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Abstrakt

Predkladana disertaéni prace se zabyva studiem UV-
fotochemického generovani tékavych sloucenin Se a Te z riznych specii
s cilem rozsifit dosavadni poznatky o problematice UV-fotochemického
generovani o moznost vyuziti fotokatalytické redukce vyssich oxidac¢nich
stavil pro speciacni analyzu.

Voprvni fazi byla sestavena aparatura pro UV-fotochemické
generovani s vyuzitim pridavku suspenze TiO, Volba materialu reaktoru a
konstrukce aparatury prob¢hla na zékladé literarni reSerSe a poznatk
ziskanych jiz diive v ramci vyzkumné skupiny. Pozornost byla vénovana
optimalizaci reak¢énich podminek, pficemz jako modelové prvky byly
zvoleny Se a Te. Selen byl zkouman, protoze je nejcastéj$im prvkem, na
kterém je UV-fotochemické generovani zkoumano. Naopak Te byl vybran
jako modelovy zastupce té€zSich prvki tvoficich méné stabilni tékavé
slouceniny.

Ve druhé fazi experimentl byly zkoumany moznosti aplikace
vyvinuté metody. UV-fotochemické generovani tékavé slouceniny Se
katalyzované TiO, bylo uspé$né aplikovano pro stanoveni obsahu Se ve
vodnych matricich vcetné certifikovanych referenénich materidld a
v ruznych vzorcich potravinovych doplikid. Metoda byla dale Gspésné
modifikovana pro pouziti ve spojeni s atomove fluorescenéni detekei jako
derivatizacni technika pro speciacni analyzu zaloZenou na chromatografické
separaci.

Ve teti fazi dizertaéni prace byly provedeny experimenty
zkoumajici vliv matrice na chemické, elektrochemické a UV-fotochemické
generovani t€kavych sloucenin opét se Se jako modelovym prvkem a tyto tfi
metody byly na zaklad¢ interferenci porovnany. Bylo zjisténo, ze pii UV-
fotochemickém a elektrochemickém generovani by bylo mozno dale zvysit
citlivost stanoveni pomoci reakénich modifikatort. V odolnosti vici vlivu
interferentti alternativni techniky generovani t€kavych sloucenin vyznamné
zaostavaji za chemickym generovanim ptedevsim kvuli vlivu anorganickych
kyselin a soli.



1. Uvod
Technika generovani tékavych slouenin ve spojeni s atomove
spektrometrickymi metodami se uplatiiuje pfedevSim pro stanoveni prvki
ze 14.—16. skupiny periodické soustavy prvki. [1] Tyto prvky ochotné tvofi
stabilni t€kavé hydridy pfipadné i1 tékavé slouCeniny organického
charakteru. S niz$i G¢innosti a citlivosti je ovSsem mozné generovat i t€kavé
slouceniny prechodnych a vzacnych kovii. [2] Nej€astéji vyuzivana technika
generovani tzv. chemické generovani t€kavych sloucenin (CVG) je zalozena
na redukci analytu tetrahydridoboritanem sodnym nebo draselnym.
Vzhledem k tomu, Ze toto ¢inidlo je dostupné jen v omezené Cistoté a patii
mezi slouceniny Skodlivé pro zivotni prostiedi, jsou hledany dalsi
alternativni moznosti generovani t€kavych slouéenin, které by toto ¢inidlo
mohly v rutinnich stanovenich nahradit.

Prvni rozsifenou alternativou bylo elektrochemické generovani
tékavych sloucenin (EcVG) vyuzivajici kredukci analytu prichodu
elektrického proudu. Novéjsi moznosti je vyuziti fotochemickych reakei.
V analytické chemii se uplatiiuje UV-fotochemické generovani tékavych
slouc¢enin (UV-PVG) bud’ bez nebo s pouzitim fotochemickych katalyzatora
napf. TiO,. Ten umoziuje redukci vys$siho oxidacniho ¢isla na nizsi vhodny
pro generovani tékavé slouceniny. T€kavé slouceniny jsou v piipadé UV-
fotochemického generovani produkovany v disledku piisobeni UV-zafeni
na kapalny vzorek s obsahem analytu a reakéniho Ccinidla, kterym je
vétSinou nizkomolekularni organickd kyselina. Reakéni mechanismus
vzniku t€kavych sloucenin je diky slozité povaze fotoreakci stale pfedmétem
diskuzi. Pro UV-PVG byl navrZzen radikdlovy mechanismus [3] a
alternativné 1 reakce probihajici pies ketenové meziprodukty. [4,5]
V ptitomnosti TiO, je predpokladan redoxni mechanismus pohanény
polovodi¢ovymi dé&ji probihajicimi na povrchu fotokatalyzatoru. [6—8]

Z literarni reSerse vyplynulo, ze UV-fotochemické generovani tékavych
sloucenin ma v porovnani s klasickym chemickym generovanim vyznamny
nedostatek, kterym jsou nezanedbatelné interference. Navzdory hypotéze,
ze reaktivni radikaly vznikajici St€penim organickych kyselin nebudou mit
dostateCny redukéni potencial pro redukei piechodnych kovi, jsou pfesto
interference pozorovany a je nutno je zohlednit pii vyvoji metod pro
stanoveni analyti v redlnych matricich.
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2. Cile prace
Tato prace sestava ze tfi propojenych témat. V ramci prvniho
tématu byly optimalizovany podminky pro UV-fotochemické generovani Se
s vyuzitim TiO, a dale byly testovany moznosti jeho aplikace. Toto téma
souviselo s feSenim projektu GA UK 28214. Za druhé byla zkoumana
moznost UV-fotochemického generovani tékavé slouceniny Te (v
souvislosti s vySe uvedenym projektem GA UK a projektem GA UK
28621). Kombinace UV-fotochemického generovani s fotokatalyzou v UV
oblasti je vyuzivana pfedevsim proto, ze umoznuje on-line fotoredukci Se
v oxidaénim ¢isle VI, zatim ale tento postup nebyl publikovan pro
fotoredukci Te(VI). Je predpokladan vznik hydridu pfislusného analytu,
stejné jako je tomu pii chemickém nebo elektrochemickém generovani. Za
tieti byla provedena interferencni studie se Se jako modelovym prvkem
porovnavajici chemické, elektrochemické a UV-fotochemické generovani
tékavych sloudenin (v ramci projektu GACR 14-23532). Jednotlivé cile
prace byly nasledujici:
a)Optimalizovat podminky UV-fotochemického generovani tékavé
slouceniny Se s vyuzitim fotokatalyzatoru TiO2
b)Porovnat dosazené zakladni charakteristiky s chemickym generovanim
tékavé slouceniny Se a zjistit u¢innost generovani
c¢)Aplikovat vyvinutou metodu na stanoveni Se v realnych vzorcich
d)Vyvinout chromatografickou metodu pro stanoveni slou¢enin Se ve smési
s atomoveé spektrometrickou detekci s derivatizaci prostfednictvim UV-
fotochemického generovani.
e)Zoptimalizovat podminky UV-fotochemického generovani Te a zjistit
jeho zakladni charakteristiky
f) Porovnat UV-fotochemické, elektrochemické a chemické generovani na
zakladé vlivu potencialnich interferenti z matrice. Cilem bylo zjistit, jak
vyrazné jsou jednotlivé techniky ovlivnény riznymi slozkami matrice,
aby bylo moZzno rozhodnout o tom, pro jaké matrice jsou zkoumané
metody nevhodné nebo jaké postupy piedipravy vzorku by mély
predchazet analyze.



