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Seznam pouzitych zkratek a symbolu

A

AAS
AFS
CFA
CHG
EcHG
ET-AAS
FIA

HG
HPLC

I
ICP-AES
ICP-MS
LDR
LOD
LOQ
MIP-AES
QF-AAS
U

Uuv

Vel

absorbance

atomova absorp¢ni spektrometrie

atomova fluorescenéni spektrometrie

kontinualni pritokové analyza

chemické generovani hydrida

elektrochemické generovani hydridt

atomova absorpéni spektrometrie s elektrotermickym atomizatorem
pritokova injekéni analyza

metoda generovani hydridd

vysokoucinna kapalinova chromatografie

genera¢ni proud

atomovéa emisni spektrometrie s indukéné€ vazanym plazmatem
hmotnostni spektrometrie s indukén€ vdzanym plazmatem

linearni dynamicky rozsah kalibra¢ni zavislosti

mez detekce

mez stanovitelnosti

atomova emisni spektrometrie s mikrovinn€ indukovanym plazmatem
atomova absorpéni spektrometrie s kiemennym atomizatorem
elektrické napéti

ultrafialové zateni

prutokova rychlost elektrolytu



1 Obsah rigoroézni prace

Pfedklddana rigorézni prace patii do série prispévkd vénovanych
elektrochemickému generovani té€kavych slouenin pro potfeby atomové absorpéni
spektrometrie. Autor se v této praci zabyva konstrukci novych typid elektrochemickych cel pro
generovani t€kavych forem hydridotvornych prvkl za G¢elem miniaturizace jejich vnitfnich
objeml. Tato miniaturizace je vhodna zejména pfi spojeni techniky generovani té¢kavych
sloucenin s detekci atomovou absorpéni spektrometrii spolu s nékterou ze separaénich technik
pro ucely speciaéni analyzy. Zakladem rigorézni prace jsou dvé monotématické pivodni
prace zabyvajici se zmin€nou problematikou miniaturizace elektrochemickych genera¢nich
cel vyuzivanych pro generovani t€kavé formy selenu. Jedna zpraci byla publikovina
v Ceském odborném C&asopise a druhd v zahraniénim odborném <&asopise. V posledni &asti

prace jsou uvedeny mezinarodni konference, kde byla zmifiované problematika prezentovéna.
2 Elektrochemické generovani tékavych sloucenin

Zakladem elektrochemického generovani je tvorba kovalentnich té€kavych hydrida
prvki &tvrté, paté a Sesté hlavni skupiny periodické tabulky prvki'>. V soudasné dobé jsou
nejCastéji generovanymi t€kavymi slou¢eninami pro potfeby atomové absorpéni spektrometrie
kovalentni hydridy arsenu, antimonu, bismutu, selenu, teluru, germania, cinu a olova®.

Elektrochemické generovani t€kavych sloudenin piedstavuje alternativni techniku
ptipravy t€kavych hydrida vedle dnes velmi rozsifené techniky chemického generovéni. Pfi
chemickém generovani t€kavych slou€enin se pouZiva pifedev§im NaBH, jako chemické
redukéni ¢inidlo. PouZiti toho ¢inidla v8ak pfindsi ur¢ité problémy. Jednim z té€chto problémi
je riziko zneci$téni vzorku stopovymi koncentracemi nefistot pochazejicich z piipraveného
roztoku NaBHj4. Dali nevyhodou je nestalost redukéniho &inidla pfi laboratorni teploté. Tyto
a jiné problémy jsou odstranény v p¥ipadé elektrochemického generovani t€kavych slouéenin,
kdy je kredukci analytu pouzit elektricky proud v prostiedi velmi &istych mineralnich
kyselin. Tim odpadd moZnost kontaminace analyzovaného vzorku redukénim &inidlem. To
umoziiuje dosaZeni velice nizkych hodnot mezi detekce a stanovitelnosti*®. Dalsi prednosti
elektrochemického generovani je také uspora drahého redukéniho ¢&inidla.

Elektrochemické generovani t€kavych hydridi miize byt, podobné jako chemické

generovani, kombinovano s rliznymi analytickymi detek&nimi technikami jako je atomova



absorpéni spektrometrie s kfemennymi atomizatory (QF-AAS) !

, atomovéa absorpéni
spektrometrie s elektrotermickymi atomizitory (ET-AAS)'*", atomova fluorescenéni
spektrometrie (AFS)"*'"; atomov4 emisni spektrometrie sindukén& vazanym plazmatem
(ICP-AES)'®, atomovéa emisni spektrometrie s mikrovinng indukovanym plazmatem (MIP-

AES)!*? i hmotnostni spektrometrie s induk&ng vazanym plazmatem (ICP-MS)*"%,

3 Experimentalni usporadani

Metoda elektrochemického generovani tékavych slouenin miZe byt stejné jako
chemické generovani pouZivéna jak v technice pfimého pfenosu hydridu, tak ve spojeni
s kolekéni technikou. Kromé& dévkového generovéni je v praxi moZné pfi pfimém pfenosu
t€kavé slouCeniny pracovat technikou kontinudlni pritokové analyzy (CFA) a technikou
prutokové injekeni analyzy (FIA); ve spojeni s kolekéni technikou pak davkovym zptisobem
nebo technikou kontinudlni pritokové analyzy.

Hlavni ¢&asti experimentdlniho uspofddani pro kontinudlni generovani tékavé
slou€eniny s pfimou atomizaci jsou:

- pritokovy systém

- elektrolyticka cela (elektrody)

- zdroj konstantniho proudu

- nosny plyn

- separator fazi

- spojovaci material

3.1 Pratokovy systém

Pritokovy systém zajiSt'uje transport roztoku protékajiciho katodovym prostorem
(katolyt) a anodovym prostorem (anolyt) elektrolytické pritokové cely. Je tvofen
vicekanalovou peristaltickou pumpou s pfislu$nymi &erpacimi a transportnimi hadi€kami.
Celé zapojeni zavisi na pouZivané technice. Vzorek miZe byt bud’ injektovan do proudu
katolytu davkovacim ventilem s ddvkovaci smy¢kou pfisluného objemu nebo solenoidovym
ventilem z dal§iho kanalu (doba sepnuti uruje naddvkovany objem) nebo je kontinudlné

pfivadén dal3im kanalem s katolytem (spojeno pfes ,, T spojku) nebo misto katolytu.



3.2 Zdroj konstantniho proudu
Zdrojem potiebného konstantniho elektrického proudu nebo napé€ti mize byt libovolny

stabilizovany laboratorni zdroj s potfebnym vystupnim vykonem.

3.3 Separator fazi
Jednou z obecnych vyhod metody generovani tékavych hydridi je oddé€leni analytu
(ve formé t€kavého hydridu) od kapalné reakéni smési a tedy i od matrice vzorku. Kromé
t€kavého hydridu se vyviji i vodik. K oddéleni plynnych produktii od kapalné fiaze byla
navrZena fada separatoru fazi. Ty miZeme rozdélit do nasledujicich skupin:
a) Hydrostaticky separator fazi - funguje na principu sifonu a je vhodny pro
kontinualni generovani. Nevyhodou je relativné velky mrtvy objem.
b) Hydrostaticky separator fazi s nucenym odtahem - existuje celd fada technickych
uspofadani toho separatoru. Vyhodou je zamezeni vniku kapaliny do atomizatoru.
Odtahové rychlost musi byt vy$3i neZ rychlost pfitoku smési. Nevyhodou je tedy
odsavani ¢asti plynny produkti (obsahujici analyt) do odpadu.
c) Membranovy separator fazi - v dne$ni dobé€ jiZ neni tento typ separdtoru moc
pouzivan. Diivodem je nizké reprodukovatelnost a asova stabilita membrany.
d) Sprejovy separator fazi - jde spiSe o mlZznou komoru. Hlavni oblast vyuZiti toho

separatoru je pfi plamenové atomizaci.

3.4 Nosny plyn

Jako nosny plyn se vyuziva (podobné jako u chemického generovani) argon nebo
dusik. Nosny plyn miiZze byt zavadén bud ke vstupu nebo k vystupu katodového prostoru
elektrochemického generatoru nebo do separatoru fazi. Jinou moZnosti je zavedeni nosného
plynu pfimo do atomizatoru.

Ukolem nosného plynu ptivedeného na vstup elektrolytické cely je urychleni desorpce
vznikajiciho hydridu z povrchu elektrody. V ostatnich pfipadech slouZi jako transportni

médium pro urychleni ptenosu vzniklého hydridu do atomizatoru.

3.5 Spojovaci material
Jako spojovaci materiél se nej¢astéji pouZiva teflon. Veskeré spojovaci vedeni by mélo
byt co nejkratsi z divodu zamezeni transportnich ztrat zptisobenych nejéastéji sorpci hydridu

na povrch neinertniho materialu.



3.6 Elektrolytické cely

Nejdllezitéj$i Casti aparatury pro generovani t€kavych sloucenin je pritokova
elektrolyticka cela. Tato cela se obvykle skldda ze dvou navzijem spojenych &asti, které jsou
oznaovany jako katodovy a anodovy prostor. Vzhledem k odliné chemické povaze
katodového a anodového roztoku jsou oba prostory nejéastéji oddéleny navzijem iontoveé

2 nebo sklengnou fritou'*'® &i keramickou porézni

vyménnou membranou (vét§inou Nafion)
trubici'’. Oddgleni obou elektrodovych prostor déle zabraiiuje pronikéni anodickych
reakénich produkti do katodového prostoru, kde by mohly negativné interferovat se
vznikajici t€kavou slou€eninou. Vzijemné proudéni katodového a anodového roztoku
v elektrolytické cele miZe byt jak shodné tak i protichtidné. V této rigordézni praci jsou
popsany piedevsim elektrolytické cely bez iontové vyménné membrany. Obecné byva
nejéastéji pouZivina tenkovrstvd pritokova elektrolytickd cela zavedeni Linem’ a
Brockmannem®. Tyto cely existuji vfadé riznych modifikaci, ale zékladem cely je vdy
katodovy a anodovy prostor (zhotoveny z plexiskla nebo teflonu) riznych rozméri a tvari,
s pfislu$nymi pfivodnimi a vystupnimi konektory; obé& ¢asti jsou oddéleny iontov€ vyménnou
membréanou a k sob€ jsou spojeny nejéastéji Srouby nebo pomoci své€rek. Elektrody z riznych
materialt, riznych tvard a velikosti jsou spoleén€ s elektrickymi kontakty upevnény
v katodovém 1 anodovém prostoru. Tento typ priatokové cely muze byt integrovan
s membranovym separatorem fazi za vzniku kompaktniho elektrochemického generatoru.
Toto uspofadani vede predevsim ke sniZeni transportnich ztrat.

