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ABSTRACT

This research creates and designs novel molecular sensor (fluorescent chemosensor)
for metal ions detection. The molecular sensor was synthesized as fluorescent sensors for
selective optical metal detection by using Dithieno[3,2-b; 2’,3’-d] pyrrole (DTP) as
fluorophore, and amide group for ionophore. This molecular sensor can solute well in
dimethylformamide (DMF) and detects mercury ions in long wavelength. The average energy
bang gap of thin film molecular sensor was studied and given 2.7 eV. Enhanced the
fluorescent sensing signal by modified magnetic composite nanoparticles with molecular
sensor was investigated with Zn(ll) metal ion and the external magnetic field was used to
group the particle for enhancing the signal. The results revealed that the molecular sensor
modified superparamagnetic iron oxide nanoparticles can enhance the fluorescence signal
under a localized magnetic field and the size difference of modified magnetic nanoparticles

affect to fluorescence signal sensing.

Keywords : molecular sensor, fluorescent chemosensor, heavy metal
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2.1.1 WgealsalTuRLTUITS

Wgeaisawudiwuwaifessuuanaiamuadesaglduandudnssdu  (Light-
induced logic operation) s¥uulaseasnslanana (Molecular system) fiannsawilnthndsay
LLaaLLa”aa’lmiﬂﬂamUﬁaaaaﬂu'ﬂ,ugﬂLmumamwmmm (Photophysical) fwvdeuly 271 9n
AnuantREssldinsiasenuuulasaivluanadieldlumsinduliana vielessuunsuia
THidnwarilarauaghdonsiuiizolumnsata

Hagtiunsdunsegingoaisamudisumeidmiunsainlessuiudunaia
yadenvialifumiuaulassiunn eswininedadansonsafulessufifiinusinig
11234 (selectivity) wagfimulilumsTiasgh (sensitivity) g1 aunsansalinmeilooouldva
Tudenuamuastiing edulumedeitlivhatofogn. Snngidoiniemgooisasud
awnlnsalnl  (Fluorescence Spectroscopy)  #ianuisansisaeulesauldogiesinibuas
seLiladld (Continuous monitoring) Mansfilimsaialusinauties (Usvinm1-3 daddns) was
awnsansiainlesaulanglilusefumnudutuin Saiilifiailddnefndne lnelums
nsziilosaulaneminayldmadrunnsgildunmadia  Atomic Absorption Spectrometry
(AAS), Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) wag High-
resolution Differential Surface Plasmon Resonance (SPR) (Husiu flaiUSeuifivufiuimade
vigeawsalsus adnlnsalntl wudnvateunnsgiudrsiiliesosdefiiaududeunasseumns
vilRldmungsanisiildiauieenuvuasldinedslunirauy  Junadangesisaivud
awnlnsalnl fderninmedeuinsguifmaulalunisiinsey (sensitivity) ganda 1-3 wh Tag
§i Lifetime v®9 Excited singlet state guinn (10° Auniivdedaunidn) Sdn detection limit #
Tnd\Assiufl parts per million (ppm) 8¢ parts per billion' (ppb) wawdl Linear concentration
range A31anin [10]

2.1.2 Tangmin®,

Tavewiin AelavigiidleomumunuuuiAunia s n3u7 atou. 1wy ngi uaados
lasiflon Usen fnifia daned uasnotume Wusiu ludagtulanewinddasinsaremdng
Aawndennnntu fdumstiezinsaamuiinalaneninlufanndeudedanud e [14-
15,23,40] lavgvinursinannsoliisnmuasinurodedldin TusuviavesdadlPauasUun
fldFudly sredhatu uuafiFedenis Tauear vesuns wusnila WavATy wwudon wae
Faingd  Tutuaimewngdenaaiyiivln  sdnlsfaudnalansfunniiuldagais
Awndonfifufivriogdunidmand dwmaldlianusamsdinogld dwsulaneminuisia

Wy Usen wasuaadley @1sfiviesnniy wazgndaliaudnlen (black list) Wesnifiv
eusannseuysed [16,33,39]
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dufl 1 ngealswe$ (Fluorophore) Wudwiiiauanunsalunisuansaaiaud?
mswgeaisawud vialuduinansdyyin Taonsgandunasluiiseugniaduiivmnzay
[31,34-36]

dwdl 2 drasslelalunad (onophore) Fududrufivansnisdndulossu (lon
Recognition Moiety) [13,28-29]
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€al o =l 1

fatussuugoaisalmudigumeiiinazgnidonin “waealslelslunes (Fluorcionophore)”
[8,32] a'au'ﬁLLamaﬁmmmeﬁamaﬁauﬁaLL‘Uaaﬁ’igavnmmj?iau%’a;gamaaﬂalﬂﬂﬁm’mﬁulaaau
1Ufgjﬂﬁm?{wLLUaQﬁ'igq;mmeaﬁ FedunismunUssansamve dmwmees3alufiunns
Usudeulessadasdurigoalslefiteimunanmlbnesnsinsmikagnsuiasulpssainwes

TolalunasifafmuiArudnigianzaraloaauiinonnsiasiey [49,57)
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2.1.4 mavimunlololuneslagltvtinesnauniisunsnsemnzaniuedalosouy

Tagtuiinsimuoenuuuleloluneslaeldngui Hard Soft Acid Base H4glu
nsfiuanuazisianzasivleseudug fusdaninewing msimuilelelunesluniyuduazld
WaNN1504 “Hard Soft Acid Base (HSAB)” [18] wiwitad Fangufved Hard Soft Acid Base
(HSAB) Weuwlag Ralph Pearson [6, 43] WeaSureujisenveslesaulansiuieulossu 1Tu

aial o = = = = s w i ey

noennueanuEissuUsuiieguvawEnsidedau (Relative stability of complex) lag
. 9fewann1siin Soft Acid ansaiaufizenldisuaziiniuseAudawseiu Soft Base lusmg
~ 3 a ana v = [y ad =2 % a
# Hard Acid awnsafinujisenlaiuasiiniussiudussiu Hard Base lawauisaaiune
Hard Soft Acid Base lagiail