3. Material a metody

3.1. Instrumentace

Pii experimentalni praci byla vyuzita nasledujici instrumentace.
Atomovy absorpcni spektrometr Unicam 939 (Unicam, UK), atomovy
absorp¢ni spektrometr GBC Avanta (GBC, Australie), atomovy absorpéni
spektrometr ContrAA 700 (Analytik Jena, Némecko), mikrovinné
rozkladové zafizeni CEM MDS 2000 (CEM, USA), UHPLC Dionex
Ultimate 3000 a aniontové vyménna kolona Hamilton PRP-X100 (5 pm, 2,1
x 250 mm), atomovy fluorescencni spektrometr PSA Millenium Excalibur
(PSA, UK), peristalticka pumpa MasterFlex (Cole-Parmer, USA),
prutokomeéry pro presné méreni objemu plynu mass flow controller (Cole-
Parmer, USA). Detekce Se probihala na analytické ¢are 196,0 nm a detekce
Te na analytické ¢afe 214,3 nm, §ife spektralniho intervalu byla vzdy 0,5
nm. Vybojka pro Se byla napéjena proudem 12 mA a pro Te 7 mA.

3.2. UV-fotochemicky reaktor

Pouzity reaktor sestaval z nizkotlaké rtutové vybojky trubicového
tvaru (610 x 152 x 108 mm, 20 W, USHIO, Japonsko) tésn¢ omotané PTFE
kapilarou (i.d. 0,8 mm, o.d. 1,58 mm), kterou pii méteni protékal roztok
¢inidla. UV generator byl osazen ve zdroji s reflexnimi st€énami a svrchu
zakryt krytem z pevného kartonu potazeného hlinikovou f6lii. Bylo zjisténo,
ze teplota na povrchu UV vybojky pfi dlouhodobém provozu dosahuje
priblizné 55 °C. Nizkotlaka rtutova vybojka byla zvolena, protoze TiO, je
schopen absorpce zafeni pouze v UV spektru; Sitka zakazaného pasu
v nemodifikovaném TiO, je 3,5 eV, coz odpovida energii zafeni o vinové
délce piiblizné 350 nm. Tato vinova délka predstavuje spodni limit energie,
ktera dokaze zajistit vznik pard elektron — dira v TiO,.

3.3. Postup méreni v uspoiradani pritokové injek¢ni analyzy

Nize zobrazena aparatura pro UV-fotochemické generovani
tékavych sloucenin v médu pritokové injekéni analyzy (obr. 3.1) byla
vyuzita pro generovani tékavé slouceniny Se i Te veetné stanoveni obsahu
Se vrealnych vzorcich. Vzorek pfipraveny v deionizované vode piipadné
jiném roztoku byl davkovan ptes nizkotlaky davkovaci ventil do proudu
roztoku nizkomolekularni kyseliny. Za davkovacim ventilem byla
kontinualné pridavana suspenze TiO, a vzorek byl nasledné unasen nosnym
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plynem do UV reaktoru. Vygenerovana tékava sloucenina byla prubézné
strhavana nosnym plynem a oddélena od kapalné odpadni faze v separatoru
fazi odkud spolu s pfidavanym H, pokracovala do atomizatoru.

Béhem modifikaci aparatur byla zachovavana délka transportniho
vedeni; vzdalenost od vystupu z UV reaktoru po separator fazi méfila
v pfipadé generovani tékavé slouceniny Se 15 cm, v pfipadé Te byla
zkracena na 7 cm. Vzdalenost od vystupu ze separatoru fazi po atomizacni
prostiedi (vetné pfivodniho raménka atomizatoru) méfila vzdy 15 cm.

L

Obr. 3.1: Aparatura pro UV-fotochemické generovani t€kavych sloucenin

Se a Te v modu pritokové injekeni analyzy

1 — peristaltické ¢erpadlo, 2 — davkovani vzorku, 3 — fotochemické ¢inidlo
(nizkomolekularni organicka kyselina), 4 — suspenze TiO,, 5 — pfivod Ar,
6 — alternativni pozice pro piivod Ar (organické specie Se), 7-—
UV-fotochemicky reaktor, 8 — separator fazi, 9 — ptivod H,, 10 — atomizace
v externé vyhfivaném kifemenném atomizatoru

3.4. Postup méteni v kontinudlnim uspoiadani a ve spojeni
s chromatografickou separaci

Modifikace aparatury umoziujici kontinualni pritokovou analyzu
véetn¢ porovnani ucinnosti s chemickym generovanim a aparatura pro
chromatografickou separaci spojenou s UV-fotochemickym generovanim
tékavych sloucenin a detekci AFS jsou uvedeny v disertatni praci.
V piipadé kontinualni pritokové analyzy byl odpojen davkovaci ventil a
kanal €. 4 (viz obr. 3.1.) a vzorek pfipraveny v roztoku organické kyseliny
byl nasavan kanalem 3. Pfi aplikaci metody TiO,/UV-fotochemického

6



generovani jako derivatizacni metody pro stanoveni specii Se ve smési po
chromatografické separaci byly ¢asti aparatury 1-4 nahrazeny vysokotlakym
Cerpadlem a automatickym dévkovacem chromatografického pfistroje.
Smésny standard specii Se byl davkovan do toku mobilni faze, rozdélen na
koloné, za kterou bylo derivatiza¢ni ¢inidlo (suspenze TiO, pfipravena
v kyseliné octové) a nosny a atomizacni plyn. Po separaci tékavych
sloucenin od kapalného odpadu prob¢hla detekce metodou atomové
fluorescenéni spektrometrie.

3.5. Aparatura a postup méfeni v interferencni studii

Pro porovnani vlivu interferenci v riznych technikdch generovani
tékavych sloucenin byla zkonstruovana aparatura pro kontinualni pratokové
generovani, ve které bylo mozné snadno provést zaménu reaktoru, pii
zachovani jinak stejnych podminek méfeni. Zminéna aparatura a pouzité
reaktory jsou schematicky zobrazeny na obr. 3.2. Nosny plyn byl ve vSech
pripadech davkovan pted vstupem do generatoru. Pfi méfeni interferencni
studie byl vzorek pfipraveny v reakénim ¢inidle pfislusejicim dané metodé
generovani nasavan kontinualné do generatoru, dokud nebylo dosazeno
stabilni hodnoty signalu. Potfebna doba byla pro rizné metody generovani a
ruzné interferenty rizné dlouha. Pak byl vzorek zaménén za blank, dokud
nedoslo k navratu a ustaleni signalu na zakladni linii.

