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Anotace

Vyvoj a vyroba solarnich ¢lanka 3. generace je tématikou, ktera je jiz vice nez 25 let
velmi diskutovana. Cilem této prace byla laboratorni pfiprava a charakterizace solarnich ¢lanki
na bazi obarveného TiO2 (tzv. dye-sensitized solar cells nebo jen DSSC).

V ramci mé prace byly pfipraveny ctyfi sady organickych ¢lankti o dvou riznych
tloustkach vrstev TiO; a za pouziti dvou riiznych barviv dostupnych na trhu. Uinnosti téchto
clankl byly proméfeny pomoci vhodného soldrniho simuldtoru a nésledné vyhodnoceny.
Jako vyhodngjsi se ukazalo vyuziti tlustSich vrstev TiO2 obarvenych tmavsim barvivem.
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Abstract

The development and production of third-generation solar cells is a topic that has been
extensively discussed for more than 25 years. The aim of this paper was laboratory preparation
and characterization of solar cells on the basis of dyed TiO; (i.e. dye-sensitized solar cells
or simply DSSC).

My work entailed preparing four sets of organic cells with two different thicknesses
of layers TiOz and using two different dyes available in the market. The effectiveness of these
cells was measured by dint of suitable solar simulator and subsequently assessed. What proved
to be more effective was the use of thicker dark-dyed layers TiOx.
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Uvod

Fotovoltaika spada do oblasti obnovitelnych zdrojl, coz je téma, o které mam zajem.
V dnesni dobé probiha vyvoj novych typi solarnich ¢lankl a ¢lanky organické jsou jedny
z nich. Vyznamnou udalosti pro toto odvétvi bylo objeveni nového typu ¢lanku, a to ¢lanku
na bazi TiO2 obarveného organickym barvivem. Tento objev ucinil Michael Gritzel v roce
1991 ve Svycarském Laussane.

Solarni ¢lanky na bazi organickych barviv (dale jen DSSC) jsou ¢lanky tvofené dvéma
elektrodami, kdy anodou je obarvend vrstva TiO2 a katodou je vrstva platiny nebo uhliku,
pricemz obé¢ tyto elektrody jsou vodivé spojeny elektrolytem. Pti osvitu ¢lanku barvivo zachyti
foton a excituje se, ¢imzZ uvolni elektron, ktery se ptenese skrz vrstvu TiO2 do obvodu — vznika
elektricky proud. Regenerace barviva probéhne pies elektrolyt, ktery redukuje oxidované
barvivo a jeden cely funk¢ni cyklus ¢lanku se uzavira a néasleduje dalsi. DSSC jsou na rozdil
od klasickych kiemikovych ¢lankd prihledné, coz je Cini zajimavé z hlediska estetického
a architektonického vyuziti. Pfiznivy pro né je ipomér vykonu avyrobni ceny, zejména
pro geografické oblasti s niz§im osvitem.

Diky vyrobé téchto ¢lanki jsem se v prvé fadé seznamil s prostiedim chemickych
laboratofi a také si osvojil problematiku pfipravy a méfeni solarnich ¢lanki.



ry A4

1 Teoreticka cast
1.1 Historie

Na pocatku rozvoje fotovoltaiky stdlo objeveni fotoelektrického jevu. O tento objev
se postaral jiz francouzsky védec Alexander Edmond Becquerel v roce 1839. Pfi zkoumani
zpozoroval zmény prochdzejiciho elektrického proudu mezi dvéma elektrodami ponotfenymi
V elektrolytu pii riznych hladinach osvitu. Jiz v roce 1877 se W. G. Adams a R. E. Day
zaslouzili o vytvoreni prvniho solarniho ¢lanku. Jednalo se o ¢lanek v tuhé fazi bez elektrolytu,
jehoz zéklad tvofil selen a platina, s velmi malou u€innosti. Dal§im experimentem byl ¢lanek
Ch. Frittse, jehoz selenovy ¢lanek opét nedosahl nijak velké G¢innosti (méné nez 1%), ovsem
jeho ¢lanky jiz bylo mozno vyrabét hromadné. K tomu, pochopiteln¢, kvili nizké G¢innosti
a vysokym nakladiim nedoslo.

Negativni efekt na vyvoj solarnich ¢lankt ve 2. poloviné 19. stoleti mél fakt, ze doposud
nebylo objasnéno, jakym zplsobem napéti na ¢lancich vznik4. Az s ptichodem Planckovy
kvantové teorie anavazujicimi objevy (napi. Roberta Andrewse Millikana nebo Alberta
Einsteina) se podafilo fyziku fotoelektrického jevu popsat. Jeden ze zasadnich objevu se udal
v roce 1905, kdy pravé Albert Einstein na zaklad¢ kvantové teorie popsal zavislost uvolnénych
elektroni na proporcich dopadajiciho zafeni - energie elektronu zavisi na frekvenci zafeni
a pocet elektrond na intenzité zareni. Tato teorie byla zpoc¢atku védeckou populaci zavrhovana,
nybrz pozd€ji uznana. Vedle teorii objasiiujicich fyzikalni principy ptisel jesté jeden vyznamny
objev. Jednalo se o objev efektivni metody vyroby monokrystalu kiemiku,
tzv. Czochralského metody, zroku 1916. Jejim autorem byl vyznamny polsky chemik
Jan Czochralski. Metoda spociva v rustu krystali za ucelem ziskani jednotlivych krystalt
polovodict, kovi, soli a drahokami z taveniny. Tato metoda se uplatituje v dneSni dobé
zejména k vyrobé kiemikovych ingotu, které se dale pouzivaji zejména v polovodicich. [1]

Vyvoj fotovoltaiky se v mezivalecné dobé z diivodu jinych priorit pozastavil. OvSem
jizvroce 1940 Russel Shoemaker Ohl piisel snovym kiemikovym solarnim ¢lankem
s ucinnosti kolem 1%. Tento ¢lanek se také zatim nedockal praktického vyuziti. Po konci véalky
se zaCaly vyostfovat zavody ve zbrojeni a technickém pokroku mezi SSSR a USA. Diky tomu
se do védy zacalo ve velkém investovat. V ramci technického pokroku zapocal i vesmirny
program. Objevila se poptavka po zdroji energie ve vesmiru. Foto¢lanky byly velice vhodnym
zdrojem, proto mnoho investic smé&fovalo pravé do fotovoltaiky. V roce 1954 vyvinuly
americké Bellovy laboratote novy ¢lanek. Tento kiemikovy fotoclanek se pysnil jiz ucinnosti
6% a byl vyuzit jako zdroj energie na kosmickych druzicich v rdmci amerického vesmirného
programu v roce 1958.

Pro svoji vysokou cenu se ani tyto u¢inné ¢lanky nepouzivaly v béZném provozu. OvSem
s ptichodem ropné krize v 70. letech zazila fotovoltaika dalsi vinu vyvoje. Fotoclanky byly
zdokonalovany a s rozsifenim kiemikovych technologii (diky pfichodu mikrocipi) i Klesala
jejich cena. Proto se jich zacalo omezené vyuZzivat i v bézném provozu, predevSim tedy
na odlehlych mistech bez zdroje elektrické energie, protoze nepotiebuji obsluhu ani palivo.
Dnes fotovoltaika zaziva bouflivy rozvoj a vyuziti i diky objeviim novych typt ¢lanka a
roz$ifenosti kiemikovych technologii. [2, 3]

1.2 Fotoelektricky jev

Princip kiemikovych fotovoltaickych ¢lankd je zalozen na fotoelektrickém jevu, coz je
fyzikalni jev, pii kterém jsou pii dopadajicim elektromagnetickém zareni z latky (kovu)
uvoliovany elektrony. Uvolnény elektron po sob¢ zanecha tzv. diru, kterd, podobné jako kladna
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castice, elektrony pfitahuje. Proto dochazi k tzv. rekombinaci, kdy uvolnéné elektrony zaplni
vzniklou diru a svoji energii uvolni ve formé tepla. Pro vyuziti energie uvolnéného elektronu je
tieba ho oddélit od vzniklych dér tak, aby byl pienesen do vnéjsiho obvodu a vydal svoji energii
ve formé uziteéné prace. Pro oddéleni se da vyuzit PN ptechodu, coz je zaklad solarnich ¢lanka
prvni generace. [2, 4]

1.3 Druhy solarnich clankt

Solarni ¢lanky se podle technologie vyroby a sfér vyuziti rozdéluji do tfech generaci.

1.3.1 Prvni generace

Solarni ¢lanky prvni generace jsou clanky, které se vyrabi z desticek tvoienych
monokrystalem kfemiku. V téchto destickach vznika plosny PN piechod, ktery brani
rekombinaci volnych elektronti, jez byly uvolnény diky fotoelektrickému jevu. Elektrony jsou
preneseny po elektrodé do obvodu za vzniku elektrického proudu. Tento typ se vyznacuje
vysokou U¢innosti a stabilitou vykonu. V soucasné dobé¢ se jedna o nejrozsifenéjsi typ solarnich
¢lankd, ktery je ve velkém meéfitku pouzivadn na stacionarnich instalacich fotovoltaickych
elektraren riznych vykonu v CR a zahranii. [2, 5] V souvislosti s nariistem vyrobni kapacity
téchto ¢lankd, zejména diky ¢inskym vyrobctim, vyrobni cena tohoto typu ¢lanku neustale
klesa. [6]

1.3.2 Druha generace

Druhd generace solarnich ¢lanki se vyznacuje pfedev$im mensi spotiebou velmi ¢istého
atedy nakladn¢ vyrobeného kiemiku a zaméfuje se spiSe na tenkovrstvé solarni ¢lanky
z amorfniho kfemiku. Tyto €lanky jiZ nedosahuji takovych ucinnosti a stability, jako ¢lanky
predchozi generace, ale naklady na jejich vyrobu jsou, v porovnani s piedchozi generaci, mensi.
Vyhodou téchto ¢lanki je urcité moznost riznych aplikaci, napt. rozvoj tenkovrstvych ¢lankd,
které se mohou stat souc¢asti obleceni apod. [2, 5]

1.3.3 Treti generace

Tteti generace solarnich ¢lankt se vyznacuje vyuzitim jinych nez kiemikovych materiali.
Tyto ¢lanky jiZ k separaci elektronii nevyuzivaji PN pfechod. Jedna se o tenkovrstvé ¢lanky,
které funguji na zaklad¢ nanokrystalickych anorganickych struktur (v podob¢ tycinek, trubi¢ek
¢i kvantovych teéek z uhliku ¢i TiO2) [5, 6] nebo organickych struktur [7], nebo jejich
kombinaci (jedna se zejména o perovskitové solarni ¢lanky [8], které zazivaji od roku 2013
obrovsky rozmach)

Pii mé laboratorni praci jsem se zabyval laboratorni piipravou hybridnich solarnich
¢lankl na bazi obarveného, vysoce porézniho, nanokrystalického TiO.. V angli¢tiné se tento
typ ¢lankd oznacuje jako tzv. Dye-Sensitised Solar Cells - DSSC. Tyto ¢lanky maji velikou
vyhodu predev§im v jejich vzhledu. Jsou prihledné a tak se daji vyuzit pro mnoho
architektonicky ~ unikatnich  instalaci.  Napf.  Ecole  polytechnique  fédérale
ve Svycarském Lausanne, kde byl tento typ ¢lanku objeven, se py$ni budovou s prosklenou
fasadou pravé z téchto ¢lankt [9]. Nejen vzhled, ale i pomér vykon/cena je velmi piiznivy,
nebot’ pouZzité materidly jsou, ve srovnani s monokrystalem kiemiku, pomérné levné.