Hard [Lewis] Acid #o nsndnBaifosnenfisudsidnnsou (acceptor atom) wila hard
Wy Na', K, Mg2+L°T;Ju§TuLﬁaaaqﬂﬁwmmmawauLéﬂi’f'n,a‘naaﬂ%m%ummﬁmiawSLmﬁuﬁsﬁu
indu dilvgesinanlsdléinety @mnudu Hard Lewis Acd 11ntu)

Hard [Lewis] Base Ao ivadsdaluflife Aunudfiflesnoudivhniilligdidnnsou
(donor atom) ¥#in Hard @i H,O NH5 OH

Soft [Lewis] Acid 8 niﬂéaEaﬁﬁazmauﬁ%’uﬁﬁﬁﬂmau (acceptor atom) vilm Soft
Wy He™ cd”' Pb”" Wy ilesnnezseufifvunaluajuasinanlsdldenn

Soft [Lewis] Base @a Lwadidalufiife Aunud ﬁﬁazmauﬁﬁmﬁﬂﬂﬁﬁj&ﬁﬂmau
(donor atom) ¥iim Soft WU RS-, RSH, S, CN-O

2.2 viuAseiifieaday/manuniuassunssy

nsfnwluanavesansitinuatRSosamgensasudlasummauleanninifoadis
uwnsviane {idenananguliiainnsdunsiziasitewuamgenisawudifuueesifiol iy
wuwesamiunsataudnaloseulansnindelinaiuiadlalunisiessdt (sensitivity) wazd
ATNLANIZ197Z24(selectivity) Gialaaamﬁmmaﬁﬁﬂw?w%mwgﬁu [12,17.21-
2238.41,44,51] Fadumeiailasvanuadladustiann wesnsiauwuge S sadly
Uszgnaldlunisuasisiilaesuluaisazany [46,52,55] Tufezenfotunmiuiseieatu
wumasaiunsaniulossulavsuaeniaUssanassdl

Wanichacheva wazame [37) Isvihnsdunsisiluanamutwes Mdlelolunesudn 2-
[3-(2-aminoethylsulfanyl)propylsulfanylethanamine \Fournfu 7-nitrobenzo-2-oxa-1,3
diazolyl (NBD) S1au 2 g ifteltidungeslsloleluvies wemsadu He " luansavanomnan
acetonitrile:water (@:1, vA« WUIEWIT0R5235U He | Idpgrsanziaisadlasuansdoyyin
WaosisawuATNTaATALEARUR 534 Ylumas usziiAn detection limit Winfy 1.0x10”
luans

Du uazAng[4] dupsagsilauanawueesnsradudien. a1nn1sviugisenves
rhodamine B hydrochloride Han1S3deMUAY (903 IANITIWIBLINERe U He Laeuang
ﬁ@ﬁgﬂmwgaatﬁaL%uﬁﬁﬁmmmmﬁu 580 nm lua1sazattnan ethanol wazt (1:1, v/v, pH
7.0) ludnueuz OFF-ON system uazdien detection limit Wiy 4.5x10° wans

Wang uazauy [9,15] duaseiluanaiwuiges 31nnsiugisensening rhodamine B
uag 2-aminobenzothiazole WANITITEWUI IWURDINAIILLANIZIA1ZIAY Hgﬁmauﬁm
ﬁmmwmﬂgaaLiﬁwuﬁﬁmmm’mﬁ'u 580 w1lutums ludnwaz OFF-ON system luansazany
NEUTZWIN acetonitrite WazUwiwes 0.02 M HEPES (3:7, v/Av, pH 7.4) uazllA1 detection limit
Wiy 7.4 x 10 Twans

Wu uazang[16] Fuasziluanaisuees Wagld rodamine 6G 1udiungaslsnes
NanTITEn U wuwesiinusnivaigasiu He IﬂaLLamﬁmﬁgmwQaaL'iaww?ﬁm'mma



Ay 560 urluwms luaisasatenasl dimethylformamide (DMF) uay W (1:1, v/v) Lagilan
detection limit U 1x10° wan$

Qin uazany [45] Idinsifiuaniinsazanevesluiana DTPs TagnnsiuAsumyflarddu
wawmasilungasuaTandtunszuiuns Base-induced hydrolysis wazfielilaseadiedie
wnfudefivaudfnisazas

Jesus L. Pablos uagmug[25] ldvinisiudsumijiedudungielud 1ngld 2-nitro-9H-
fluorene (HumBuUAfSen uasduassvianseanuiluguves monomer wdUTsuLiEY
nuaiRsaieluguvesasarauasiumusuiiuusiuiidy Tasfidr detection limit oy
8.6x10°” Tuand uaz 1.3x10° Tuad Auansiu

uenaniinisirgeaisauisueesiunauresenlnenisinisuluanaloooy
wuwesiiielddu self Assembled Monolayer [11,26,30,48,50,51] lagnisinlutanalassu
LezmL%aﬂﬂﬁfmiﬁ%muuﬁuﬁwaﬁaﬂﬁﬁu Solid” “support UNWsglnn  [5,7,20,53,56)
Fe19laY Fluorescent polymers :u3d8ved Xiao Ma dazame [36] lavinisduasiey
Polymer Sensor lasuiwadiuas —{1,4-diethynyl-2,5-bis(2-(2-methoxyethoxy)-ethoxy)}-
benzene (M-2)' wsiefy & T-dibromobenzo(2,1,3lthiadiazole. (V-1)_ Han1snaanuedn
Polymer Sensor finanudunazianzasiulossulsen andufnwAinisganduuauarnis
wapalsawuRvesansilatllossulsaviimuidudiuseg wudAInisganduLaay nsigaaLsa
wuranasfisuTinulesputsandiniy  wasfeniswisuudawesdluasagatsaindivies
nanefulsifid fanmdl 2.4



ama,
=
o]