Jinou konstrukci pritokové cely je tubularni uspofadani®>°, kdy katoda z porézniho
skelného uhliku vypliiuje keramickou porézni trubici oddé€lujici katodovy a anodovy prostor.
Anoda ve formé platinového dratku je navinuta na této trubici a celek je upevnén v teflonové
trubici; katodou proudi katolyt a prostorem mezi keramickou a teflonovou trubici pak roztok
anolytu. V sou€asnosti je snahou konstruovat generaéni cely jednak s minimalnimi vnitinimi
objemy pfizachovéni dostate¢né ucinnosti generovani (napf. pro aplikace spojené

s pfedfazenym separaénim procesem)’' > a cely s maximalni G¢innosti generovani>*.

3.6.1 Elektrody

Elektrolytické pritokové cely se kromé tvaru a velikosti (objemu) elektrodovych
prostor miZou liSit i pouZitymi elektrodami. Tyto elektrody byvaji charakterizovany svym
tvarem, rozmérem a mohou byt z rizného materidlu. U tenkovrstvych elektrolytickych cel se

podle konstrukce katodového prostoru pouZivaji katody ve formé& folii nebo desek**,



dratu®’, vlakna® nebo granuli’®. P¥ pouziti katody ve tvaru desky miiZe katolyt protékat
pouze drazkou vyfrézovanou ptimo do bloku materialu. P¥i zachovani minimélniho vnitfniho
objemu se tak plocha elektrody podstatné zvé&tsi.

V piipad$ tubularniho detektoru protéka katolyt pfimo porézni elektrodou®, lisovanou
praskovou elektrodou?® nebo na mnoha mistech provrtanou trubi¢kou®. Anody byvaji opét

zhotoveny z f6lie nebo dratu.
4 Elektrolytické cely pripravené v ramci této prace

V ptedklddané praci se vyskytuje né&kolik elektrolytickych cel, které byly
konstruovany vyhradn€¢ za Welem miniaturizace katodového prostoru. Jednd se o
elektrolytické cely s pracovnim oznafenim 2A, 2C, 3A, 3B a 3C. Elektrolytické cely jsou
sestaveny obvykle z jediného bloku plexiskla, ve kterém jsou zhotoveny elektrodové prostory.
Jednotlivé cely se od sebe li§i vzdjemnou polohou i velikosti (objemem) elektrodovych
prostor. V jednom ptfipad¢ byla elektrolytickd cela konstruovdna téZ zteflonu namisto
plexiskla. Av3ak nespornou vyhodou plexiskla je jeho transparentnost, ktera je dileZita jak pfi
samotném zhotoveni elektrolytické cely tak i pro vizudlni sledovéni reakci spojenych
s elektrolyzou. Spole¢nou charakteristikou vech vy$e uvedenych elektrolytickych cel je
nepfitomnost nafionové membrany, kterd normalné oddéluje katodovy a anodovy prostor,
umoziiuje vyménu naboje, ale nedovoluje promichani obou elektrodovych roztokd a téz
plynnych produkti vznikajicich pfi elektrolyze.

Konstrukce bezmembranovych generanich cel naopak umoZni pifekonat n&které
problémy spojené s pouZitim membrany: omezena velikost genera¢niho proudu, postupné
»starnuti membrany a zména jejich mechanickych i elektrickych vlastnosti, horsi t&snici
schopnost. V pfipadé¢ bezmembranovych cel je nutné pouZit jediny elektrolyt, ktery je
spole¢ny jak anodovému, tak i katodovému prostoru. Zaroveii je nutné vhodnou volbou
odtahové rychlosti na vystupu z anodového prostoru zajistit optimalni prutok elektrolytu
kolem katody, kde dochazi k tvorbé t&€kavé slouéeniny.

V dalsi ¢asti prace byly konstruovany i jiné typy elektrolytickych cel, u nichz také
dolo k vyrazné minimalizace katodového prostoru. Tyto cely vSak nebyly primarné
konstruovény za Ufelem miniaturizace, ale za ufelem zvySeni G¢innosti generovani tékavé

slouceniny, a proto nejsou v této praci uvedené.



4.1 Cela2A a2C
Elektrolytické cely 2A a 2C jsou zndzornény na obrazku 1. U téchto cel je elektrolyt
pomoci peristaltického €erpadla zavadén pouze jednim pfivodnim kanalkem do elektrodovych

prostor. Souhrn konstruk&nich parametrti uvadi tabulka 1.

2A 2C

Obr. 1 Elektrolytické cely 2A a 2C
1 — katodovy prostor, 2 — anodovy prostor, 3 — zdvit pro upevnéni katody, 4 — zavit pro
upevnéni anody, 5 — kandlek se zavitem pro pFivodni hadicku elektrolytu, 6 — kandlek se
zavitem pro odvod plynnych produktii z anodového prostoru, 7 — kandlek se zavitem pro

odvod plynnych produktii a elektrolytu z katodového prostoru

Tabulka 1 Parametry elektrolytickych cel 2A a 2C

Parametr Cela:| 2A 2C
Délka katody (mm) 53 37
Primér katody (mm) 1 1

Délka anody (mm) 20 30
Primér anody (mm) 1 1

Objem katody (mm?) 42 29
Objem katodového prostoru (mm?>) 523 318
Objem anodového prostoru (mm?) 327 686
Mrtvy objem katodového prostoru (mm?) 481 289




4.2 Cela3A a3B
Elektrolytické cely 3A a 3B jsou znazornény na obrazku 2. U téchto cel existuje pro
kazdy elektrodovy prostor samostatny kanalek pro pfivod elektrolytu. Souhrn konstrukénich

parametrti opét uvadi tabulka 2.

3 4 7 8
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3A 3B

Obr. 2 Elektrolytické cely 3A a 3B
1 — katodovy prostor, 2 — anodovy prostor, 3 — zdvit pro upevnéni katody, 4 — zavit pro
upevnéni anody, 5 a 6 — misto pro pFivodni hadicku elektrolytu, 7 — misto pro odvod
plynnych produktii a elektrolytu z katodového prostoru, 8 — misto pro odvod plynnych

produkti a elektrolytu z anodového prostoru

Tabulka 2 Parametry elektrolytickych cel 3A a 3B

Parametr Cela:| 3A 3B
Délka katody (mm) 40 40
Primér katody (mm) 1 1

Délka anody (mm) 33 33
Primér anody (mm) 1 1

Objem katody (mm?) 32 32
Objem katodového prostoru (mm®) 339 353
Objem anodového prostoru (mm?) 339 353
Mrtvy objem katodového prostoru (mm?®) 307 321
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4.3 Cela3C

Elektrolyticka cela 3C je znazornéna na obrazku 3. Elektrodové prostory maji tvar

pismena V a maji podobn¢ jako u cely 3A a 3B dva ptivody elektrolytu. Souhrn parametri
uvadi opét tabulka 3.

3C

Obr. 3 Elektrolyticka cela 3C
1 — katodovy prostor, 2 — anodovy prostor, 3 — zavit pro upevnéni katody, 4 — zavit pro
upevnéni anody, 5 a 6 — misto pro pFivodni hadic¢ku elektrolytu, 7 — misto pro odvod plynnych
produkti a elektrolytu z katodového prostoru, 8 — misto pro odvod plynnych produktu a

elektrolytu z anodového prostoru

Tabulka 3 Parametry elektrolytické cely 3C

Parametr Cela: 3C
Délka katody (mm) 9
Primér katody (mm) 1
Délka anody (mm) 12
Primér anody (mm) 1
Objem katody (mm?) 7
Objem katodového prostoru (mm3 ) 214
Objem anodového prostoru (mm?) 226
Mrtvy objem katodového prostoru (mm?) 207

11



44 CelaTC1
Elektrolyticka cela TC 1 je zndzornéna na obrazku 4. V této préci je cela TC 1 vychozi
celou pro porovnéni ostatnich elektrolytickych cel. Katolyt a anolyt tvoti dva odli¥né roztoky

oddg€lené iontoveé vyménnou membranou. Souhrn parametrii uvadi tabulka 4.

4 9
} }
1 nL ————————— —'—u— -
—————————— L 7
T T |
t
]
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/s sl “10

Obr. 4 Elektrolyticka cela TC 1
1 — katodovy prostor, 2 — anodovy prostor, 3 — nafionova membrdna, 4 — pFivod katolytu, 5 —
pFivod anolytu, 6 — médény kontakt, 7 — katoda z olovéného drdtku, 8 — anoda z platinového

plisku, 9 — odvod do separdtoru fazi, 10 — odvod do odpadu

Tabulka 4 Parametry elektrolytické cely TC 1

Parametr Cela:| TC1
Délka katody (mm) 110
Primér katody (mm) 2
Délka anody (mm) 105
Anoda (mm) 0,3x3
Objem katody (mm®) 345
Objem katodového prostoru (mm?®) 999
Objem anodového prostoru (mm?) 900
Mrtvy objem katodového prostoru (mm?®) 654

12



S Postup praci

Nové konstruované elektrolytické cely 2A, 2C, 3A, 3B a 3C jsou novym typem
elektrolytickych cel uréenych pro generovéni t€kavych sloucenin, zejména hydridu, které byly
zkonstruovany za G¢elem miniaturizace vnitiniho objemu. Prvni faze konstrukce zahrnovala
promySleni, navrZzeni a narysovani modelu nové cely. Néasledovalo zhotoveni dané cely
s pfislusnymi parametry z vhodného materialu (plexisklo). Nejdulezit&jsi ¢asti bylo zhotoveni
elektrodovych prostor dle navrhu. Jednalo se zpravidla o prostory valcového tvaru pfedem
uréenych délek, priméri a vzijemné polohy. Dale pak byly tyto prostory opatfeny piivodnimi
a odvodnimi kanélky a zévity pro pfipojeni pfivodii a odvodi elektrolytl a téZ pro upevnéni
katody a anody.

Pro jiz zhotovenou celu bylo je$t¢ pfed vlastnim meéfenim nutné vyteSit n€kolik
zakladnich technickych problémi, které ze zafatku znemoZiiovaly kontinudlni reZim
elektrolyzy a které bylo nutné odstranit. Podrobné&ji byly tyto problémy studovany u
elektrolytické cely 2A. Pfi konstrukci dalSich elektrolytickych cel byl jiZz na tyto problémy
bran zfetel.

