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ABSTRACT 

The or~anic dyes based donor-linker-accepter were desi~ned and synt hesized as 

photosensitizers for the application of dye-sensitized solar cells (OSSCs). The quantum 

chemical calculation w ith density functional theory (OFT) calcu lations has employed to 

investi~ate the absorption spectra , electron distribution and the intramolecular char~e 

transfer (HOMO-LUMO) of the dyes. An effect of donor moiety (d iphenyl aniline and dimethyl 

aniline) wa s studied. The results found that dimethyl aniline moiety presents hi~her 

maximum absorption wavelenl?t"h t han diphenyl aniline donor ~roup because of their lon~er 

n-conJu~ated system. The effect of linker moieties in clud i n~ thiophene, thiazole and 

imidazole w ith dimethyl aniline donor and cya noacrylic acceptor was then studied . The 

thiophene linker presents t he lower exc:ation energies and it has been shown to enhance 

the intensity and the absorption spectra which are important features that affect the 

performance of OSSCs. The dimethyl an il ine derivative donor-thiophene linker-cyanoacrylic 

acceptor dye was then synthes ized and fabricated which cons ists of dimethyl ani line 

derivative dye, Ti0 2 film semiconductor layer as a workin~ electrodes, plat inum metal film as 

a counter electrode and redox couple solution of iodide - triiodide ( 1- / 13- ) as electrolyte 

yie ld in~ a power conversion efficiency 1.14%. The methylammonium lead iodide 

(CH 3NH3PbI 2) wa s synthesized for solid-stale mesoscopic heterojunctio ll solar cells . The 

results review that the absorption of light in the broad spectral response (350 - 750 nm) and 

perovskite forming-t imes based solid-state solar ce lls by spin-coa ti ng for 20 s exhibit t he 

highest conversion efficiencies. The effect of the additives used in the solution electrolytes, 

nanocomposite kar60n black and silica fume) and polymer (polyethylene glycol and 

po lyacrylic acid), have been tested and good performance was reached employing 

nanocarbon black whereas ~ood lon~-term stabil ity was observed for polyethylene glycol in 

the standard redox coup le 1- / 13' electro lyte. 

Keywords: quantum chemical ca lculation, dye sensitizer, cyanocrylic acid, dye-sensit ized solar ce ll 
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iseJ :l.J11 bb?1 ~ L~B'W\ilJ 'Ulnl'~u 'S ::; f.J n (ll1 <ii'V'l ~.:I .:I l'U bb ?1 ~ eJ1Vl lntJ'l,xbnVlu ~ ::;bU'1lU?1 ~ "171 , 	 " , 

1.21(i1t;1LJ':)~G'1.;jr1'VeJ.;jtf1J.;jmJl~8, 
1.2 .1 eJeJ nu'\J'\JbFl'i'H'1~l ~ :U~:;1n 'fl Mu:U(1I 'S D'U''11mlUi:l~'S::; U'\J A u'U vbntl1 ~ ii 'fl lJ,j~d]WfIT~\J , 	 " 

bb'fl~l'Ub~b\l1t 1 6'Wll Dn bv1CJHi';i!; 'ijfJ\J15Vll ~ fil'Ul ruL f1 jJf'll u'Ui(:w 

1.2 .2 1 bA 'il::;'v1 bL 'fl::; Pi mni'llJ ,j~LL'f1 ~nl'i I. u~ EJ 'U bLUn>lVlI'l B~'fl n1Vl'il1 n'lJeJ ~1:IJ~ 'fl f1'fl ~ tJ eJ :W 

'f1 1 ';iD'UVl~tJ11 bb'f1~';i::; '\J tJ l'1 eJ'U \lL n(i1 t(i1EJ nl'i(l~I 'll:l.JL(i1'fl~l'fleJ~b:W b'fln'fl1'U l'1 eJ:W ~l L (i1eJ ~ " 	 , 

1.3 	'VeJUb'V(i1'UeJ.:Jlf1'i.:JnlJl~8 

n I ':) eJB nl '\J '\J bb 'fl~ f(~ bA':) l ~ 'v1b:W b~ n~'U B'li:ll'i D'UVl~ cJ~ iJ eJ :W 11 bb'fl ~~jJ?!:WUii1I71Vl n~'U ~'l ~ , " 
B'f1Iil'nl1bm~(i1 (UV) H;~ ?! l'j ~ 'UVl~ tJ~ f1n'tlI AvB'U'W'U §ll71b:WVl'flbBli'UYlu~bBli'UbI71CJlJhH~ n'fl1'1ltnlw1, , 

~ ~ nLu'llA'YhvnJl~LtJW;)l ~\J l) L~ n (i1 ':) eJ 'ULL(l::;~ltHVl U';i::; 'i)~~11vivh ~l'Ul~tJ-dLumI J L~l.J f1l 1lJ ?1 l dJ 1';i C1 

nlJ L fI~eJ'U~~u u ~D b~ n (i1J €l'UJI1 EJ1'Ubfl 'i~?1~1-3 Lv1m ~:UA1~~ 'fl 1 lJ 'w1'U n1 'S ~~ viB'U u .:I D L ~n(llJ eJ'U\ll n 'VI :l.J 
" 
1 ,x 

ih~nl'1'S B'UhJv~'V!JJ" ~LJ:Sb~n(imnj L~~::; U -rUuJ,-:jB L~n1Vl'~'l'f11'l1,xii Al 1:l.J L ?I ~[J'S bL 'fl ~A.:I Vl 'U b~lJ~'U 1I71EJ n B'U 

nl 'S f( ~ bfIJ 1::;'v1 ~ is B:U 'i)::; BBnLL '\J'\JbAJ ~'fl ~ l ;jh.l l ft •'f1 (ill EJ J ::; LtJ EJ'\J1 5VJl ~ bAli AeJ m~l L(i1 B1Vl ~~5Al1ll 

'VI'U lbl,j'U l)b~n\i1'SB'U (Time Dependent Density Functional Theory, TD-DFT) l V1 CJm'i ~I 'fl u'l 

lm ~?1~l ~hJ L 'f1 f1~ fln~lml:i.Jbtl'U1u'( i1l '.J n l'~~I EJbVlU J::;~ 5 b?nI'1J eJ'U B~~'UMmJ L'\~e)',thUltJf) ru?1 :l.Ju7J5 

L~ nbVlJ 11 n FI I bbC1 n 1 ~ '111h lvhv eJ ~ ?I 1';j ~BB nLb'\JU (illCJA mJ,\~l blnB1 riB 'll nl'S f(.:I LfIJ 1::;;,1\l~.:) Lb'fl::; bd eJ 

f(.;j bA'S 1::; 'V!1(il bbiKl \l::; L11 ?! iJ 1) :W vlllKl UU'i ::; nB'\J bU'U b'll ';1 ~~A.:\-:J1 1J LL?! ~ B1 Vlli1 tJ b '~ vllil tJ 'S ::; ~ 5[11 ,\>,~ LL" ::; 

u'1''\Ju'S~lA,)~ 6'1 ~1~?!1'S1VI~~.:J~'U i>iv1U, 

1.4 15Iihb'WIJn1'i1~t:J 


bm.:) m'Sl~EJtrl(il Lb tJ..'l~'Ul'1v'Un 1Wll~1'U%Vv1~.Q 

1.4.1 m') fl n~l6'1:l.JD~Vll~bA'i ~6'1~' -:J LL"' ::; 6'1 :u Uii1b:U ~€l L~nVl'iBU n 'lJ v.:i~ vm.i(lL~?! " b171CJ'81PltJ 