Obrazek 1: Prosklena fasada, EPFL
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Zdroj: https://actu.epfl.ch/news/epfl-s-campus-has-the-world-s-first-solar-window/

1.4 Dye-sensitised solar cells

1.4.1 Konstrukce

Tyto ¢lanky se skladaji ze dvou skli¢ek s vodivou vrstvou ITO (indium doped tin oxide;
oxid cini¢ity, dopovany indiem), dale z ultrajemného, vysoce porézniho, nanokrystalického
TiOo, ktery je nati$tén na jednom ze skli¢ek a napustén komplexnim organokovovym barvivem.
Na druhém ze sklicek je nanesena tenkd uhlikova vrstva. Sklicka jsou spojena vodivymi
vrstvami k sobé a $térbinu mezi nimi vypliuje elektrolyt. [10, 11]. V soucasnosti dosahuji
uéinnosti laboratornich DSSC ¢lankd vice jak 13% ucinnosti [12]. Posledni vyvoj této
technologie také sméfuje k tisku na vodivé polymerni folie, které jsou do urcité miry ohebné —
tento aspekt tak rozsifuje aplikacéni pouziti tohoto typu solarniho ¢lanku [13].

1.4.2 Princip

Pfi osvitu ¢lanku pfeda zafeni uréitou energii barvivu, které je napusténo v TiO.. Barvivo
oxiduje a uvolni elektrony, které jsou svedeny vrstvou TiO2 na elektrodu a nasledné do obvodu;
vznikd elektricky proud (zde elektron pieda svoji energii spotiebici). Oxidované barvivo je
regenerovano pies elektrolyt a je piipraveno absorbovat dalsi fotony. Elektrony jsou
ptes kKatodu predany zpatky elektrolytu a cyklus se uzavira. [10-13].

1.5 Charakteristické veliciny
Pti testovani solarnich ¢lanki se k vyjadfeni kvality a vlastnosti ¢lankd méti pfedevSim
charakteristické veli¢iny, kterymi jsou: napéti otevieného obvodu, zkratovy proud a faktor
plnéni.
1.5.1 Napéti otevieného obvodu (Uoc)

Napéti otevieného obvodu je napéti, které je métené na elektrodach solarniho ¢lanku
pii nulovém proudu. Jedna se o maximalni napéti, které je ¢lanek schopen vygenerovat.
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1.5.2 Zkratovy proud (Isc)

Zkratovy proud vznikne pfi zkratu ¢lanku, to znamena, kdyz napéti na elektrodach ¢lanku
je nulové. Na obrazku €. 2 je Isc (i Uoc) nazorné zakreslen ve voltampérové kiivce.

1.5.3 Faktor plnéni (FF)

Faktor pInéni je geometrické Cislo, které také charakterizuje vlastnosti solarniho ¢lanku.
Jedna se o pomér maximalniho vykonu ¢lanku (na obrazku ¢. 2 je znazornén jako obdélnik
z bodu, oznaceného jako ,,maximum power”) a idealniho vykonu c¢lanku. Idealni vykon
ziskame sou¢inem zkratového proudu (Isc) a napéti otevieného obvodu (Uoc). [14]

Na obrazku €. 2 muzeme vidét graf zdvislosti proudu na napéti ¢lanku av ném
voltampérovou charakteristiku (jinak také i-V kiivku), ktera je charakteristickym vystupem
testovani clankd. V tomto konkrétnim grafu se nachdzi kiivky dvou c¢lankl se stejnymi
naméfenymi hodnotami zkratového proudu (Isc) a napéti otevieného obvodu (Uoc), které se lisi
svymi faktory plnéni (FF). Z toho plyne, ze vynechanim faktoru plnéni (FF) charakteristika
tedy nevypovida piesn¢ o moznych vykonech, kterych je ¢lanek schopen dosadhnout.

Obrazek 2: Rozdil FF u ¢lanka se stejnymi Isc a Uoc (Voc)
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Zdroj: http://www.solarfreaks.com/what-is-the-fill-factor-of-a-solar-panel-t138.html

1.6 Lambert-Beertiv zakon

Lambert-Beertiv zakon charakterizuje priichod paprski monochromatické zafivé energie
(do) vrstvou homogenniho prostiedi. Pti pruchodu ,,...se cdst toku paprskii absorbuje, dalsi
jeho cast z prostiedi vychazi (@1) a nepatrnd cdst se na rozhranich prostiedi odrazi.* [15]
Velikost absorpce (A) zavisi na sile homogenniho prostiedi (1), koncentraci (C) a molarnim
dekadickém absorpénim koeficientu (g), ktery charakterizuje prostiedi v zavislosti na
podminkach méteni.

Ze zakladni definice Lambert-Beerova zakona vychazi vztah (1), nybrz plati pouze pro 1
absorbujici slozku. Vztah (2) plati pro prostiedi (roztok) o vice slozkach. [15]

A =gcl (@D
A=1¥g0 (2)

Tento vztah podléha mnoha odchylkdm pii aplikacich. Podminkou platnosti je totiz
napt. dostate¢né monochromatické zateni, chemicka a tepelna rovnovaha apod. [15]
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Lambert-Beerova zakona se vyuziva u mnohych analytickych metod, napf. spektrometrie
¢i fotometrie. Pti této praci jsem se setkal S grafem zavislosti absorpce prostiedi (barviva) (A)
na vinové délce, ktera je jednou ze slozek molarniho dekadického absorpéniho koeficientu ()
absorp¢niho prostiedi. Tohoto grafu se vyuziva napt. pravé pii vybéru funkénich barviv
do organickych ¢lankd, ¢i do aktivnich natérl, aby hodnoty absorpce dosahovaly vysokych
hodnot podle podminek, ve kterych budou fungovat.

Obrazek 3: Schéma prichodu zatfeni prostiedim

0 83 C (p1

F 3

Zdroj: http://www.intechopen.com/books/electrophoresis/numerical-modelling-of-light-
propagation-for-development-of-capillary-electrophoretic-and-photochemi

Graf zavislosti absorpce (A) na vilnové délce (A) se tedy da vyuzit pro urceni
tzv. absorpcéniho maxima daného prostiedi (barviva), coz je vlnova délka, pii které dané
prostfedi (barvivo) pohlcuje nejveétsi mnozstvi zafeni. Absorpce pii této vinové délce dosahuje
nejvetsi hodnoty, proto se pfi reprezentativnim méieni vykonu riiznych zatizeni s fotoaktivnimi
plochami méfi predevsim hodnoty pro vinovou délku absorpéniho maxima daného prostiedi
(barviva).
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2 Prakticka cast
2.1 Pracovni postup

2.1.1

Materidly a komponenty

Pro vyrobu ¢lanku bylo zapotiebi si pfipravit:

1.

ok~

2.1.2

Dvé vodiva ¢tvercova sklicka ve tvaru ¢tverce o stran¢ 2 cm, Z nichz jedno bylo
specialné upraveno. Byly do néj vyvrtany dva otvory o priméru ptiblizné¢ 1 mm
pro snazsi nanaseni elektrolytu podle schématu na obrazku ¢. 4.

Obrazek 4: Schéma upraveného sklicka

o O
—
lcm

2 cm '

Zdroj: vlastni zpracovani

Pied zapocetim vSech praci s vodivymi sklicky musela byt nejprve sklicka
vycisténa pomoci isopropanolu (pro odstranéni mastnych necistot) a ultrazvukové
Cisticky (pro odstranéni drobnych ¢astecek, zejména drobnych stiipku).

Suspenze TiOz — pouzil jsem TiO2 suspenzi Ti Nanoxide T/SP od spole¢nosti
Solaronix. Podrobnosti jsou k nalezeni v ptiloze 1.

Organické barvivo - Pro vyrobu ¢lanku byla pouzita 2 komeréné dostupna
barviva. Konkrétné to byla barviva Ruthenizer 535-bisTBA [pfiloha 2]
a Sensidizer RK1 [pfiloha 3] od spole¢nosti Solaronix.

Obycdejna tuzka pro vytvoreni uhlikové elektrody.

Elektrolyt - Jako elektrolyt byl pouzit EL-HPE High Performance Electrolyte
[ptiloha 4] spole¢nosti Dyesol. Obsahuje redoxni dvojici I37/1".

Ramecky z polymerni tmelové félie - pouzité pii jedné z metod vyroby ¢lanku
pro zadrZeni elektrolytu. Jedna se o ramecky z folie Surlyn [ptiloha 5] spole¢nosti
Dyesol.