Reaktorem v chemickém generovani tékavych sloucenin byla
teflonova hadi¢ka o vnitinim praméru 1,0 mm (o.d. = 2,0 mm, Sigma-
Aldrich, USA).  Elektrochemické  generovani bylo  provadéno
v elektrolytické cele [9,10] sestavené v laboratofi sestavajici ze dvou polocel
oddélenych memranou (Nafion 117, Sigma-Aldrich, USA). Kazda polocela
méla vnitini objem 900 ul. Pouzita katoda byla olovéna (99,99 % Pb,
Sigma-Aldrich , S = 820 mm?) a katolytem byl 1,0M HCI, pliskova anoda
byla z Pt (99.99 %, Safina, CR, S =350 mm?) a anolytem byl 2,0M roztok
H,S0Oy. Pro udrzovani konstantniho proudu byl pouzit laboratorni zdroj LPS
303 (American Reliance, Taiwan).  Generatorem ve fotochemickém
generovani byl reaktor sestavajici z nizkotlaké rtutové UV vybojky (20 W,
USHIO, Japonsko) omotané teflonovou kapilarou o vnitinim prameéru 1,0
mm (o0.d. 1,4 mm). Podminky jsou uvedeny v tabulce 1.
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Obr. 3.2: Schéma aparatury pro porovnani interferenci v riznych technikach

generovani t€kavych sloucenin

1 — peristaltické cerpadlo, 2 — ptivod Ar, 3 — reaktor (A — CVG, B — EcVG,
C - UV-PVQG), 4 — separator fazi, 5 — externé vyhiivany kifemenny

atomizator, 6 — odpad, 7 — atomizacni plyn (H,, pouze UV-PVG), la —
privod HCI a vzorku, 1b — pfivod NaBH,, 1¢ — piivod katolytu a vzorku, 1d

— ptivod anolytu, odpovida pierusované ¢afe v celkovém schématu, 3a —

katodovy prostor, 3b — anodovy prostor, 3¢ — odvod a recyklace anolytu

Tabulka 1: Podminky pouzité pfi porovnani interferenci v riznych metodach

generovani tékavych slou¢enin Se

Parametr CVG EcVG UV-PVG
Koncentrace NaBH4, % (m/V) 0,5 - -
Koncentrace HCI, mol dm™ 1,0 1,0 -
Koncentrace HCOOH, mol dm™ - - 0,5
Koncentrace HzSO4, mol dm™ - 2,0 -
Délka reakéni civky, cm 80 (V= - 350 (V=
0,63 ml) 2,7 ml)
Katoda - Pb, S = -
820 mm?
Generacni proud, A - 1,0 -
Pratokova rychlost vzorku, ml 5,0 5,5 6,0
min~’
Priitokova rychlost Ar, ml min™’ 20,0 70,0 15,0
Pritokova rychlost Hz, ml min™" - - 3,0




Vliv potencidlnich interferentd byl zkoumdn v kapalné fazi — tedy
interferenty byly pfitomny v modelovém vzorku spolu s roztokem Se(IV) o
koncentraci 5 pg dm” (CVG, UV-PVG) nebo 25 pg dm” (EcVG).
Namétené absorbance byly pfepocitdvany na procentualni zménu signalu
vuci vzorku bez interferentu a vynaSeny v zavislosti na hmotnostnim
poméru interferentu k Se. Odliné koncentrace Se byly pouzity z divodu
odlisnych limit detekce a citlivosti metod, odpovidaji pfiblizn¢ absorbaci
0,20 pro kazdou ze tif metod.

S vybranymi prvky (As, sb, Pb, Cu, Ni) provadény experimenty
zjistujici, zda k interferenci/modifikaci reakce dochazi v kapalné nebo
plynné fazi. Pii téchto experimentech byla zvlast' generovana potencialné
vznikajici tékava sloucenina zkoumaného prvku ve druhém totozném
reaktoru. Kanaly stckavou slouceninou Se a tékavou slouceninou
zkoumaného prvku byly spojeny pied vstupem do atomizatoru. Pouzit byl
také par stejnych separatord fazi. Podminky generovani byly v obou
kanalech totozné s optimalnimi podminkami pro generovani tékavé
slouceniny Se danou metodou, pouze prutok nosného plynu byl v kazdém
kanalu polovi¢ni oproti optimalni prutokové rychlosti.

Do tady modelovych vzorkd byly ndhodné zafazovany také roztoky Se
bez interferentu za ucelem zjisténi ptipadnych pamétovych efekti.
V ptipadé¢ UV-PVG a CVG zadné pamétové efekty pozorovany nebyly ani
nebyla pozorovana viditelna redukce kovovych prvkd na vnitinich povrsich
aparatur. Naopak elektrochemické generovani tékavych sloucenin bylo
zatizeno pamétovymi efekty v disledku modifikace povrchu katody vrstvou
redukovaného interferentu. [11] V pfipadé zkoumani vlivu meédi byla
zietelné pozorovatelna barevna zména povrchu katody.



4. Vysledky a diskuze

4.1. UV-fotochemické generovani tékavych sloucenin Se a Te
s vyuZitim fotochemické katalyzy na TiO,

Optimalizace podminek UV-fotochemického generovani t€kavych
slou¢enin Se a Te z ¢tyfmocnych a Sestimocnych specii v uspotfadani
pratokové injekéni analyzy (FIA) a Se v usporadani kontinudlni injekéni
analyzy (CFA) jsou uvedeny v disertacni praci. Pii optimalnich podminkach
byly nalezeny zékladni charakteristiky FIA stanoveni Se a Te, které jsou
uvedeny v tabulkach tab. 2 (Se) a tab. 3 (Te).

Zatimco v pfipadé Se jsou ziskané zakladni -charakteristiky
postacéujici pro analytické aplikace, v piipad¢ Te nizka stabilita vznikajici
tékavé slouceniny neumoziuje pouziti metody na stanoveni Te v realnych
vzorcich bez ptedchoziho vyznamného sniZeni limitu detekce. Pii TiOp/UV-
fotochemickém generovani té¢kavé slouceniny Te nebylo dosazeno stejnych
smérnic zavislosti pro ob¢ specie.

V uspotadani kontinualni prutokové analyzy byla zjisténa ucinnost
fotochemického generovani teékavé slouceniny Se 81 % ucinnosti dosazené
chemickym generovanim ve stejné aparatufe.

Tabulka 2: Zékladni charakteristiky stanoveni Se(IV) a Se(VI) v médu FIA®
a CFA®

FIA® CFA®
Se(IV) Se(VI) Se(IV) Se(VI)
LOD, ug dm™> 1,8 1,6 0,1 0,2
LOQ, ug dm™ 6,0 55 0,3 0,5
Citlivost, dm® pg™ 26 10™ 24 10" 2110° 21107
RSD, % °© 35 5,1 3,1 3,0
LDR, pg dm™ LOQ-200 LOQ-200 LOQ-10 LOQ-10
R 0,9973 0,9997 0,9993 0,9998

“ ¢(CH;COOH)= 0,5 mol dm™°, Fr (vz) = 3,0 ml min ', Fr (Ar) = 55 ml
min_l,Fr (H,) = 4,5 ml min™", V (reaktoru) = 1,7 ml, V (vz) = 100 pl,
¢(Ti0,) = 0,005% (m/V), Tat =950 °C

®¢(CH;COOH) = 0,5 mol dm >, Fr (vz) = 5,0 ml min "', Fr (Ar) = 40 ml
min "', Fr (Hy) = 4,5 ml min"', V (reaktoru) = 1,5 ml, Tat = 950 °C
“hodnota v poloving LDR
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Tabulka 3: Zékladni charakteristiky stanoveni Te(IV) a Te(VI) v médu FIA