U vSech typl vySe zminénych cel byla nejprve provedena optimalizace
experimentalnich parametrli, které vyraznym zptisobem ovliviiovaly vyslednou hodnotu
dosazené citlivosti stanoveni. Mezi tyto parametry patfila pritokova rychlost nosného plynu
(pfivod nosného plynu byl umistén pfed nebo za generatni celu), pritokova rychlost
elektrolytu (jednoho nebo obou), hodnota genera¢niho proudu pro kontinudlni pribéh
elektrolyzy a v posledni fad€ téZ druh a koncentrace elektrolytu (kyseliny). Pro optimalizaci
byl vzdy pouzit roztok selenu o koncentraci 60 ng.ml™.

Po optimalizaci experimentalnich parametrti bylo pfistoupeno k proméfeni zakladnich
charakteristik téchto cel pro moZnost porovnani s referenéni celou — tenkovrstvou pritokovou
celou TC 1. Mezi tyto zakladni charakteristiky patfily: mez detekce (LOD), mez
stanovitelnosti (LOQ), linearni dynamicky rozsah (LDR), citlivost stanoveni a opakovatelnost
(%RSD) pro danou koncentraci analytu.

Toto zjisteéni zakladnich charakteristik nebylo provedena pro celu 2A, protoZe uz pfi
optimaliza¢nich experimentech vykazovala cela pro 60 ng.ml" analytu vyrazné niz$i odezvu

nez referencni cela TC 1 a zaroveri nejmensi odezvu ze viech ostatnich cel.
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U kazdé cely pak byla jesté sledovana kratkodobé a dlouhodoba stabilita analytického
signalu pfi danych koncentracich Se. Byla vZdy zaznamenéavana zakladni linie a linie pro 5
ng.ml"' Se a nib&hova doba pro dosaZeni konstantniho signélu.

Bylo téZ vyzkouSeno zapojeni jednotlivych cel ve FIA modu pfi dodrZzeni shodné
prutokové rychlosti elektrolytu u v8ech cel. Ve FIA modu byla davkovana koncentrace 100
ng.ml" Se; bylo zvoleno &asové davkovéni analytu (30 s pti konstantni pritokové rychlosti
2,0 mL.min™; to tedy odpovida nadavkovanému objemu 1000 pl). Nasledng byl pozorovan
nab&h i sestup analytického FIA piku, ktery do jist¢ miry vypovidd o vhodnosti nové

zkonstruované elektrolytické cely jako derivatiza¢ni jednotky pro speciaéni analyzu.

14



6 Literatura

1.

has

0 ® N oW

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.

21.

22.

23

24.

Marsh J.: New Edinburgh Phil. J. 21, 229 (1836).

Welz B., Sperling M.: Atomic Absorption Spectrometry, Third Edition, Wiley, Weinheim
1999.

Brindle I. D.: Anal. Bioanal. Chem. 388, 735 (2007).

Dédina J., Tsalev D.: Hydride Generation Atomic Absorption Spectrometry, Wiley and
Sons, Chichester 1995

Denkhaus E., Golloch A., Guo X. M., Huang B.: J. Anal. At. Spectrom. /6,870 (2001).
Laborda F., Bolea E., Castillo J. R.: Anal. Bioanal. Chem. 388, 743 (2007).

Wang X. O., Zhuang Z. X., Yang P. Y., Huang B. L.: Microchem. J. 51, 88 (1995).
Brockmann L., Nonn C., Golloch A.: J. Anal. At. Spectrom. &, 397 (1993).

Lin Y. H, Wang X. R, Yuan D. X., Yang P. Y., Huang B. L., Zhuang Z. X.: J. Anal. At.
Spectrom. 7, 287 (1992).

Schaumloffel D., Neidhart B.: Fresenius J. Anal. Chem. 354, 866 (1996).

Laborda F., Bolea E., Castillo J. R.: J. Anal. At. Spectrom. /5, 103 (2000).

Ding W. W_, Sturgeon R. E.: J. Anal. At. Spectrom. 11, 225 (1996).

Ding W. W_, Sturgeon R. E.: Spectrochim. Acta, Part B 57, 1325 (1996).

Denkhaus E., Golloch A., Kampen T. U., Nierfeld M., Telgheder U.: Fresenius J. Anal.
Chem. 361, 733 (1998).

Rigin V. L.: Zh. Anal. Khim. 33, 1966 (1978).

Liang J., Wang Q., Huang B.: Anal. Bioanal. Chem. 381, 366 (2005).

Zhang W., Yang X.: Anal. Chim. Acta 611, 127 (2008).

Hueber D. M., Winefordner J. D.: Anal. Chim. Acta 316, 129 (1995).

Schickling C., Yang J. F., Broekaert J. A. C.: J. Anal. At. Spectrom. 11, 739 (1996).
Beinrohr E., Jurica L., Manova A., Schermer: Proc. XIV?" Seminar on Atomic
Spectrochemistry, Universita KoS$ice, 1998, p. 264.

Machado L. F., Jacintho A. O., Menegario A. A., Zagatto E. A., Gine M. F.: J. Anal. At.
Spectrom. /3, 1343 (1998).

Bings N. H., Stefanka Z., Mallada S. R.: Anal. Chim. Acta 479, 203 (2003).

. Pyell U., Dworschak A., Nitschke F., Neidhart B.: Fresenius J. Anal. Chem. 363, 495

(1999).
Sima J., Rychlovsky P.: Chem. Listy 92, 676 (1998).

15



25.
26.
27.
28.

29.
30.

31.
32.

33.

34.

35.
36.

Sima J., Rychlovsky P., Dé&dina J.: Spectrochim. Acta, Part B 59, 125 (2004).

Sima J., Rychlovsky P.: Spectrochim. Acta, Part B 58, 919 (2003).

Junkova G., Sima J., Rychlovsky P.: Chem. Papers-Chem. Zvesti 57, 192 (2003).
Cerveny V., Rychlovsky P., Netolicka J., Sima J.: Spectrochim. Acta, Part B 62, 317
(2007).

Zhang W., Gan W., Lin X.: Anal. Chim. Acta 539, 335 (2005).

Bolea E., Laborda F., Castillo J. R., Sturgeon R. E.: Spectrochim. Acta, Part B 59, 505
(2004).

Hrani&ek J., Cerveny V., Rychlovsky P.: Chem. Listy 102, 200 (2008).

Schermer S., Jurica L., PaumardJ., Beinrohr E., Matysik F-M., BroekaertJ. A. C.:
Fresenius J. Anal. Chem. 371, 740 (2001).

Ozmena B., Matysika F.-M., Bings N. H., Broekaert J. A. C.: Spectrochim. Acta, Part B
59,941 (2004).

Hrani¢ek J., Cerveny V., Rychlovsky P.: In Book of Abstracts of Tenth Rio Symposium
on Atomic Spectrometry, VentoLeste 2008, p. 250

Ding W. W., Sturgeon R. E.: J. Anal. At. Spectrom. /1, 421 (1996).

Guo X., Li S., Huang B.: Can. J. Anal. Sci. Spectros. 49, 327 (2004).

16



7 Seznam priloh

Ptiloha &.1
Hranitek J., Cerveny V., Rychlovsky P.: Miniaturizace elektrolytickych pritokovych cel pro
elektrochemické generovani t€kavych sloucenin v metodé¢ AAS, Chemické Listy 102, 200 —
204 (2008).

Ptiloha ¢.2
Hrani&ek J., Cerveny V., Rychlovsky P.: Miniaturization of flow-through generation cells for

electrochemical hydride generation in AAS, Central European Journal of Chemistry
(Accepted: 10 March 2009).

Priloha ¢.3

Cerveny V., Hrani¢ek J.,, Rychlovsky P.. New designs of miniaturized flow-through
electrolytic cells for electrochemical HG-AAS. In: Programm und Vortragskurzfassungen of
CANAS ‘07 (March 18 - 21, 2007, Konstanz, Germany), p. P15, Universitdt Konstanz 2007.

Piiloha ¢.4

Hrani¢ek J., Cerveny V., Rychlovsky P.: ,New electrolytic cells for electrochemical hydride
generation in AAS“ in Proceedings of the 4™ International student conference “Modern
Analytical Chemistry” (January 28 — 29, 2007, Prague), p. 118-122, Charles University 2007
(ISBN 978-80-903103-2-2).

17



Chem. Listy /02, 200-204 (2008)

MINIATURIZACE ELEKTROLYTICKYCH
PRUTOKOVYCH CEL PRO ELEKTRO-
CHEMICKE GENEROVANI{
TEKAVYCH SLOUCENIN V METODE
AAS

JAKUB HRANICEK ', VACLAV CERVENY

a PETR RYCHLOVSKY

Univerzita Karlova v Praze, PFirodovédeckd fakulta, Ka-
tedra analytické chemie, Albertov 2030, 12843 Praha 2
hranicek jakub@email.cz

Doslo 2.11.07, pFijato 21.1.08.

Klitova slova: atomova absorp&ni spektrometrie, elektro-
chemické generovani, t€kavé hydridy, G¢innost, miniaturi-
zace, elektrochemicka cela, atomizace

Uvod

Alternativni metodou k dnes jiZz diikladn& prostudova-
nému chemickému generovéni tékavych sloudenin' je me-
toda elektrochemického generovani. Tato metoda pfekona-
vé tfadu komplikaci spojenych s chemickym generovanim.
Pro redukci analytu na hydrid je pouZit misto chemického
reduk¢niho ¢inidla elektricky proud v prostfedi velmi &is-
tych mineralnich kyselin®. Tim odpad4 moZnost kontami-
nace roztoku analytu z redukéniho &inidla (popf. interferu-
jicimi ionty), coZ vede k moZnosti doséhnout niZ8ich mezi
detekce a stanovitelnosti. Dal3f vyhodou je Gspora relativ-
n€ drahého redukéniho &inidla nutného pro chemické ge-
nerovani. P¥i chemickém generovani t&¢kavych sloudenin je
moZné generovat t€kavé sloueniny n&kterych prvki pou-
ze z niZ8ich oxida¢nich stavil tohoto prvku. Zredukovéni
vy3$8ich oxidaénich stavil na niZ8f vyrazn€ prodluZuje dobu
rutinnich analyz. Tento pfedredukéni krok u elektroche-
mického generovéni odpad4’.

Technika elektrochemického generovéni t&€kavych
slouCenin je prostfedkem pro zavadéni vzorku v plynné
fazi v atomovych spektralnich metodach. MuZe byt také
pouzita jako derivatizalni technika ptfi spojeni separaéni
techniky (napf. kapalinové chromatografie, CZE) s detekci
n&kterou prvkove selektivni spektroskopickou metodou pfi
speciatni analyze®. Zakladnim poZadavkem u této kombi-
nované techniky je co nejmen3i mrtvy objem celé aparatu-
ry; v daném pfipadé zejména minimélni objem elektroly-
tické cely a separatoru fazi. Soutasn€ by oviem nemélo

Cena Merck

dojft k vyraznému sniZeni G¢innosti generovéni pfisluiné
t&kavé slouteniny. Tyto dva poZadavky jsou v3ak obvykle
protichidné a musi byt proto nalezen vhodny kompromis.