Iz tensigy ()

Wavelength fnmy

P o } o o o . 2%
A 2.4 Tasaasns Polymer sensor Aansdnimnglanzastunisiuniulossulsen(Hg )
£ = 4 - P
wagnIsHgoeLsaluaTanaslausuinloeauUseniiiuiu [36]

Andresa KA. Almeida uavamz [37] laviinisdumsizs  polyl3-(N-pyrrolylpropyl

dansylelycinate] - (PPyPDG) | Ingldingy dansyl upusiupsiluaisawiuinuifizendaeis
electropolymerization A3ATNT1 2.5

. profon sponge ‘
: i A it
CH,CN
I O

A 2.5 gllLLUUﬂﬁﬁ)\‘lLﬂi’lzﬁ 3-(NpyrrolyDpropyldansylglycinate (PyPDG) [37]

nanIsvaaeLaniliiuITlanawueeiilaudwwisiulessuiy uagaunadunsiey
Yuilaues PyPDG ledwanunsadnluussynalalalugunsalmsuansnim
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06
(a) {b)
.4+
0.2
£ oo i
< o
g 02- Z
5 ™ 5
0.4 ~
.[],Cﬁ-
0.8 : ; . . - S S .
-2.0 -1.5 -10 (L5 0.0 0.5 450 500 334 600 630
BV ovs Ag/Ag’ * 4 nm

il 2.6 (2) Cyclic voltammogram vasild PPyPDG ﬁﬂgﬂuu ITO (b) asann5iUa saUDY
PPyPDG laglauased imuenipdu 366 wilummsnszau [37]
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UNA 3
A5ALHUN1538

3.1 M3duaszsilaianaiwuias (Molecular synthesis)
nsdursgiluanammeedlumuided @1 14UfATemaNRe Buchwald-Hartwig,
Suzuki coupling [19] wae Bromination lasnisdamsizidulununind 3.1 Simsdaasied
nsigatlondnwallassai sssansiduassismomadadundoiuunudnislouuudanlnga
1T (NVMR) winiladunsisaainlaalast (FT-R) uasivallauuaainlasalal (GC-MS)

m_“/’ g :
\i A 00 NaORR, \} MBS, CH,COOH . | 3)
m‘#
& 7 (s)-BiNAR, Pd,dBa / )  CHCI,, RT, 4h H_Hr e -
Y Talusos 11 € T ,-«’—~\ { 7
S:/ He /m“_"\ /3“». -
(1) {2} .
;TBAB 2M K,€O,
mgpphg}
[70°C 24 he

(5) " TeA, cH.CL

. RT.,4h

{4)
Al 3.1 JupsumsAAs eilianaeges Uiy

3.2 NMsAn¥INIRRUALDIAan s AsuLUagoesaIvuduasasidetoulans

nsfinwInsrevatesianisidsunamgostsaudvetasiddoulavy Tnovaaey
msgoaLsautvesasTuanawseifimaududu 0,025 llesluanf fumsazanslosauves
Tavewdasne Tdun wwanidla, wén, Anda, Taves, newas, §ned, Usan, uanleutasnzin
anudnty 200 lulesluansdemailangeaisaudaiunlnsalny  (PerkinElmerju LS 55)
mnugnAdy 335 yiluues lnevhnnsasaiaviufl udanuauaisazats Tngldlawfanedun
ludidushriresaneiilesnsvhazaeilifinisfegoosarudlutfiasdoulavefinns
Wasuwlamigeatsaisud
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3.3 msnadeungealsalrudvasmsilsdouseninduanawuives fulaaauman
mMsAnyinImevaueITeasarmeueiiuaazattlessureuvin lnevnaaunis
Waguwlasmduvewgesisaguduasansazasimuees Aaududu 0-100 lulasluans

3.4 msafaluanawugasuuiufitoynausiminuiTuvesninaanlyd(SPIONs/PMA)
msfnwinisinfsluanaeumeiuuiuiteyniauwimdnuluveandnesnles Taeld
Luanatwuwas 100 lulasdas uavaynim SPIONs/PMA 1 Tadnsu wdniluwdnauaislagld
iwdeawgwaans (vortex mixen) Wuan 24 $1lus nedeunsawasismaliangosisa
‘wud anlnsalnd (Fluorescence Spectroscopy) fulapaurasdansdfiannududuio 20 40
50 wav 80 lulasluans

3.5 N1TATAULUY lon-Selective electrode (ISE)

N899 lon-Selective electrode (ISE) a1narslulanatyuiresuaynsitas1znlane
weielnihied] (cyclic voltammetry) Sdngussasdiiie 8379 ISE Aidlausimerelans wazm
Tavefilaudumede 1€ fasidu newdsumsaraelasaulansdammududu 1 fasluand
vasloooulanyvosung nem wknda Lagtsan nisads lon-Selective electrode vilngld
Chitosan WWudnanssevindlianamuiseifidnmiuuiinadvesuuusu PCB electrode
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undl 4
NAN1578

unindniwanisdueeiluanawumes msfiguiiondnuvalvosasiomeadadindes
wuniuRnuslauuudanlvsalnd wuaaninsalnUuazdunsuseaunlnsalnl uagnmsvagey
n1smavauessolossulanslangvaasvandfiniwasveduianawuiveiiiomnaingiAa
Daawnlnalnduasrigeosanudaunlnalnd sntumnsmageuiulessulansionisdann
Audsuuaneduanamueiituivlessulanvuaaddou TaefidhiAntuAnanms
dosasasanaimume innaeungli iy Anwrandiviaameduanawuwesfiguaseilugy
yasEsarasuariiduue iasetnnaresifomandinalagnssroaudinauasasduiana
wuwestududoyafiadydonisAnsenuiululilunisssiviamsieduiduniiiannsa
thunldldsuargunsaduiilmanawuive siduasigviududuussnavsolluaunanidu
OLED, solar cell (s