Parametr Te(lV) Te(VI)
LOD, mg dm™> 0,03 0,04
LOQ, mg dm™ 0,11 0,12
Citlivost, dm® mg™ 3110* 67 10™
RSD, % 3,8 (1,0 mg dm™) 3,4 (0,5 mg dm™)
LDR, mg dm™ LOQ-2,0 LOQ-1,0
R 0,9992 0,9925

¢(CH;COOH)= 0,5 mol dm >, Fr (vz) = 3,2 ml min ',
Fr(Ar) =200 ml min"'_Fr(H,) = 11 ml min ', V (reaktoru) = 0,5 ml,
V (vz) =350 pl, ¢(TiO,) = 0,1% (m/V), Tat = 950 °C

4.2. Stanoveni obsahu Se v certifikovanych materialech a
realnych vzorcich

Metoda UV fotochemického generovani tékavych sloucenin Se
byla uspé$né validovana pro stanoveni Se ve vzorcich potravinovych
dopliikii a ve vodnych vzorcich (viz tab. 4) a nasledné¢ byla ispésné pouzita
pro stanoveni Se ve vybranych dopliicich stravy zakoupenych na ¢eském
trhu (viz tab. 5). [12] Celkovy obsah Se v dopliicich stravy byl stanoven
také referencni metodou ETAAS.

Tabulka 4: Validace metody TiO,/UV-fotochemického generovani

c (Se) Deklarovana hodnota
NIST SRM 1640a 20+ 1 pgdm™ 11,68 +0,13 ugdm™>
NIST SRM 1643e 12+ 1 pgdm™ 20,13+ 0,17 pg dm™
NIST SRM 3280 17,3+0,19 ug g™ 17,42+ 0,45 ug g™

Tabulka 5: Stanoveni obsahu Se ve vzorcich potravinovych doplnki
Vzorek Nalezeny obsah, Deklarovany obsah, ETAAS,

Hg ug ug
A 50,5 % 3,5 50 49+ 4
B 33655 14 24 £ 4
C 36,2 £ 2,4 30 33+4
D 61,186 55 51+3
E 572+1,8 55 53+5
F 21,6 £ 4,6 25 2616
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4.3. Vyvoj metody pro stanoveni specii Se ve smési, HPLC-
TiO,/UV-PVG-AFS

UV-fotochemické generovani té€kavé slouceniny Se bylo dale
modifikovano také pro spojeni s chromatografickou separaci a stanovenim
vybranych specii Se ve smési. Ziskané zakladni charakteristiky jsou
uvedeny v tab. 6. V isokratickém provedeni bylo dosazeno Gspésné separace
Ctyf organickych a anorganickych specii s obsahem Se béhem 18 min,
pficemz tris(hydroxymethyl)aminomethan (TRIS), pH = 9,0 pouzity pro
pfipravu pufru nemél vyznamny vliv na ucinnost UV-fotochemického
generovani.

Tabulka 6: Zakladni charakteristiky kombinované metody HPLC-TiO,/UV-
PVG-AFS

Specie Se(IV) Se(VI) Me-Se- g methionin
cystein

LOD, pg dm™® 0,6 0,5 11 2,9

Citvost, 845 1,046 0,4527 0,1629

mV min dm” pg

tr, min 4,89 7,11 10,2 15,4

ne 557 871 965 784

Ri2® 2,51 2,45 2,25 -

LDR, pg dm™ 2-500 2-500 4 -2000 10 - 2000

R 0,9998 0,0996 0,0987 0,0949

2 hodnota odpovidajici méfeni v poloviné LDR

kolona Hamilton PRP-X100, 250 x 2,1 mm, velikost ¢astic 5 um, mobilni
faze 50 mmol dm~ TRIS pufr, pH = 9,0 + 50 mmol dm~ NaCl,
Fr (MF) = 0,34 ml min"', ¢(CH;COOH)= 0,75 mol dm, ¢(TiO,) = 0,025%
(m/V), Fr (TiO,, CH;COOH) = 0,9 ml min"', Fr(4r) =250 ml min"' Fr
(H>) =70 ml min"', V (reaktoru) = 1,7 ml, V (vz) = 50 ul
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4.4. Interferencni studie — vliv matrice na rizné metody

generovani tékavych slouc¢enin Se

Za podminek uvedenych v tabulce 6 byla provedena interferencni studie
porovnévajici vliv vybranych iontd pfechodnych kovi (Ag(l), Cu(Il),
Fe(Ill), Mn(1l), Co(I), Ni(I), Cr(l), Cd(II), hydridotvornych prvki
(As(II), Sb(IIl), Pb(II), kyselin (HCl, HNO;, H,SO4, H;PO,) a soli (NaCl,
NaNO;, Na,SO,, NazPO,) na chemické, elektrochemické a UV-
fotochemické generovani t€kavé slouceniny Se.

Bylo zjisténo, Ze obé& alternativni techniky jsou nachylngjsi ke vlivu
matrice nez chemické generovani. V mnohych pfipadech souvisi vliv
interferentd s mechanismem redukce analytu a vzniku tékavé slouceniny.

Vliv hydridotvornych prvkl byl ocekavan predev§im v plynné fazi
a to konkrétné pfi atomizaci teékavé slouCeniny v kiemenném atomizatoru.
[13,14] Tato informace byla potvrzena pro vSechny tfi zkoumané metody,
protoze poklesy zavislosti ziskanych v pfitomnosti iontd As a Sb v matrici
vzorku byly prakticky totozné bez ohledu na pouzitou metodu generovani. V
pripadé olova z Pb(I) nebyl pii chemickém generovani pozorovan zadny
vliv Pb na signaly Se, protoze Pb(Il) nepodl¢hd chemickému generovani.
[15] Pii UV-fotochemickém generovani byla pozorovana vyznamna
interference v kapalné fazi, ale vliv v plynné fazi byl zanedbatelny, ke
generovani t€kavé slouceniny olova tedy pravdépodobné také nedochazelo.
Naopak, pfi elektrochemickém generovani byl pozorovan prakticky totozny
vliv v kapalné i1 plynné fazi a interferenci olova tedy lze povazovat
za lokalizovanou v plynné fazi.

Pii chemickém generovani byly nejvyznamnéjsi interference
pozorovany v pritomnosti Ag(I) a Cu(Il). Oproti tomu vliv pfechodnych
prvkt byl zdaleka méné vyrazny; ve vSech pripadech vedla pritomnost
interferentu k poklesu signalti Se. Toto pozorovani Ize chapat jako indicii, Ze
v této technice generovani mohlo byt za zvolenych podminek dosaZzeno
maximalni G¢innosti generovani. Pii elektrochemickém generovani bylo
pozorovano, ze mnohé potencidlni interferenty se mohou v urcitych
koncentracnich rozmezich chovat jako interferenty a v jinych jako reakéni
modifikatory, tzn., Ze rizné koncentrace téhoz prvku mohou vést ke snizeni
nebo zvyseni signalu Se oproti Cistému vzorku. Konkrétné byl tento jev
pozorovan v pfitomnosti Mn(II), Fe(III) a Cu(Il). Na rozdil od vysledkt Guo
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et al. [3] byl v této préaci pii UV-fotochemickém generovani pozorovan
podobny efekt jako pii elektrochemickém generovani; v ptipadé Co, Ni, Cu
a Cr byly pozorovany zvysSené signaly odpovidajici reakéni modifikaci.
V piipadé Ni byl pozorovan pozitivni vliv na signal Se i v plynné fazi.
Z prostiedi kyseliny mravenci lze UV-fotochemicky generovat tékavy
karbonyl Ni, ktery by se mohl Gcastnit transportu tékavé slouceniny Se. [16]
Jako nejpravdépodobnéjsi se jevi stabilizace té¢kavé slouceniny Se bud’ pfi
transportu nebo pfi vstupu do atomizatoru. Interakce Se a Ni nema negativni
efekt na atomizaci Se, ale nebyl pozorovan zadny signal Ni, pfesto ze byl
proveden pokus o generovani jeho tékavé slouceniny za stejnych reakénich
podminek.

