Dosazena Lg v modelovém vzorku pitné vody pro DCV byla 3x10" mol L a pro DPV
1x10"" mol L. V modelovém vzorku ¥iéni vody byla pro DCV Lg = 2x10" mol L™ a pro
DPV Lo=1x10" mol L™ [18].

Dosazené meze stanovitelnosti v modelovych vzorcich vod potvrzuji moznost vyuzit

tyto metody pro stanoveni 5-NBIA ve vodach.

4.3 VVoltametrické stanoveni 2-Amino-6-nitro-benzothiazolu

Optimalni podminky pro voltametrické stanoveni ANBT na p-AgSAE a m-AgSAE
byly BR pufr pH 4,0 — methanol (9:1) a pH 10,0 — methanol (9:1) pro DCV;,
pH 3.0 — methanol (9:1) a pH 10.0 — methanol (9:1) pro DPV. Pro BiF-AgSAE byl pouzit BR
pufr pH 10,0 — methanol (9:1) pro DCV i DPV. Pro CFE byl zvolen BR buffer
pH 4.0 — methanol (9:1) pro DCV i DPV [19].

Pro méiéni kalibra¢nich zavislosti na p-AgSAE a m-AgSAE byla pfed zacatkem
celodenniho mé&feni pouzita elektrochemicka aktivace v 0,2 mol L™ KCl p#i 0,2 V za stalého
michani po dobu 300 s. Pfed startem kazdého méteni byla provedena elektrochemicka
regenerace zaloZena na 300 polarizaCnich cyklech sestavajicich z Ej g @ Eoreg VloZenych po
dobu 50 ms. Pro p-AgSAE byly Ej reg = — 200 mV and Ejeg = — 600 mV, pro m-AgSAE byly
Eireg =—400 mV a Ep reg=— 900 mV.

Za téhto podminek byly naméfeny kalibracni zavislosti (shrnuté v Tabulce 1) ANBT
v koncentraénim rozmezi 2x10° — 1x10°mol L™ pro DCV a DPV na p-AgSAE
a2x10”" — 1x10~ mol L™* pro DCV a DPV na m-AgSAE.



Tabulka 1
Souhrn Lo pro pouzit¢ metody stanoveni ANBT v optimalnim prostiedi na p-AgSAE
a m-AgSAE.

Elektroda Optimalni prostredi |1%_7p ;?OIIDE_Y I;_Lg‘ rl;]OOIIDE_\ll

BR pufr pH 4,0 — methanol (9:1) 30 -
p-AgSAE BR pufr pH 3,0 — methanol (9:1) - 30

BR pufr pH 10,0 — methanol (9:1) 1 2

BR pufr pH 4,0 — methanol (9:1) 7 -
m-AgSAE BR pufr pH 3,0 — methanol (9:1) - 4

BR pufr pH 10,0 — methanol (9:1) 2 1

Optimalni podminky byly pouzity na stanoveni DCV a DPV na p-AgSAE a m-AgSAE
Vv roztocich modelovych vzorki pitné a fi¢ni vody. Pro obé elektrody bylo pouzito 9 ml
vzorku modelovych vzorkt vody doplnéného na 10 ml BR pufrem o pH 10,0. Kalibra¢ni
kiivky byly linearni v koncentraénim fadu 2x10" — 1x10°° mol I'* a Lg jsou uvedeny

v Tabulce 2.

Tabulka 2
Souhrn Lq pro pouzité metody stanoveni ANBT v modelovych vzorcich pitné a fiéni vody na

p-AgSAE a m-AgSAE.

Lo proDCV  Lg pro DPV

Elektroda Matrice 10" mol LY 10" mol L

p-AgSAE Pitna voda 1 1
Riéni voda 4 1

m-AgSAE Pitna voda 4 1
Ri¢ni voda 2 1

Mé&feni na BiF-AgSAE byla provadéna opét bez aktivace a regenerace. Kalibracni
zavislosti ANBT byly linearni v koncentraénich rozmezich 2x10~" — 1x107> mol L™ pro DCV
a DPV s mezemi stanovitelnosti 2x10~" mol L™ [4].