Film TiO2

Vycisténé, neprovrtané sklicko jsem pomoci klesti se specidlnim povrchem pienesl
napevny podklad (Petriho miska) a méfenim elektrického odporu (pomoci digitalniho
multimetru) zjistil, jaka z jeho stran je vodiva. Poté jsem ho polozil vodivou stranou vzhiru
a prelepil ho ¢tyfmi prouzky lepici pasky ptes hrany tak, aby kousek od sttedu sklicka vznikl
holy ¢tverecek (o hrané pfibliznél cm), viz obrazek ¢. 5.

Nyni jsem si pfipravil suspenzi TiO2, kterou jsem pomoci tyCinky nanesl na vznikly
CtvereCek a nasledné roztahl pomoci ty¢inky (polozené horizontaln¢€) tak, aby vznikla souvisla
vrstva. Diky lepici pasce se vytvofila vrstva o rovnomérné tloust’ce. Po naneseni suspenze jsem
nechal vrstvu kratce zaschnout.
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Obrazek 5: Prelepené¢ sklicko s TiO2

Zdroj: Vlastni zpracovani

Dalsim krokem k dokonceni filmu TiO2 bylo spékani. Po odstranéni lepici pasky jsem
sklicko umistil do Petriho misky a vlozil do pece, rozehiaté na 400° C. Vrstva byla spékana
po dobu 1 hodiny a nasledné nechana vystydnout.

2.1.3 Barveni

Po dokonceni spékani jsem vystydlé sklicko vlozil vrstvou TiO2 vzhiiru do mensi, Cisté
Petriho misky a ptipravil si roztok barviva v bezvodém methanolu. Roztok jsem nalil do Petriho
misky ke sklicku, misku ptikryl vickem a vzduchotésné uzaviel pomoci tésnici pasky
[ptiloha 6]. Takto uzavienou Petriho misku jsem vlozil do exsikatoru a ponechal barvivo na
vrstvu TiO2 chemicky navazat po dobu 24 hodin. Po uplynuti této doby jsem sklicka oplachl
bezvodym methanolem s cilem odstranit zbytky nenavazaného barviva.

2.1.4 Priprava katody

K ptipravée katody bylo zapotiebi si pfipravit obycejnou tuzku (jejiz tuha obsahuje vodivy
uhlikovy grafit) a druhé vodivé sklicko. Po zjisténi vodivé strany jsem sklicko polozil na pevny
podklad vodivou vrstvou vzhlru. Pomoci obycejné tuzky jsem ke stiedu sklicka ,,nakreslil*
grafitovy Ctverec (viz obrdzek 6). Pro maximalni pokryti jsem nejdiive tuzkou kreslil
V horizontalnim a nésledné& vertikalnim sméru.

Obrazek 6: Uhlikova katoda

Zdroj: vlastni zpracovani

2.1.5 Dokonceni ¢lanku

V priubehu vyroby jsem pro zaverecné sestaveni ¢lanku pouzil dva rizné postupy:

1. Bez ramecku — Tento zptsob byl praktikovan jako prvni. Pfi tomto postupu
nebyly potieba provrtané otvory na katodové strané ¢lanku. Celou vyrobu
jsem tedy proved| s dvéma stejnymi sklicky. Postupoval jsem tak, Zze jsem
sklicka pfilozil vrstvou obarveného TiO: a grafitovou vrstvou na sebe, a pevné
jsem je spojil kovovymi svorkami. Jelikoz byla plocha oxidové vrstvy lehce
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odklonéna od stiedu sklicka, vznikly pfiloZenim sklicek na sebe izké plochy,
kde se sklicka neptekryvala (viz obrazek 7).

Obrazek 7: Prilozeni sklicek a aplikace elektrolytu

a. b.

Zdroj: vlastni zpracovani

Po prilozeni skli¢ek na sebe jsem pomoci pipety nanesl nékolik kapek
elektrolytu ke hrané kontaktu skli¢ek. Elektrolyt se diky kapilarnim silam vpil
mezi sklic¢ka a tvofil kontakt obou vrstev.

2. Sramecfkem - Jedna se o modifikaci zpiisobu bez rdmecku pro zamezeni
uniku elektrolytu mimo aktivni vrstvy. Katodové skli¢ko (viz obr. 6a) v sobé
melo vyvrtdny 2 otvory. Zavére¢ny krok byl proveden tak, ze jsem pouzil
¢tvercovy ramecek ztmelové folie s vnitini hranou 1 cm (viz obr. 8a).
Réamecek jsem ptilozil na vodivou stranu katodového sklicka (tedy sklicka
s uhlikovou vrstvou a otvory) tak, aby ohrani¢oval uhlikovou vrstvu (obr. 8b).
Sklicko s ptilozenym rameckem jsem vlozil do pece rozehiaté na 100°C. Folie
se, diky své nizké teploté tani, lehce roztavila a ptichytila na povrch sklicka.
Po vytazeni z pece jsem sklicka okamzité piilozil na sebe tak, aby ob¢ aktivni
vrstvy byly v kontaktu a rameéek mezi skli¢ky (viz obr. 8b). Piedpoklad byl,
ze ramecek udrzi clanek pohromadé¢. To se ukéazalo jako nespolehlivé, proto
jsem musel ¢lanky fixovat pomoci svorek, stejné jako u predchoziho postupu.
K této fixaci je nutné podotknout, Ze Vv primyslovém méfitku je feSena
fadnym soutiskem pomoci vhodného zafizeni pii presné¢ definovanych
podminkach, které vedou k pevnému a trvalému spoji. Elektrolyt jsem posléze
aplikoval pomoci pipety skrz vyvrtané otvory Vv katodovém skli¢ku (viz obr.
8c).

Obrazek 8: Dokonceni ¢lanku pomoci rdmecku z tmelové folie

a. b. C.

Zdroj: Vlastni zpracovani
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2.2 Méreni

Pii praktické Casti prace bylo zhotoveno celkem 6 sérii solarnich ¢lanku, které se liSily
tloustkou vrstev TiO2. Kazda ze sérii obsahovala 4 ¢lanky, které obsahovaly rizna funkéni
barviva. Po zhotoveni byly ¢lanky testovany pomoci solarniho simulatoru. Pro testovani bylo
pouzito monochromatické svétlo o riznych vinovych délkach a konstantni intenzité¢. Métenim
charakteristickych hodnot, urcujicich vykon ¢lankt, jsem mél moznost porovnat nejen kvalitu
raznych barviv, ale i jednotlivé metody sestaveni ¢lanku, zavislost vykonu na vinové délce
ve vztahu k absorpénimu maximu barviv nebo na tloust'ce vrstvy TiOx.

Tabulka 1: Dostupné vysledky

Tloust’ka vrstvy TiO2
Vinova délka zareni 0,7 pm 1,5um
470 nm RK1, Ref.* RK1, Ref.
530 nm RK1, Ref. RK1, Ref.
627 nm RK1, Ref.

* RK1 - barvivo Sensidizer RK1; Ref. - barvivo Ruthenizer 535-bisTBA

Ukazku namétenych dat mizete nalézt v priloze €. 7. Veskera reprezentativni naméfena
data jsou k dispozici na ptilozeném CD nosici.

V zavéru prace byly zhotoveny i snimky kolmého fezu anodou ¢lanku, kde je zfetelné
viditelna vrstva TiO2. Tyto snimky se nachazi v piiloze ¢. 8.

2.2.1 Prezentace vysledk

1. Porovnéani charakteristickych kiivek jednoho ¢lanku pfi rtznych vlnovych
délkach zéteni.
V néasledujicim grafu ¢. 1 figuruji dvé kiivky, které byly namétfeny pro ¢lanek
s vrstvou TiO2 o tloust’ce 1,5 um a barvivem Sensidizer RK1 pti vinovych délkach
470 nm a 530 nm. Hodnota absorpce ¢lanku se pfi riznych vinovych délkach lisi,
coZ se projevuje prave v grafu zavislosti absorpce (A) na vinové délce (A).

Z grafu €. 1 tedy jasné vyplyva, Ze barvivo Sensidizer RK1 absorbuje vétsi
mnozstvi svételného toku pifi vinové délce 470 nm, nez pii 530 nm. Napéti
otevien¢ho obvodu se neli§i. OvSem zkratovy proud je pii 470 nm téméf o vice
nez 28% vyssi nez pii 530 nm.

Pro barvivo Ruthenizer 535-bisTBA naopak plati, ze vyssi absorpce dosahuje
pti 530 nm.
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Graf 1: Charakteristické ktivky pfi raznych vinovych délkach
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2. Porovnani charakteristickych kiivek dvou ¢lankll se stejnou vrstvou TiOg,
ale s jinymi barvivy, pfi stejné vinové délce.

V nasledujicim grafu ¢. 2 figuruji dvé krivky, které byly naméreny pro ¢lanky
svrstvou TiO2 o tlouStce 1,5 pm. Vjednom ¢lanku bylo pouZito barvivo
Sensidizer RK1 a v druhém barvivo Ruthenizer 535-bisTBA. Pro méreni bylo
pouzito monochromatické zareni o vinové délce 530 nm.

Z grafu €. 3 Ize zfeteln¢ vycist vliv vinové délky na vysledky méteni. Tento graf
charakterizuje stejné ¢lanky, nybrz pii vinové délce 470 nm. Jiz pomér hodnot
zkratového proudu, ale 1 faktor plnéni 1 vykon se rapidné zménili.

Graf 2: Charakteristické kiivky ¢lankd s riznymi barvivy
——RK1,530 nm  ——REF., 530 nm
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Graf 3: Charakteristické kiivky ¢lankl s riznymi barvivy
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3. Porovnani dvou ¢lankt se stejnymi barvivy, ale rozdilnou tloustkou vrstvy TiOg,
pfi stejnych vinovych délkéach.

V nasledujicim grafu ¢. 4 figuruji krivky dvou ¢lanki obsahujicich barviv
Sensidizer RK1, pti cemz jeden z ¢lankti ma TiOz vrstvu o tloustce 0,7 um
a druhy z nich vrstvu o tloustce 1,5 um. Méreno pii vinové délce 530 nm.

Z grafu jasné vyplyva, Ze silnéjsi vrstva TiO2 byla zasadné vhodnéjsi
pro dosazenti lepsich konverznich ti¢innosti.