Chemické generovani tékavych sloucenin je v porovnani s jeho
alternativami odolné&j$i vuci interferencim zpisobovanym anorganickymi
kyselinami a solemi. Tento fakt vyplyva jiz ze samotného mechanismu
chemického generovani; kyselé prostiedi je nezbytné pro hydrolyzu NaBH,,
ale samotny anion kyseliny se vzniku tékavé slouceniny netcastni. Prti
elektrochemickém generovani te€kavych sloucenin na Pb katodé
je nejvyznamnéjSim ocfekdvanym mechanismem interference tvorba
nerozpustnych soli olova. Ze zkoumanych aniontti by tento efekt mél byt
pozorovatelny v pfitomnosti siranti a fosforenani, ale ve skute¢nosti byl
opravdu vyznamny pouze ve druhém pfipadé. Pritomnost NaCl vedla
k poklesu signalt stejné jako vyssi koncentrace kyseliny dusicné a
dusi¢nanu. Posledni jmenované elektrolyty si zaslouzi zvySenou pozornost.
Interference v pritomnosti kyseliny dusi¢né je pravdépodobné zplsobena
jejimi oxida¢nimi vlastnostmi. V Gvahu pfipada napf. oxidace analytu do
vys$siho oxidacniho ¢isla, ze kterého probiha generovani t€kavych slou¢enin
s niz8i UCinnosti. V pfitomnosti chloridd alkalickych kovt (NaCl, KCI)
dochazi vlivem prochazejiciho elektrického proudu k rozpousténi olovéné
katody. [17] Katodu zolova nelze pouzit, ma-li byt elektrochemické
generovani t€kavych sloucenin provadéno ve vzorcich s vysokym obsahem
chloridii. Pfi UV fotochemickém generovani bylo zjisténo, ze kyseliny
ijejich soli mohou interferovat stejn¢ jako puasobit reakéni modifikace.
O kyseliné dusi¢né, dusi¢nanech a kyseliné chlorovodikové by bylo mozno
uvazovat jako o potencialnich reakénich modifikéatorech.
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5. Zavéry
predkladané disertacni prace, jsou shrnuty v nasledujicich odstavcich.

TiO, umoznuje redukci Se(VI) a Te(VI) nejen v kyseliné mravenci
ale iv kyselin¢ octové a propionové, pficemz v kyseliné octové bylo
dosazeno nejvysSich analytickych signalt. V ptipadé generovani tékavé
slouceniny s vyuzitim fotokatalyzy pomoci TiO, tedy délka uhlikaté
kostry kyseliny pravdépodobné neni rozhodujici.

Pro Se(IV) byla v uspofadani kontinudlni pratokové analyzy
zjiSténa UCinnost generovani tékavé slouCeniny 81 % na zakladé
porovnani citlivosti s chemickym generovanim t€kavych sloucenin.

Pii pouzivani kyseliny octové jako reakéniho prostiedi je
pro uspésnou atomizaci v QFAAS nebo AFS nutné pridavat vodik.

Bylo zkoumano UV-PVG té€kavé slouceniny teluru z Te(VI) i
bez pouziti TiO,, ale za podminek zkoumanych v této praci nebylo
dosazeno uspéSného generovani. Reakéni produkty vznikajici
rozkladem nizkomolekularnich organickych kyselin UV zafenim
nepostacuji k redukci Te(VI) a tvorbé tékavé slouceniny Te.

Vliv matrice na jednotlivé studované specie miize byt pii TiOp/UV-
PVG odlisny, alespon byl takovyto jev pozorovan pii stanoveni Se(IV)
a Se(VI) ve vodnych matricich. Vyhodnoceni vlivu potencialnich
interferentti je tedy nutné provadét pro kazdou specii.

Navzdory vlivu vysoké koncentrace Ca(Il) a Mg(Il) iontd na
pfesnost a preciznost stanoveni Se metodou TiO,/UV-PVG, byla tato
metoda uspé$né aplikovana a validovdna pro urCeni obsahu Se ve
vzorcich dopliiki stravy. Dal§i mozZnosti aplikace metody TiO,/UV-
PVG je jeji vyuziti pro derivatizaci rtiznych specii Se na tckavé
slouCeniny pro spojeni HPLC separace a detekce atomovymi
spektrometrickymi metodami.

Béhem interferencni studie bylo potvrzeno, Ze ob¢ alternativni
techniky  generovani  tékavych  sloucenin  jsou  nachylnéjsi
k interferencim nez CVG. Béhem této studie byly také vybrany reakcni
modifikatory (Co, Ni, Cr), které by mohly zvysit citlivost stanoveni Se
Pro Ni bylo zjisténo, Ze k reakéni modifikaci dochéazi prostfednictvim
stabilizace t€kavé slouceniny Se v plynné fazi.
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Abstract

The presented thesis deals with UV-photochemical generation of
volatile compounds of Se and Te from various species. The aim of the
project was to expand the current state of knowledge by the application of
photocatalytic reduction of higher oxidation states of Se and Te for the
speciation analysis based on UV-photochemical generation of volatile
compounds.

The first step of the study was the assembly of the apparatus for the
photocatalysed UV-photochemical generation of volatile compounds. The
material of reactor and the whole experimental set-up were based on
literature survey and previous research done in our group. Experiments were
directed towards finding the optimum conditions for generation of volatile
compounds of selected model elements. Se was studied as the element most
commonly determined by the UV-photochemical generation of volatile
compounds. Conversely, Te was selected as a model representing elements
forming less stable volatile compounds.

The second part of the study was the application of the optimised
method of photocatalysed UV-photochemical generation of volatile Se
compound to the determination of Se in water matrices, liquid certified
reference materials and also samples of dietary supplements. TiO,/UV-
photochemical generation was also successfully modified to be used with
atomic fluorescence spectrometry as a derivatisation step following
speciation analysis based on liquid chromatography separation of inorganic
and organic selenium species.

The third part of this thesis studied the influence of the sample
matrix on the chemical, electrochemical and UV -photochemical generation
of volatile Se compounds. It was found out that the sensitivity of Se
determination by the electrochemical and UV -photochemical generation of
volatile compounds can be notably improved by the use of reaction
modifiers. However, these alternative methods have been found more likely
to give incorrect results than chemical generation, particularly due to their
susceptibility to the presence of inorganic acids and their salts, which are
common matrix components.
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1. Introduction

Generation of volatile compounds connected to atomic spectrometric
methods is commonly applied for the determination of elements from 14th
to 16th group of the periodic table. [1] These elements readily form stable
volatile hydrides or small volatile organic compounds. Generation of
volatile compounds of transition and noble metals is possible too but with
lower generation efficiency. [2] The established method is the so called
chemical generation of volatile compounds (CVG) based on the use of
sodium or potassium tetrahydroborate. However, this reducing agent is
produced only in limited purity and belongs among compounds hazardous
for the environment. These two features led to the development of methods,
which try to circumvent the use of this agent.