J~ btJ EJ'\Jl~ nlJ rh'UlruVll~ bf1ii rnv'll ~lJ1<ii LVl AU f1 m J~ n~l '8 vfI UDU1?lli) I'll?! \i1')11'1 tJ B1PlCJ n l J Al'Ulru 'IJ'U 

LA~mABlJV)l bli1eJ-nI'\CJA1 'Ulru~~'Vll.:) n'flf1l "(;1-nlJL0n 'fl bL'fl ::; n~Al?!\i11AleJ'U~:W b~B1Vi1~Ad .:I6'1~1':)6'11lJiJ Vi 
~ii AllW6'1 ~tJ 'i bL~::;'~ 'r~~~ ~ llJ~l "I~~ 'illn~'lJ 'I11bm~ ?I ~l~~l(il UA1'Ul ru 6'1 :U U~VlI ~ly;m?1~l~ Lbfi ~6'1:l.J u~ 
L:U~ ~h~ nVl 'SB l1 nLIilUH,)~ b 'ijtJ 'U15V I 'Vl'1~ iJ Al1lJV!'U1LL'i'U5bfinmvu (Density Func tional Theory , 

Time Dependent Den si ty Functional Theory) t\?lEJeJ5UIV'I'l '1 ~m':ijJ'1JN€i L~n \?\,)B'U J\" w1'U eJeJ 1 ~ YI'fl 

(illtH'll(i1lJ'fl\j l 'U (basis set) b\?ltJ\l::;V)\lI'S rulmJ~fl L~ CJ ;j~lbA ,)~?1~I..'l'U B ~b :l.J \~ n~~~1'U?1J111::;~6'1 J111 ::;.i'U
" '" , 

(~round state, 6'1f1l1::;nB 'Ub l71'Um ~J\''U(illmb?1 'l) Lb'fl::;?1J111::;nl'im::; v)'U (excited State, ?1J111 ~'V!~~ 

m ::; 1i1.'U~h tJ bb6'1.:) ) b~BllJb~ n,fi ~l(il-r'\J~ ~.:j ~l'U'il::; dl l71f1l 'i bU~tJ'UJ !;\i1'\J~'U'r'l ~~~l'U'lJ u ..'lD b~ r m B'U f1l til'll 

l:W L~n'fl 'Yh1VlLfl fl nl ':ilil(il n~ t.: L(i ~ LL 'f1 ::; n l'~f)l ml?! ~'lJ u 'l 1'i 'I1 n<UulJ 'fl~1(ilvh1VlVl ':i l U6'1lj'u~m':i\il liln ~ 'U 
, \J '\I" 

bb?l~ bL0~m'S bU~~bb6'1~'lJ u~m'i ; .m l?lllJ1,) C11-51 'Un1 ";jvll'Ul tJ ~ru 6'1 :w,j~'1J B ~ (il':i l~v'U'Yh m'S ~'lbA'Sl::;'v1 b~v 
U'i ::; VI :J(il bl'fll Fl1H~IEJ bb'fl::;'fl(i1m 'S i:l rub~CJi:lI 'S Lflffi(il EJh J\il btl 'U 

'" v 
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1.4 .2 nl'J #(.:j~ 'J l:; '\-i l.mlnfl~~€llJl'm6'l'l 1'U n\.l)~tJ'd''il:; #('1 b fl'Jl:;'Vl1 mi:W '1J€l;j~ VmJB'UVl~ u 
lnL?\~ ~ -l mtlhlf1~.:I6'l~1~1l.Jb ~ ~fI'1J~ ~?1 1"jd 'il:; '0 'l !; n v'UhJ~ -HJ"l,} 3 n~ A~ ~ hHh~nvm)'U 
(e lectron donor) a11 -r'IJ ~ L~n~'lvtJ (electr n accep or) bb~~ !7l1'?h.;rl'Un1'Jri .:j vielB \ ~nm€ltJvlf1 ~ 
cJulJ ~fl 'Vl :; Bem1'1l1'1 (linker) mWll ~ 1.1 \~uliXll'\~l "J 3 fI~l.Jb'v'l"i1ffi~dJ'U1rn 'l ;;;~l':)bQitllntJ l~tJm '1l 

~ , 
cnl 'U A~~ nLB~ f1 ~ :lJ ?\ mJ~1tJ rl 1'l fl~bnl:-;~ ~n'U1VlVllLU tllJ"l ~lBun1'1l vlvh1Vi b~lJ1..h::;~'Vl5il1'W B'I fIl 'J 

?i .:j ~1 'U'LJi ::; ~ ~ b~n1fl'H),U 

bb6'l'lu 1ViI?lEJ b'U'Ub'l!~~ fl b (ilVl 

143 fIl wtll.Jth :; ~Vl~m'V" 'lJB~5b~nhl'~lfl~ -W(;lJ 'U1 D b~nllfl 'ilfl~ I I I} 1Viii TllJlC1~ CJ'J m'V'i 
hm:tJ::;tnl1~tJn l 'l b &llJ€)'4il1Atnlul[n~ ::; '€lBnl'llv\ 'v'I~B 'W tl~ L:Wfl 1 1tJ ?i l 'lfl:; Fll tl~ L~nl\?l'Shw'i 

1.4.4 111'l'0'J:;nmJ b'1J mhb6'l'lB1Yi V18 '111 MB ?il 'l B 'UVl%~~'1 bfl'J1::;vhn'0 'J ::; nB'U b'1J fl fl1v1EJ1-ii 
~tJ~fll1'U l'llVl Vll b-WtJlJl~ €I€1 n1'1Jv1 btJ'LI !7l1mn.:)1tJfIl'J?l'l~l'L1Db~nm€l'LIbbfl::;l~ m::;bbC1vn~'il lnfll'llVifIJllJ 

(ih.:j~n \bm~'I111'0fh'L.ll ruvnfh'0 'l::;~ 'Vl5m'W'U€l wt! fI~ 

1.5 r\'TG11 AqJ'lJ€I.:l.:ll'L11~tJ 

Qua llt um chemical calculat ion, Dye sensitizer, (yanoerylic acid, Dye­. 
sensiti zed solar cell 

1.6 '\J'l::;btJ'U'I1~A1wh'IJ::;ll'\~'U 
~ fI nl':/)";)tJ '1l ::; L\J'U-UfJlJ fl ~tJ \il v1 6'i1 ~It! ~vh1Vi L·ihh n"flln1tJ fIl ') L.f:wiJ'l::; f1 Vl5f1l 'W n1 'l 