. Velmi &asto pouZivanou elektrolytickou pritokovou
celou pro generovani tékavych sloutenin je tenkovrstva
cela®, ktera dnes existuje v fadé modifikaci’®. Spole¢nym
rysem t&chto cel je vZdy iontové vyménnou membranou
oddeleny katodovy a anodovy prostor zhotoveny z rizného
materidlu (plexisklo, teflon, polypropylen). Elektrody majf
odlinou velikost, tvar a mohou byt z riznych materiali
(olovo, uhlik, platina).

Cflem této prace byla konstrukce a optimalizace dvou
riznych typd miniaturnich elektrolytickych pritokovych
cel s minimalnim vnitfnim objemem pracujicich v reZimu
kontinudlni pritokové analyzy. Jednd se o konstruk&n&
nové typy bez iontové vyménné membrany.

Experimentilni &4st
Konstrukéni typy cel

V této praci byly ptipraveny dva typy elektrolytic-
kych prutokovych cel s miniaturizovanym katodovym
a anodovym prostorem.

Jako prvni byla vyrobena cela A (obr. 1), kterd je
zhotovena z jedin¢ho bloku plexiskla, ve kterém jsou vyvr-
tany otvory pro katodovy a anodovy prostor. Tyto prostory
sviraji vzdjemn& ostry uhel ve tvaru pismene V.
V  katodovém prostoru je umist¢na olovénd katoda
avanodovém prostoru pak platinovd anoda. Elektrolyt
obsahujici modelovy prvek (selen) je zavadén pouze jed-
nim pfivodnim kanédlkem vyustujicim do katodového pro-

Obr. 1. Elektrolytick4 cela A; 1 — katodovy prostor, 2 — anodovy
prostor, 3 — zévit pro upevnéni katody, 4 — zévit pro upevnénf
anody, 5 — kandlek se zavitem pro pfivodni haditku elektrolytu,
6— kandlek se zavitem pro odvod plynnych produktd
z anodového prostoru, 7 — kandlek se zévitem pro odvod plyn-
nych produkti a elektrolytu z katodového prostoru

* Jakub Hranfek ziskal s touto pracf 2. misto v soutéZi o nejlepsi studentskou v&deckou praci v oboru analytické chemie O cenu firmy

Merck 2007.
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Obr. 2. Elektrolytick4 cela B; 1 — katodovy prostor, 2 — anodovy
prostor, 3 — zavit pro upevnéni katody, 4 — zévit pro upevnéni
anody, 5 a 6 — misto pro pfivodni haditku elektrolytu, 7 — misto
pro odvod plynnych produktt a elektrolytu z katodového prosto-
ru, 8 — misto pro odvod plynnych produktd a elektrolytu
z anodového prostoru

Cena Merck

storu. Oba elektrodové prostory jsou vzdjemné propojeny,
takZe elektrolyt muZe voln& proudit pfes katodovy prostor
i do prostoru anodového. Vyhodou tohoto konstruk&niho
uspofadani je moZnost vyrazn& pfibliZit konce obou elek-
trod ksobé (men$i vkladané napéti) aniz by doslo
k pferuSovani kontinualni elektrolyzy nahromad&nymi
plynnymi produkty. Plynné produkty elektrolyzy (v&etné
elektrolyti) jsou rychle odvadény samostatnymi vystupy
od elektrod a je jim zamezena sorpce na povrchu okolnich
stén. Vystup z anodového prostoru byl zavadén do odpadu,
vystup z katodového prostoru pak do miniaturniho separa-
toru fazi vlastni konstrukce, kde dochazelo k oddéleni
kapalné a plynné faze. Plynné féaze byla dale unaSena nos-
nym plynem (argon — 99,998 %) do odporové vyhtivaného
kfemenného atomizatoru (950 °C) umisténého v optické
ose atomového absorpéniho spektrometru.

U druhé zkonstruované cely B (obr. 2) jsou elektrodo-
vé prostory uspotéddany do tvaru pismene U. Oba elektro-
dové prostory jsou kolmo propojeny kandlkem a maji sviij
vlastni pfivod a odvod elektrolytu a produkti. Elektrody
jsou vsazeny z horni &asti do ptisludnych elektrodovych
prostori. Anodovym prostorem proudi pouze Listy elektro-
lyt a katodovym prostorem pak elektrolyt s analytem. Vy-
hodou tohoto uspofadani, oproti cele A, kdy elektrolyt
vstupuje do elektrolytické cely dvéma vstupy, je rychlejsf
vymyvéni analytu po pfedchozim me&ficim cyklu.

N g erer AT
B e

10
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Obr. 3. Schéma aparatury pro kontinuélni elektrochemické generovéni (zde s celou TC); 1 — ptivod katolytu, 2 — ptivod anolytu, 3 —
katoda, 4 — anoda, 5 — peristaltickd pumpa, 6 — tenkovrstva pritokova cela, 7 — elektronicky pritokomér, 8 — nosny plyn, 9 — odpad, 10 —

separétor fazi, 11 — atomizator
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Pro srovnéni parametri nové pfipravenych generad-
nich cel byla pouZita klasickd tenkovrstvé cela s iontove
vyménnou membranou TC popsand jiZ dfive.

Objemy katodového prostoru jednotlivych cel byly
nasledujici: cela A 289 mm’®, cela B 321 mm® a cela TC
(referenéni) 654 mm’®. Jedna se vdy o objem katodového
prostoru zmendeného o vlastni objem vloZené elektrody.
U v3ech cel byla katoda vyrobena zolovéného dratu
o praméru 1 mm a &istoty 99,999 % (Aldrich, USA). Ano-
da byla vyrobena z platinového dritu o primé&ru 1 mm
a tistoty 99,99 % (Goodfellow, UK). Schéma zapojeni
aparatury pro kontinudlni elektrochemické generovani
t&kavych sloudenin ve spojeni s AAS detekci je na obr. 3.

Pfistrojové vybavend

Pti optimalizaci pracovnich parametrii elektrolytic-
kych cel a zjiStovani zékladnich charakteristik stanoveni
Se byl pouZit atomovy absorp&nf spektrometr Solar 939
(Unicam, UK) se Se vybojkou s vysokou za¥ s vlastnim
napéjecim zdrojem (18 mA, As, = 196,0 nm, 8itka spektral-
niho intervalu 1,0 nm, Photron, Rakousko). Pro &erpani
elektrolytd bylo pouZito programovatelné osmikanalové
peristaltické &erpadlo MasterFlex® L/S (Cole-Parmer
USA). Jako zdroj konstantniho proudu byl pouzit labora-
torni linearni zdroj LPS 303 firmy American Reliance,
USA. Jako atomizator byl pouZit externé vyhtivany kfe-
menny atomizator (délka atomiza¢niho ramene 170 mm,
vnitini praimér 12 mm).

Chemikalie

Pracovni roztoky Se'¥ o pozadované koncentraci byly
ptipravovany fedénim ze standardnfho roztoku Se'" o kon-
centraci 1,000+0,002 g 1”' (Analytika, Praha). Pro fed&nf
v3ech roztoku byla pouzivéna deionizovana voda pfiprave-
na zafizenim Milli Qp_ys firmy Millipore, USA. Kyseliny
H,S0,4 (96 %), HCI (37 %) a H;PO, (85 %) byly ¢&istoty
Suprapure, firmy Merck, Némecko.

Vysledky a diskuse

Pro optimalizaci pracovnich parametrii elektrolytic-
kych cel i zjidténi zakladnich charakteristik stanoveni
s témito celami byl vybran jako analyt selen. Pracovni
parametry i zékladni charakteristiky byly srovnavany
s vysledky ziskanymi s tenkovrstvou elektrolytickou celou
TC. Experimenty byly provadény v reZimu kontinuélni
prutokové analyzy.

Optimalizace pracovnich podminek

U obou cel byly optimalizovany nasledujici paramet-
ry, které mohou vyraznym zpusobem ovlivnit dosaZenou
citlivost stanoveni: odtahova rychlost, velikost a umisténi
elektrod, typ elektrolytu, zavadéni nosného plynu, prito-
kové rychlost nosného plynu, pritokova rychlost elektroly-
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tu(u), generatnf proud a koncentrace elektrolytu (H,SO,).
Ve viech ptipadech byl hodnocen dosaZeny signél pro
koncentraci Se 60 ng ml™.

Pfi pruchodu elektrolytu se stanovovanym prvkem
elektrolytickou pritokovou celou dochazi na katodé
ke kontinudlni redukci analytu aZ na t¢kavy hydrid, ktery
je spolu se vznikajicim vodikem po oddg&leni kapalné faze
v separatoru fézi unaen proudem inertniho plynu do ato-
mizatoru. Aby se v elektrolytické cele A i B ustavila hyd-
rostatickd rovnovéha mezi pfivadénym a odvadénym elek-
trolytem a plynnymi produkty elektrodovych reakci, musel
byt vystup smési elektrolytu a plynnych produkti
z anodového prostoru fizen peristaltickym &erpadlem. Po-
kud byla nastavena mald odtahova rychlost, dochézelo
vlivem pfetlaku vyvijejicich se plynnych produkti na ano-
dé k vytlatovani elektrolytu z anodového prostoru do kato-
dového prostoru a k prerulovéni elektrodové reakce.
V ptipad€ velké odtahové rychlosti nastala podobné situa-
ce v katodové &asti elektrolytické cely. Proto byla nejdfive
u elektrolytické cely A nalezena optimélni odtahové rych-
lost produkti z anodového prostoru (1,6 ml min™). U cely
B byla pozorovéana podobna zévislost na odtahové rychlos-
ti z anodového prostoru a byla zjist€na optimélni hodnota
5,3 ml min™".

Délka vloZené platinové anody nebyla rozhodujic{ pro
prib&h elektrodové reakce. U olovéné katody bylo tfeba
upravit délku tak, aby konec elektrody nezasahoval u obou
cel do prostoru mezi pfivodnim kanalkem pro elektrolyt
amistem spojeni obou elektrodovych prostor. Nakonec
byla délka katody volena tak, aby jeji konec zasahoval
t&sn& nad ptivodni kandlek katolytu. V tomto pfipad& ne-
dochézelo k pferulovani elektrolyzy.

Pti pouzitf HCl (katolyt b&Zné pouZivany v tenko-
vrstvych generanich celéch) jako elektrolytu byl pro roz-
tok Se (60 ng ml™") pozorovén nulovy signél v obou celach
A i B. Duvodem je pravdépodobné plynny chlor vznikajici
na anodé a &astedné pronikajicf do katodového prostoru
a rozkladajicf vznikajici selenovodik. Déle byla vyzkouse-
na H;PO, a H,SO,. Pro dal3i experimenty byla nadéle pou-
#ivana H,SO, (1,0 mol I™"), se kterou bylo dosaZeno nej-
vy3$3i citlivosti stanoveni.