Optimalni podminky byly také aplikovany na méfeni DCV a DPV na BiF-AgSAE
v modelovych vzorcich pitné a mineralni vody. K obéma typtim vod byla pfidana EDTA (1g
na 50mL vody) jejiz pomoci byly maskovany pfitomné kationty. Pro méfeni bylo pouZito
9 mL vzorku modelového vzorku vody doplnéné na 10 mL BR pufrem o pH 10,0. Kalibra¢ni

kiivky byly linearni v koncentraénim rozmezi 2x1 07— 1x10°mol L™



Meze stanovitelnosti byly pro DCV Lqg = 5x10" mol L™ a DPV Lo = 4x107" mol L™
pro pitnou vodu s ptidavkem EDTA; pro modelovy vzorek mineralni vody S ptidavkem
EDTA pro DCV and DPV Lq =4x10"° mol L ™" [4].

Pro méfeni kalibracnich zavislosti redukci na CFE bylo nezbytné pouzit regeneracni
potencidl Ejreg = —400 MV a Ejreg = 900 mV. Kalibra¢ni zavislosti ANBT byly méfeny
v koncentraénim rozmezi pro DCV a DPV 2x107 — 1x10°molL? (pro DCV
Lo =9x10"mol L™ a DPV Lg = 8x10 " mol L™). Kalibra¢ni zavislosti oxidaci ANBT byly
méfeny pro DCV a DPV v koncentraénim rozmezi 2x10° — 1x10°mol L™ s mezemi
stanovitelnosti pro DCV Lo =5x10"°mol L™ a DPV Lo =4x10"° mol L™ [18].

Optimélni podminky byly také aplikovany na meéteni DCV a DPV na CFE v
modelovych vzorcich pitné a fi¢ni vody (9,0 mL modelového vzorku vody a 1,0 mL BR pufru
o pH 4,0) v koncentratnim rozsahu 2x107 — 1x10°molL™ pro redukce
a 2x10° — 1x10°mol L™ pro oxidace. Dosazena Lg v modelovém vzorku pitné vody pro
redukce DCV byla Lo = 5x10" mol L 'a pro DPV Lg = 2x10" mol L'™*. V modelovém
vzorku fiéni vody byla pro DCV Lqg = 2x10 " mol L™ a pro DPV Lq = 5x10" mol L™,
V modelovém vzorku pitné a ficni vody pro oxidace DCV Lg = 3x107" mol L', DPV
Lo=2x10"mol L™ [18].

Dosazené meze stanovitelnosti v modelovych vzorcich vod potvrzuji moznost vyuzit

tyto metody pro stanoveni ANBT ve vodach.

5. Zavéry

Tato prace predstavuje piispévek k hledani novych voltametrickych metod
aplikovatelnych pfi environmentalnich analyzach.

Experimentalni prace byla zaméfena optimalizaci postupt piipravy novych typt
elektrod zaloZenych na tuhém amalgamu a jeho modifikacich, na nichz byly nésledné
stanoveny modelové nitrované heterocykly. Tyto latky jsou pouzivany ve fotochemii, pfii
pfipravé barviv, vprimyslu a jako vychozi latky pro pfipravu 1é¢iv. Proto mohou
kontaminovat primyslové odpadni vody. Proto bylo zvoleno né€kolik zastupct z této skupiny
jako testovaci analyty pro sledovani jejich elektrochemického chovani na nové ptipravenych
elektrodach.  Byly  vyvinuty nové  voltametrické metody pro  stanoveni
2-amino-6-nitrobenzothiazolu a 5-nitrobenzimidazolu a jich pouzitelnost byla otestovana na

riznych matricich vody.
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Dosazené vysledky se daji shrnout nasledovné:

p-AgSAE, m-AgSAE, MF-AgSAE, BiF-AgSAE a CFE elektroda mohou byt Gspésné
pouzity pro stanoveni Stopovych mnozstvi vybranych testovanych latek na vhodnych
netoxickych ndhradach za rtutovou elektrodu. Elektrody prokéazaly stabilni

a opakovatelné odezvy béhem vSech méteni.

Pokus k zvyseni citlivosti metod pomoci adsorpéni rozpoustéci DC ¢i DP voltametrie
bohuzel na zadné elektrodé nebyl uspésny.