4.1 Mmsdapsiziluanaguias

msduameilunanauueesluonidod visnoumaufiter Buchwald-Hartwig, Suzuki
coupling WA Bromination U581 Buchwald-Hartwie 1Uuufisensiiniwamylusiiy (-
Br) Auvigiadiu (NH)) anssasiulelsloflu (dithiophene) ﬁﬁwyﬁusﬁuﬁlﬂu leaving group ¥
UfATofumlefi (-NHy)  Tneldwisndey (Pd,d8a) Wiumassugisen Tuanneiiduua
VSTl 110 asrwaidva Wunan 7 Hle arsdeumsinufiteinmsiAmeihmasudulals
slulnlsa (dithienol3,2-0;27,3 -dlpyrrole;  DTP) a1ntiumiuiiselusiiusy  (Bromination)
Duugisermstenlusiuiuluanalalodlunlsa ialdidunylumsduiiuujisesiely
AouviURASe1 Suzuki Coupling +dulfAzersznanmylusdunuluslsinueda (B(OH),)
Tuanalelsdlu-Inlsanfuylusiiumujisersumiluslsia Taeflwistifon (PA(PPhy)) 18y
Fss luanmefduua U5 70 ssrneaidus viujisen Buchwald Hatwig 1uufiten
Wasumgefudunyielud Tneflnesaeiudusage iU gisefigamgifeaiunan 4 Hilus
Ansieilasaasmewmaiaiunfesuunudnslauuudaninsalnd

4.2 msieszmadassadeluanawuiges
4.2.1 mamssiluanaueimamedadueafesuunuinislauuudanninsalnt

mMsduprziluenamugesiruliinsieseiiefigadlanaiduanamy
wedladnadesuunudnisiswuudalninsalnld Ingvinsimsigsime tH NMR Tuansazane
Aaslsnasu-AafliSeu (CDCL,)
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s

wmev»:y"ﬁlwwmmwm

A 4.1 msesgiilassaiiveduanaugesiemedadiadosiunuanislouuud
awnlnsalnd

4.2.2 MAAeTiluanaguesmevaiagunssaaninsalnt
a € 1 € ot & = A oy e
nsinngmgilanduveduanausesmemalindunsusaadninsalnd Wu
mamesrUsenevredlaTiaiaInnsUdsumlasmmuddurasnisduuas nyuietuduy
Tumaunsidsumyileriduainmgdiefiu (NH) Wunyiolud

Transmitfance
(9]
(5]
i

%
J
£
]

- g s 1

" camn s e
000 3500 3000 2500 2000 1500 1000 500
wavelength (cm™')

AN 4.2 mﬁLm’mﬂﬂida%ﬁwaﬂmaqammw@%ﬁaEJLmﬂﬁﬂﬁquLimmﬂﬂimﬂﬂﬂ

n1sfigadiendnualveduianalwuwed lasyinnistudunisiieguemyiolun  Feaunsaven
1% v -1 -1
paAUsznovanslaTsaselanedl 1325.28 cm™ (C-H bend), 1648.96 cm™ (C=C bend), 1744.27
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cm’” (C=0 bend), 3125.26 cm (C-H stretch), 342,67 cm™ (N=H) M5 Tiaszsivyflaidushe
wadadunsusaanlnsalndfidnvasiiaonadastumyilsidureduanavuisesiideanis
Saaeity
4.2.3 mawnseiluanawrugeimemeiaiuaauninsalng
nsnseilasailuanawumefiomadauaauninsalnuansdss nmwd
1.3 Junmstudulassairaluanaidusnmssildannisuanmvedianaueesuanaduinna
naUseEq (m/z)

£
u
i

i
|
+

“d

i 4.3 mlaseilassainvesiuanawuiseimamadawaadninsalnd

mIfigatienanvalvedanasduanaguaes Wunsfinwnmsunndivasluiana
fduaseity fladunisfusunatesnmsiuesigd wuitluanadnisunndiivgioludues
Tuiana DTP Tr1 m/z waffu 102 wasennsuansanvesygisliumiluanadanvueauung
waziinnisuansivedluianadan m/iz winfiv 267 mﬂﬁgmﬁmﬂmmrﬁ'maamjm%mﬂ%mm
(0=C=0) fie m/z iy 54 uaglaanafimdedan m/z Wity 223

4.3 MAnneiduaadasaiduanawuiees
4.3.1 MTAATIERNEWALA UV-Vis spectroscopy
msnageunsganduuasasluanasuwasluiiaraefuandaiy tiefnw
wamawﬁﬂﬁqﬁmxmﬂﬁﬁﬁaﬁﬂﬂﬂi@mﬂﬁmma‘ummi A Tnenpaaulusvinasaiefiuansieiu 5
e Lawn Dimethylsulfoxide (DMSQ), Dimethylformamide (DMF), Dichloromethane,
Methanol Wag Acetonitrite
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AW 4.4 fmednedlessuradansurazedaluatsasatslawfanasinlusfia iy
1000 lulasluans

—— Dichrlomethane
s ACEORIETE
et TINE
e IASCY

| e Wiethano!