The first alternative to chemical generation was electrochemical
generation of volatile compounds (EcVG) applying electric current for the
reduction of the analyte. More recent method termed UV-photochemical
generation (UV-PVQ) utilizes photoreactions capable of transforming some
metal and metalloid elements into their volatile derivatives. UV-PVG of Se
volatile compounds for analytical applications can be carried out either with
or without the use of photocatalysts, which can promote generation from
higher oxidation state. Volatile compounds are generated as a result of
photodecomposition of low molecular weight acid, which serves as a main
reagent. The reaction mechanism is still a subject of discussion due to the
complicated nature of radical photoreactions, which occur. Several
mechanisms have been proposed, one based purely on radical reaction [3]
and another based on ketenes as intermediates [4]. Mechanism based on
electrochemical reactions and semiconductor properties was proposed in the
presence of TiO2 as photocatalyst. [6—8]

Background literature study showed that in comparison to chemical
generation of volatile compounds UV-photochemical generation suffers
from various effects of the sample matrix. Severe interferences are observed
by various authors despite the original hypothesis that reactive radicals
produced through decomposition of organic acids would not have sufficient
reduction potentials to reduce ions of transition metals. These interferences
have to be taken into account when applying UV -photochemical generation
of volatile compounds to analysis of real samples.
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2. Aims of the Study

This thesis comprises three connected topics. First, conditions for the

generation of volatile compound of se in the presence of TiO, were studied

and a method for determination of Se was developed. These experiments
were followed by the testing of the possible applications of the developed
method. This research was associated with the research project GA UK

28214. The second topic studied the possibility of UV-photochemical

generation of Te volatile compound (project GA UK 28214 in association

with project GA UK 28621). The photocatalyst was used mainly for the
reduction of Se(VI) and Te(VI). This approach was known for Se but so far
has not been published for the online photo-reduction of Te(VI). The third
topic studied the effects of selected interferents on chemical,
electrochemical a UV-photochemical generation of Se volatile compounds

and was aimed at the comparison of these methods. It was carried out as a

part of project GA CR 14-23532. The set aims of the study were:

a) Optimise the conditions of UV-PVG of Se using TiO, catalysis.

b) Compare the found figures of merit with chemical generation of volatile
compounds and determine the generation efficiency using TiO,/UV-PVG
of Se.

c¢) Apply the developed method for the determination of Se in real samples.

d) Develop a chromatographic separation method for the determination of
Se species in a mixed sample.

e) Optimise the conditions of UV-PVG of Te and determine the figures of
merit.

f) Compare UV-PVG, EcVG and CVG based on the influence of sample
matrix with Se as the analyte. The aim was the determine the degree of
influence of the matrix on each of the methods to decide, which matrices
are unsuitable for a given method or which sample preparation steps
should be applied.
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3. Materials and methods

3.1. Instruments

The following instruments have been used during the experiments.
Atomic absorption spectrometer Unicam 939 (Unicam, UK), Atomic
absorption spectrometer GBC Avanta (GBC, Autralia), Atomic absorption
spectrometer ContrAA 700 (Analytik Jena, Germany), Microwave digestion
device CEM MDS 2000 (CEM, USA), UHPLC Dionex Ultimate 3000 and
anion exchange chromatographic column Hamilton PRP-X100 (5 pm, 2.1 x
250 mm), Atomic fluorescence spectrometer PSA Millenium Excalibur
(PSA, UK), peristaltic pump MasterFlex (Cole-Parmer, USA), gas mass
flow controllers (Cole-Parmer, USA). The detection of Se and Te was
carried out at the 196.0 nm and 214.3 nm line, respectively. Spectral
bandwith was 05 nm. The lamps were rut at 12 mA for SE and Te 7 mA for
Te.

3.2. UV-photochemical reactor

The reactor consisted of a low pressure Hg lamp (dimensions 610 x 152
x 108 mm, 20 W, USHIO, Japan) around which was wrapped a PTFE tube
(i.d. 0.8 mm, o.d. 1.58 mm.). The reagent flowed through the tube and was
continually irradiated. The UV-reactor was set in a power source with
reflective walls and covered by a lid made of hard cardboard covered with
aluminium foil. This housing ensured that the temperature of the reactor was
kept constant though the measurements. The UV lamp surface temperature
was approximately 55 °C. Low pressure UV lamp was selected because
TiO, absorbs electromagnetic radiation in the UV spectrum. The band gap
in TiO, has energy of 3.5 eV, which corresponds to 350 nm as maximum
wavelength for promoting the production of electron-hole pairs.

3.3. Measurement procedure in flow injection set-up
The experimental set-up for UV-photochemical generation of
volatile compounds in flow injection mode is shown below (see Fig. 3.1).
the apparatus was used for the generation of volatile compounds of Se and
Te including the determination of Se in real samples. Sample prepared in
deionized water or other solution was injected into the stream of solution of
low molecular weight organic acid using a low pressure injection valve. The
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TiO, suspension was continually mixed with the acid flow downstream of
the injection valve and the sample was subsequently carried into the UV
reactor. The generated volatile compound was continually stripped from the
liquid waste in the gas-liquid separator by the carrier gas and with added H,
transported into the atomizer. Lengths of transport tubing have been kept
constant, when the apparatus was modified; distance between the reactor
and gas-liquid separator was 15 cm for Se and 7 cm for Te. Distance
between gas-liquid separator and atomizer (including the atomizer inlet arm)
was kept at 15 cm.

el

Fig. 3.1: Experimental set-up for UV-photochemical generation of volatile

compounds of Se and Te in flow injection mode

1 — peristaltic pump, 2 — sample injection, 3 — photochemical reagent (low
molecular weight organic acid), 4 — TiO, suspension, 5 — Ar inlet, 6 —
alternative Ar inlet position (organic Se species), 7 — UV-photochemical
reactor, 8 — gas-liquid separator, 9 — H, inlet, 10 — atomization in externally
heated quartz atomizer.

3.4. Measurement procedure in continuous flow set-up and
with chromatographic separation of Se species

Modification of the experimental set-up, which permitted
continuous flow analysis and comparison of generation efficiency with
chemical generation, is described in the thesis. In short, the injection valve
and channel 4 were removed (see Fig. 3.1 for reference) and sample
prepared in the solution of organic acid was pumped through channel 3. For
the set-up with chromatographic separation and generation of volatile
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compounds for atomic fluorescence detection see the thesis too. Parts 1-4 of
the apparatus were substituted by chromatographic instrument (high
pressure pump, automatic sampler) for the application of TiO,/UV-
photochemical generation of volatile species as a derivatisation method for
the determination of selenium species in a mixed sample. A mixed solution
of Se species was injected into the mobile phase, and separated on the
column. The derivatization agent (TiO, suspension in solution of acetic
acid) was added after the column as well as the carrier and atomization
gasses. The formed volatile compounds were detected using atomic
fluorescence spectrometry.