Graf 4: Charakteristické kiivky pii riznych tloustkach TiO>
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3 Zaver

Cilem prace bylo sestavit n¢kolik sad soldrnich ¢lankt za pouziti rGznych organickych
barviv a vrstev mesoporézniho TiO2 o riznych tloustkiach a méfenim nasledné ziskat data
pro charakterizaci jejich vykonu. Pti praci byly téz vyzkouseny rtizné zplisoby sestaveni clanku
pro dosazeni lepSich vysledki.

Testovanim raznych zpusobl sestaveni ¢lanku vyplynulo, ze nejspolehlivéji se jevi
¢lanky, které obsahuji rdmecek z tmelové folie a jsou navic fixovany svorkami pro pevnéjsi
stavbu. V takovych ¢lancich se dafilo eliminovat mnozstvi elektrolytu rozsifeného
mimo aktivni vrstvu na minimum.

Ukazalo se, ze Clanky se siln€jsi vrstvou TiO2 vykazuji vyssi hodnoty vykonu, coz je
ziejmé z grafu ¢. 3. Dale téZz vyplynulo, Zze barvivo Sensidizer RK1 vykazuje vyssi vykon
pti 470 nm nez pii 530 nm. Pro barvivo Ruthenizer 535-bisTBA to plati naopak. O téchto
faktech vypovidaji data na CD nosici.

Ptedni védecké vyzkumy ovSsem v poslednich letech odklonily svoji pozornost od téchto
pruhlednych ¢lankt z divodu nestability elektrolytu, coz je pro pouziti ¢lankt v praxi
nevhodné. Probéhly riizné pokusy o nahrazeni elektrolytu, ale idedlni ndhrada nalezena zatim
olova v aktivni plose nevhodné pro zivotni prostfedi [8]. Existuji tedy snahy o nalezeni
stabilngjSiho a ucinngj$iho elektrolytu, coz by mohlo pfinést velky pokrok ve svété
fotovoltaiky.
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Posudek konzultanta

Student Stépan Pfibyl realizoval v ramci Stfedoskolské odborné ¢innosti vlastni studii
zaméienou na popis, pripravu a charakterizaci specidlniho typu solarniho ¢lanku 3. generace
na bazi obarvené¢ho TiO2. Pro piipravu teoretické Casti prace se snazil pochopit a popsat ne
zcela jednoduchy princip fungovéani tohoto ¢lanku, coz se mu jednozna¢né povedlo.
Tato kapitola je piehledné zpracovana a jsou v ni dobfe zmapovany vSechny teoretické aspekty,
které jsou pro tento typ ¢lanku relevantni.

V praktické casti studie student pfipravoval realné vzorky solarnich ¢lankt, vcetné
ptipravy dil¢ich ¢asti ¢lankd, jejich kompletaci a néasledné méfeni s cilem otestovat jejich
vykonnost. Pii téchto ¢innostech prokazal znacnou sobéstacnost, peclivost a také zrucnost.
Vysledky téchto ¢innosti popsal a vysvétlil v praktické ¢asti prace.

Pii kontaktu s mym vyzkumnym tymem také prokazal schopnost velmi dobie
komunikovat v anglickém jazyce a reagovat na podnéty vyplyvajici s diskuze a aktualnich
potieb. Vyborné znalosti anglického jazyka prokazal i pii studiu odbornych materiald, pricemz
tyto materialy mu pomohly pochopit princip fungovani ¢lanku a poskytly potiebné informace
pro teoretickou ¢ast prace.

Vsechny kapitoly jeho prace byly realizovany na vysoké urovni s ohledem na jeho vék
a vzdélani. Z mého pohledu jednoznacné splnil pozadavky na dany typ préace.

V Pardubicich, 13. 2. 2017, Dr.-Ing. Jan Macak
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The Solaronix Ti-Nanoxide products are a family of formulations of titanium dioxide particles. They can De used
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Ruthenizer 535-bisTBA

High Performance Ruthenium Photo-Sensitizer for Dye Solar Cell Application

BuN®®0_0

For industry or researchers who manufacture or study Dye
Solar Cells, Ruthenizer 535-hisTBA is a high performance
ruthenium dye which very efficiently sensitizes wide band-
gap semi-conductors like titanium dioxide.

Characteristics
Aspect dark purple powder
Synonyms N718

Chemical Name

cis-diisothiocyanato-his(2,2’-bipyridyl-4,4'-dicarboxylato) ru-
thenium(I1) bis(tetrabutylammonium)

Molecular Formula  CssHssOsNsSzRU

Formula Weight 1188.6 g/mol

CAS Number 207347-46-4

HS Code 7110.4900

Absorption A[max] 535 nm [1.47); 395 nm [1.43); 312 nm (4.91) (¢/109 M1 cm1)

Emission A[max)

750 nm (EtOH, rt.)

HOMO Level -5.34eV
LUMO Level -343 eV
Solubility EtOH, MeOH, AcCN, DMF, basic Hz0

1| Application Note

Unlike lower quality supplies, Ruthenizer 535-bisTBA is
ready to use and doesn't require extra purification. Our
product is high quality and tested in real solar cells.

W Retail Quantities

100 mg ref. 21612
200 mg ref. 21622
500 mg ref. 21652
1g ref. 21613
2g ref. 21623
5g ref. 21653
10g ref. 21614
20g ref. 21624
S0g ref. 21654
100g ref. 21615
Pricing on product page:
solx.ch/ru535tba
% How to Order
Please visit our webshop at

shop.solaronix.com, or send us an
e-mail or fax indicating your
desired products.

Bruk Supply

In addition to the retail quantities
listed above, Ruthenizer 535-

bisTBA is also available in bulk far
industrial purpose. Please inquire.

Rev. 2805130M ©2013 Solaronix SA
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USAGE

Ruthenizer 535-bisTBA is known to very efficiently photo-
sensitize very efficiently titanium dioxide [titania] in the
visible spectrum up to a wavelength of ~750 nm. This com-
pound is commonly referred as N719 in the literature. It is
so far one of the best pigment for Dye Solar Cells and has
become an industry standard.

Ruthenizer 535-bisTBA is used to prepare staining solu-
tions in which metal-oxide semi-conductor electrodes will
be immersed. The dye naturally adsorbs on the semi-
conductor, resulting in a colored electrode bearing a sensi-
tizing layer of dye molecules.

Staining Procedure For Titania Electrodes

Weight the amount of dry powder necessary to make a

0.5 mM ethanol solution of the required volume. Make sure
the volume is sufficient to completely immerse the electro-
de[s].

The odditian of chenodeoxycholic acld [10 fold] in the stoin-
ing salution yields o significant performance boost.

Place the dye powder in a sealable container and add the
required volume of ethanol. Absolute ethanol is good, but
not strictly necessary. Alternatively, methanol can be
equally employed with this dye.

Stir the mixture in a sealed vessel at room temperature
(e.q. a glass bottle with stir bar). The solution rapidly turns
dark purple although most of the solid is yet to be dis-
solved. Coarse grains can take awhile to dissolve, so pro-
long stirring until no traces of solid are visible.

If necessary, briefly sonicate the solution to help dissolution.
Bewaore thot excessive sonication is potentially harmful to the
dye malecules.

Position the titania electrodes in a flat-bottomed, sealable
container, side by side, with titania layers facing up. This is
important in order to prevent scratching the fragile titania
surface.

Pour a freshly prepared dye solution into the container and

fully immerse the electrodes. Toa little liquid won't allow the
titania surface to adsorb enough dye and the electrodes
may appear unevenly colored.

2 | Application Note

@ SOLARONIX

For best results fire the titonia electrodes just before staining
so that they don't pick up ambient maisture. It is best to put
them in the staining bath while still warm, 50-60°C. Such
mesoporous titania electrodes are eosily polluted by volatile
substonces.

Seal the container with a lid and wait for the titania surface
to get entirely stained. This takes several hours and can be
conveniently left overnight. Make sure to avoid excessive
light exposure during the staining process. Dye molecules
are very light sensitive in solution, and even more so when
adsorbed on titania and dry.

Remaove the stained electrodes with plastic tweezers [to
avoid metal traces pollution]. Rinse thoroughly with ethanol
to remove any excess dye which could otherwise cause a
detrimental build up of dye molecule. Discard the rinsing
waste.

Stoining solutions can be reused severol times, provided the
concentration is sufficient. However, dye solutions are not
suitable for long term storage. Dye oxidation and precipita-
tion may occur over time. It is preferable to store the dried
dye powder in its ariginal container ond prepare solutions
when needed.

Completely dry the electrodes with an inert gas flow or with
a brief blow of a hair-drier from a reasonable distance.
Make sure to assemble the solar cells immediately. Stained
electrodes are fragile, keep them in a sealed environment
away from light until you are ready for assembly.

A properly stained titania electrode should look quite dark
(especially if opague] and purple (in any case], otherwise it
will result in poor cell performance.

Common Pitfalls

A white or faded colaration indicates poor staining, the en-
tire surface of the electrode visibly didn't get colored. Try to
increase the dye concentration or lengthen the staining
time. If the problem persists, use recommend staining
conditions for troubleshooting, change solvent, or check for
moisture in the solution.

It could also indicate the structure of the titania electrode
is not porous enough. Investigate possible titania issues
such as firing process, poor porosity, or large particle size.

A brownish stained electrode indicates the dye has been
oxidized, it's no longer purple. Discard the staining solution
for a fresh one if it has changed colar as well. Also, avoid
exposing freshly stained electrodes to ambient atmaos-

www.solaronix.com
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phere or moisture of too long, dye molecules adsorbed on
the titania can be easily oxidized, especially when exposed
to light.

Staining the electrodes for too long will severely reduce
solar cell performance due to dye molecule buildup. Con-
sider using a lower concentration, or shorten the staining
time if possible.