Byla ovéfena moznost pouziti testovanych elektrod pro vybrané latky v modelovych
vzorcich pitné, fi€ni a minerdlni vody pomoci DCV a DPV. Pouze v pfipadé
bismutové filmové elektrody bylo nutné pouzit EDTA pro zamaskovani ptitomnych

kationtt ve vodach.

Bylo dokéazano, ze pfidavek SDS a Tritonu X-100 nema vyznamny vliv na DPV
6-NBIA na HMDE, p-AgSAE a m-AgSAE. Pouze piidavek CTMAB k 6-NBIA za
idealnich podminek a jen na p-AgSAE zvysi dvojnasobné vysku sledovaného piku.

Bylo prokéazano, Zze CFE je pouZitelny jako senzor pro redukéni reakce vybranych

latek, nicméné neni nejvhodnéjsi volbou pro oxidace 2-amino-6-nitrobenzothiazolu.

6. Pouzita literatura

Viz kapitola 6. References v anglické ¢asti na str. 22.
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Abstract

The main aim of this Ph.D. Thesis is development and testing of new non-toxic
electrode materials, their preparation and the development of analytical methods applicable
for the determination of selected nitro substituted heterocyclic compounds.

New working electrodes based on the modification of surface of polished silver solid
amalgam electrode (p-AgSAE) by mercury (mercury meniscus modified silver solid amalgam
electrode (m-AgSAE), mercury film modified silver solid amalgam electrode (MF-AgQSAE)),
bismuth (bismuth film on silver solid amalgam electrode (BiF-AgSAE)) or carbon (electrode
modified by microcrystalline natural graphite—polystyrene composite transducer (CFE)) were
developed.

The optimum deposition time for the preparation of above mentioned film electrodes
was found. Their electrochemical behavior (stable and reproducible responses during
measurement) were investigated and further used in voltammetric determination of mutagenic
or carcinogenic environmental pollutants 2-amino-6-nitrobenzothiazolu (ANBT) and
5-nitro-benzimidazole (5-NBIA). These analytes could be determined by direct current
voltammetry (DCV) or differential pulse voltammetry (DPV).

The attempt at increasing the sensitivity using adsorptive striping DCV or DPV at all
tested electrodes with both compounds was not successful. As an alternative method to
decrease the limit of quantification for DPV of 5-NBIA at p-AgSAE the addition of
cetyltrimethylammonium bromide (CTMAB) was used. Limit of quantification under the
optimal conditions decreased about twice by addition of CTMAB in comparison with
measurement in the absence of the surfactant with keeping good accuracy.

All newly developed electrodes were found to be suitable alternatives to mercury
electrodes and their applicability was verified also on model samples of deionized, drinking

and river waters.
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1. Introduction

Nitrated heterocycles belong among highly dangerous mutagenic compounds. The
interest in these substances is obvious, because some of them are directly emitted to the
atmosphere by diesel and petrol engines. Diesel engine exhaust belongs to the most important
sources of NPAH and nitrated heterocycles in the air (more then 50 was identified [20]).
These substances are responsible for mutagenicity of engine exhausts, many of them even in
the absence of exogenous metabolic activation. Great efforts have been made to detect them
in different kinds of environmental samples, because they can enter the body by inhalation,
absorption through the skin and through intestinal tract. Attention is also being paid to the
analysis of their derivates formed during metabolic transformations.

Because of the extremely wide range of matrices and samples, where nitrated
heterocycles and their derivatives can be present, the often small amounts of individual
compounds and a myriad of interfering substances, analytical methods are required which are
not only extremely sensitive, but can also provide great selectivity.

Electroanalytical methods have become nowadays more attractive in comparison with
dominating separation and spectrometric methods, thanks to development suitable electrode
materials, and possibility of their mechanical and/or chemical modifications. Electrochemical
sensors represent beneficial tool in environmental, medicinal, pharmaceutical and even

toxicological monitoring. A huge advantage is their low cost and simple handling.