Absorhance

Wavelength (nm)

i 4.5 nMsganaulasalianauesiuiinasauvinn1e

4.3.2 MmIvegeumnsiuivleseulangveduanawugeianglauasy’
ﬂﬁwmaaumimwﬁ’uﬁ'u“l,aaauiamLf’l‘umi‘mmaamﬁaﬁ’faamimwdﬂmLaqa
wugesiduasTsiansonsiaduiulanyld Tnensmeassiidlausanasinlud OMF) [y
favirazanes lunisnagauauainnsalunisnssdulessulans lasnisiwSoufioudd
Wasuuasisnousasndmnmmeasuneldsedyiianuenedu 364 uaz 254 wiluians
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@

il 4.6 Fvadluanawugeiilenauiulessulanzulindenneunaaeunelissde)

=

awit 4.7 Fuoduanamisesidonauiulassulavsvinmadmeaaeundlisdyi
NN 4.6 uaz 6.7 ManpasunnsaTaayleesulavzasluanalgue U
aunsansradulangliafdunnanaidsuulanieufussmnsdneunasmdaniolisedyl T
a1sfandmansansIniulosaulseviianigelugiinmeinau 364 uiluwes Taowuindves
aswasududdyleddnauivaunsnesuielinumguguss Hard Soft Add Base 1184970
lopauusen (He ) fuwneznavlvaiuasivadlsdliiedmiu soft acid Fweuifndunsise
wagasuse (bond binding) fiuagnaunienyileidu (functional group) 7 soft base 19y
aznaululasiay ﬁﬁmmm’lmQjLLazﬁmwwumﬂu‘um%Lﬁﬂmiauqa uanniifuinansianan
awnsansadulessuveuandovlilurnnimenedy 254 uiluwes Fedldfuasulddud
\Wegau _
433  asnaseungeasalsudasasiieoulosaulaveiisimaiagesisaivud
awnlnsalnd
Wgeasalwudvosaaiuiousewinluanawuwasivlessulansiimundudy
200 ilasTuanduandluninit 4.8 1unsdsunlamgeasawudvemadouloseulany
dlegnnseduiinmenedu 335 uiluies Inevhmsdiouifisuanuiduresgosisawuduas
asidsdoulessulansiimusneiu 460 uluwns

142899
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s {411}
s 111}
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-
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20 %

0

33

A 4.8 nsmivigeaisaruivasansiiadeulessulansfiamududy 200 lulpsluans

Wefimsannsiieuifisunisivdsuulasigeasaediiasniueniady 460 uiluuaswudn
nswasuulamigesisaruduastanauetiuloosulansdmmmansiaizadlunisdiuun
leiwlulossumdn sesasnfelossulsen tnsmnuiduduroslopaumanuasUsaniutuagm
Teudurosgoaisamudiiadiuie

4.3.4 myienzvnuaiRiguamadanawugeslugdveidsaranguasiliuun
MsAnsImIALaUNGRIUYeEslutanalruiweslugUreasazatguasfduug
etduteyattugiulunisidesnuuugunsaimauassialy NWuAIMIIAANAULEITaluLana
wuesianunznIganaulasind e fu Tnsunnssiuameiuniwesiiafiiatu sainaa
gpshasadlumsazas Tagrnsganauuasluslasazarsiianuduvasuasinnii g

435 485

e Fefil}

Wavelength {nm)

AunundauvedliianalzuwesluguiauunlnUssann 2.7 eV fanini 4.9

TR

i

o
s AR
s
o

UV-Yis spectra

semime  Sajustion

s Tobe Fiim

500 700

Wavelengthinm}

= - a e
AN 4.9 ﬂﬂi@ﬂﬂauLLawaﬂmaf}aL‘U‘L!L%aﬂugﬂ‘ﬂElxiﬁ’l‘saza'lEJLLazWauU’N
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4.4 msfnwiRavasaynawivdnulululuanawuives
Fnwinsiheynawimanunlufiindeusewedwfiaeyatian (PMA) fivuin 200 w1
Tuwesuvinisgefnnisluanaguiess vt fduiesatulany  warluneseudnums
mamsiauataensthluduiulossudensd frmnududiusineg feowiamigesisawusd awn
Tnsalnd (Fluorescence Spectroscopy) waziU3suifisuanuidudyafiudsuuadulngld
aunlivinneuenlunisyiunguueseynaimanunlulifigansiata

NoZn

G e Ty 10 gl

e Ty 20 1M

/F\. e 20 40 M

ﬂ }f b Iy 50 phd
; — AL

e 710 AT UM
"""""""" Zn 50 u
ot

1600 - 3900

500 —}‘
G

T 1 . ¥ |
5 500 :
v o i 408 500 00
Waveiangth (nm} Wavelangth (nm
Gt Tig

Intensity {a.u.)
Inlensity (A}

o
=

MW 4.10 nTMuandn vz slduEes () sumaudindnuiluiiaiounie
lunalwueesiviuloasudinegd anuidudusinelaglildaunausivdnnisuen
(b) IWawuuwiwmanatsuansaungueunialifigensaia

MNTWUTTsANeIRduR 370 uluins Aouasiidesnumaininiosiiin
uats msiawuaswedlianaimuwes In1siawadldfiiismenadudsanm 400 1 427 un
Tuwns wazdrsiidufinfifineinnisduveslesaudenzd 7 497 wilumns fanmdl 4.10() e
fasanananududuwedessudingd fifuTunuihfavesaslulanauires anasamenu
duduvedloseudensafiiuiumuifisriutuiinvedlesaudnydftgst wilifunssieloasy
Fingdihdvivluanamuees vildiAnnalanisdeiuvesidnnseufiiudoundady o
dnaseugndsdeludslossudinsdvinlinsUanyaesndinuanasluogiivaanusmaiuiigs
ni1 maduadadeulufnduiinudgs 500 wiluwmsindy suanudutiureslessy
FaneAunntu deiideforsuniitaseruenedud 450 wluanseewuirmaududuresuas
Predlillfanasmufievedduanaeuses Sudnmnmsilossudenyifienududuun Ui
fumsimenguiuleaseyniawimanilifavasduanawuisesideulunisaruenaiud
1ty wenandgslivhmsnunguraseymeutindnlasldauulivinaneuen wuindle
sungueynaulmdnunluiidusslessudngdliiaansatn fiuil 410 () vhlvifieves
Tuanawuesidoulumsinrmenaduin sudnualvosdygraidsunuadiineiidnus
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wuudrdanntusareuduredygalianamuanudududetsudioutusuvldld
auulminateuenTungueyn1A ‘luﬂiﬂiﬁmmﬂmﬁ’iaumﬂmmmﬁiuﬁ’uﬁﬂﬁﬁmlamaﬁ
nsvandesndsnunaseziddsunvaduidssanidunenisivavesdidnmsougniudsunlag
MnNNsinfniuvateyniAwivan
vanniilifnyinavaseyniautivinlneusudsusandiuvsseyniaseusuaies
Wy 1:100 3:100 waz 5:100 FalieynieifvuiaUssutns 60 100 Laz200 wilumasaudIRy