EXAMPLE

A Dye Solar Cell Sensitized with Ruthenizer 535-bisTBA

A 36 mm? titania photo-anode was prepared with 2 prints
of Ti-Nanoxide T/SP and 1 print of Ti-Nanoxide R/SPon a
piece of TCO22-7 glass substrate. The electrode was
treated with TICls, and stained in a solution of Rutheniz-
er 535-hisTBA using the procedure described above with
chenodeoxycholic acid [1:10] as a co-adsorbent. A plati-
num coated cathode was prepared on another TCO22-7
substrate with a layer of Platisol T. The two electrodes were
laminated together using Meltonix 1170-60, and the solar
cell was filled with lodolyte HI-30 through a hole in the
cathode. The filling hole was then sealed with

Meltonix 1170-60 and a thin glass circle of 6 mm diame-
ter.

The resulting solar cell was placed under 1 sun illumination
using a Solaronix Solixon Class-A solar simulator and
equipped with an adequate mask to avoid over-
illumination, yielding the following current-voltage curve
and tabulated results.

7 7
S Current
5 4 Power - §
5 4 - 5
z g
E 4 1 -4 E
E ] |,
3 &
2 -2
14 -1
0 T T T T T T — 0
0 01 0.2 03 0.4 0.5 0.8 0.7 08
Voltage [V]
Voo 755 mV

Jsc 17.78 mA/cm?
FF 0.70
Eff. 9.4 %

@ SOLARONIX

STORAGE AND SAFETY

Storage

Store the product in its original container, upright and tightly
sealed. Keep in a dry place at room temperature, away from light
exposure.

The product is not known to suffer from degradation when stored
properly. Consider filling the container with inert gas for very long
term storage.

While in use, avoid leaving the container open unnecessarily.

Safety

Ruthenizer 535-hisTBA is for research and development use only
and is intended to ba manipulated by knowledgeable parsonnel.
Ensure good ventilation of the workplace, and wear suitable pro-
tective equipment.

® Signal word: Danger

For a complete description of safety measures, please refer to the Mate-
rial Safety Datasheet [MSDS] of Ruthenizer 535-hisTBA.

solaronix.com/msds/

RELATED PRODBUCTS

Cited in This Document

- Chenndeoxycholic Acid, staining additive.

- TCD22-7, FT0 coated glass substrates.

- Ti-Nanoxide T/SP, screen-printable titania nanoparticle paste.
- Ti-Nanoxide R/SP, screen-printahbla reflective titania paste.

- Platisol T/SP, screen-printable platinum precursor paste.

- lodolyte HI-30, very high performance slectrolyte.

- Meltonix 1170-60, hot-melt sealing films.

- Solixon, continuous illumination solar simulators.

Consider Also

- Ruthenizer 535, protonated analogue to Ruthenizer 535-hisTBA
- Ruthenizer 620-1H3TBA, panchromatic ruthenium dye

- Ruthenizer 520-0N, amphiphilic ruthenium dye

- Labware: Staining Boxes, Plastic Tweezers
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For further reading, have a look at the following articles:

- Chem. Commun. 2003, 1456-1457
[doi:10.1039/b3025664g]

- Inorg. Chem. 1999, 38, 6298-6305
[doi:10.1021/ic990916a]

- Inorganica Chimica Acta 2003, 362, 5155-5162
[doi:10.1016/}.ica.2009.09.001]

~ J.Phys. Chem. B 2003, 107, 14244-14248
[doi:10.1021/jp035483i]

- Nature Materials 20089, 8, 665-671
[doi:10.1038/nmat2475]

- Thermochimica Acta 2000, 348, 105-114
[doi:10.1016/S0040-6031(99)00486-4]

- J.Phys. Chem. C, 2011, 115 [17], pp 8825-8831
[doi:10.1021/jp1115949a]

@ SOLARONIX

People Using Ruthenizer 535-hisTBA

Arandom selection of publications using Rutheniz-
er 535-hisTBA:

- Metrohm: Autolab Application Note PVDL, PVOZ2, PVO3.

- Chang et al. Nanoscale Research Letters 2012, 7:688

- Chem. Commun,, 2011,47, 1809-1811
[doi:10.1033/C0OCCO3312J]

- Phys. Chem. Chem. Phys., 2011,13, 14298-19301
[doi:10.1033/C1CP22819F]

- Scripta Materialia 62, 2010, 223-226
[doi:10.1016/j.scriptamat.2009.11.001]

Do you use this product? Would you like your article to appear

here? Please let us know at materials@solaronix.com.
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Sensidizer RK1

High Performance Organic Photo-Sensitizer

For industry or researchers who manufacture or study Dye
Solar Cells, Sensidizer RK1 is a high performance organic

CeHi7 B 0 O dye which very efficiently sensitizes wide band-gap semi-
S W»-COOH conductors like titanium dioxide.
Q. (J 7 NgN  NC

Unlike lower quality supplies, Sensidizer RK1 is ready to use
© and doesn't require extra purification. Our product is high
quality and tested in real solar cells.

’ W Retail Quantities

5mg ref. 22750
10 mg ref. 22711
20 mg ref. 22721
50 mg ref. 22751

100 mg ref. 22712

Pricing on product page:

Characteristics Sl A

Aspect red brown powder % How to Order

s kil i ) Please visit our webshop at

Chemical Name 2-cyano-3-(4-[7-(5-(4- (diphenylamino)phenyl]-4- shop.solaronix.com, or send us an
octylthiophen-2-yl)benzo[c][1,2,5] thiadiazol-4-yl)phenyl) e-mail or fax indicating your
acrylic acid desired products.

Molecular Formula CugHuyg02N4Sp

Formula Weight 744.97 g/mol

HS Code 7110.49

Absorption A[max] 366 nm [4.5); 470 nm [2.66); (¢/10° Mt cm™)
HOMO Level -5.05eV




Sensidizer RK1 | Application Note

USAGE

Solaronix introduces Sensidizer, a collection of new com-

mercially available metal-free organic dyes for applications
in Dye Solar Cells. These dyes offer customers the possihili-
ty to fabricate DSSCs without ruthenium-based sensitizers.

Sensidizer RK1 can be used as a semiconductor sensitizer,
such as titanium dioxide or zinc oxide. This dye features a
good solubility and an intense absorption spectrum that
lead to highly colorful electrodes.

Staining Procedure For Titania Electrodes

Weight the amount of dry powder necessary to make a
0.2 mM methanol solution of the required volume. Make
sure the volume is sufficient to completely immerse the
electrode(s].

The oddition of chenodeoxycholic acid [10 fold] in the stain-
ing solution yields a significant perfarmance boost.

Place the dye powder in a sealable container and add the
required volume of ethanol. Absolute ethanol is good, but
not strictly necessary. Alternatively, methanol can be
equally employed with this dye.

Stir the mixture in a sealed vessel at room temperature
(e.0. a glass bottle with stir bar]. The solution turns orange
although most of the solid is yet to be dissolved. Coarse
grains can take awhile to dissolve, so prolong stirring until
no traces of solid are visible, or use sonication to help dis-
solution .

Flocculation of the dye could appear for high cancentrations

Paosition the titania electrodes in a flat-bottomed, sealable
container, side by side, with titania layers facing up. This is
important in order to prevent scratching the fragile titania
surface.

Pour a freshly prepared dye solution into the container and
fully immerse the electrodes. Too little liguid won't allow the
titania surface to adsorb enough dye and the electrodes
may appear unevenly colored.

For best results fire the titanio electrodes just before staining
so that they don't pick up amhient maisture. It is hest ta put
them in the staining bath while still warm, 50-60°C. Such
mesoparaus titania electrodes are easily polluted by volotile
substonces.
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Seal the container with a lid and wait for the titania surface
to get entirely stained. This takes several hours and can be
conveniently left overnight. Make sure to avoid excessive
light exposure during the staining process. Dye molecules
are very light sensitive in solution, and even more so when
adsorbed on titania and dry.

Remave the stained electrodes with plastic tweezers [to
avoid metal traces pollution). Rinse thoroughly with ethanol
to remove any excess dye which could otherwise cause a
detrimental build up of dye molecule. Discard the rinsing
waste.

Staining solutions can ba reused several times, pravided the
concentration s sufficient. Hawever, dye solutions are not
suitable for long term starage. Dye oxidation and precipita-
tion may occur over time. It is preferable to store the dried
dye powder in its original container and prepare solutions
when needed.

Completely dry the electrodes with an inert gas flaw or with
a brief blow of a hair-drier from a reasonable distance.
Make sure to assemble the solar cells immediately. Stained
electrodes are fragile, keep them in a sealed environment
away from light until you are ready for assembly.

A properly stained titania electrode should look quite dark
(especially if opague] and red (in any case], otherwise it will
result in poor cell perfarmance.

Common Pitfalls

A white or faded coloration indicates poor staining, the en-
tire surface of the electrode visibly didn't get colored. Try to
increase the dye concentration or lengthen the staining
time. If the problem persists, use recommend staining
conditions for troubleshooting, change solvent, or check for
moisture in the solution.

It could also indicate the structure of the titania electrode
is not porous enough. Investigate possible titania issues
such as firing process, poor porosity, or large particle size.

Avoid exposing freshly stained electrodes to amhient at-
mosphere or moisture of too long, dye molecules adsorbed
on the titania can be easily oxidized, especially when ex-
posed to light.

Staining the electrodes for too long will severely reduce
solar cell performance due to dye molecule buildup. Con-
sider using a lower concentration, or shorten the staining
time if possible.

www.solaronix.com
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EXAMPLE

A Dye Solar Cell Sensitized with Sensidizer RK1

A 36 mm? titania photo-anode was prepared with 1 print of
Ti-Nanoxide T/SP, 2 prints of Ti-Nanoxide MC/SP and 1
print of Ti-Nanoxide R/SP on a piece of TCO22-7 glass
substrate. The electrode was treated with TiCls, and stained
in a solution of Sensidizer RK1 using the procedure de-
scribed above with chenodeoxycholic acid [1:10] as a co-
adsorbent. A platinum coated cathode was prepared on
another TCO22-7 substrate with a layer of Platisol T. The
two electrodes were laminated together using Meltonix
1170-60, and the solar cell was filled with lodolyte HI-30
through a hole in the cathode. The filling hole was then
sealed with Meltonix 1170-60 and a thin glass circle of 6
mm diameter.

The resulting solar cell was placed under 1 sun illumination
using a Solaronix Solixon Class-A solar simulator and
equipped with an adequate mask to avoid aver-illumina-
tion, yielding the following current-voltage curve and tabu-
lated results.