2. Aims of the study

This study is focused on the use of the silver amalgam for development of novel sensors
by modification of its surface and their application for voltammetric determination of selected
environmental organic pollutants, e.g. 4-nitrophenol (4-NP) [5], 2-amino-6-nitrobenzothiazole
(ANBT) [4, 18, 19] and 5-nitrobenzinzimidazole [5, 18, 21] [17]. All these compounds are
listed as “priority pollutants” by United States Environmental Protection Agency (US EPA)
and mainly used in agriculture (nitrophenols as fertilizers (plant growth stimulators)), industry
(5-NBIA, ANBT), or as an intermediate for preparation of medicaments (5-NBIA, ANBT).
Sensors developed in this Thesis may be obviously used for the determination of other
electrochemically reducible or oxidisable organic compounds and they may be used as

suitable alternative to mercury electrodes.
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3. Materials and methods

3.1 Amalgam Electrodes

Mercury is unique electrochemical material because its surface is atomically smooth,
have large cathodic potential window and its surface is simply renewable. But in the recent
time there is an increased fear of mercury toxicity (which is not so well-founded because toxic
are first of all mercuro-organic compounds [22]).

The suitable choice is non-toxic silver solid amalgam electrode (AgSAE) [1] which
has good electrochemical properties and it can be easily prepared. Surface is not so smooth as
mercury and it is solid. This is big advantage for many applications. This type of electrode
can be used in flow systems without problems [2] linked to liquid mercury based electrodes.
But it has one disadvantages — the passivation of the surface [3]. This can be eliminated by
suitable preliminary treatment e.g. an electrochemical cleaning of the surface or mechanical
cleaning on alumina. Polished surface electrode (p-AgSAE) provides potential window
similar to HMDE, but electrode surface is more liable to passivation. These electrodes have
found a lot of electroanalytical applications reviewed by B. Yosypchuk [3].

Some electrochemical or mechanical properties of amalgam electrodes may be also
improved by a modification of the electrode material or its surface [4, 5].

3.2 Mercury Modified Amalgam Electrode

Attention was paid to the use of mercury for preparation of mercury modified silver
solid amalgam electrode (m-AgSAE) which is prepared from p-AgSAE by immersing it for
certain time into liquid mercury. Thus prepared electrode combine advantages of HMDE (the
DPV peaks are almost the same) [6] and solid electrode. Electrode is stable for several
weeks, but with prolonged time the reproducibility and sensitivity declines. The wide field of
analytical applications of these electrodes have been reviewed [7, 8]. Certain disadvantage of
this electrode is the fact that preparation of new meniscus is not completely reproducible.

For that reason different method of modification by mercury was tested. It is based on
electrochemical deposition of mercury from solution for selected time. The thickness of film
is easy to calculate from Faradays law [9]. This electrode is denoted as mercury film modified
silver solid amalgam electrode (MF-AQSAE), which have repeatable thickness of mercury

layer.
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3.3 Bismuth Modified Amalgam Electrode

We have confirmed that other suitable materials can be deposited on amalgam
electrode as a support [10]. The main advantage of these electrodes is the fact that only a
small quantity of chosen metal can be used. There are two ways how to prepare this electrode
“ex situ” and “in situ”. First possibility is to deposit the metal from solution of its salt on the
surface of an electrode and then to immerse the electrode into the measured solution and
record the voltammogram. The second possibility is to add metal salt solution into the
measured solution and then by electrochemical processes deposit the film on the electrode and
carried out the measurement in one solution [4]. First method is useful in the case of danger of
bare surface contamination by impurities from measured solution and there is a possibility of
simple visual control of deposited film quality and presence of defects. Electrode can by used
for several hours. The second method can be better in the moment when it is necessary to be
sure about the size of deposited area, but this method is available only for one measurement

and afterwards the old surface must be removed and the new one formed [11].

3.4 Carbon Modified Amalgam Electrode

Mercury and amalgams are the good choice for electrochemical reduction, but
oxidation is complicated or impossible on this type of surface, because the potential window
IS very narrow in positive potential region. Therefore, it is necessary to use other materials for
electrochemical oxidation.