Wty (4
datpenity {83

eyt b
Bilfaresticd

AN 4.11 NNIAS¥FLMTBIBUNIAYUAN (2) 60 Ulwiums (b) 100 wiluiums
(c) 200 WLHLUAT

mswWasuswInreseyneuimanifiegaudsuilawedyyiutesleseudny A
Aaty wuIteynRTiluuniannTY sUanUanedygnkaweenutliinani Fuaand 4.12 ae
Wudietenedud 497 wiluwas symIAutivanTIA 60 wiluims dauidudyna
1INNIBYNALIMANYUIA 100 Wag 200 UTTULAT AIERU et duwsgIiufiR TNty
’Lua‘tgmﬂﬁﬁsummﬁﬂm ﬁﬂﬁaymﬂmmamé’umﬂaa@uﬁqﬂxﬁlﬁmﬂsﬁu é’fgfymﬁsga*ﬁu
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1000 -
P T
PO A —— 100 nm
750 4 ﬁ SRS e 200 AT
— £ 3 i Y
= RN
& i1
> i1
g s0d ||
5 Py
=] iy
}
2504
i
|
j
8 = 1 3 i 1 ¥ i
350 400 450 500 550 500

Wavelength (nm}
= v i - S, By o ¢
AR 4.12 nvkasEnvaisnsiUaMaaisurivanuluindaumsluanawuees
Juvuleoaudanzananuandu 20 lulasluais

4.5 massrsfunvutalifiuuuzadlenay (Ion-Selective electrode, ISE)
nsadeialnibuuuazaslessuanluenmeaiuarnisiinsevdadae oyclic
voltammetry  ifngUssasdiit a¥ndalniluunianzasloosuiifianudimaerolany uagm
Tavgifausumesdadalnfhuuuiasadlessniiadrsty amnnimmaaeemuirdlniwuy
wnzadlossufiadrduiimudunzaeusean (Pb) luawi 413 & Wadeuiudliiiud
(blank electrode) lunwil 4.13 b Feiimsnevausssolavsminynfiiviinnsdn Tneglunisiald

asaratelavenunialiinTuRedfuAe 1 fadluais

——Cu
0.00003 - - s &
0.00005 - —nrs P
0.00002 - 0.00004
0.00003
0.00001 | 0.00002
< 1 < 000001
E 0.00000-| 2 nooon]
E 1 5 0,00001 -
O .0.00001] (s}
| -0.00002 -
000002 -0.00003 -
1 0.00004 -
-0.00003 -0.00005 -
T T T T T -0.00006 T T T T
-1.0 05 0.0 05 1.0 10 05 00 05 10
Potential (V) Potential (V)

AT 4.13 nTLERIANFURUSIENING Potential (V) way Current (A) 977 cyclic

voltammetry (a) lon-Selective electrode uag (b) blank electrode



22
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Abstract. An emissive layer, fluorene derivative, was performed for organic light-emitting device
properties. The preparation of fluorene derivative thin film by spin coating and convective
technique was studied the band diagram of thin films which its properties out as the energy gap
(Eg). UV-Visible spectrophotometer has been used to investigate the thin film properties. The
results indicate spectacular property which occurs in the optical properties, fluorescence in thin film
and luminescence as a green light in device that it could be applied as emissive layer for organic
light-emitting diodes (OLEDs) due to the appropriate work funection with cathode and anode,
aluminum metal and indium tin oxide layer (ITO), respectively.

Introduction

Organic light emitting diodes (OLEDs) have been extremely developed in this century.
Many interests from many researchers are emphasized on improving of efficiency and color of
emissive layer (EML), in particular synthesizing a new compound or a new substance has been
using as an EML. As an EML, the compound ought to be considered, carefully in its properties, be
able to emit light as fluorescence, it could be a conductive material, and appropriated band structure
with other layer is completely achieved. Preparation of thin films, spin coating and convective
technique are applied widely as a conventional fabrication. Spin coating is admired technique for
thin film OLEDs fabrication due to the fact that it has simple methods, and a low cost method for
fabrication. Furthermore, a convective technique is also used in this as well owing to a highly
uniformed thin film. Also, processing time is required as a short term as well as a spin coating. In
addition, UV-Visible spectroscopy is widely used for characterizing thin film’s properties. UV-
visible spectroscopy was accomplished for obtaining a formation of thin film as its uniformity and
figuring the E, out which could be used for computing HOMO-LUMO energy.

Fluorene derivative, the emissive layer, was investigated as the thin films that coated via
spin coating by the conditions of round per minute (rpm) which shows the different thin film
formation and different properties. Some conditions were not able to be applied as EML because of
non-uniformity or cracking which short circuit is provided from its effects. Demonstrating HOMO-
LUMO energy level is helped to find other layers that have the appropriated work function with
EML. Thus, the higher efficiency of OLEDs would be achieved.