~.. ~ 

flflfl~\J~b~ 'l 'U eJ.:JllJ b~na ,n~ ~'lJVl~iJ \b~ :; f1 " J 'J -ru\J~~lf1J.:l ?t~l'l l m.~ b'VI m~?I:iJnulV1(1 tJJ:; ?i ~ fi'U€I~fI111.jJ
\.I " , ~ 

nu \ b~:;\l:;'1111tl~ nl 'l P1n 1jl btfl :;1~v \Jiv tl€l V11ru'U~l 'iJvi l '111'\ L'1ltJnl 'l ~':) lm l:; ,.,j?l -l'i1'VI lJ1 VilJA.ru?l l.I'J~~ 
~ 

b'Vl)J l:;r1:iJlflv nl'J'I11'hJl'1l .:j1'U ~ltJtJll 'U l'VlA1'LIl~ 8 
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d 
'UVlVl 2 

2,1 bbmA ~ 'Vlt1~.o'Vl;;;'n\9m.J'\J~ ~ b~'U1~fl~El'Ufl6l~ b~El'l~l~tJ 
b'1Jfl~Y~~.:J 'll'U\L 6' ~tnV1\'ltJ\L'U 'U~ cJBlJl"HL" .:J 'tl'j"~ nmJ l t1v11cJtl Fh.h ~ nmJ'Vl~n Au ?HJu lJ11 

bb~" €l'!iJl l 'VtJ\llmlf~tHJnl'1l (?) [h~ n1iil )1~~ bb~~~lhh~11;;)mb l1i~ ::; ~ 1'UiJ 'Vl~1~ 1il~-dAtJ 1) MulJl1bLi'I.:J 

(Dye-sensitizer) 01'Vl~1~ ~ \il n~m'I ;;;'\l\l 1'Ull i'! ~tJl V1 iil cJ l ~tJ hJ bfln fl ~lJ)-r'UY'l~\l.:Jl'U1V>l(i1 B'U ~~t1fl\l1t1 ~ €J tJ 
~ , 

~h~nmmJ tJtJ nm ~lln ?\ m'U :::~ l'\J cJ':) flnT\.J ~m :::~'U bb :::~~ ~ 1'l1~ b~ nm tJ'UhJ cJ':) bU)LJ f1l~~hlt~'~ l '1JtJ 'l 
tJ 'UfllAlmll :::tJunl'1J~ 2) U'llJllA'V8,,1"'Vl ::: tJun1'll~) 01'Vl1Jl'~~LJ ~ b~nmmJ'VtJ"hi 'l nrl i'1 vulJbLb,N Ufl ~ " , 
~.:J~b~ n mtJ'U 1tlcJ.:J~lbbB1wn ifm tJ 'U n~~(1 1 '.i~ -J(;]l oJl ~ iJ Ll (l LJ't1 "\ln\J n ll.:J (wide band ~ap 
se miconducto r) lbfl ~'i ~ IilLJ~~ 1tl'V V~'V tJ '\J ;;i W UB\l UOLJ nl 'i 'l11fl1'i ~~ :iJ A1~mJ n 111'i 1'~::: IilLJ'W~'! '! 1'll Vi 
i'I(11'U~ (1 nm~Ji'U'VtJ.:Jh .J bCl nfl'U tJ .:JMmJ b~tJY111Vlbn\l1(11)~':)~ l'U~b~n(i1) B'U~ l nllJb~ n"'V B ':) blJ ~ ~lJ1cJ\l ?n 'i 

\J ~ 10 , 

~'l 11l1 t111fl'Vl~BBnl'1J\I1'1Jl 3) ?m€h~n1Vl 'i'l fl~ 01 'Vl~1~1'U rn~~'l~l'U~ \~nmB'U (e lectron transfer) 

1\11 tJ'tI(i1 b'tItJ Db~n m B'lI1~nLJ1:IJ b(;j nfl i'1 EJ€l lJ'llU ;;l .:J~ (If) m ~ Jitl n~D~?\m 'U:::.f'U bbf1 ~ -rD~h~ n (i1 'i B'U A'U~l f)~l
• '\,II ' '\J 

bbA1Yl(i1 1'lI (1 1'i f1 ~flltJ~b~ n l(i)'S 1~~~~B1~CJn'i~m'Uf1l'i L n r1 'tl~n~tJ l~(;]n'1l'U (reduction) LL" ~t1 5 n~ CJ l 

utJ n~ l(i1 '1l'll (oxidation) 'Vl~ tJ~b~ tJnl l 'tlBn~tJ 'l ~ \il B n'1i (redox reaction) i'll 'irl~ f11CJ Bb~ nlYl'~1f1~;;\ 
'lJtJ :IJ1olft'U f11'i'\J'i ~ f1~~b'1lmhbi'l \l B1Vl \i1ii'tl'W\ildAui'll'ifl ~m CJBb~n1Yl'ilfliil1'U'i ~DD ~lJl~l n f11'i bbiiln (;]1 '1J u.:J 

'" 
i'!1'i lu1B~'U (1 2) l(i) tJ~::::iJ'tl'i~~Yl5 i11 'W1'Iml 'i'lVlBb~nmB'UnD b~(i)~ VvlJ~B ~1 'U'itl'VB.:J11l1BBn;S1(i)il~ 

'U " 

i'!m'll:::1~'UlJlbtJ'UBtJ l ~~ i'\l'irl~ mEJ B l~n1vl'ihiibbUU '1JB ~l'Vl~l~~1VII'i Tlh~~Yl5i1l:"l~~ bb(;]iHim~ EJA B 
(;]1Y11fl ~ f1 1 CJ ~1';;'l ~ b~ tJ~ l tJ ~ \l'~11 VI bn (Pl t1 f\j ~ 1 f11 'i ~l '1hJ'!J 8~ i'\ l'i ~ ~ f1 1CJ 8B n ~l n \ill b'1l ft ~ bbi'l\l B l~ (;1 tJ 
~.:J ~ 'il1VlBl ~ f11'j1i\lT"!'1JB~ b'1J 6'\ ~ IL ?I ~ e:n Vl iil ~"Vlft ~ h JiJA11:IJ A-l Vl11 'tl"(lmtJ'UiJ f\j1Ifl1 'Vl '1i'lJ B~'i~DU£)l~ n 