For this type of process it is proper to use an electrode based on carbon film prepared
by covering a suitable electrode (which serve just as electric contact) with conductive carbon
ink. The amalgam as a surface can be suitable choice. A disadvantage of this type of electrode
is small oxidation peak around +100 mV, which is most likely connected with not completely
covered amalgam surface and probability of oxidation of certain part of mercury in the
amalgam [12]. We have also observed when the organic medium is used as a solvent that with
increasing number of scans there is an increase in the background current. This effect is
probably connected with the damage of carbon film and possible penetration of the solution to

the support amalgam.
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3.6 Methods for Analysis

As a method for the determination of selected substances on newly developed
electrodes DC voltammetry (DCV) and differential pulse voltammetry (DPV) were used.
An attempt to increase the sensitivity using adsorptive stripping voltammetry (AdSV)

at tested electrodes was not successful.

4. Results and discussion

4.1 Preparation of Electrodes

Preparation of p-AgSAE is simple. The p-AgSAE consisted of a drawn-out glass tube,
whose tip was packed with a fine silver powder (2.0 — 3.5 um), amalgamated by liquid
mercury and connected to an electric contact. Before starting measurement it was polished to
mirror shine on the polishing set by alumina powder (1.1 um particle) [3].

The m-AgSAE was prepared from p-AgSAE by immersing this electrode into a small
volume of liquid mercury and agitating for 15 s [13].

The MF-AgSAE was prepared by special device consisting of a plastic tube filled
with 0.2 mL of 0.01 mol L HgCl, and 1 mol L™ KI, containing liquid mercury at the bottom
with carbon contact. The MF-AgSAE must be prepared every day because the lifetime of
1 — 2 nm thick mercury film is about 2 hours. After the optimization of film thickness (based
on testing different times of deposition (300 — 3600 s) and repeatability of deposited film
(10 times), the time of deposition 3600 s was selected as an optimum [9].

The BiF-AgSAE was prepared ex situ in a plating solution (after deaeration of the
solution for 5 min with pure nitrogen) containing bismuth standard solution (1000 mg L™
Bi(I11)) and 1.0 mol L™ acetate buffer pH 4.75 (5:95, v/v) by the deposition of the bismuth
film on the p-AgSAE at constant potential —1.2 V' (vs Ag/AgClI) for selected time (tgep) under
stirred conditions [14, 15]. The BiF-AgSAE had to be prepared every day because a lifetime
of the electrode surface is relatively short. For electrode with disc diameter 2.64 mm (used for
determination of 5-NBIA) time range 300 — 3600 s was tested. Optimal deposition time 1800
s was selected. This time assured long time film stability and good repeatability of film
preparation (RSD from measurement on 10 films was good (12 %) and 20 measurements on
one freshly prepared film gave RSD = 3 %). For electrode with disc diameter 0.5 mm time

range 60 — 600 s was tested. As an optimal deposition time 300 s was selected which resulted

16



in long time stability and repeatable film preparation (measurement on 10 films gave RSD 16
% and 20 measurements on one freshly prepared film gave RSD =5 % [4]).

The CFE was formed by immersing p-AgSAE surface into the conductive ink
1,2-dichloroethane, crystalline graphite 2 um and dissolved polystyrene. The active part of the
electrode just touched the surface of the ink. Two minutes after immersing,
1,2-dichloroethane evaporates and the film is formed. When it is necessary to renew the old

film, it can be easily removed by wiping it off with a filter paper [16].

4.2 Polarographic and Voltammetric Determination of

5-Nitrobenzimidazole

The optimum conditions for voltammetric determination of 5-NBIA at p-AgSAE,
m-AgSAE, and MF-AgSAE were pH 6.0 and for solution modified by surfactants for
increase of sensitivity of DCV and DPV optimum pH was 8.0. For measurement on
BiF-AgSAE and CFE optimal pH was 7.0. Under optimal conditions, the calibration
dependences of 5-NBIA were measured.