3.5. Experimental set-up and procedure in the interference

study

In order to compare the effect of possible interferents in various
methods of generation of volatile compounds the apparatus had to permit an
easy change of the generator without altering the rest of the set-up. Such
apparatus was constructed in continuous mode and is schematically shown
in Fig. 3.2. Carrier gas was always introduced at the inlet to the reactor. The
sample prepared in the respective reagent was pumped continuously into the
reactor until a constant signal height was obtained; the times required
differed between methods. Afterwards the sample was swapped for blank
until the signal returned to the baseline.

The reactor in chemical generation was a PTFE tube with 1.0 mm
inner diameter (o.d. = 2.0 mm, Sigma-Aldrich, USA). Electrochemical
generation was carried out in a laboratory made electrochemical cell [9,10]
consisting of two compartments divided by ion exchange membrane (Nafion
117, Sigma-Aldrich, USA). Each cell compartment had internal volume 900
pl. The cathode was made of lead wire (99,99 % Pb, Sigma-Aldrich , S=
820 mm?) and the catholyte was 1.0M HCI, anode was made of Pt (99.99 %,
Safina, CR, §=2350 mm?) and 2.0M H,SO, served as anolyte. Electric
current was kept constant by a laboratory power source LPS 303 (American
Reliance, Taiwan). Generator in UV-photochemical generation of volatile
compounds was made of a low pressure Hg lamp (20 W, USHIO, Japan)
around which was tightly wrapped a PTFE tube with inner diameter of 1.0
mm (o.d. 1.4 mm).

25



3a

—_— 3b —

1d 3c

2 C
i

Fig. 3.2: Experimental set-up for comparison of interferences in three

methods of volatile compounds generation

1 — peristaltic pump, 2 — Ar inlet, 3 — reactor (A — CVG, B - EcVG, C -
UV-PVG), 4 — gas-liquid separator, 5 — externally heated quartz furnace
atomizer, 6 — waste, 7 — atomization gas (H,, UV-PVG only), la— HCI and
saple, 1b — NaBH,, 1c — catholyte and sample, 1d — anolyte inlet,
corresponds to dashed line in overall scheme, 3a — cathode compartment, 3b
— anode compartment, 3¢ — anolyte outlet and reuse

The interference study has been carried out at the experimental
conditions summarized in table 1.

Table 6: Experimental conditions during interference study

Parameter CVG EcVG UV-PVG
NaBH4 concentration, % (m/V) 0.5 - -
HCI concentration, mol L™’ 1.0 1.0 -
HCOOH concentration, mol L™ - - 0.5
H,S0,4 concentration, mol L™ - 2.0 -
Reaction coil length, cm 80 (0.63 mL) - 350 (2.7 mL)
Cathode - Pb, S =820 -
mm?
Generation current, A - 1.0 -
Flow rate of sample, 5.0 5.5 6.0
mL min~"
Flow rate of Ar, mL min™ 20.0 70.0 15.0
Flow rate of Ho mL min™" - - 3.0
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The effects were studied with the concomitants present in the liquid
phase together with either 5 ug L' (CVG, UV-PVG) of Se or 25 ug L™ of
Se (EcVG). Different concentrations of Se were used due to different limits
of detection and sensitivities found. The concentrations correspond to the
absorbance of 0.20 in each generation approach.

The location of effects of selected interferents (As, Sb, Pb, Cu, Ni) was
studied by adding the interferent to the volatile Se compound in the form of
its possible volatile compound. The volatile compound of interferent was
generated in a second UV reactor and the channels were connected either
before or behind the gas-liquid separator. The generation conditions were
the same as optimized for Se only the carrier gas flow rate was divided
between the channels to maintain the atomization conditions the same.

Random introduction of pure Se samples served for the study of
memory effects; these were not encountered in CVG and UV-PVG but were
observed in EcVG. They were caused by the modification of the cathode
surface by the interferent. [11] Particularly in the case of Cu the change in
the surface composition manifested itself visibly through change of colour.
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4. Results and discussion

4.1. UV-photochemical generation of volatile compounds of Se
and Te using TiO, catalysis

The optimisation of experimental conditions for the determination of Se
and Te from oxidation states IV and VI is described in the thesis. The
figures of merit found at the optimum conditions are summarized in table 2
(Se) and table 3 (Te). The optimum conditions are listed below the tables.

The figures of merit found for Se were sufficient for applications, but
the method developed for Te cannot be applied to real samples without first
decreasing the limit of detection. Unlike in Se volatile compounds
generation we did not obtain the same sensitivities for Te species. The
difference in sensitivities between Te(IV) and Te(VI) is probably due to
different acid-base character of the Te species and their interaction with the
catalyst.

The efficiency ofTiO,/UV-photochemical generation of volatile Se
compound was found to be 81 % compared to the efficiency of chemical
generation carried out in the same experimental set-up.

Table 2: Figures of merit for Se(IV) and Se(VI) in FIA* and CFA® set-ups

FIA® CFA®

Se(IV) Se(VI) Se(IV) Se(VI)
LOD, pg L™ 1.8 1.6 0.1 0.2
LOQ, pg L™ 6.0 5.5 0.3 0.5
Sensitivity, L ug™" 26 10™ 2410 2110° 2110°
RSD, % ° 35 5.1 3.1 3.0
LDR, ug L™’ LOQ-200 LOQ-200 LOQ-10 LOQ-10
R 0.9973 0.9997 0.9993 0.9998

“ ¢(CH;COOH)= 0.5 mol L, Fr(sample) = 3.0 mL min ',

Fr(Ar) =55 mL in"' Fr(Hy)=4.5 mL min ', V (reactor) = 1,7 mL,
V (sample) = 100 pL, ¢(7iO,) = 0.005% (m/V), Tat =950 °C
®¢(CH;COOH) = 0.5 mol L', Fr(sample) = 5.0 mL min "',

Fr(Ar) =40 mL min"', Fr(H,) = 4.5 mL min"', V(reactor) = 1.5 mL,
Tat =950 °C

¢value in the middle of LDR
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Table 3: Figures of merit for Te determination in FIA mode

Parameter Te(lV) Te(VI)
LOD, mg L™ 0.03 0.04
LOQ, mgL™ 0.11 0.12
Sensitivity, L mg™" 3110* 67 10®
RSD, % 38(1.0mgL™) 34(05mgL™)
LDR, mg L™ LOQ-2.0 LOQ-1.0
R 0.9992 0.9925

¢(CH;COOH)=0.5 mol L', Fr(sample) = 3.2 mL min |,
Fr(Ar) =200 mL minfl, Fr(H;) =11 mL min', V (reactor) = 0.5 mL,
V (sample) = 350 uL, ¢(TiO;) = 0.1% (m/V), Tat =950 °C

4.2. Determination of Se in certified reference materials and
real samples
Ti0,/UV-photochemical generation of volatile compounds has been
successfully validated for the determination of Se in water samples and
dietary supplement matrix (see table 4) and subsequently applied for real
samples of dietary supplements (see table 5). [12] Total Se content in
tablets was determined by ETAAS as a reference method.