Nosny plyn byl =zavadén t&sn& za vystup
z elektrolytické cely. Zavadét nosny plyn pfed elektrolytic-
kou celu se ukézalo nepraktické, protoZe prichod nosného
plynu malymi prostory elektrolytické cely zpusoboval
nahodné pferusovani elektrolyzy, coZ se vyrazné projevo-
valo na zhorSeni stability signilu. Zavislost signélu na
pritokové rychlosti nosného plynu vykazovala shodn&
uobou typl cel vyrazné maximum pfi pritoku
10,0 ml min~'.

Pti sledovani vlivu pritokovych rychlosti elektrolyt
nebyly pro ob& cely zjistény vyznamné rozdily. Pracovni
rozsahy priutokovych rychlosti maji svou spodni limitni
hodnotu; pti prekroteni dojde k pferuleni elektrolyzy
(pokles hladiny).

Typicka zavislost absorbance na velikosti vloZeného
generatniho proudu je na obr. 4 (cela A). Pfi hodnotich
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Obr. 4. Z4vislost absorbance na velikosti genera¥nfho proudu
pro celu A; pritokova rychlost nosného plynu 10,0 ml min~,
koncentrace elektrolytu 1 mol dm™, pritokovaé rychlost elektroly-
tu 2,5 ml min™!, odtahova priitokova rychlost 1,6 ml min™', dav-
kovana koncentrace selenu 60 ng ml™!

Tabulka I
Optimélni pracovni podminky pro stanoveni Se technikou
hydridové AAS pti pouZiti cel A, Ba TC

Elektrolytickdcela A B TC
Genera¢ni proud, A 0,40 0,50 1,20
Pratokova rychlost 10,0 10,0 20,0
nosného plynu, ml min™'

Pritokova rychlost 2,5 2,5 2,0
elektrolytu, ml min™

Koncentrace katolytu, 1 1 1
mol dm™

Odtahova pritokova 1,6 53 -

rychlost, ml min™

proudu do 0,1 A ke vzniku hydridu prakticky nedochazi,
pfi vy$8ich hodnotach generainiho proudu (0,15-0,35 A)
je nérust vyrazny a kfivka je v této oblasti nejstrméjsi.
V dalsi &asti pak dochazi k mirnému poklesu strmosti kfiv-
ky. Signal lze zaznamenévat i pfi vy38ich hodnotich neZ je
optimélné zvolena hodnota 0,4 A; elektrolyt se vak jiZ
velmi zahfiva a dochézi k pronikéni vodnf pary do spojo-
vaciho materiélu aparatury a nasledn& aZ do atomizétoru.

Poslednim optimalizovanym parametrem byla kon-
centrace elektrolytu (H;SO,). Opét shodn& pro obé& cely
byl zjidt€n klesajici signal se stoupajici koncentraci elekt-
rolytu. Experimentaln¢ bylo zjidt&no, Ze¢ je vyhodn&jsi
pouZit vy33i koncentraci elektrolytu v kombinaci s vy33i
hodnotou generatniho proudu (mensi zahtivani elektroly-
th).

Optimalni pracovni podminky (zahrnujici hodnotu
vloZeného genera¢niho proudu, pritokovou rychlost nos-
ného plynu, prutokovou rychlost elektrolytu, koncentraci
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Tabulka I

Zgkladni charakteristiky stanoveni Se technikou hydridové
AAS s elektrochemickym generovanim pfi pouZiti cel A,
BaTC

Elektrolyticka cela A B TC
Mez detekce, ng mi™! 2,23 0,32 0,60
Mez stanovitelnosti, 7,44 1,06 2,01
ng ml™

Citlivost stanoveni, 1,53 7,32 4,86
x 10° ng™' ml

Opakovatelnost — RSD, 1,40 0,56 0,62
%

Korelagni koeficient 0,9982 0,9988 0,9995
Lineamni dynamicky 7,44-100 1,06-100 2,01-100
rozsah, ng ml™

elektrolytu a odtahovou rychlost) pro celu typu A, B a TC
jsou uvedeny v tab. I.

Zakladni charakteristiky stanoveni
selenu technikou HGAAS
s elektrochemickym generovédnim

Pti optimélnich pracovnich podminkich byla prome-
fena pro elektrolytické cely A, B a TC kalibragni zavislost
pro stanoven{ Se technikou HGAAS s elektrochemickym
generovanim selenovodiku v rozsahu koncentraci 0 az 20
ng mi™ a 0 a2 250 ng mI™. Z kalibragnich zavislosti a dal-
$ich mé&feni byly stanoveny zakladni parametry charakteri-
zujfci stanoveni Se s nové& konstruovanymi elektrolyticky-
mi celami. Tyto dosaZené parametry spolu s parametry
ziskanym s referenéni celou TC jsou uvedeny v tab. II.

Zavér

Ze srovnéni nove& pfipravenych elektrolytickych pru-
tokovych generagnich cel pro generovani t¢kavych sloute-
nin s referenéni tenkovrstvou celou vyplyva, Ze obé cely
maji pfiblizn¢ polovi¢ni objem katodového prostoru ve
srovnani s celou TC. Zéroveil v nich neni pouZita iontove
vyménna nafionovd membrana, kterd velmi &asto u tenko-
vrstvych cel zplisobuje jejich ,,starnuti* a postupné zhorSo-
vénf generatnich charakteristik cel (deformace membrany,
jeji zanesend...).

U elektrolytické cely A vedla miniaturizace k poklesu
citlivosti a zérovet i zhorSeni detek¢niho limitu stanoven{
Se. U cely B bylo naopak pozorovano zvy3eni citlivosti
asnizeni meze detekce a stanovitelnosti ve srovnéni
s celou TC.

Dal3i pfednosti novych cel je sniZeni vkladaného ge-
neraniho napéti; to vede k vyraznému zvy$eni Zivotnosti
elektrolytickych cel (odpada silné zah¥ivani elektrolyti
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vedouci aZ k postupné deformaci cely).

Zavérem lze konstatovat, Ze nové zkonstruovana elek-
trolytické pritokové cela B spliluje poZadavek na miniatu-
rizaci katodového prostoru za soutasného zvy3eni citlivos-
ti stanoveni. Tato cela ma poloviéni vnitini katodovy ob-
jem ve srovnani stenkovrstvou pritokovou celou TC
abylo u ni pozorovéno 1,5nasobné zvyseni citlivosti ve
srovnani s klasickou tenkovrstvou celou. Vzhledem
k jejimu minimalnimu vnitfnimu objemu bude vyhodné
tuto celu vyuZit v derivatiza¢ni jednotce pfi specia¢ni ana-
lyze selenu a jinych hydridotvornych prvku po jejich pted-
chozi separaci na chromatografické kolong.

Prdce vznikla s podporou grantu A400310507/2005
Grantové agentury Akademie véd CR a projektu MSMT &
MSM0021620857.
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J. Hranitek, V. Cerveny, and P. Rychlovsky
(Department of Analytical Chemistry, Faculty of Natural
Science, Charles University, Prague) Miniaturization of
Flow-Through Electrolytic Cells for Electrochemical
Generation of Volatile Compound in AAS

Two types of miniaturized flow-through electrolytic
cells, without exchange membranes and with minimal
inner volume, for electrochemical hydride generation in
AAS were designed. For one of these cells, a higher sensi-
tivity and better limit of detection in Se determination by
hydride-generation AAS and electrochemical generation of
Se hydride were attained than in the classical thin-layer
flow-through cell.
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Miniaturization of flow-through generation cells
for electrochemical hydride generation in AAS
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Abstract: The construction and optimization of five new types of miniaturized flow-through electrolytic cells with lead cathode and platinum anode
for electrochemical hydride generation in atomic absorption spectrometry (HG-QFAAS) were achieved during this research study. The
ion-exchange membrane was not part of these cels and only one carrying electrolyte for both electrode chambers was used. Hydride
generation efficiency achieved was either comparable or higher than the one recorded for the classic thin-layer generation cell. The
inner volume of the cathode chamber was reduced to a quarter of the classic thin-layer flow-through cell. Compared to the commonly
used thin-layer fiow-through cell, higher sensitivity (7.32x 10 dm® 1) and better limit of detection (0.32 1.g dm=) were obtained for

selenium determination using two of these new generators.

Keywords: Atomic absorption spectromelry  Electrochemical hydride generation « Volatile compounds generation *

Hydride generation efficiency * Miniature cells

© Versita Warsaw and Springer-Veriag Berlin Heidelberg.

1. Introduction

Hydride generation is one of the most often used
techniques for generation of volatile compounds in
atomic spectrometry. A separation of an analyte from
the liquid matrix and consequently a reduction of-matrix
interferences are the most important advantages: of this
technique [1].

There are two main methods of hydritle: generation..
The one that is used most oftenis chamical hydride:
generation (CHG). The other one is -elegtrochemica
hydride generation (EcHG); this is.an altemative method

for generation of volatile compounds [1]. Electrochemical:

hydride generation eliminates several -complications
associated with chemical hydride generation. For example,
besides using a mineral acid of high purity, a reduction
of an analyte a chemical hydride generator requires an
unstable and expensive solution of sodium borohydride.
Additionally, the reducing agent can contaminate the
sample. In an electrochemical hydride generator the
electric current is used instead of a reducing agent and
therefore the probability of sample contamination is lower.

* E-mail: hranicek. jakub@email.cz

The thin-layer flow-through electrolytic cells are
often used in electrochemical hydride generation
technique. They are usually made of Plexiglas, teflon or
polypropyléne.: The cathode and anode chambers are
usually separated by an ion-exchange membrane [2-15].
If the Nafion.ion-exchange membrane is not.used, the
chambers -can: be separated using either.a
[16,17] or & teramic porous tube [18]. Elect

different types shapes and made of variety of materi

withroughy:tells [18,21]. In.these cases the .gamode
made of porous carbon is fitted in a ceramic:porous
tube and this tube separates the cathode and anode
chambers.

A hydride generator can be used as a derivatization
unit between the chromatographic column (HPLC) and
the element specific detector [22]). This experimental
setup is often used for speciation analysis of
hydride forming elements [22]. Both previously
mentioned methods — chemical hydride generation
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and electrochemical hydride generation — can be
used as the derivatization technique [23]. In case of
chemical hydride generation, UV photo-oxidation and
pre-reduction steps are necessary for a conversion of
the analyte to a suitable form for this technique.