For measurement of calibration dependences on p-AgSAE, m-AgSAE, MF-AgSAE
electrochemical activation before starting a daily measurement was used in 0.2 mol L™ KCI at
—2.2 V under stirring for 300 s. Before each measurement regeneration of the electrode was
carried out. It was based on the application of 300 polarization cycles switching the electrode
potential from Ejy t0 Ezreg for 50 ms. For all electrodes regeneration potentials
Eireg = —100 mV and Ej e = — 600 mV were used. Under these conditions the calibration
dependences of  5-NBIA  were  measured  within  concentration  ranges
of 2x10" — 1x10°mol L™* for DCV and DPV. Limits of quantification (Lg) were at
p-AgSAE for DCV Lo = 8x10" mol L™, for DPV Lo = 5x107 mol L™; at m-AgSAE for
DCV Lo = 3x10'mol L, for DPV Lo = 2x10 ' molL™"; at MF-AgSAE for DCV
Lo =1x10°mol L™, for DPV Lo =7x10"" mol L™ [5].

The optimum conditions found above for DCV and DPV at p-AgSAE, m-AgSAE,
MF-AgQSAE determination of 5-NBIA were used for direct determination of the substance in
model samples of drinking water from the public water line in Prague. The BR buffer was
replaced by 0.01 mol L™ NaOH (9:1) for simplification. It was found that the calibration
curves are linear in the concentration range 2x10~" — 1x10°® mol 1. Limits of quantification
were at p-AgSAE for DCV Lo = 1x10° mol L™, for DPV Lq = 4x10" mol L™!; at m-AgSAE
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for DCV and DPV Lg = 3x10°" mol L™; at MF-AgSAE for DCV Lq = 9x10~" mol L™, for
DPV Lo =8x10" mol L™ [5].

These results confirm the possible application of the proposed methods for drinking
water monitoring.

For the decrease of limit of quantification at HMDE, p-AgSAE and m-AgSAE addition
of surfactants into the solution was tested. The selected surfactant was
cetyltrimethylammonium bromide (CTMAB), Triton X-100, and sodium dodecyl sulfate
(SDS). Before measurement electrochemical regeneration at Ej g = 0 MV, Ep g = — 1200 mV
for p-AgSAE, and Eirq = — 100 mV, Epreg = — 900 mV for m-AgSAE were used. The
calibration dependences at 5-NBIA were measured within concentration range of 2x10~" —
1x10° mol L for DPV. The addition of SDS and Tritone X-100 does not significantly
influence DPV determination of 5-NBIA on HMDE, p-AgSAE and m-AgSAE. Only the
addition of CTMAB significantly increases the height of DPV peaks but only at the
p-AgSAE.

For measurement of calibration dependences on BiF-AgSAE no activation or
regeneration of electrode was used since such procedures damage the bismuth film formed.
The calibration dependences of 5-NBIA were measured within concentration ranges for DCV
2x107" — 1x10> mol L ™" and for DPV of 2x10° — 1x10™> mol L with limits of quantification
for DCV at Lo =4x10"" mol L™, and for DPV at Lo = 7x10° mol L™

The optimum conditions for DCV and DPV at BiF-AgSAE were used for direct
determination of the 5NBIA in model samples of drinking water and mineral water. Both
types of water were treated with EDTA (1g per 50 mL of water) for masking of cations
present in solution or without EDTA to compare if this addition necessary. It was shown that
measurement with EDTA is necessary in mixture of 9 mL spiked water and 1 mL of proper
buffer (without EDTA is impossible to obtain good calibration dependences). If we have
measured mixture of 5 mL spiked water and 5 mL of proper buffer, it was not necessary to
add EDTA. It was found that the calibration curves are linear (in the concentration range
2x107" = 1x10™° mol I'"). Limit of quantification was at BiF-AgSAE in model sample of
drinking water for DCV Lg = 7x107" mol L™* (5:5) and Lo = 3x10"" mol L™ (9:1), for DPV
Lo = 1x10°mol L™ (5:5) and L = 7x10" mol L™ (9:1); for model sample of mineral water
for DCV Lg = 8x10'molL™ (5:5) and Lo = 5x10"molL™" (9:1), for DPV
Lo =4x10"° mol L™ (5:5) and Lo = 3x10" mol L™ (9:1) [17].

These results confirm the possible application of the proposed methods for both

drinking and mineral water.
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For measurement of calibration dependences on CFE it was necessary to use
regeneration potentials Ej g = — 400 mV and E; g = — 900 mV. The calibration dependences
of 5-NBIA were measured within concentration ranges for DCV and DPV
2x107 — 1x10°mol L™ (for DCV was Lo = 6x10'molL™" for DPV was
Lo =3x10" mol L™) [18].