] 7
Current
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= F3 3
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2 r 2
1 4 -1
\
] T T T T T T . 0
0 01 0.2 0.3 04 0.5 0.6 o7 08
Voltage [V]
Voo 713 mV
Jse 19.50 mA/cm?®
FF 0.72
Eff. 10 %
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STORAGE AND SAFETY

Storage

Store the product in its original container, upright and tightly
sealed. Keep in a dry place at room temperature, away from light
exposure.

The product is not known to suffer from degradation when stored
properly. Consider filling the container with inert gas for very long
term storage.

While in use, avoid leaving the container apen unnecessarily.

Safety

Sensidizer RK1 is for research and development use only and is
intended to he manipulated by knowledgeable personnel. Ensure
good ventilation of the warkplace, and wear suitable protective
equipment.

@ @ Signal word: Danger

For a complete description of safety measures, please refer to the Materi-
al Safety Datasheet [MSDS) of Sensidizer RK1.

solaronix.com/msds/

RELATED PRODBUCTS

Cited in This Document

- Chenodeoxycholic Acid, staining additive.

- TCO22-7, FTO coated glass substrates.

- Ti-Nanoxide T/SP, screen-printable titania nanoparticle paste.
- Ti-Nanoxide MC/SP, screen-printable titania nanoparticle paste.
- Ti-Nanoxide R/SP, screen-printable reflective titania paste.

- Platisol T/SP, screen-printable platinum precursor paste.

- lodolyte HI-30, very high performance electrolyte.

- Meltonix 1170-60, hot-melt sealing films.

- Solixon, continuous illumination solar simulators.

Consider Also

- Ruthenizer 535, protonated analogue to Ruthenizer 535-hisTBA
- Sensidizer S02, a green-colored purely organic dye by Solaronix
- Labware: Staining Boxes, Plastic Tweazers

www.solaronix.com
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REFERENCES

For further reading, have a look at the following article:

- Scientific Report 4, 2014, Article Number : 4033
[doi: 10.1038/srep04033]
- Energy Environ. Sci,, 2015 [doi: 10.1033/C5EED0444F]
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Low Temperature Thermoplastic Sealant

Use Dyesol's Low
Temperature
Thermoplastic Sealant to
seal Dye Solar Cells
where lower processing
temperatures are
required to minimise
temperature related
degradation of pre-dyed
electrodes during
assembly.

DYE

Add to Compare View Compare Products

Email a Friend

Need Help? ) CONTACT US

PRODUCTDETAILS

Dyesol's Low Temperature Thermoplastic Sealant is a
DuPontTM Surlyn® functionalised E/MAA resin, extruded to
form a transparent and flexible free-standing film with
uniform thickness and is chemically stable with good
mechanical properties.

Consider also purchasing: Dyesol's Hermetic Sealing

Compound, Test Cell Assembly Machine and Laser Scribing
Machine.

Looking for More info? DOWNLOAD BROCHURE

ITEM #

MS004610

MS004610-10

MS004611

MS004620

MS004620-10

MS004621

SIZE PRICE

300mm x 200mm
X 30y thick x 1
sheet

AUST5.00

300mm x 200mm
% 30um thick x 10
sheets

AUST50.00

19mm x 10mm x
30pm thick x 1
Gasket

AUS150.00

300mm x 200mm
¥ 50um thick x 1
sheet

AUS25.00

300mm x 200mm
X 50pm thick x 10
sheets

AUF200.00

19mm x 16mm X
50pm thick x 1
Gasket

AU$135.00

QTY

SPECIFICATIONS

Sealing
Temperature:

Melting Point:
Freeze Point:

Vicat Softening
Point:

Film Thickness
Options:

Gasket Size
Options:

Film Size:

110-130°C

30um or 50um

Pre-cut to 19mm x 16mm outer and
13mm x 10mm inner, or custom laser
cut to your dimensions.

~300mm x 200mm



Pfiloha 6:

I SIGMA

3050 Spruce Street
Saint Louis, Missour 83103 USA
Telephone BOO-325-5832 + (314) 77 1-5765
Fax (314) 2B6-7828
email: techserv @sial.com
sigma-aldrich,com

Parafiim®M

Product Numbers P 7793, P 7543, P 7668, and P 6543

Product Description

Gas Permeability (permeabilty rates corrected to
760 mm pressure):

Oxygen: 150 cc/m?/24 hours

Carbon dioxide: 400 cc/m?/24 hours (both at about
22.8 °C, 50% relative humidity (R.H.))

Water vapor: 0.88 g/m*/24 hours (37.8 °C and
90% R.H. vs desiccant).

Size:

P 7543 2inx 250 ft
P 7793 4inx 1251t
P 7668 4inx 250 ft
P 6543 20inx 50 ft

Parafilm M is a semi-transparent, flexible,
thermaoplastic, and highly waterproof sheet material. It
is practically colorless, odorless and is approximately
0.13 mm in thickness. Itis permeable to gases, but
highly insensitive to moisture loss and moisture
absorption, thus making it ideal for protecting the
contents of broth tubes, flasks, culture tubes, and petri
dishes. The permeability of either oxygen or carbon
dioxide should not be affected at different relative
humidities because of the low water permeability and
insensitivity of Parafilm to moisture vapor.

Productinformation

Chemical Reactivity:

No apparent effects in 24 hours:

Hydrochloric acid (12 M)

Nitric acid (16 M)

Sulfuric acid (18 M)

Ammonium hydroxide (28% NH,)

Sodium hydroxide (22%)

Sodium chloride solution (20%)

Isopropanol alcohol (99%)

Ethanol (95%), no apparent effect except some face
whitening in 24 hours

Potassium permanganate (5%), no apparent effect,
except for some permanent dark brown coloration
after 18 hours; 0.1%, same as 5% except slightly less
color resulted

lodine solution (0.1 N), no effect except brown staining
in 18 hours.

Carbon tetrachloride, chloroform and ethyl ether:
dissolved film on contact.

Temperature effect: the film becomes soft and sticky
at about 54-66 °C.

Precautions and Disclaimer
For Laboratory Use Only. Not for drug, household or
other uses.

Parafilm is a registered trademark of Pecheney
Plastics Packaging.
ARO/CMK/RXR 10/03
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Potencial (V) Cas (s) Proud (A) Napéti (V) Vykon (W) Index
-0.002441406 8.365220979 0.000613098 -0.003134155 -1.92E-06 1
-0.004882813 8.389634979 0.000612793 -0.005584717 -3.42E-06 2
-0.007324219 8.414048979 0.000612488 -0.008047485 -4.93E-06 3
-0.009765625 8.438462979 0.000612183 -0.010461426 -6.40E-06 4
-0.012207031 8.462876979 0.000611877 -0.01295166 -7.92E-06 5
-0.014648438 8.487290979 0.000611572 -0.015365601 -9.40E-06 6
-0.017089844 8.511704979 0.000611572 -0.01781311 -1.09E-05 7

-0.01953125 8.536118978 0.000611267 -0.020248413 -1.24E-05 8
-0.021972656 8.560532978 0.000610962 -0.022705078 -1.39E-05 9
-0.024414063 8.584946978 0.000610657 -0.0251464384 -1.54E-05 10
-0.026855469 8.609360978 0.000610352 -0.027590942 -1.68E-05 11
-0.029296875 8.633774978 0.000610352 -0.030053711 -1.83E-05 12
-0.031738281 8.658188978 0.000610046 -0.032507324 -1.98E-05 13
-0.034179688 8.682602978 0.000609741 -0.034945679 -2.13E-05 14
-0.036621094 8.707016978 0.000609741 -0.037380981 -2.28E-05 15

-0.0390625 8.731430978 0.000609436 -0.039819336 -2.43E-05 16
-0.041503906 8.755844978 0.000609131 -0.042269897 -2.57E-05 17
-0.043945313 8.780258978 0.000608826 -0.044723511 -2.72E-05 18
-0.046386719 8.804672978 0.000608826 -0.047161865 -2.87E-05 19
-0.048828125 8.829086978 0.000608521 -0.049615479 -3.02E-05 20
-0.051269531 8.853500978 0.000608215 -0.0519104 -3.16E-05 21
-0.053710938 8.877914978 0.00060791 -0.054321289 -3.30E-05 22
-0.056152344 8.902328978 0.000607605 -0.05682373 -3.45E-05 23

-0.05859375 8.926742977 0.000607605 -0.059234619 -3.60E-05 24
-0.061035156 8.951156977 0.0006073 -0.061706543 -3.75E-05 25
-0.063476563 8.975570977 0.000606995 -0.064117432 -3.89E-05 26
-0.065917969 8.999984977 0.000606689 -0.066589355 -4.04E-05 27
-0.068359375 9.024398977 0.000606384 -0.069000244 -4.18E-05 28
-0.070800781 9.048812977 0.000606384 -0.07144165 -4.33E-05 29
-0.073242188 9.073226977 0.000606079 -0.074005127 -4.49E-05 30
-0.075683594 9.097640977 0.000605774 -0.07635498 -4.63E-05 31

-0.078125 9.122054977 0.000605469 -0.078796387 -4.77E-05 32
-0.080566406 9.146468977 0.000605164 -0.08114624 -4.91E-05 33
-0.083007813 9.170882977 0.000604858 -0.083648682 -5.06E-05 34
-0.085449219 9.195296977 0.000604858 -0.086120605 -5.21E-05 35
-0.087890625 9.219710977 0.000604553 -0.088531494 -5.35E-05 36
-0.090332031 9.244124977 0.000604248 -0.091064453 -5.50E-05 37
-0.092773438 9.268538977 0.000603943 -0.093444824 -5.64E-05 38
-0.095214844 9.292952977 0.000603638 -0.09588623 -5.79E-05 39

-0.09765625 9.317366976 0.000603333 -0.098266602 -5.93E-05 40
-0.100097656 9.341780976 0.000603027 -0.100769043 -6.08E-05 41
-0.102539063 9.366194976 0.000602722 -0.103210449 -6.22E-05 42
-0.104980469 9.390608976 0.000602417 -0.105621338 -6.36E-05 43
-0.107421875 9.415022976 0.000602112 -0.108093262 -6.51E-05 44
-0.109863281 9.439436976 0.000601807 -0.110595703 -6.66E-05 45
-0.112304688 9.463850976 0.000601501 -0.112915039 -6.79E-05 46
-0.114746094 9.488264976 0.000601196 -0.11541748 -6.94E-05 47