The basic requirement for the arrangement with
chromatographic step is minimization of the whole
experimental setup. In case of speciation analysis
with derivatization step using electrochemical hydride
generation, the most critical part of the whole manifold
is the electrolytic cell. The inner volume of the generator
should be minimized to suppress the analyte zone

dispersion. On the other hand, the efficiency. of hydride:

generation should not be decreased by minimization

of the inner volume of electrolytic cell. Both of these:

requirements are contradictory and it is ‘necessary: to
optimize the construction to achieve the:best result.

The aim of this work was construction and’
optimization of five new types of “flow-through: i

electrolytic cells that provide high generation efficiency
for electrochemical hydride generation with minimal
inner volume and without the use of an ion-exchange
separation membrane. These cells can be used in the
continuous flow and flow-injection mode of analysis.

2. Experimental Procedures

2.1. Electrochemical flow-through cells

Five different types of miniaturized flow-through
electrolytic cells were constructed (Fig. 1). All of them
were made of one piece of Plexiglas in which appropriate
electrode chambers were drilled. Each electrode
chamber had a thread corresponding to the electrode
holder on one side. Electrodes were put into the
appropriate chambers of the cell through the-electrode

oonstant flow

:airoady desatibed in literature [24]). The.:

holder and tightened using glue. Nafion ion-exchange
membrane was not used to separate the chambers. The
other difference from the classic thin-layer flow-through
cell is was the use of only one carrying electrolyte in both
chambers. The electrolyte was transported via Tygon
tubes connected with an inlet and outlet of each of the
electrode chambers (it was not the case for cells A and
B). The use of transparent Plexiglas as a construction
material enabled visual control of manufacturing of cells
and monitoring of hydride generation.

At first, only cells A and B were constructed (cell B
was already described in literature [24]). The electrode

‘chambers of these cells were in V-position. A lead-wire

catfiode was. placed in the cathode chamber and a
platlrlum-wite anode in the anode chamber. There was
y strolyte Inlet in the cathode chamber. The
® insetted into these cells from the top.
electrodes were closer in cell B than
ctrolyte (or electrolyte containing an
e) ﬂowaci rongh the inlet into the cell with a
and it was distributed into both of the
electrode chambers. The gaseous and liquid products
from the cathode were transported by the carrier gas
(Ar) to the hydrostatic gas-liquid separator. Generated
volatile compounds were separated from a liquid
matrix and then transported into the externally heated
quartz tube atomizer, placed directly in the optical path
of the atomic absorption spectrometer (Fig. 2). The
temperature of the quartz tube atomizer was 950°C. The
output flow rate from the anode chamber was controlled
using a peristaltic pump in such a way that the anode
was submerged and the electrolyte mainly flowed
through the:¢athode chamber. Oxygen generated at the
platinum anode was carried into waste.
Cells C.and D were constructed later (oeltD was

EI ]
7= =L
1 2 1 2
Cell B Cell A
Cell E
B — %]
3 4
CellC Cell D
50 mm

Figure 1. New flow-through electrolytic cells: 1 - cathode chamber, 2 - anode chamber, 3 - cathode holder, 4 - anode holder, 5, 6 - electrolyte
inlet (pure or containing analyte), 7 - outlet to gas-liquid separator, 8 - waste outlet.
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10

Figure 2. instrumental setup for EcCHG-QFAAS with cell E: 1 - catholyte, 2 —anolyte, 3 - flow-through electrolyte cell (type E), 4 - peristaltic pump,
5 - carrier gas, 6 — mass flow controller, 7 — electric current supply, 8 — gas-liquid separator, 9 - quartz tube atomizer, 10 - waste

chambers in cells C and D were parallel, connected by
a horizontal coupling. There were two electrolyte inlets
in these cells — one to transport pure electrolyte into the
anode chamber and the other to transport either pure
electrolyte or an electrolyte with the analyte into the
cathode chamber. As in cells A and B, peristaltic pump
was used to control the anode output flow rate. The
electrodes were inserted from the top of cell C-and from
the bottom of cell D.

Finally, cell E was constructed. This cell..was a
combination of the two previously constructed groups.
of cells. Cell E was the smallest one with mihiatute
electrode chambers in V-position, miniature-électrodes -
and two electrolyte inlets.

Inner volumes of cathode chambers of newly
constructed cells (except cell A) are summarized in
Table 1 (TL = common used thin-layer flow-through.
cell).

APS 303 (American Reliance, Taiwan) with.:maximal

-‘eonnection:
0-100 mL. min' (Cole-Parmer, USA) was

2.2 Instrumentation
Atomic absorption spectrometer Solaar 939AA (Unicam,

UK) with Se hollow cathode lamp (8 mA, 196.0 nm
and spectral width 1.0 nm) was used for optimization
of working parameters and determination of basic
characteristics. Programmable eight channel peristaltic
pumps MasterFlex® L/S with mini-cartridge pump head
(Cole-Parmit;::lUSA) and Tygon tubes were used for
electrolytes frénsport. Constant electric current supply

curmant 3.0:A:and maximal voltage 30 V'
for generation: of volatle compounds. Teflol
(i.d: 1:0 mm!

to-:control 4he:carrisr gas flow rate. The voluie of
hydrostatic separator was 6.5 mL. The inner valume of
gaseous phase was approximately 1.5 mb.

Table 1. Cathode inner volumes and optimal working parameters of used cells.

Electrolytic cells D E TL C B

Cathode inner volume (mm?) 214 353 999 339 318
Electrode surface area (mm?) 126 29 314 126 117
Generation current (A) 0.50 0.70 1.20 0.25 0.40
Carrier gas flow rate (mL min™) 10.0 20.0 20.0 10.0 10.0
Electrolyte flow rate (mL min™") 25 25 20 20 25
Electrolyte concentration (mol dm-) 1 1 1 1 1

Anode or withdrawal flow rate (mL min') 5.3 7.0 - 3.5 1.6
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2.3 Reagents

All working selenium (Se (IV)) solutions of required
concentration were prepared from the standard
(1.000 £ 0.002 g dm™ Se; Analytika, Czech Republic).
All electrolytes (H,SO,, HCI and H,PO,) were of
research grade quality (Merck, Germany). Deionized
distilled water prepared with a Milli-QPLUS (Millipore,
USA) system was used for all dilution. Ar of the 99.998%
purity was used as a carrier gas.

3. Results and discussion

Selenium (60 g dm?) was used as a.model solution -

for optimization of working parafiieters
new types of flow-through electrélytic:cal

sensitivity was chosen in all cases as & comparison

criterion. Optimized working parameters -and basic
characteristics for each tested cell were compared
with the commonly used thin-layer flowsthrough cell.
A continuous flow mode was used for most of the
experiments. Some experiments were done in a flow
injection mode.

3.1 Working parameters optimization

Working parameters, including shape and material of
the electrode, type and concentration of the electrolyte,
rate of flow of the electrolyte and the carrier gas, the
generation current, the rate of withdrawal flow from the
anode chamber efc., were optimized for each newly
constructed cell.

At first, cell A was tested. Technical problems of
construction of new cells were eliminated during this
test. The first encountered problem was a balance
of electrolyte inside the cell. In comparison with the

conventional thin-layer electrolytic cell-thére:was no: 17
catl‘lacle (anode) chamber. If the electrode is

Nafion ion-exchange membrane and the glectrolyte
flowed freely from one electrode chamber to the
other. In order to obtain high generation. efficiency-it

was necessary to ensure that the electralyte with the-

analyte flowed directly through the catfisde chamber
(valid for cells A and B). The volatile compounds and
other products of cathode reaction were moved into the
gas-liquid separator only if there was .a definite
overpressure in the cathode chamber. The cathode and
anode chambers were connected together and therefore
it was necessary to set up the overpressure by peristaltic
pump behind the outlet of anode chamber. The output
flow rate was set up in such a way that the anode was
always submerged and only gaseous products of anodic
reaction were transported into the waste.

A flow rate in the anode chamber was also optimized

for the other cells. It was necessary to establish a
hydrostatic balance between the influent electrolyte,
effluent electrolyte and gaseous products formed
during electrode reactions by using peristaltic pump
that controlled the anodic output flow rate. If the anode
flow rate was too low, the electrolyte was forced out
of the anode chamber by gaseous products and if the
electrolyte level sank under the bottom of the electrode,
the electrolysis was discontinued. If the anode flow rate
was too high, the same situation was observed in the
.cathode chamber To ensure continuous electrolysis
; alls, it was necessary to find the

‘flow téte: (different for each celf) (Fig. 3).

018t . .
1 ous} \ 4

012t y

0wt -

006 L

. s N L " . s
20 25 k21 35 40 a3 s0 p 33
v, (mt-min’)

Figure 3. The dependence of the absorption signal on withdrawal
flow rate for cell D: | = 0.25 A, v, =10 mL min",
Vg =20mLmin", c, =1 moldm?®, c,, = 60 ug dm*.

In generﬁii for cells A, B and E the length of the
.cathode or.the.anode should be less than the:distance
de base to the electrolyte:li

the gaseous. products from the electrode brosd

Gells espectam for eellc There weretworea '
gaseous bubibles appeared in the horizontal tube. Ffrstly
those gaseous bubbles appeared if the air was sucked in
when the pure electrolyte and the electrolyte containing
the analyte were exchanged. The distance between
the tips of electrodes was critical for the maximal value
of the generation current used to ensure continuous
electrolysis. When these tips were farther apart, it was
necessary to use a higher electric voltage and the
electrolyte was getting warm and finally boiled. That
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Figure 4. The dependence of absorption signal-on the generation
current for cell B: ¢, = 1 mol dm*, v, = 10 mL min*,
vy = 2.5 mL min?, ¢, = 60 ug dm*,

was the other reason why gaseous bubbles appeared-

in the horizontal tube.

The dependence of the absorption signal on the flow
rate of the electrolyte flowing into the cells was not very
significant. These flow rate values had only lower limit
if electrolysis was interrupted because of insufficient
transport of the electrolyte into the cell. To establish a
balance between the influent and effluent electrolyte and
the gaseous and liquid products, the optimal flow rate
of the influent electrolyte was found and consequently
the withdrawal flow rate in the anode chamber was
optimized.

Obviously it was necessary to choose an optimal
electrolyte. When HCI (typical electrolyte used in
conventional thin-layer cells) was used as an electrolyte,
there was zero or minimal signal observed for different
concentrations of selenium solution. The reasen why
such a small signal was observed was probably gaseous
chlorine generated on the anode surface. The chlorine
was consequently infiltrated into the cathode chamber

and interfered with generated selenium.hydride. When:

H,PO, was tested as an electrolyte the result was
also a very small absorption signal. Finally, H,SO,
of concentration 1.0 mol dm was used for all further
experiments.