These conditions were used for measurement of calibration curves using a mixture of
9.0 mL of a spiked model water sample drinking and river water and 1.0 mL of BR buffer of
appropriate pH in concentration range 2x10~' — 1x10~° mol L™*. Reached Lo in model samples
of drinking water were for DCV Lo = 3x10"" mol L™, for DPV Lg = 1x10" mol L™ and in
model samples of river water they were for DCV Lo = 2x10'molL?, DPV
Lo = 1x10 " mol L™" [18]. Again, these results confirm the possible application of the

proposed methods for both drinking and river water.

4.3 VVoltammetric Determination of 2-Amino-6-nitro-benzothiazole

The optimum conditions found for polarographic and voltammetric determination of
ANBT at p-AgSAE and m-AgSAE were BR buffer pH 4.0 — methanol (9:1),
pH 10.0 — methanol (9:1) for DCV and pH 3.0 — methanol (9:1), pH 10.0 — methanol (9:1) for
DPV. For BiF-AgSAE BR buffer pH 10.0 — methanol (9:1) was selected for both DCV and
DPV. For CFE BR buffer pH 4.0 — methanol (9:1) was selected for both DCV and DPV [19].

For measurement of calibration dependences on p-AgSAE and m-AgSAE an
electrochemical activation before starting daily measurement was carried out in 0.2 mol L™
KCI at —2.2 V under stirring for 300s. Before each measurement regeneration electrode was
carried out based on application of 300 polarization cycles switching the electrode potential
from Eireq t0 Ezeg for 50 ms. For p-AgSAE the following potentials were used:
Eireg = — 200 mV and Ejrg = — 600 mV. For m-AgSAE Ejy = — 400 mV and
Eoreg = — 900 mV were used. Under these conditions the calibration dependences of ANBT
were measured on selected electrodes (see the Table 1) within concentration range of
2x10® — 1x10° mol L™ for DCV and DPV at p-AgSAE and 2x10~" — 1x10°> mol L™ for
DCV and DPV at m-AgSAE.
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Table 1
Summary of used methods and optimum media for the determination of ANBT at p-AgSAE
and m-AgSAE and Lq of these determinations.

Lo for DCV  Lq for DPV
10" mol L™ 10" mol L

30 -

Electrode Optimum medium

BR buffer pH 4.0 — methanol

(9:1)

0-AgSAE BR buffer pH 3.0 - meth(%r_l(l))l B 30
BR buffer pH 10.0 — methanol

(9:1)

BR buffer pH 4.0 — methanol

(9:1)

M-AgSAE BR buffer pH 3.0 - methgr.li))l B 4
BR buffer pH 10.0 — methanol

(9:1)

The optimum conditions found above for the determination of ANBT using DCV and
DPV at p-AgSAE and m-AgSAE were used for direct determination of the substance in
model samples of drinking water from the public water line in Prague and river water in
Prague. For both electrodes 9.0 mL of spiked sample of waters were diluted to 10 mL by
BR buffer pH 10.0. It was found that the calibration curves are linear (in the concentration

range 2x10°" — 1x10® mol I'Y). Limits of quantification are summarized in table Table 2.

Table 2
Summary of used methods for determination of ANBT and their Lo at p-AgSAE and
m-AgSAE in spiked samples of waters.

Lo for DCV L for DPV

Electrode Matrix 107 mol L=t 107 mol L

p-AgSAE Drinking water 1 1
River water 4 1

m-AgSAE Drinking water 4 1
River water 2 1

These results confirm the possible application of the proposed methods for drinking and
river water.

For measured calibration dependences on BiF-AgSAE no activation or regeneration of
electrode was used since such procedures damage the bismuth film formed. The calibration
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dependences of NBTA were measured within concentration ranges for DCV and DPV in
2x107" = 1x10° mol L™ (for DCV and DPV were Lo = 2x10"" mol L) [4].