1Yl'ilf1iibl DD'V B.:J I'Vlm~-l'lJlii n l''j A (i] ~'U 'i:::LlLJ Db~ n 1 Yl'ilf1 ~ bbU\J'UtJ,!b'Vlf111 BBB'lJn~iJ~(ilb~Br1i'1 'l~'U :iJf1l'i", v 

bllJl1 'i::: DDU'l~ 'lh tJ 
Ibn1Jru'Vll'U B-:J f1l'i 'l ~ bIlfv'lJl bb~M~A~£l f11'i ~l ; lJ DtJ Uf1~1Vll'i lm:; bbi'll 1" l~m 'l'l'i ~")f111 'i ::: DDB b~n1Yl'i 

v ~ 

1m1'U tJ \lb'Vl?1l bVi'i1~:iJAl1 lJVI {j (i] i'I ~ nl l 0"11 w:iJutJ tl Lvw~lJliln1 l 'U Bn'll n-dtJ~ iJ~ m~lJ\.J 'Vl~ 'lvflv1~\Jm'j
" ~\iU'Ul~'lI:1J1 AtJ 'i~DD'WB~ llJ BiBb~ n 1Yl'ilf1vl l(i1tJii ';;B~l, 'U f11 'S'Vn ltJBtJ'Ui'\\l bbft~ i'\l :1Jl 'i mb~ -111l11Jl 'iilV 

" 
tJ'In'U1Jf\j'Vlln l'i'l:::b'VltJ blf1~~l~lJ'1JB'li'l l 'ift~m CJ LI(;]mJl\ll 'i nC;mJ'i:::DD Bb~n1Yl'ilfl~tJ~fl~ IilB.:J1Jl-rDfn 'i 

~\iU'U1 \il81UB tJ l .:J~Bb~B\l b~B L~ lJ '\J'i~~'VI5.f\l'''l'VB~b'1l~~bbi'l\lBl~vHJ'lJ'WI'1MmJ11 bbi'l\l1 Vli'!\l ~'U 4) 

~1hh~l t1~'~nBD ~lV ~11 Yh~lL\€ll 'U l'1 bbf1::: ~lhh~1 LbA1YlI'1 l(i)tJ ~"Jbbvt'U (il0l'Vl~1 ~(il tJ1 €l 'U 
~l~ nlil'lB'U1tl?h'! ~'i i1ltJ 'UD n lb fl:::~ll yjVllbbfl1Yl(i)Yllw,h iih VI~l~ n lil 'i B'Un~\J A'U~i'I l'i'tl'i:; ntJ 'U€hf. n 1 Yl ~ 

~ " 
l" ii li'\\Y)~ 'W V :IJ1i'~l btJ'U~ll,~ Vll bAl \J L(;lEl iAB 1rl'Vl~ LL'W?I~ 'l1lJ (PO bLI'iL ~ u~ \11 n l f1'Vl :::lb'W f1~,r:IJ :lhl A l 
bb'\"l~B l ~1-iili'1(9)~'lIbbYl'Ul Jl b'1l'U ~~A11DB'U Yi €lFniDB'U'lIl1'U 1i!~m"lB~ blJBioJl'lyjt'~h, 
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FTO 

Gla 
m esoporOU5 TiO" 

Redox electrolyte 

, 
• 

L Oye molecule 

Ti 0 part ide 

fIl'V'l~ 2.1 €J~rhJ':i:::nu 'U"lIB~1'1J fl~~rl ~~ ~1'UU?l~ el1'\11 (1)Vu 'U 'UMmJlJ bb?l~ 
~1J 1 Chemica l Reviews 2010, 110 (11), 6595-6663 

nl':i"r\9),J'U1th::: ~'\I15m'iWElWllf.\~LL?l ~u1'i1\ilvMmjbb~?l"'1h1m~tI 1) nl':i"r\9),J'U1Mm.!11 

bb?\ ~ ~ cJ €llJ11 bL ?l.:J~ A~€J 'i:W?\:lJ'IJ~l 'Unl'l ~\>1 n ~ 'Uf'\~'UtL?l"l U'U l .:JAl ll,l CJl1 A~'ULL?I.:J(I) ll,ltl" b~'U Lb fi ::: 
~ 

A'lu'U A~l,l ~ ~·th.:J1 n~B 'Uyh 1 L'lV1 b~u1~V1V1 n~'U'V'I ~~.:J1'U A~'Ubb ?l .:JulYi (l)v1 ml'1lJ l n~l'1 i1l Lf.I:::?l 1lJ1 ':i t181i1, ,~ 

bm ::: n'U~'U~hm~mA1mll:::€J €J n1'111i111'1A lJAlll,lb?l~tJ'l .nl'V'H~Del~l'U?lfill::: ~ ~n€Jel n~1\i1.v ?lm1:::~'\.m;;1::: 
?l m l::: nm::: ~'U G1 11Jl ~mh cJb' 5 b~nA'l fJ'U 'l:::'iIll-I .:]~cJ€J 1Jn'Uh1'vl :::eleln1'11\i11I'1A lJ':il Allln bf.\ :::·bJ dJwih~ 

v , v 

n'U~~bb1V1~€Jl,l ~.:Jnl.i'}~t:J~'Ui1e:;l ~tJiJ m l l.l~.:Jh '\l1\):::"r\ilJtn1m" ?\~1"Mm.l 1~:iJ f" 'IJ~v1.:Jn~ l -,1 h W111 , 
?\l ':i~ iJflru'IJ~~ L'iIllJl:::?\ 1J lJ1~.:JbA':il::: 'iIl'1A':i .:J?I~'.:J1~nlJn'U ;J'UllJb ;;1 ~f.I iilm n'U bV:€J'l~~, t:J~ tJ nl'J Ul hfl-ii 

-:Jl'U(;)uhJ 2) nl':i'~\9),J'U1?\1':i ~-1 !!llth1f.1'i1l:::u un"l'1J ~ ~u~:rhW 'U'i'l ~.:J .:J1 'U nll ~ ( > 3 eV) iJ ',j,(~':i'U ?\~m ::: \)ltJ 
iKl?\Jl L?\lJ€J ~'U~~l~1Jr:r?l1Jl n llJli1 li1n~, 'U b ?l ~1'U'1i1.:J~(I)l :U8~b~'U iJril A .:J~'lJ €J'lnl ':i'l111'I'l~~l ' (~ ielectric 

" 
constant) ~r. .:J iJATl 1J L'?l Om 'J l fllflmbn ::: 'bjL;J'U.y; ~IriB~ .:Jbn ~~m..J 3) n-m~\9),J'U l?l1 ',jf.\::: f.\1tt b~ n1m 

v v 

l;;1 vl ?ll':i;;1:::;;1l CJ~h~ nl ',jl;;1 V1 LtJ'U~l'U'Lh :::nu'U~lfi'~ tl nmh.:J '\~~ " 'lJ u.:Jb'(j;;1~bL ?I ell Yl l'l cJ'UU \i1 M€J1Jb m1~ 
~" 'iIltJl~ LtJ\Jihnm .:)1'U nl 'J~"~ 1'UB b~ n(l)'S fJ'U'l :::Vtl l ~ 2 -rrl;-1'l1'1LL r1 Ti0 2+ Dye bLf.\:::LLVH,~\J1J L\i1f.)~lt! 
1Vlru~L~ nLml~V1'iJ t' ~n ~ru:t L1Jt!'Ue:mVlm'ill~m'iJ;;1 tln~bL~J~ d~n1'\I1':i l~ vl'iJ:tu c.i1 'U':i tl'1lu~ mV1 L'U C1 'iIl~ u 

v V 'U 

bn~€J 'U€Jn'il l nd bLn?l'U I .:J 'U ti V181'iJ'Vh Il1J ~;J'UB~~ n1'VI':i1;;1 ~1Ii1mtJ1~€Jt'Jwlij\'l ~ bLf.I::: AJ ll..J II1'U~l 1(?)tJtln~, v v 