Because of a minimal inner volume and the
problems with gaseous bubbles in these cells it was
impossible to introduce a carrier gas (Ar) in front of
the inlet into the cell as bubbles of carrier gas often
interrupted the electrolysis. Due to this fact, it was
necessary to introduce the carrier gas in between the
cell output and the gas-liquid separator. The releasing
of hydride from the cathode surface was very successful
and the carrier gas was used only for speeding up the

(24443

A n i N
1o W 38 49 S0

161,40 fo s

Figure 5. The dependence of the applied electric voltage on
-glectrolyte concentration for cell D: | = 03 A
¥, =10.0mL min", v, = 25mLmin", v, = 38 mLmin",
€5, = 60 pg dm*

transport of sefeéniumhydride to the quartz atomizer. In
aconventional thindayer electrolytic cell, the carrier gas
was used for better hydride releasing from the cathode
surface and for the transport of hydride to the atomizer.

Typical optimal carrier gas flow rates were in the
range of 10.0 to 20.0 mL min™. In absence of carrier
gas the released hydride was transported into the
atomizer only by hydrogen simultaneously released on
the cathode surface and the accrual of a signal because
of the very small change of the analyte concentration.
The highest sensitivity was observed when the flow
rate of the carrier gas was near the optimal value. The
sensitivity decreased when the flow rates were higher
than optimal;. it.-was due to increased convection inside
the quartz:filbe atomizer which caused a decrease in
the conceritrition of free atoms of the analyte.

The dependence of the attained sensitivity.on the
generation-current had characteristic shape of the-curve
for-gach electrolytic cell (Fig. 4). For low gensration
current values:small:absorption signals were ol
For the current of 0.15.10 0.35 A (for cell-B) the

nal

upraised and:for the current of more than 0.35 A the

signal increased gradually. For continuous Hydride
gensrdation It'is better to use the current of valye fower
than the maximal one because the lifetime of the
generation-célls is prolonged.

Finally, the concentration of the electrolyte (H,SO,)
was optimized. The curve of the dependence of the
absorption signal on the electrolyte concentration is
decreasing all over its range. This might lead to a
conclusion that very low concentration of the electrolyte
should be used in order to obtain signals of high intensity.
But if a low concentration of the electrolyte is used the
concentration of particles that are able to conduct electric
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Table 2. Basic characteristics of Se determination.

12

Electrolyte celis D E TL C B
Limit of detection (ug dm™) 0.32 0.52 0.60 1.50 2.23
“ Limit of determination (ug dm?) 1.06 1.73 2.01 520 7.44
) Sensitivity x 10° (dm? ug-) 7.32 4.14 4.86 2.76 1.63
®l Repeatability (%) 0.56 0.53 0.62 1.78 1.40
- Correlation coefficient 0.9988 0.9992 0.9995 0.9985 0.9982
|s| Linear dynamic range (ug dm+) 1.06-100 1.73-100 2.01-100 5.20-100 7.44-100
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Table 3. Characteristics of FIA signal for each cell.

Electrolytic cells TL B C D
t (s) 12 25 23 12 8
toac(S) a7 50 45 48 36
A 0.455 0.150 0.290 0.750 0.396
A, 0.253 0.1256 0.240 0.400 0.012
rel. Ay, (%) 65.60 83.33 82.76 53.33 3.03
A, 0.072 0.060 0.110 0.150 0.001
____________ ol A ...l 188 %0 %es &% 9B

t - time of first signal change detected

[ - time of maximal signal

A - maximal absorbance

Ay - absorbancet = 60s

Ay - absorbance t = 80's

rel. A - relative absorbance for each cell

current is low and it is necessary to use high electric

voltage which causes the electrolyte to warm up. Thigils.
why it is better to use a higher electrolyte-concentration:
combined with higher electric current to-achieve highier:
generation efficiency. The electric voltage that is used

to keep the electric current constant is dependent on

the resistance of the electrolyte and on the length of the

electrode tip. The dependence of loaded electric voltage

on the electrolyte concentration is shown in Fig. 5.

The optimal working parameters and the inner
volumes of all cells are givenin Table 1 and are compared
to the conventional thin-layer electrolytic cell (TL).

In the new constructed cells, the inner volume is
several times less than in the conventional thin-layer
electrolytic cell. Another typical feature of the new cells
is lower generation current necessary for obtaining a
signal comparable to the signal for cell TL.

3.2 Basic characteristics of selenium
determination by EcHG-QFAAS .using
new types of electrolytic cells

Using optimal working parameters, the: ‘cafibration

curves for low (0 - 20 ug-dm-?) and high (0-250 ug dmi?)

concentrations were measured for cells B, C, D, E

and cell TL for selenium determination. Cell A was not

suitable for selenium determination because of low
generation efficiency. Together with this calibration, the

long-term stability of absorption signal corresponding:. .

to the specific concentration of the analyte was

measured.

Basic characteristics of selenium determination,
including limit of detection, limit of determination,
sensitivity, repeatability, correlation coefficient, linear
dynamic range and other parameters, were obtained
by processing these calibrations. For summary of these
characteristics see Table 2.

,generatlon a‘lectnc current values. Compared

ed elwrolyﬁc cells were tested in a

. The speed of signal response dependent on
the: mlyte coneentration change was tested. The same
elactrolyte flowsrdte; 2.6 mL min?, was used for each cell.
The solution of the-concentration of 100 pg dm- Se was
batched for the duration of 30 s (corresponding injected
volume of Se solution 1 mL). The same experimental
conditions were used for each new cell for comparison
with the cell TL. Other parameters were concurrent with
optimal working parameters. Only for cell E (with very
small inner volume), symmetric peak without marked
dispersion was obtained (Fig. 6).

Basic characteristics of FIA signals are summarized
in Table 3. The lowest time of maximal absorption signal
is duly obtained for cell E. In this cell, the absorption
signal value..has only 3.03% of maximal absorption
. Comparison of a FIA signal for cell E
and TL is shown in Fig. 6.

4. Conclusion

Five new designs of flow-through electrolytic celis were
constructed:énd tested. These electrolytic celis: were
able to provide sensitivity either comparable orJiigher
and: lower concentration detection limit in compagison

commonty used thin-layer flow-through cell, the higher
sensitivity (7.32x10° dm? pg ') and better limit of detection
(0.32 ug dm3) were obtained for selenium determination
using two of these new generators (cells D and E).
Concentration detection limits obtained by cells D
and E for selenium determination with direct detection
HG-AAS are comparable or markedly lower than some
authors mention (0.62-17 ug dm) [2,3,11,18,25,26].
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Thanks to their lower inner volumes (a quarter of
the volume in the original thin-layer flow-through cell)
and minimal signal zone dispersion (especially for cell
E) compared with the commonly used thin-layer flow-
through cell, it is possible to use these miniaturized
cells as derivatization units after HPLC separation in
speciation analysis.
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New designs of miniaturized flow - through electrolytic cells for
electrochemical HG - AAS

Vaclav Cerveny, Jakub Hranicek and Petr Rychlovsky

Charles University in Prague, Faculty of Science, Department of Analytical Chemistry,
Albertov 2030, CZ-12843 Prague 2, Czech Republic; e-mail: cerveny2@natur.cuni.cz

The miniaturization and construction of new types of flow-though electrolytic cells for
electrochemical hydride generation (ECHG) in AAS were investigated in this work. The aim of
this study was to achieve high generation efficiency while death volume suppression. This is
important for minimization of zone dispersion using a connection of electrochemical hydride
generation with chromatographic techniques (HPLC) in speciation analysis. A Contribution of
the generation cell to the signal dispersion should be minimal.

Six completely different types of flow-through hydride generation cells with lead
cathodes and platinum anodes were constructed. In four of them, Nafion membrane, which
was used so far to separation of cathode and anode compartments (and electrolytes), was
not incorporated. There is only one carrying electrolyte common to both compartments in
these four cells. The H.Se generation efficiency which was attained in markedly lower inner
volume of these cells was comparable with those obtained using classical thin layer flow-
though cell. The speed of signal response on the change of analyte concentration was
significantly higher using the monoelectrolytic cells than thin layer cell.

In addition to these 4 cells, two different types of thin layer hydride generation cell were
developed. The advantages of variability of connections of these three-groves cells were
used for investigation of effects of cathode chamber inner volume, length of a cathode, the
way of electrolyte and carrier gas flow rate. Higher values of selenium hydride generation
efficiency were obtained with these two new types of cells using markedly lower electric
current densities compared to classical thin layer flow-through cell. The application of low
electric current density leads to the elongation of a lifetime of generation cells.

The authors thank The Grant Agency of the ASCR (project: A400310507/2005) and MSMT
CR (research project: MSM0021620857) for the financial support.



NEW DESIGNS OF MINIATURE FLOW - THROUGH
ELECTROLYTIC CELLS FOR ELECTROCHEMICAL HG - AAS

Serveny, Jakub Hranitek and Petr Rychlovsky Charles University in Prague, Faculty of Science Department of Analytical Chemistry, Albertov 2030, CZ-12843 Prague 2, Czech Republic; e-mail: cervenyJ@natur.cuni.cz

. ‘Gaistnuction of hew types of flow-through belto
hew%a intpottant for minimization of Ztiie d

flow-through hydride generation cells with 18
fon of cathode and anode compartments (wid:
muﬁ for design and new approaches in cell constructidh.

quariz tube

REJ | carrier

o
99.998 %vmly

sample
-+

rumentation

HPLC column

eloctric current T
supply

peristaltic
pump

rnlhol_vle

q

peristaltic

T R R R R R R IR

Elcnowl‘edgement |

wrs thank to the Gramt Agency o] the ASCR (pm/x/ A 10031051)7/2005) and MSMT CR (researdh project: MSM0021620857) for the financial .nq;pan)




Charles University in Prague, F aculty of Scieﬁce, Department of
Analytical Chemistry, Hlavova 2030, 12843, Prague2, Czech Republic

4™ International Student ConferenCe |
 “Modern Analytical Chemistry”

. Prague 28. - 29. 1. 2008
Book of Proceedings

Prague 2008

Published by Prof. Ing. Jifi G.K. S’evc"z’k, DrSc. -
| CONSULTANCY

Edited by Opekar FrantiSek and Svobodoi’a’ Eva

ISBN 80-903103-2-2
913 -




4" International Student Conference: "Modern Analytical Chemistry"

NEW ELECTROLYTIC CELLS FOR ELECTRO-CHEMICAL
HYDRIDE GENERATION IN AAS

Jakub Hraniek, Viclav Cerveny and Petr Rychlovsky

Charles University, Faculty of Science, Hlavova 8, 128 40 Prague 2, Czech Republic; e-mail:
hranicek jakub@email.cz

Abstract

The construction and optimization of new types of miniaturized flow-through
electrolytic cells for electrochemical hydride genmeration in atomic absorption
spectrometry (HG-AAS) were studied in this work. The aim of this work was to
achieve comparable or higher generation efficiency while inner volume suppression.
This is important for minimization of zone dispersion by connection of
electrochemical hydride generation with chromatographic techniques (HPLC) in
speciation analysis. The contribution of the miniaturized electrolytic cells.to the signal
dispersion should by minimal.