Experiment

The stock solution of synthesized fluorene derivative was used as thin film layer that
dissolved in dichloromethane at the ratio of 1:10. For the spin coating technique, four drops of
fluorene stock solution are provided on ITO substrate. Then, conditions were varied by time and
spinning rate (rpm) in each state. First state spinning time was 10 s and spinning rate 3000 rpm.
Second state spinning time was 20 s and spinning rate was. varied into 6000 rpm, 8000 rpm and
10000 rpm, respectively. In the convective technique, 20 pL of fluorene stock solution was used to
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Tech Piibhlicatinne www Hn net (ID- 11Q 768 &7 12NNE/12/158 1Q2-25-N



202 Applied Physics and Material Applications Il

fabricate. The solution was dropped on the ITO substrate in the first step. After that convective
method was started with three different speed conditions, 100 um/s, 300 pum/s, and 500 pm/s,
respectively.

To obtain the energy band gap, the UV-visible spectroscopy was applied and measured in
range of wavelength from 250 nm to 500 nm. A baseline was achieved by two ITO glasses which
inserted into the spectroscopy before each sample was put instead one ITO glass. The energy band
gap was examined from Beer-Lambert’s Law[1] with the transmittance of sample, relate to its depth
and rely on its absorbance as shown by Eq.1 ;

A= logi = —logT (1)

From Eq.1 could be solved to find energy band gap by combining with other equations [2].
A solution equation for achieving the E, is shown in Eq.2.

(ahv)? = k'hv— K'E, 2)

Where « is absorbance coefficient, h is Plank’s constant and v is a frequency then compares
with Eq.2 by y=mx-+c where (ahv)* =y, k' =m, hv = x and k'E; = c after all creates a linear
line through the graph. Find k> of the graph. Therefore, the E,is demonstrated.

Result and discussion

Studying the properties of fluorene derivative thin films, fabrications by convective
technique and spin coating are provided, the differences such as thickness and uniformity that
absorbance ability had been influenced by these varieties. The electronic transition of fluorene
derivative in this study as shown in Fig.1 The HOMO (highest occupied molecular orbital) and
LUMO (lowest unoccupied molecular orbital) of fluorene derivative show a transfer of electron
from the center molecule to the side chain when a photon is absorbed. By controlling each
condition, the 326 nm wavelength was absorbed sustainably in all conditions while only the
intensity that is different. According to spin coating results, thickness increase when spinning speed
is reducing. Also, absorbance intensity is inereased via increasing of thickness that means spinning
speed is also decreased.

O

(a) (b)
Fig.1 Molecular orbitals (MOs) of fluorene derivative (use in this study); (a) HOMO and (b) LUMO

In contrast, via convective techniques, thin film thickness decreases at the lower speed.
Different intensity of absorption is observed in Fig.2. The most absorption occurs at the fastest
speed of convection. Also, this demonstrated that, at convection with high-speed, the higher
thickness could be figured while increasing of convecting speed has been occurring because of
disappearing dichloromethane solvation that is much more obtained by faster speed. Therefore,
uniform fluorene derivative was accomplished into the thin film. The energy band gap could be
obtained from ¢ = k’E, which illustrates in Table.1.
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Fig.2. Absorbance vs wavelength for UV-vis data obtained from different conditions of (a) spin
coating and (b) convective techniques

Table 1. The energy band gap of fluorene derivative in each condition.

Technique Energy band gap (eV)
Spin coating 6000 rpm 3.76
8000 rpm 3.55
10000 rpm 3.04
Convection 100 pm/s 327
300 pmy/s 3.64
500 pm/s 3.79

An average energy band gap of spin coating conditions is 3.45 eV. In case of convective
techniques, the Eg is 3.57 eV.  As the results, average energy band gap of these thin film are 3.51
eV. In addition, a single layer OLEDs was fabricated using spin coating technique with solutions of
the fluorene derivative as EML, ITO as the anode and thermal evaporation for aluminium (Al) as
the cathode and presented a green light emitting.

Summary

In summary, different optical property could be figured by each own technique. Also, the
better absorbance property is provided by a thicker thin film which fabricated in condition of slow -
spinning speeds by spin coating and provided in convective technique by the fast states. The
average energy bang gap of fluorene derivative is 3.51 eV that could be applied to match with other
layers including electrodes layer.
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Abstract: The organic dyes based donor-linker-accepter
was designed as sensitizers for the application of dye-
sensitized solar cells (DSSCs). The density functional
theory (DFT) and time-dependent DFT (TD-DFT)
calculations has employed to investigate the electron
distribution, frontier molecular orbitals, absorption
spectra and the intramolecular charge transfer (HOMO -
LUMO) of the dyes. The effect of linker moieties
including thiophene, thiazole and imidazole between
donor and cyanoacrylic accepter was studied the
intensity and the absorption spectra which are important
features that affect the performance of DSSCs. To
understand mechanism, the ground and excited stated
properties and the density of state (DOS) analysis were
studied and review the electron density of HOMO which
is located at the donor moiety and extended to the 7-
conjugated linker whereas the electron density of LUMO
is concentrated at the m-conjugated linker and acceptor
about 36%.