-0.1171875 9.512678976 0.000600586 -0.117858887 -7.08E-05 48
-0.119628906 9.537092976 0.000600586 -0.120239258 -7.22E-05 49
-0.122070313 9.561506976 0.000599976 -0.122650146 -7.36E-05 50
-0.124511719 9.585920976 0.00059967 -0.125152588 -7.51E-05 51
-0.126953125 9.610334976 0.000599365 -0.127655029 -7.65E-05 52
-0.129394531 9.634748976 0.00059906 -0.130065918 -7.79E-05 53
-0.131835938 9.659162976 0.00059845 -0.132476807 -7.93E-05 54
-0.134277344 9.683576976 0.000598145 -0.13494873 -8.07E-05 55

-0.13671875 9.707990975 0.000597839 -0.137390137 -8.21E-05 56
-0.139160156 9.732404975 0.000597229 -0.139862061 -8.35E-05 57
-0.141601563 9.756818975 0.000596924 -0.142211914 -8.49E-05 58
-0.144042969 9.781232975 0.000596313 -0.144683838 -8.63E-05 59
-0.146484375 9.805646975 0.000596008 -0.147125244 -8.77E-05 60
-0.148925781 9.830060975 0.000595398 -0.14956665 -8.91E-05 61
-0.151367188 9.854474975 0.000595093 -0.152038574 -9.05E-05 62
-0.153808594 9.878888975 0.000594482 -0.154449463 -9.18E-05 63

-0.15625 9.903302975 0.000594177 -0.156890869 -9.32E-05 64
-0.158691406 9.927716975 0.000593567 -0.159301758 -9.46E-05 65
-0.161132813 9.952130975 0.000592957 -0.161743164 -9.59E-05 66
-0.163574219 9.976544975 0.000592346 -0.164123535 -9.72E-05 67

-0.166015625 10.00095897 0.000591736 -0.166687012 -9.86E-05

3]
oo



Potencial (V)
-0.168457031
-0.170898438
-0.173339844
-0.17578125
-0.178222656
-0.180664063
-0.183105469
-0.185546875
-0.187988281
-0.190429688
-0.192871094

-0.1953125
-0.197753906
-0.200195313
-0.202636719
-0.205078125
-0.207519531
-0.209960938
-0.212402344

-0.21484375
-0.217285156
-0.219726563
-0.222167969
-0.224609375
-0.227050781
-0.229492188
-0.231933594
-0.234375
-0.236816406
-0.239257813
-0.241699219
-0.244140625
-0.246582031
-0.249023438
-0.251464844
-0.25390625
-0.256347656
-0.258789063
-0.261230469
-0.263671875
-0.266113281
-0.268554688
-0.270996094

-0.2734375
-0.275878906
-0.278320313
-0.280761719
-0.283203125
-0.285644531
-0.288085938
-0.290527344

-0.29296875
-0.295410156
-0.297851563
-0.300292969
-0.302734375
-0.305175781
-0.307617188
-0.310058594
-0.3125
-0.314941406
-0.317382813
-0.319824219
-0.322265625
-0.324707031
-0.327148438
-0.329589844
-0.33203125
-0.334472656
-0.336914063

Cas (s)
10.02537297
10.04978697
10.07420097
10.09861497
10.12302897
10.14744297
10.17185697
10.19627097
10.22068497
10.24509897
10.26951297
10.29392697
10.31834097
10.34275497
10.36716897
10.39158297
10.41599697
10.44041097
10.46482497
10.48923897
10.51365297
10.53806697
10.56248097
10.58689497
10.61130897
10.63572297
10.66013697
10.68455097
10.70896497
10.73337897
10.75779297
10.78220697
10.80662097
10.83103497
10.85544897
10.87986297
10.90427697
10.92869097
10.95310497
10.97751897
11.00193297
11.02634697
11.05076097
11.07517497
11.09958897
11.12400297
11.14841697
11.17283097
11.19724497
11.22165897
11.24607297
11.27048697
11.29490097
11.31931497
11.34372897
11.36814297
11.39255697
11.41697097
11.44138497
11.46579897
11.49021297
11.51462697
11.53904097
11.56345497
11.58786897
11.61228297
11.63669697
11.66111097
11.68552497
11.70993897

Proud (A)

0.000591125
0.000590515
0.000589905
0.000589294
0.000588684
0.000587769
0.000587158
0.000586243
0.000585632
0.000584717
0.000583801
0.000582886

0.00058197
0.000581055
0.000580139
0.000578918
0.000578003
0.000576782
0.000575867
0.000574646
0.000573425
0.000572205
0.000570679
0.000569458
0.000567932
0.000566406

0.00056488
0.000563354
0.000561829
0.000560303
0.000558472
0.000556641

0.00055481
0.000552979
0.000550842
0.000548706
0.000546875
0.000544739
0.000542603
0.000540161
0.000538025
0.000535583
0.000533142
0.000530396
0.000527954
0.000525208
0.000522461
0.000519714
0.000516968
0.000513916
0.000510864
0.000507813
0.000504761
0.000501404
0.000498596

0.00049527
0.000491882
0.000488464
0.000484985
0.000481171
0.000477539
0.000473907
0.000470184
0.000466461
0.000462677
0.000458862
0.000454926
0.000451019
0.000447052
0.000443054

Napéti (V)
-0.169067383
-0.171508789
-0.173980713
-0.176452637
-0.178863525
-0.181304932
-0.183776855
-0.186218262
-0.18862915
-0.191070557
-0.193511963
-0.195953369
-0.198364258
-0.200866699
-0.203277588
-0.205810547
-0.208221436
-0.210632324
-0.213134766
-0.215484619
-0.217926025
-0.220367432
-0.222808838
-0.225280762
-0.227722168
-0.230163574
-0.232574463
-0.235015869
-0.237457275
-0.239898682
-0.242340088
-0.244750977

-0.2472229
-0.249633789
-0.25213623
-0.254547119
-0.257049561
-0.259368896
-0.261871338
-0.264373779
-0.266784668
-0.269195557
-0.271606445
-0.274108887
-0.276580811
-0.278961182
-0.281402588
-0.283843994
-0.286315918
-0.288757324
-0.291168213
-0.293609619
-0.296020508
-0.298461914
-0.300933838
-0.303405762
-0.30581665
-0.308258057
-0.310699463
-0.312408447
-0.314941406
-0.317443848
-0.319854736
-0.32232666
-0.324768066
-0.327209473
-0.329711914
-0.332122803
-0.334564209
-0.33706665

Vykon (W)

-9.99E-05
-0.000101279
-0.000102632
-0.000103983
-0.000105294
-0.000106565
-0.000107906
-0.000109169
-0.000110467
-0.000111722
-0.000112973
-0.000114218
-0.000115442
-0.000116715
-0.000117929
-0.000119148
-0.000120353
-0.000121489
-0.000122737
-0.000123827
-0.000124964
-0.000126095
-0.000127152
-0.000128288
-0.000129331
-0.000130366
-0.000131377
-0.000132397
-0.00013341
-0.000134416
-0.00013534
-0.000136238
-0.000137162
-0.000138042
-0.000138887
-0.000139672
-0.000140574
-0.000141288
-0.000142092
-0.000142804
-0.000143537
-0.000144177
-0.000144805
-0.000145386
-0.000146022
-0.000146513
-0.000147022
-0.000147518
-0.000148016
-0.000148397
-0.000148747
-0.000149099
-0.00014942
-0.00014965
-0.000150044
-0.000150268
-0.000150426
-0.000150573
-0.000150685
-0.000150322
-0.000150397
-0.000150439
-0.000150391
-0.000150353
-0.000150263
-0.000150144
-0.000149994
-0.000149794
-0.000149568
-0.000149339

Index

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138



Potencial (V)
-0.339355469
-0.341796875
-0.344238281
-0.346679688
-0.349121094

-0.3515625
-0.354003906
-0.356445313
-0.358886719
-0.361328125
-0.363769531
-0.366210938
-0.368652344

-0.37109375
-0.373535156
-0.375976563
-0.378417969
-0.380859375
-0.383300781
-0.385742188
-0.388183594
-0.390625
-0.393066406
-0.395507813
-0.397949219
-0.400390625
-0.402832031
-0.405273438
-0.407714844
-0.41015625
-0.412597656
-0.415039063
-0.417480469
-0.419921875
-0.422363281
-0.424804688
-0.427246094

-0.4296875
-0.432128906
-0.434570313
-0.437011719
-0.439453125
-0.441894531
-0.444335938
-0.446777344

-0.44921875
-0.451660156
-0.454101563
-0.456542969
-0.458984375
-0.461425781
-0.463867188
-0.466308594
-0.46875
-0.471191406
-0.473632813
-0.476074219
-0.478515625
-0.480957031
-0.483398438
-0.485839844
-0.48828125
-0.490722656
-0.493164063
-0.495605469
-0.498046875
-0.500488281
-0.502929688
-0.505371094
-0.5078125

Cas (s)
11.73435297
11.75876697
11.78318097
11.80759497
11.83200897
11.85642297
11.88083697
11.90525097
11.92966497
11.95407897
11.97849297
12.00290697
12.02732097
12.05173497
12.07614897
12.10056297
12.12497697
12.14939097
12.17380497
12.19821897
12.22263297
12.24704697
12.27146097
12.29587497
12.32028897
12.34470297
12.36911697
12.39353097
12.41794497
12.44235897
12.46677297
12.49118697
12.51560097
12.54001497
12.56442897
12.58884297
12.61325697
12.63767097
12.66208497
12.68649897
12.71091297
12.73532697
12.75974097
12.78415497
12.80856897
12.83298297
12.85739697
12.88181097
12.90622497
12.93063897
12.95505297
12.97946697
13.00388097
13.02829497
13.05270897
13.07712297
13.10153697
13.12595097
13.15036497
13.17477897
13.19919297
13.22360697
13.24802097
13.27243497
13.29684897
13.32126297
13.34567697
13.37009097
13.39450497
13.41891897