' Five different types of miniaturized flow-through electrolytic cells with lead
cathode and platinum anode were constructed in this work. In these cells the ion-
exchange membrane was not used and therefore there was only one carrying
electrolyte used for both of electrode chambers. For two of these cells higher
sensitivity and better limit of detection for selenium determination with HG-AAS
technique and electrochemical generation of selenium hydride were obtained then for
classical thin-layer flow-through cell.

Keywords
Atomic absorption spectrometry; electrochemical generation; volattle hydride;
efficiency; miniaturization; electrochemical cell; atomization

1. Introduction

Electrochemlcal generation (EcHG) is an alternative method of generation of
volatile compound’. This method eliminates many complications coupled with classical
method of chemical generation (CHG). For example, for analyte reduction electric current

- with electrolyte which consists of high pure mineral acids is used instead of alkaline
solution of NaBH4 needed in chemical generation.

The electrochemical generation of volatile compound techmque is used as a
derivatization technique in connection of separation techniques (HPLC) with detection by
element selective spectroscopic method. This experimental formation is often applied in
the speciation analysis to determine each form of an element’. The important requirement
for this formation is minimal inner volume, especially for electrolytic cell. On the other
hand, the efficiency should not be declined with decreasing inner volume of electrolytic
cell. However, both of these requirements, high efﬁciency and minimal inner volume, are
contradictory and it is necessary to find compromise.

Nowadays the thin-layer models of electrolytic cell’, usually designed from
plexiglass, teflon or polypropylene are often used and therefore they are sufficiently
examined and exist in various modifications™®. There are ion-exchange Nafion membranes
used for separation cathode and anode chambers and electrolytes. In the separated
compartments there are electrodes of different types, shapes and materials (lead, carbon or
platinum).
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- The aim of this work was construction and optimization of new types of flow-
through electrolytic cells for electrochemical hydride generation with minimal inner
volume and high efficiency, which are operated in the mode of continual-flow analysis and
flow-injection analysis.

2. Experimental
2.1 Construction types of the cells

Five types of miniaturized flow-through electrolytic cells were constructed in this
work (see Fig.1). All of these new types of cells consist only of one piece of plexiglass
with appropriate electrode chambers inside. Since no Nafion membrane is incorporated,
there is only one carrying electrolyte which is common to both electrode chambers.

Cell A

Cell E

CellC CellD

Fig.1 New flow-through electrolytic cells.
1 — cathode chamber, 2 — anode chamber, 3 — cathode holder, 4 — anode holder, 5,6 — eIectronte inlet (pure
or containing analyte), 7 — outlet to gas-liquid separator, 8 — waste outlet

At first cells A and B were constructed. The electrolytxc chambers are V-shaped In
the cathode chamber there is a lead-wire cathode and in the anode chamber there is a
platinum-wire anode. There is only one electrolyte inlet coming to the cathode chamber,
through witch the electrolyte flows into the cell. At first pure electrolyte flows through this
inlet into the cell and is distributed into each electrolytic chambers. Afterwards electrolyte
containing analyte flows into the cell. The products of reaction on the platinum anode are
transported out of the cell into waste. Flow volume in anodic chamber is controlled by
peristaltic pump so that anode is submerged and electrolyte mainly flows through the
cathode chamber. The gaseous and liquid products from the cathode are transported by
camrying gas (Ar) to the hydrostatic gas-liquid separator, where volatile compound of
analyte (hydride in this case) is separated from liquid matrix and then transported into the
externally heated quartz atomizer placed directly in spectral axis of the atomic absorption
spectrometer (see Fig.2). .
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Fig.2 Instrumental setup for ECHG-AAS with cell E.
I —catholyte, 2 — anolyte, 3 — flow-through electrolyte cell (type E), 4 — peristaltic pump, 5 — carrier gas, 6 -
Sflow meter, 7 — electric current supply, 8 — gas-liquid separator, 9 — quartz tube atomizer, 10 - waste

In the following phase cells C and D were constructed. The electrode chambers are
situated in parallel in these cells, they are connected by horizontal tube and there are two
electrolyte inlets — one to transport pure electrolyte into the anode chamber and the other
transport pure electrolyte/electrolyte with analyte into the cathode chamber. As in the
previous cells (A, B), there is peristaltic pump to control anode flow volume.

Finally cell E was constructed. This cell is a combination of both previous groups
of cells. Cell E is very small with miniature electrode chambers which are V-shaped and
there are two electrolyte inlets. ' |

To confront inner volume.of newly constructed cells with comparative classic thin-
layer cell (TL) see Table 1.

2.2 Instrumentation

For working parameters optimization and determination of basic characteristics
spectrometer Pye Unicam 939 AA with Sb hollow cathode lamp (8 mA, 196.0 nm, spectral
interval 1.0 nm) was used. For electrolyte transport peristaltic pump MasterFlex® L/S was
used.

2.3 Reagents

All working selenium solutions of required concentration were prepared from
analytical grade purity chemicals and standards (1.000 + 0.002 g.dm™ Se). For all dilution
deionized distilled water purified with a Milli-QPLUS system was used. All electrolytes
(H,SO4, HCI and H3PO4) were of high analytical purity. Ar of the 99.998% purity was
used as the carrier gas.
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3. Results and discussion ,

Selenium was used as the model element to optimize and prove new type of flow-
through electrolytic cells. Optimized working parameters and basic characteristics for each
cell were confronted with reference thin-layer flow-through cell.

Working parameters optimizations

For each newly constructed cell was necessary to optimize working parameters
including shape and material of electrode, type and concentration of electrolyte, electrolyte
flow rate, carrier gas flow rate, maximum generation current, anodic flow rate etc. In all of
these cases the received signal corresponding with 60 pg.dm™ Se solution was studied.

At first flow rate in anodic chamber was optimized. It was necessary to establish
hydrostatic balance between influent and effluent electrolyte and gaseous products formed
by electrode reactions using peristaltic pump to control anode flow rate. If anode flow rate
was slow, the electrolyte was thrust from the anode chamber by gaseous products and after
the electrolyte level fell under the end of electrode the electrolysis stopped. On the other
hand, if the anode flow rate was fast, the same situation was observed in the cathode
chamber. To enstire continual electrolysis in the electrolytic cells it was necessary to find
optimized anode flow rate different for each cell.

When HCI (typical electrolyte used in classical thin-layer cells) was used as the
electrolyte, there was no signal observed. The reason why no signal was observed is
probably gaseous chlorine generated on the anode and consequently infiltrating into the
cathode chamber and interfering with generated selenium hydride. Then H;PO,4 was tested,
but also without signal. Finally H,SO4 was used and the signal was observed. Therefore
H,SO0; of concentration 1.0 mol.dm™ was used for further experiments.

~ In these cells it was impossible to integrate carrier gas (Ar) before inlet into the
cell, because small bubble of flowing carrier gas interrupted electrolyze. Due to this, it was
necessary to integrate the carrier gas between cell output and gas-liquid separator to speed
-up transport of selenium hydride into the quartz atomizer. Typical optimal gas flow rate
was approximately 10.0 ml.min™.

The dependence of the absorption signal on the electrolyte flow rate is not so
significant. This flow rate value has only lower limit when electrolyze is interrupted.

The dependence curve of the absorption signal on the generation current has
characteristic shape for each electrolytic cell. For low current values low absorption signals
were obtained. From 0.15 to 0.35 A (for cell D) the signal rocketed and after 0.35 A the
signal increased gradually and further on decreased slowly. For continual hydride
generation it is better to use lower current than maximum value because the electrolyte
does not get so warm and the lifetime of the generation cells is prolonged.

Finally the concentration of electrolyte (acid) was optimized. The dependence
curve of absorption signal on the electrolyte concentration is downward sloping. As a
consequence of this it would seem better to use very low electrolyte concentration to obtain
the high signal. But in low concentration electrolyte, there is low concentration of particles
able to conduct electric current and it is necessary to use high electric voltage and thus the
electrolyte gets very warm. The optimal working parameters and inner volume of all cells
are given in Table 1 and are compared with thin-layer electrolytic cell (TL).

Table 1 Optimal working parameters and inner volume.

Electrolytic cells E D TL C B

Maximal generation current (A) 0.50 0.70 1.20 0.25 0.40
Carrier gas flow rate (ml'min™) 10.0 20.0 20.0 10.0 10.0
Electrolyte flow rate (ml-min™") 2.5 2.5 2.0 2.0 2.5
Electrolyte concentration (mol-dm™) 1 1 1 1 1

Anode flow rate (ml'min’') 5.3 7.0 --- 3.5 1.6
Inner volume (mm?) 214 353 999 339 318
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Finding basic characteristics of selenium determination by EcHG-AAS using new
types of electrolytic cells

Using optimal working parameters the calibration values for selemum
determination by EcHG-AAS for low (0 - 20 pg. dm™) and high (0 - 250 pg.dm" )
concentrations were measured for cells B, C, D, E and thin-layer cell. Basic characteristic
of selenium determination, including limit of detection, limit of determination, sensitivity,
repeatability, correlation coefficient, linear dynamic range and other parameters were
obtained by processing these calibrations. For summary of these characteristics see Table
2.

Table 2 Basic characteristics.

Electrolyte cells D E TL C B
Limit of detection (pg-dm™) 0.32 0.52 0.60 1.50 223
Limit of determination (pg-dm™) 1.06 1.73 2.01 520 7.44
Sensitivity - 10° (dm*-pg™) 7.32 4.14 4.86 2.76 1.53
Repeatability (%) 0.56 0.53 0.62 1.78 1.40
Correlation coefficient 0.9988 0.9992 0.9995 0.9985 0.9982
Linear dynamic range (ug-dm™) 1.06-100 1.73-100 2.01-100  5.20-100 7.44-100

4. Conclusion

New designs of flow through electrochemical cells were constructed and tested.
These electrochemical cells enable to obtain sensitivity which is comparable (or higher) to
original thin-layer cell at markedly lower generation electric current value. Thanks to their
low inner volume (and minimal signal zone dispersion) compared to classical thin-layer
flow-through cell it is possible to use these miniaturized cells as derivatization units after
HPLC separation in speciation analysis of As or Se.
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