?l l'S~ :::mtJDL~n1'\I1':il;;1V1~lm'U1'(jm~L'1l;;1~'U\1 (?)d 'il::: {J'U ?lWlh :::nB'U 'Uu~ [-II} ~;j "'-ii€J~~tJ'\i[ ;;1 1tJ'\J:i :::m':i 
L'li'U bC1riEJ ':imYl'U ':i:::tJ:::tJ llhj~ G1 ~ ~I ~H\.h :t~'\I15i1 l'\'I f\ V1~ -:) ':i:::b'ill f.)ll'1~ltJ hJ I?i ~tJ ':i tlIDVl e.J \j m'1J ;;1~1~~ 

\):t'\ll11iX bnvlnW :i:::1'iIl v €Ju n'UiJ .:j Bb~ n1.'\I1 ':ibrlV111i1 V1 V1 v'\.JbL C1.:J'liJ" ~ 1l..J ·m~-w11'1 ~~ ~~ 1'l '\ll11iX?i f1 lb~tlm :t IL?i
'U 'U .~ 

Db~ n(l)':iel 'U1'U I'Il;;1~ Lb?i ~mYl (i1 8'UU 1'1 M€JlJ1Jlb?i~ btl'l::: I'ln tJ1 '1~ vh'UiJ .:j~ u5n~ tJl~ ~€Jn.vJj riT~lnVl'\1l11oXbJ 

?i 1l..Jl'j\l L~1J tl ':i :t~'\I15m'V'l'U B~ L'Ill'l~ IL?I.:JmYl (l)CJ1~ I'l.:J J'U1utl 'iJ 'iJ'IJ'U nlWI (PlJ 'Ulb'(j 61 ~ bl?i .:J €J lYl (I) 8'11 11 01 MmJ 
11 Ll?i-!lJt! ~ .:j~.J l?\'Uh~nIi11'UVI~ ~n~ Elnl'S L~:utl',j ::: ~'\I15 m~'I'V€J ~ ?iTH1 ::: fll f.) B b~n1 'VI''jlm,, 0'UL €J ~ ;.:J 

?\1':i 1l-:; ;;1 l tJ ~h~ n1'\11':i1m1 ILu ~ BDnb1J'U 2 'tIii '\/j.vn l 11'1\Lri B L~nl'V1 'S1"'vl";LtJ'U'lJtl ~ bl "' 'I (solid electrolyte) 

1'tl'U sel elect rolytes, dye polymer electrolytes, so l id ceramic electrolytes bL;;1::: 5 b~nh1';j 1'1v1~~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~th.J 'UB .:J bVl fn (li quid electrolyte) ~f~Bl~ n1Vl'j'l(!vl~ b VllJl t?\ lJ1 nl ';il·ff~ l 'tJn'UL't!(\~lb?1 ~tll '~ (i1tJ'v-u~~ 
8m.!11 bb ?! ~,r'U~t,iJ 'U 'lJ -U Vl~bU'U 'U€J~ bVI(! l ~.,'J 'It ?n:J..Jl';i mbVJ ~ n b 'ih ltJ tJ~LlJl (! fl"'U tl , 1 W/lltUtllJ l Vl tl eJ nl'1!~ 
uflti'LJlflVl~Lb"i~ n~'I!lJ1(t)~ vh 1,x?!ll..m r,~ ~ ~ 11.J 5 \~flmB'Ulvl~ 'U€Jn'l l n1itJ~iJvB{ \L n\Jfl~~ Vl €Jf)<'J;':!ltJ'U B 
b~flLV\'S1f1 ~~ liJ'U'!J 'i)~ L VI';l'i;) ~ '(h I:J i;1(i1oUv(t)v8" l fl 8\~ n1Vl~l f'l (i)l€Jb~'U11'1'1-1(!lCJ'\..h ~ n l~ ~\~nLVl';ilfl~ 
LVI~l 1i~ 'lbtJ 'U(I)"'lb~ 'i) n d ri v'U-ih~ bVllJ 1~ ?l lJ ~ 'lml~'~\llI tJl~:; l u 'UhJ1'UVll ~ Vi l ~ tJ5n~ 8 1 ?11 lJl~C1~ 'lill tJ 

2.2 	,nul~CJ~ lflCJloU€J ~ n'Ufl'wvl'UVlTU1 ';i ';irufl"j"jlJ 

b '1!,,~v~iK..'l~1'm ?l':) €Jli1(i1~b\1JU~ cJmJl) Lb'(i.:j1 1i1C1nth::;~ '-'!~~'Lll !'J (iI'j n (1..J \bf'U.J'{JLUfl~ lutJ" .. 
199 1 i:H' 'l l'W~'Wffili1-r'U fmlJ~ 1'il~lnUfli OJ8~11~ fl L~v 'iJ 1 m'1J(!~'lJUVl1i iJ'j lAl(t)'U"l'J~~-' ?l llJl~f.l'iJ(iI 
~'i)11i1 bb61 d j l'1n 8ill11\j~ ~~thlJl"r(jl.Jtn1~b~lJ\.h ~ ~Vl5ill wl7iv1 "€In l\il tJ nl';i tJ -smtJ~mjVllibb Yl tl ~1 'U 

" 
dh JL 61fl(! ~.,'Jbu'W-v eJ11i1 LtJ~8'U l~m tl'u n\J \'llf1~~iK'l.:m.J\b ?l'leJTVl(i1 8~'Vh~ln~~A €J'W M€J lJ 11bb?l'l~UllJll.u 

l 'U1'UH~1(i1n ~'W"i~h:j1 'U bb?l'l€Jl V1 (i1iiihlj(!1tJ,JmnVl L'1l'U 1) ~cJmA-:lLb?l~~iJVll.lLf1V1t \U'U €J'lA1j ';i t nvU b'li 'U 
" 	 " 

?l l'j1j 'j t n vUb;U ~ieJ'U'1J€l .:JlnVlt~ \VH timJ Wli1j')t nBlJl:a ~ieJ 1.J'!J!)":)10v,t I~r)\il~'" tJlJ ~'ll '" I\l tJlJ 6Vl m~tJlJ ~ 
v v 

cJ vlJn ~JJ1i1j 'j t ~Vl5 i1l'V' 11.Jm~ b1j ~ CJ'U~iK~ ~ 1'Ub.a'l eJ 1 V1 \118 dJ'U'Y'li;l~ ~ 11.J1vjYh1(t]1j'j tmru 10% ~~iJfi 1, 
1mltA tJ 'l n'U6"1l f1~Y' ~.J ~ 1 1.JI\ a.:JulVl iil8 L bIJ'U'IB (j t?i u'i'h5'U 'lJ eJ'l ~ 1'j ~ .:j~"J\11~~fl'U'U bbvlv ~ 1 -..1 invnlJ~~BlJ11 

bbGi'l'l'U n~JJdMloUm~tJAeJ ihh'lfll'ilil\il fl ~'Ufl~'UUf'1 ~eJ1 Vi (i1 ~~tbAIJ 'j1A1bb~~ bbnt1f1V1t1.J1 ~ 'l5\l(>lbiJuvhll'iv 