1. Introduction

Dye-sensitized solar cells (DSSCs) are attracting
mterest because of the low cost alternatives, non-toxic,
high molar absorption coefficient and facile fabrication
to silicon based solar cell. There are new generation
photovoltaic devices that convert the sunlight to the
electricity in compliance with dye that is the
photosensitizing material. Main component of DSSCs
consist of conductive glass, TiO., dye and electrolyte.
The DSSCs process requires that the dye absorb
sunlight and promote to the excited state. This excited
electron is then injected into the conduction band of
TiO, by the acceptor unit, whereas the dye gets
oxidized. The oxidized dye then turns back to ground
state by I;/I' redox system. Although metal
complexes are suitable as photosensitizer, the limited
availability and environmental pollution will limit their
application. The organic dyes have many advantages,
for example, high molar absorption coefficients, a
wide variety of structures [1-5]. Moreover, there are
possibility to tune an optical properties by alternating
the m-conjugated bridge such as thiophene or thiazole.
The organic dyes commonly consist of donor with a
wide absorption band, electron acceptor which is the
~ good charge transfers to TiO, and w-conjugate linker
between the donor and acceptor unit to improve the

charge carrier mobility with effective intramolecular
charge transfers (ICT) properties [6-9]. Aims of this
study are to design more efficient n-conjugated bridge
linker dimethyl aniline organic dyes for DSSCs. The
effects of linker, thiophene, thiazole and imidazole
were studied in the light absorption regions of dye
molecules. In order to understand mechanism of dye,
the ground and exeited stated properties of dye were
investigated by quantum chemical calculations.

2. Materials and Methods

R;=Thicphens
R.=Thiazole
Ry=Imidazcle

Figurel. Molecular of dye structures, consisting the
thiophene, thiazole and imidazole as linker.

Sonogashira reaction [10-11] has been applied to
prepare internal acetylenes using palladium complexes
catalysts for coupling of the 4-ethynyl-N N-di
methylaniline and 5-bromo-2-thiophene carboxade
hyde. The reaction conditions are mild and can be
performed at room temperature for 24 hours. In the
next step, the target dye molecules were synthesized
via Knoevenagel condensation reaction of the
respective carbaldehydes with cyanoacetic acid in the
presence of piperidene (yield 25% and 29%,
respectively). Theoretical calculations of dye-
sensitized molecules were investigated the electronic
structure and optical properties. The molecular
structures of dyes at ground state and excited state
have been optimized using density function theory
(DFT) calculation using a B3LYP/6-31G(d,p) and TD-
CAM-B3LYP/6-31(d,p) level of calculation[12-15].
The density of state (DOS) was investigated at CAM-
B3LYP/6-31(d,p) level of calculation. to show how the
density of the electrons located in each part of dye
molecule at HOMO (highest occupied molecular
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orbital) and LUMO (lowest unoccupied molecular
orbital) level. All calculations were performed using
Gaussian09 program package [16].

3. Results and Discussion

The electron distribution of the HOMO and LUMO of
the dyes are illustrated in Figure 2. It is obvious that
electron density of the HOMO is transferred from
dimethyl aniline donor to cyanoarylic acceptor which
the electron is most locally in donor moiety at the
HOMO level. When dye molecules absorb photon at
LUMO level, the electron will transfer to the acceptor
moiety; it is the significant feature informing that
electron can be injected into the conduction band of
TiO,, which is an essential phenomenon for efficiently
application in DSSCs. The absorption of dyes is
slightly red shifted when change the linker from
thiophene to thiazole. Table2. was shown the electron
density of the HOMO and LUMO in each part of
dyemolecule. The density of state shows the electron
density of the HOMO which mostly located at the
electron donor moiety and the dye was excited,
electron will transfer to the acceptor through linker.

Linker HOMO LUMO
o % s B a &
Thiophene §‘9¢ &’? e ;; ?:: ‘00'.“ D>,
Thiazole %i’“{&‘fg,- Yj"«:“o": ‘9
2o\ & T 30
Imidazole § ‘a "’*%‘ oS ;ﬁaﬁ;‘?g

molecule is about 50, 12 and 40% when the electron
density of the HOMO and LUMO difference at
donor, linker and acceptor part of imidazole linker
molecule is about 51, 2 and 53%,respectively. The
results of imidazole linker moiety present electron
distribution at the acceptor higher than thiophene and

imidazole linker moiety.
eV

A
“2E
257 g 2,45 LEMNO
el 7 AR
e i tor e, CB 61T,
Tk i
=5 : —— HOMO
S 543 2
-6 L
2N ,
VE of TH

Thiophene Thiazolz Imidazole

Figure3. Energy level (in eV) of dimethyl aniline

donor and cyanoarylic acceptor with vary linker
moiety of dye molecule.

Table2. The frontier molecular orbital compositions
(%) of dyes, consisting the donor, linker and acceptor.

Figure2. Frontier molecular orbitals (MOs) of the
HOMO and LUMO of dye molecules

Tablel. Electronic transition characters, excitation
energies and oscillator strengths (f) for the optical
transitions of the absorption bands of the dye
molecules

Ttk Excitation f Transition
energy (eV) characters
Thiophene 2.63 1.47  0.86 (H—=L)
Thiazole 2.65 1.62  0.83 (H-L)
Imidazole 2.78 1.61 0.82 (H—L)

The electron density of the HOMO and LUMO in each
moiety of dye-molecules was shown in Table 2. The
electron density of the HOMO and LUMO difference
at donor, linker and acceptor part of thiophene linker
molecule is about 49, 14 and 36%, respectively. The
electron density of the HOMO and LUMO difference
at donor, linker and acceptor part of thiazole linker

Linker State. Donor Linker  Acceptor
; LUMO g 46 46
PR CAOUG JNst 32 10
SR LUMO 16 38 46
HOMO 66 26 6
il 1 LUMO L1 27 62
HOMO 62 29 9

4. Conclusions

Three different linker of dye have been studied by
using DFT and TDDFT calculations for the dimethyl
aniline donor-linker- donor-n- cyanoacrylic accepter.
The influences of the wvarious linker moieties
demonstrate that thiophene shows smaller different
energy level, wildly and red shifted spectra and the
lowest excitation energy than thaizole and imidazole.
The calculated HOMO and LUMO levels show that
the electrons transfer from excited dyes to the
conduction band of TiO; are possible. The density of
state shows the electron distribution in dye-molecules
at HOMO and LUMO energy level with 36, 40 and
53% to acceptor moiety, respectively.
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