Table 4: Validation of TiO,/UV-photochemical generation of volatile
compounds for the determination of Se(IV)

c (Se) Declared content
NIST SRM 1640a 20+ 1 pygdm™ 11.68 +0.13 ugdm™>
NIST SRM 1643e 12+ 1 pgdm™ 20.13+0.17 pg dm™
NIST SRM 3280 17.3+0.19ugg” 1742 +045ugg”

Table 5: Determination of Se content in dietary supplement samples

Sample Determined Declared content, ETAAS,
content, ug Mg Mg
A 50.5+ 3.5 50 49+4
B 33.6+55 14 24 +4
C 36.2+24 30 33t4
D 61.1+8.6 55 51+3
E 57.2+1.8 55 53+5
F 21.6+4.6 25 26+ 6
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4.3. Development of HPLC-TiO,/UV-PVG-AFS method for
determination of Se in mixed samples

The above mentioned method was further modified for the connection with
chromatographic separation technique and tested for the determination of Se
in mixed samples. The found figures of merit are summarized in table 6.
Four organic and inorganic species were separated in isocratic mode within
18 minutes in tris(hydoxymethyl)-aminomethane (TRIS) buffer at pH = 9.0,
which did not have notable negative effect on the efficiency of UV-
photochemical generation.

Table 6: Figures of merit of the HPLC-TiO»/UV-PVG-AFS method

Se(lV) Se(vV) (!\:I/:tjise met:iinine
LOD, ug L™’ 0.6 0.5 1.1 2.9
Sensitivity, 0.843 1.05 0.453 0.163
mV min L ug
tr, Min 4.89 7.11 10.2 15.4
n@ 557 871 965 784
Riz® 2.51 245 2.25 -
LDR, ug L™ 2-500 2-500 4 -2000 10 - 2000
R 0.9998 0.9996 0.9987 0.9949

a

value corresponding to the middle of LDR

Hamilton PRP-X100 analytical column, 250 x 2,1 mm, particle size 5 um,
mobile phase 50 mmol L™ TRIS buffer, pH = 9.0 + 50 mmol L™ NaCl,
Fr (MF)=0.34 mL min', ¢(CH;COOH)= 0.75 mol L', ¢(TiO,) = 0.025%
(m/V), Fr(TiO,, CH;COOH) = 0.9 mL min ', Fr(4r) =250 mL min '
Fr(H,) =70 mL min, V (reactor) = 1.7 mL, V (sample) = 50 uL

4.4 Interference study — the effects of concomitants on the Se
volatile compound generation
The interference study dealt with the effects of selected transition metal
ions (Ag(l), Cu(Il), Fe(Ill), Mn(II), Co(II), Ni(II), Cr(III), Cd(II), hydride
forming elements (As (III), Sb(IIl), Pb(Il), acids (HCl, HNO;, H,SO,,
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H3;PO;) and their salts (NaCl, NaNO;, Na,SO4, Na;PO;) on chemical,
electrochemical and UV-photochemical generation of  Se volatile
compounds.

Both alternative generation techniques were found more liable to
interference than the chemical generation of volatile compounds. In many
cases the nature of the effect was due to the mechanism of the generation
process.

The effect of other hydride forming elements was expected to be
located in the gas phase, more particularly during the atomisation of the
volatile compound in the quartz atomizer. [13,14] This information was
supported by our results in all three methods. The dependences for As and
Sb decreased similarly irrespective of the method. No interference was
observed with Pb in chemical generation as Pb(II) does not produce volatile
compound through reaction with NaBH,. [15] Serious interference was
observed in UV-photochemical generation in liquid phase, but not in gas
phase, showing that volatile compound of lead was not formed. On the other
hand, an almost the same effect was observed in liquid and in gas phase with
electrochemical generation suggesting the production of lead volatile
compound.

Ag(l) and Cu(Il) acted the most important interferents in chemical
generation, in comparison, the effects of transition metals were much less
pronounced. The dependences of Se absorbance on the growing
concentration of interferent were only decreasing, which indicates that
complete generation sufficiency could have been achieved in chemical
generation of volatile compounds. In electrochemical generation some
elements behaved as interferents in certain concentration ranges and as
reaction modifiers in other concentration ranges. That means that their
presence could decrease or increase the Se signal compared to pure Se
sample. In particular, this effect was observed in the presence of Mn(Il),
Fe(IlT) and Cu(Il). Compared to Guo et al. [3] we observed a somewhat
similar behaviour with UV-photochemical generation too. Increased
absorbances corresponding to reaction modification were obtained in the
presence of Co, Ni, Co and Cr. In the case of Ni the effect was also observed
in the gas phase. It is possible to produce a volatile Ni carbonyl when
irradiating Ni(I) in the presence of formic acid [16] and we hypothesised
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that the volatile Ni compound could affect the transport of volatile Se
compound; the most likely effect being some form of its stabilisation.
Interaction of Se and Ni does not have a negative effect on the determination
of Se, but attempt to determine Ni at the same conditions failed because no
signal of Ni was observed.

Regarding the effect of acids and salts the best tolerance was
observed in chemical generation. This behaviour is due to the mechanism of
generation. Low pH promotes the hydrolysis of NaBH, but the acid itself
does not play any further role in the reaction. In electrochemical generation
the interference of acids and salts is mostly due to the formation of insoluble
lead salts on the cathode surface. From the tested anions the effect was
expected to appear in the presence of sulphates and phosphates, but
noteworthy was only in the second case. Other interferents were NaCl and
HNO; and their effects deserve an elaboration. Nitric acid probably oxidises
Se(IV) to higher oxidation state, which produces volatile compound with
lower efficiency. The presence of chlorides of alkali metals in connection
with electric current leads to the dissolution of lead cathode. [17] That
means that Pb cathode should not be used for analysis of samples with high
chloride content. During UV-photochemical generation of volatile Se
compound was found out that acids and salts can cause both interference
and reaction modification. Nitric acid, nitrates and hydrochloric acid could
be potentially used as modifiers for the increasing of sensitivity of Se
determination.
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5. Conclusions

Key conclusions of the presented thesis are summarized in the
following paragraphs.

TiO, permits the reduction of Se(VI) and Te(VI) in acetic acid as well
as in formic acid and propionic acid. The highest sensitivity of measurement
has been achieved with acetic acid. Apparently, the length of the carbon
chain does not play important role in the generation mechanism.

The generation efficiency of TiO,/UV-PVG of Se volatile compound
was found to be 81 % of the efficiency compared to CVG in the same
experimental set-up.

H, has to be added for QFAAS or AFS detection when using acetic acid
as generation medium.

UV-PVG of volatile Te compound from Te(VI) was attempted also
without the use of TiO, photocatalysis, but generation was achieved at the
reaction conditions used. The reaction products formed through the
irradiation of low molecular weight organic acids do not facilitate reduction
of Te(VI) and generation of volatile compounds.

Size of interference effects may be species related during TiO,/UV-
PVG. Such effects were observed during determination of Se in water
matrices. Evaluation of interference has to be carried out for all studied
species prior to the application of method to new matrix.

Despite the effects of high Mg(II) and Ca(II) content on measurement
accuracy and precision the TiO,/UV-PVG method was successfully
validated and applied to the determination of Se in samples of dietary
supplements. Another possible application of the developed method was its
use as a derivatisation technique for the connection of HPLC separation of
Se species and atomic spectrometric detection methods.

An interference study proved that both alternative generation techniques
are more liable to interferences than CVG. This interference study also led
to the selection of elements (Co, Ni, Cr), which could act as reaction
modifiers in UV-PVG and improve the sensitivity of Se determination. The
same approach could be used for other analytes. The mechanism of Ni
reaction modification was found to be located in gas phase acting probably
through the stabilisation of the Se volatile compound.
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