~'l\b1Iil~~lJ 2) ~~tl :U ~?lnIil11i1~1 ~Vl'tJ~iJ~ b'li'U ~Ginlillil vfl51lJ'if1lJ, oU11bVl1JtJlli11, fl'jn~tJu, bb meJVl 

bbf1tf1nvliin m'UnfhJ-d'lntl'U ?lWlh :;; nu1JtJ 'l~ l.nVl l1l 'lA;l eJhYl~ , Itv'ULVl'l'lltJ ltJ'U , blA b~'UvtJ bbYl 'UU'U 
v -' 

VI~v~'U 'l m'W n~lJdiioUeJ~Av '\.'l1l ii~ 1tJ1'U 5'j "jlJ'lJ 1~ 'i1 f1l (1n lU1.J'V;~~l U[fJ1,x1jit~Vl5ill1"lAv'UsVl':)~bbvl, 	 " 
~l fl-;i1~ cJu:u'h bb(\ 'l~il'l-ll.nf1 V1 t bU'U eJ ~ A1j'l :; n BIJ bbrlt 'UeJ fl"il l fl{}" 1 'j ~ lJ1i~l'U1Vlru~ thjb?l~8 'j b~ eJl\i1'U" 	 , ~ 

fl l 1 l.J~eJ 'U b~€J1j'j t n eJIJ biJ'Ub'1Jn ~ ~iK'l 'l l'U bl ?l'lv1Vl (i1~hb~1 "il t 1,x€J 1~ nl'jH~l'U ri €J'UoU1.:j~'U 3) ~~€J l.J11 

bbi'l 'l ?ll"j B'U Vl~ cJ~~ lfl'j 1 tV! b'1l'U n~ lJ'I'l'i) ~h:UeJ ~U111~ Y11V1~eJmi :U?l l'j B'U Vl ~ 8~ 1j'j ~ m)'u Ii118-W'ULi~ria~u 
-' -' 	 v 

b ~(J111.J1m -..1 ?I ~1 'l ?!1'j B'UYl~ 8 n ~lJ1iil A11lJ ?l1m "jbl1 'U fll 'jUl 't ~~~lbb rl t ?l1m"jblYh fl l'~ 1j-r1.J b1j ~ tJ'U?llJD~ 
m'l11"1'1'l ?l~1'l bbn t?lJJD~ B bn flLVl'j tJ m~D1~-ru ~'l 'll'UbL?I ' ~ ~?l 1lJl'5flU1lJ 1105\U'U\1l1 IiWl n~'Ubb?l 'l eJ1Vl iilU 

v 

11i1 ~ n ~l.JdiJoUB~ A€Jil f111 lJ 'Yl i..l Vll'U~vm1:JJVI'U bbfjt f11 1lJ~eJ 'U ~\ vi IHHim~ tJ AB b'Im~~~~ -..1 1 'ULb?l ~ VlV1\9ltJ1 'U 
-' 

fl~l.J1i tJ'I iJtJ 'J t ~ Yl5 ill~1:IJ ~ (I)'l J'U1iiil-..1 1'Ui~EJ Vl f11 tJ 'l ~'U'Wtll tJ 1lJ~ 'l t tJ -rmJ ~ -..1U IlJVl1 (i)'j 'l11 b'1l 'Wf"1l 'j 

tJ -rmb,-..11 m 'l?l ~1-..1'1J eJ 'l?l l 'j B 'UYl~ c11 1X ?l1 lJl'W VVI l n 1:; n'Ub11 VI t BeJ 1'll i11~ ~l.J 1 n ~1.J VI~ eJ f11 'j LJ~'U 1j ~.:). 
LA "j'l?l ~1-..11VfGil~ fl~ l.J.Q?lllJ 1 flVllil n ~U61?l'l1'U 'li l -..1 ~nl1 mnt'U b'1l'U byjJJfl1 'j \il l'ln~ 'U1\J'1i l'lm1lJtJ l l FI ~ 'U 

~ v v 

'lil-..11 fl ~BU~~ 1 L "j (i1 (near IR) 'l lJ -..1 1 't.Ji ~tJihIi1GitJh~ "ilt f,-..1 lm1 :; V! 1'j8'UYl~ V~61 1l.Jl'lf! V1 (i1 n ihm ?l ..:J1vi'~ 
" 1U'lh':) I"1~'U A11lJV1 1 bb?l.:lm-..1 €l1VlI'l cJ b\illJ1j ~'U 1j':i 'llm .:l?l ~1 ~?i 1'j8'UY1~ cJ I.~ tJ r.l eJ VIl.illJ \'1 n ~m'j~il .u€l ~ 

-' 	 " , 
r.l1'l'l n'Ub-rrl Ii11tJ OJ lbf1t€l€l flbl'U 1.J ~1j~1~hJb~ ~fj '1J 'i)~?l l':i 1j -rlJtJ~.:l11"1'j .:l?l~Wlm~l :lJ l'1 fl f11 ,x051b~ltl'i€Jfl1 'j 

Iil lil n ?: 'U JJl n~'U ll~ eJ1,xGi l 'j B'UVJ~ 8 d iJ A11 :JJ ?l l JJl 'j C1 'Ufll 'j ~ V1 n ~'U bb?l..:!~ fll1 ..:! bbf1 t ?l l Jjl'j r, ~~t,h'U 
" 	 v 

Bb~fl(i1'j€J'Ulli1~ ill tJ1'Ubfl'j'l?lh~'lt ~eJ~tj'j t neJu Ii11tJ Vl lJ1,xB b~ n (i1'jV'U \1l1~ .'j~ l'UB ~~ n\?l "j€l'U bb~t 1'11-rU 
'\J 

8 l~nl'l 'jeJ 'U~ ?l 1 1Jl'jbl~..:! ~1'UB h~ n\9m) ?l1 m~::;uvn1 \i111i1~ 1'11 eJ~ 1~11"1'j~?l~1'lm~ mvm~ eJ ih..l(9)llJill'lN 
'<J 

~ 2.21(i1l:JiJ fi l1j'j::; ~Yl5mntJ "j:;l.J 1 ru 3-8 % 
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Stru c ture 

1) = 5.1% 

q= 3.3% 

~ cr ·O\',.I.>-)­

Q 
I'IC 

~ ./, ':>-COOH 

'-" .,..J'

rl--<cJr-1'
f!J 
,~, q= 7.7% 

11= 7.3% 7]= 5 .3% 

m'W~ 2.2 ~hmjl~~tim.J€i\JV1~cj~Ll'j~n€JiJl~h !:J1A'j~~~1 ~ W1J1V:iil~n(;1'j€J\,i ild?i ~~v~l~ n (1J 'iV\j bl~~ 
" 

5b~ l>l 'iti1..J LL~~ ' l LL?WI U'i ~l1Yl~fil'W L~uu'i~nuiJ d~h.J l 'll fl "''W ~.:j.:jltm?1 e)l~li1tJ .. 
VllJl J Am . ( hem. Soc. 2008, no, 6259 . 