The optimum conditions found above for DCV and DPV at BiF-AgSAE determination
of NBTA were used for direct determination of the substance in model samples of drinking
public water line in Athens and of Greek mineral water. Both types of water were treated with
EDTA (1g per 50 mL of water) for masking of cations. For both electrodes 9.0 mL of spiked
sample of waters were diluted to 10 mL by BR buffer pH 10.0 in the concentration range
2x107 — 1x10°° mol L. Limit of quantification was at BiF-AgSAE in model sample of
drinking water without EDTA for DCV Lo = 510" mol L™, for DPV Lo = 4x107 mol LY,
for drinking water with EDTA for DCV and for DPV Lg = 3x10 ® mol L™*; for mineral water
with EDTA for both DCV and DPV Lo = 4x10°° mol L™ [4].

These results confirm the possible application of the proposed methods for both
drinking and mineral water.

For measurement of calibration dependences based on reduction at CFE it was
necessary to use regeneration potentials Eieq = —400 mV and Ezeg = —900 mV. The
calibration dependences of reduction of ANBT were measured within concentration ranges
for DCV and DPV 2x107" — 1x10°mol L™ (for DCV Lg = 9x10 " mol L', for DPV
Lo = 8x10 " mol L™"). The calibration dependences based on oxidation of ANBT were
measured within concentration ranges for DCV and DPV 2x10° — 1x10°® mol L™ (for DCV
Lo =5%10"°mol L™, for DPV Lq = 4x107° mol L™) [18].

These conditions were used for measurement of calibration curves using a mixture of
9.0 mL of a spiked model water sample (drinking water from the public water line in Prague
or the river water from the Vltava river in Prague) and 1.0 mL of a BR buffer of pH 4.0 in the
concentration range 2x10~" — 1x10° mol L™* for reduction and 2x10°® — 1x10°® mol L™* for
oxidation. In model samples of drinking water for reduction for DCV Lq = 5x10~" mol L™,
for DPV Lg = 2x107" mol L'!; in model samples of river water for reduction for DCV
Lo = 2x107" mol L™, for DPV Lo = 5x10"" mol L™*; in model samples of drinking and river
water for oxidation for DCV Lqg = 3x10"" mol L™, DPV Lg = 2x10"" mol L™ [18].

These results confirm the possible application of the proposed methods for both

drinking and river water.
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5. Conclusions

The presented Thesis describes development of new electroanalytical methods for the
determination of selected heterocyclic nitro derivatives using new electrode materials which
are based on amalgam and its modified surface. Tested compounds are used as raw materials
and intermediates in the manufacture of pharmaceuticals, dyes, in photochemistry, industry
and they are contaminants of industrial wastewaters.

This Thesis represents a contribution to the search for new analytical methods
applicable in environmental analysis.

Experimental work was focused on  2-amino-6-nitrobenzothiazole  and
5-nitrobenzimidazole and the possibilities of their determination using voltammetry. These
substances were used as testing compounds for newly developed modified amalgam
electrodes.

The obtained results can be summarized as follows:

e p-AgSAE, m-AgSAE, MF-AgSAE, BiF-AgSAE and CFE electrode using silver solid
amalgam electrode as a substrate can be successfully used for the determination of
trace amounts of tested compounds as suitable non-toxic and environmentally friendly
alternatives to mercury electrodes. They provide stable and reproducible responses
during measurement.

e The attempt at increasing the sensitivity using adsorptive striping DCV or DPV at all

tested electrodes with both compounds was not successful.

e The applicability of all tested electrodes for DCV and DPV determination of selected
compounds in model samples of drinking and river waters has also been verified.
With bismuth film electrodes it was necessary to use for both waters further
pretreatment/purification by solid EDTA which was added for masking cations
present in solution.

e It has been proved that the addition of SDS and Triton X-100 does not significantly
influence the DPV determination of 6-NBIA at HMDE, p-AgSAE and m-AgSAE.
However, under the optimal conditions, the hight of DPV peaks of 6-NBIA at p-
AQSAE increased about twice by addition of CTMAB in comparison with
measurement in the absence of the surfactant while keeping good accuracy.
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e It has been shown that CFE is a good sensor for reduction reactions of selected
compound. However, it is not too suitable for oxidation reaction of
2-amino-6-nitrobenzothiazole.
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