Proud (A)

0.000439026
0.000434937
0.000430847
0.000426697
0.000422485
0.000418274
0.000414063

0.00040979
0.000405548
0.000401215
0.000396942
0.000392578
0.000388245

0.00038385
0.000379456
0.000375061
0.000370636
0.000366241
0.000361816
0.000357422
0.000352997
0.000348572
0.000344147
0.000339752
0.000335327
0.000330902
0.000326508
0.000322113
0.000317749
0.000313385
0.000309052
0.000304657
0.000300323
0.000296051
0.000291687
0.000287415
0.000283112

0.00027887
0.000274689
0.000270447
0.000266266
0.000262115
0.000257935
0.000253845
0.000249725
0.000245636
0.000241577
0.000237579
0.000233612
0.000229614
0.000225677
0.000221771
0.000217926

0.00021402
0.000210236
0.000206421
0.000202667
0.000198914
0.000195221
0.000191559
0.000187927
0.000184296
0.000180725
0.000177185
0.000173645
0.000170227
0.000166748

0.00016333
0.000159973
0.000156616

Napéti (V)
-0.339447021
-0.341918945
-0.344329834
-0.346832275
-0.349212646
-0.351654053
-0.354156494

-0.3565979
-0.359100342
-0.36151123
-0.363983154
-0.36630249
-0.368774414
-0.371276855
-0.373718262
-0.376190186
-0.378601074
-0.380981445
-0.383544922
-0.385955811
-0.388427734
-0.390838623
-0.393280029
-0.395721436
-0.398254395
-0.400634766
-0.403076172
-0.405639648
-0.407989502
-0.410461426
-0.41293335
-0.415313721
-0.417816162
-0.420257568
-0.422668457
-0.425140381
-0.42767334
-0.430023193
-0.432434082
-0.434936523
-0.437408447
-0.439849854
-0.442321777
-0.444671631
-0.447174072
-0.449615479
-0.45211792
-0.454467773
-0.456970215
-0.459381104
-0.461853027
-0.464324951
-0.466766357
-0.469207764
-0.471679688
-0.474121094
-0.4765625
-0.478942871
-0.481384277
-0.483886719
-0.48626709
-0.488739014
-0.491119385
-0.493652344
-0.496063232
-0.498565674
-0.500946045
-0.503448486
-0.505889893
-0.508331299

Vykon (W)
-0.000149026
-0.000148713
-0.000148354
-0.000147992
-0.000147537
-0.000147088
-0.000146643
-0.00014613
-0.000145632
-0.000145044
-0.00014448
-0.000143802
-0.000143175
-0.000142515
-0.000141809
-0.000141094
-0.000140323
-0.000139531
-0.000138773
-0.000137949
-0.000137114
-0.000136235
-0.000135346
-0.000134447
-0.000133546
-0.000132571
-0.000131607
-0.000130662
-0.000129638
-0.000128632
-0.000127618
-0.000126528
-0.00012548
-0.000124418
-0.000123287
-0.000122192
-0.000121079
-0.00011992
-0.000118785
-0.000117627
-0.000116467
-0.000115291
-0.00011409
-0.000112878
-0.000111671
-0.000110442
-0.000109221
-0.000107972
-0.000106754
-0.00010548
-0.00010423
-0.000102974
-0.000101721
-0.00010042

-9.92E-05
-9.79E-05
-9.66E-05
-9.53E-05
-9.40E-05
-9.27E-05
-9.14E-05
-9.01E-05
-8.88E-05
-8.75E-05
-8.61E-05
-8.49E-05
-8.35E-05
-8.22E-05
-8.09E-05
-7.96E-05

Index

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208



Potencial (V)
-0.510253906
-0.512695313
-0.515136719
-0.517578125
-0.520019531
-0.522460938
-0.524902344
-0.52734375
-0.529785156
-0.532226563
-0.534667969
-0.537109375
-0.539550781
-0.541992188
-0.544433594

-0.546875
-0.549316406
-0.551757813
-0.554199219
-0.556640625
-0.559082031
-0.561523438
-0.563964844

-0.56640625
-0.568847656
-0.571289063
-0.573730469
-0.576171875
-0.578613281
-0.581054688
-0.583496094
-0.5859375
-0.588378906
-0.590820313
-0.593261719
-0.595703125
-0.598144531
-0.600585938
-0.603027344
-0.60546875
-0.607910156
-0.610351563
-0.612792969
-0.615234375
-0.617675781
-0.620117188
-0.622558594
-0.625
-0.627441406
-0.629882813
-0.632324219
-0.634765625
-0.637207031
-0.639648438
-0.642089844
-0.64453125
-0.646972656
-0.649414063
-0.651855469
-0.654296875
-0.656738281
-0.659179688
-0.661621094
-0.6640625
-0.666503906
-0.668945313
-0.671386719
-0.673828125
-0.676269531
-0.678710938

Cas (s)
13.44333297
13.46774697
13.49216097
13.51657497
13.54098897
13.56540297
13.58981697
13.61423097
13.63864497
13.66305897
13.68747297
13.71188697
13.73630097
13.76071497
13.78512897
13.80954297
13.83395697
13.85837097
13.88278496
13.90719896
13.93161296
13.95602696
13.98044096
14.00485496
14.02926896
14.05368296
14.07809696
14.10251096
14.12692496
14.15133896
14.17575296
14.20016696
14.22458096
14.24899496
14.27340896
14.29782296
14.32223696
14.34665096
14.37106496
14.39547896
14.41989296
14.44430696
14.46872096
14.49313496
14.51754896
14.54196296
14.56637696
14.59079096
14.61520496
14.63961896
14.66403296
14.68844696
14.71286096
14.73727496
14.76168896
14.78610296
14.81051696
14.83493096
14.85934496
14.88375896
14.90817296
14.93258696
14.95700096
14.98141496
15.00582896
15.03024296
15.05465696
15.07907096
15.10348496
15.12789896

Proud (A)

0.000153381
0.000150116
0.00014682
0.000143646
0.000140472
0.000137329
0.000134216
0.000131165
0.000128143
0.000125153
0.000122192
0.000119263
0.000116364
0.000113495
0.000110687
0.000107941
0.000105194
0.000102478
9.98E-05
9.72E-05
9.46E-05
9.21E-05
8.95E-05
8.71E-05
8.46E-05
8.22E-05
7.98E-05
7.75E-05
7.52E-05
7.30E-05
7.07E-05
6.85E-05
6.64E-05
6.43E-05
6.22E-05
6.02E-05
5.82E-05
5.62E-05
5.43E-05
5.24E-05
5.06E-05
4.88E-05
4.70E-05
4.53E-05
4.35E-05
4.19E-05
4.03E-05
3.87E-05
3.71E-05
3.56E-05
3.41E-05
3.27E-05
3.13E-05
2.98E-05
2.85E-05
2.72E-05
2.59E-05
2.46E-05
2.34E-05
2.22E-05
2.10E-05
1.98E-05
1.87E-05
1.76E-05
1.65E-05
1.55E-05
1.45E-05
1.35E-05
1.25E-05
1.15E-05

Napéti (V)
-0.510742188
-0.513214111
-0.515655518
-0.518127441
-0.520507813
-0.523040771
-0.525421143
-0.527893066
-0.53036499
-0.532775879
-0.535217285
-0.537628174
-0.540100098
-0.542541504
-0.54498291
-0.547393799
-0.549865723
-0.552368164
-0.554748535
-0.557250977
-0.559692383
-0.562225342
-0.564544678
-0.567016602
-0.569488525
-0.571868896
-0.574401855
-0.576782227
-0.579284668
-0.581695557
-0.584136963
-0.586547852
-0.589019775
-0.591461182
-0.593933105
-0.596313477
-0.598724365
-0.601257324
-0.603668213
-0.606109619
-0.608520508
-0.611022949
-0.613433838
-0.615875244
-0.618225098
-0.620788574
-0.622589111
-0.625152588
-0.627716064
-0.630096436
-0.632629395
-0.635009766
-0.637542725
-0.639953613
-0.642456055
-0.644866943
-0.647399902
-0.649871826
-0.65234375
-0.654724121
-0.657226563
-0.659637451
-0.662109375
-0.664581299
-0.667053223
-0.669494629
-0.671966553
-0.674407959
-0.676818848
-0.679382324

Vykon (W)
-7.83E-05
-7.70E-05
-7.57E-05
-7.44E-05
-7.31E-05
-7.18E-05
-7.05E-05
-6.92E-05
-6.80E-05
-6.67E-05
-6.54E-05
-6.41E-05
-6.28E-05
-6.16E-05
-6.03E-05
-5.91E-05
-5.78E-05
-5.66E-05
-5.54E-05
-5.42E-05
-5.29E-05
-5.18E-05
-5.05E-05
-4.94E-05
-4.82E-05
-4.70E-05
-4.59E-05
-4.47E-05
-4.36E-05
-4.24E-05
-4.13E-05
-4.02E-05
-3.91E-05
-3.80E-05
-3.70E-05
-3.59E-05
-3.48E-05
-3.38E-05
-3.28E-05
-3.18E-05
-3.08E-05
-2.98E-05
-2.88E-05
-2.79E-05
-2.69E-05
-2.60E-05
-2.51E-05
-2.42E-05
-2.33E-05
-2.24E-05
-2.16E-05
-2.07E-05
-1.99E-05
-1.91E-05
-1.83E-05
-1.75E-05
-1.68E-05
-1.60E-05
-1.52E-05
-1.45E-05
-1.38E-05
-1.31E-05
-1.24E-05
-1.17E-05
-1.10E-05
-1.04E-05
-9.72E-06
-9.08E-06
-8.45E-06
-7.82E-06

Index

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278



Ptiloha 8:

Kolmy Fez anodou ¢lanku

- 7/2/2015
X 30,000 1.00kV SEI .3mm 16:34:05

Struktura vysoce porézniho TiO:z

- 100nm 5-1 6/30/2015
50,000 15.0kV SEI SEM WD 5.1mm 16:12:58