... 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



8 

d 

'U'Vl'Vl 3 


~5v11b1J'Um"a~~tJ 

v 	 . 

-UtJltlv 'Url11 \,h l-U'U'I 11.i%'t! \) :; l~}J~'U '.l l n nt',jPin~l~l'Ul~V(ih~1 vhri tn'1lv'l n'..H'ilfj~l l ~B1V1Vl cJ 

'U-uIi1M 'illibu?I !j~!j1 u !1ll'Ufm fl"''Ul omU'U.)l f -v 'Uv "l~ ~mJ11 It?l-:l 'Vll;)Atl lJoW1LVlu1 n 11" '1 LA 'J l ~·v'i11.1 Lrl fl fl 

'lJ B 'J? vmJ\l l m1'UA m~nVnn~ ll'l.l eJ 'J ~ tJ' €J }J~ th ?l 'U1 '.l t~ml1:W '1tl'lUU ~ 'J1A'J '1 ?I ~1'1 t~eJ~<;)'!'Ul'Lh ~ ?1'Vl~m~ 
'VB .:! blJLr1 n ~ ~ tJv :wl-m ?l'l \t~~ ~'U tl 1 ':)~ L~ n 1 'Vl 11~ ii lVltJL~ :lJ(i;'.J \1 1 n n1 'J A l 'Ul ru'~ I 'lA tl ~J'vh L €J 4 b'~€J 

'I ; , V 

0' d fo.I V 1.1 ' -=-~ C;I ~ iI 

'Vll'lJ1EJ A1 nl 'i \1i(>lrr ~ It " ~ \\(1 \W'ln 'J .:) 1'lJ (f1 B.,)Vl l l.l t\rI :; I"ITUJ VI l.n LL'lJ 'lJ 1) In n (l)'i B\.J 'Vl?l flTJ:;~'Ubt rl :::lifl l l:; l'i 1 ... 
L'~ 'i)i{J1..Jfmvh'Ul tJ f..J {;111ii 1 1}JbVI}J1 ~"'lJ d \J :;;1.hlJ1"~ A':i l!:'v1 \l ln,1, vh m'j~"'\A';jl ~ Vll:w~~nwuv 'lMvll, 
11 Lt?l'J 

3.1 	nl'Jfh'Udru'Vll-1AeJ~.yhb\ileJ{ 

nt '.i Al 'U1ru ~Hj~"'Vl1J\i1\'U n l'JAlul rur-hultl 'J \\n 'J&J Ga usslan09 Lli1 tJ i 'Vl 'l '1.'l DA11dJ 

V!'U 1 LIU\.J€1I~n \il'.iB'Ubbrl:;lB .'1'j l'h'U1 . hwH'i"'LUCJ'u15 B3L YP/6-31G(d, ) LvivV! l'[A 'i-1 ?1~l "'~ Ltn l'1v 'l 
v 

d J: v 0 '1 to d'1-0'1 "'l • ' v d v d '1 to i; ,
'Vl ?I.flll ~ ~'lJ ILm'U '1 bAd '1 ?I 'i 1.:)'lJ u ~ '1l l 'lJ m 'if11'lJl t:U AlV'I'G1 'l .:Jl'J'VI ?I fl 11 :;; L'.i 1 LlJ €J .lJUi mUIn n'i:;; \>I \J ~'" LbVl , v 

'V 	 ~ 11 ~ 
'i :;;Ii1 'U '1l 'lJ~r;1'J'J 1'lJ i.'I m1~b 'J 1 1-10 11'HJHf'VI 'l'IY5 mldJVI'lJ1 UU'lJ B b~ n\il 'Jv'lJ bbi,'1:;;15nl'iAlmru l li1 tJ1-if 

?l llnl 'i '.i::: LUtJ 'U16 cam-B3L YP/6-31G(d,p) bYlmhbJl 'ih·nn l '.i (;j n~'lJbb ?l'l bb [) 'U'1"Ir;1~ 1 \.Jlii'v ~,xllm(l :;;
" 

Al l dJ 'VI 'Wl bti\.JB l~ n l'1 'i v'lJ (density of s t te l bd v?\ n ~n5'V15'1'i(l'lJ €J~Vl dJ'1,x5L~ nl'l~€Ju , m M t:-I l'U 
" 

tl b(ln Vl'Jv 'lJ Lbrl~Vl dJ'i 'U€J rl fW). v1.J'Vl lJ t:-I (l Vl Bl"I l nl'l Vl n~'J bb'" 'uv ,:) ~8vl.l11 \\ i:1 'l ~ 'l~ .:lr.-JrI~uA l\.J'i :;; ?'Vl5m~
Q. ~ IV .:::::. ~ .:::./ ~ . I 

~ 	 ~ 

'lJ€l 'J b'15i,'1~ bb6'1'J€lWVl~'l5'W~~cJ€l dJ111b?l 'l 

3.2 	nl'i6\-1bfl';jl~Vii!l8eJ~bbl61-1 

Vlr;1'l ~ 1 n fll \J1 ru \~Bvll 'U lt! n l'S \1i \il n ~ \.J L~ ?I 'l LL\l\J V\ r;1.:j 1'lJ v1u-1,x l lJ bl i,'1::; ftll1JVI1.Jl LI'l1 'lJ 
" 

Bb~ n \i1'i v1.J~ 'l~ '1 ~~ l'ivrhtl'5 :;; ? 'Vl~ i1 1~'U €l '1 b'15 f1~ lb ('1 '1 €lIVl VltJ 'l5'W I')~ cJvdJ11 bb 6'1 .:j m'1-J L 'i1 nv::: vb n l'i ~'1 bA'i I :;; Vi 

~.0~ 'i'li.'l~1'l'lJv 'lMvlJ~lJ fl1 l lJLtJ'lJhJ1~~\I ~1oi1 tJ 'lJ~c'iv· l'Ub '(j \1 ~bb C'l -1 €ll'i1Vl iJ ·ll i1I'1MBl.Ill bb?l'l 1'U 'J l \.J%tJd 

lv1~-1bfl'i1 :;; V;~cJv 1bli:1.:l 2 n~dJ A€J MvdJB'lJYt~ 8 Ibi,'1:;;~cJv1Jv 'W 'lJ'VI~~ 

3.2.1 nl 'i ~'l LfI';j ~1 ::;'v1~ tJm Jl 1Itr:1 'l €h.J 'Vl~ cJ L~v1 -if dJ 'lJ ~ cJ B).]11 Lb?l'J1 'lJb'15i,'1 ~ LL C'I 'lvl 'i1vltJ'l5'W\i1 ~ 

.. 
, 
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h.. . Cy:-' ! 
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m~Vi 3.1 <U\J(i)t) m1A.:aA'l1~~MB:JJ·hLL?1 ~ B'UVl~~ 

s'" 'C 

... 

:~,.,~. " ,. ' .t, . ~ ,Q~' :rl.I'", '.. t':-, 

;)'Ji, ;,1[1 '( ;j u t:' j 

2n 'hb ·, 

, " 
m~Vi 3.2 .v'U(i)v\Jnl'l",n 'S1:;,~M8:JJbLlMe),lhJVl1~ ~lJ'~,mmJhJ ~\j8lJlv u'tliwl 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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3. 2.3 ?11 'i bAiJm-UL-UnWM1. u~ 
1. 4-Ethyn yL-N ,N-dimethylaniline 

2. 5-bromo-2-thiophenecarboxaldehyde 

3. Bis(triphenylphosphine)palladium(l l) dichloride 

4. Copper Iodide 

5. Triethylamine 

6. Cyalloace ic acid 

7. Ammo ium aceta e 

8. Potassium carbonate 

9. Sodium chlor ide 

10. Si lica ~ el (0063-0200 mm) 

11. Thin L yer ch lomatro~raphy (Tl.C, aluminium sheet) 

12. Cyanoacetic acid 


13 Piperidene 


14. Toluene 

15. Tetrahyd rofuran 

16. Dimethylformamlde 

17. Polyanil ine composite (20 wt.% polyaniline on carbon black) 

18. Silica, nanopart icles, 200 nm part icle Size, pore size 4 nm 

19. Aceto, itrile 

20. Methylamine 

21. Chloroform 

22. Hydroiodic acid 

23. Lead iod ide 

24. Diethylether 

25. Dimethylformamide 

26. Nitrogen sas 

27. Zinc powder 


28': 3-hexyl thiophene 


3.3 nl'i'\.J'i~ neJ'Ub'(jrl~bb61~eJl~\i1~'UiJ (91 ~1fl~lb~ n1vl'llrl~ ('Ull-ufl eJ~1'W~(i1~ b~ n1'V1'ilrl~) 

,rr'U\l1 1)'U1'Unl'ib\l1~ tI ).JI"lJIl~\b C\ ~eJl~(i1cJ'1J iJ \i1 MeJlJ11 ~\1:1 ~ 
3. 3.1 \i1\i1m ~ 'lnthl,~Y111~lj'U'Ul(91 1.5 x 2 \'ll'U&iblJ\l1'j b'~tJ' oifd'j'U~lblAl'Vl (i1 bL~ ::; bl eJlt! Vl 
3.3.2 b~~ ,nnnl "i b(i1~tI ,,5~H~tllt!A l Amh "i ~ n do/iAlti1'Ut!l\i1";~tJ~nT'H ~11.n~n';i'U,i11EJ 

Ti02 l vw nl"i n~'UVi~::;~\J bL (1 ::; 'l111u'l'tXA11~~eJ'U~th::;l.mu 90 t).:!f'llb'1lI'U'iJ EJ?1 ,;nmrmJ1m-wn111~~\£hJ 
~ 'Ivh n1"iG1n~ \J~\Ji\'(i1ltJb bth C\n~ \J'~tJ~'U~\i1vhv~'nJ Scattering Ti0 2 bv;tJ'ti'lEJ1Un1 'jn'i ::; L ~~ l?1':)b'''' B 

'(h v \~~1u m?1f1l "i (i1 nm~'V1tJ'!JmbL?1~l tJiT-'l c , ~B1I11Ibi:\ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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3.3.3 G'l ~tI Pla t inum "'l'U'UnJ~~n 'l1 1h'h~,£ n "hu 1 ·ff\Jl~tJ :lJ 'lJ\.Il~~ ~~JlVl\~frjl Ti0 2 

IyJ '1)1olidJ \.I~1LbA1YlA~ ln ,1t1\hm~~ n'l111'V'lvhVlI'\n~tI~'"W Ti0 2 bb " ~ bL 'V bb~l L~lb'i6,Vi ih.J ~·liihJL(i)D~~ 
u flJ1Ml:W 500 u.:J1'11b'1!m~8 i'1 b~ul~i'1 11 B\J'Yl~ ci'€J!) n ~ln~~lJ Ti02bbrlnb'\l'l rl Vi'l1lJ. " 

33q 'l11m ~ 'h i'J Ti02 :W1L'l ml11"'h~'~ i'1 n~\.I\; L'1i A 'l1\.!MB:W~'l €J1'J1\J I"hi'h ::; mi'J btJ'W n m 
, I '\J v 

v '\ u • 1 ~I < ~ '.1 1v :::1 < '" '" v '" d d :'1 v v2q 'lnblJ 'l bbrll u l~nU'\..J bu'U "J~~LL? lil l Vl(i)tJ \Vl tJ '1l tnnY1C1 :W Yl :U fl n 'l:;ru ~ L tll'l bb 'vl l \J6'1b'vlrl CJlJ \'u tlm n 'W 

';i ~Vrll.:J~l6'1u.:J~l LvlCJ:lJ'Ul1UFl tl lJ1,\"I ~(i)B b~ nLYl)l~I'lB L~n1'l!11rll'lvllV1til~ ~ 'l t-iltlBL~ nl'\) tl\.l';i ~VI'": 1 'l~1 

3A nl1tJ1~n€l1..J b'IJ(;r~1ml.:Jell'Vi\l1 cJ bb1..J1..J b'IJ~\i161b\?lV1 

34 1 ll1{1lm ~ 'i) mhl'I'J-wl'Utl l\i1 9 (i)l';ilWl.l tl~hlJ\'l'j 'i)lmr\J,j'~~1J FTO hJ~l'Wvtbj~E nl':) 

uun 1IiltJ1-1ibV1 Ll n'Wm\i1tJr.l1t!~1'U~~'€J 'ln l) Itl1{1l 1 x 3 (i) 11 1Wll\.l~hlJ(i1'~ 
342 'vl l~tl bfl~mJ~\.I'U~ €i n ~.:J ( b lockin ~ laye r) ~1V i'11'i;;'1::;m lVJL'V1btl I'Jl.I ( ense Ti02) 

bbrl~L e-.J l~ 'Ubl'\u~~uruVlJl:i.l Q50 B'l lb'llm~ EJ G1 'llmr\J'l11lJl~nlllVfb ~\J , " 
343 VllJ'Ubf1 ~ m..J ffi'll'\l'l'€J~6'11V1 LV1 L{jCJ1J (PST-18NR) bb~::;be,jl'5\J b(i)B~~BruVlni:l 500 B'lf'11 , , " 

b'1l rl L'll i'Ji'1 ~ln :;\J'l11 lJl~n1n,xb ~\J 
3AA VllJ\Jbfl~uUm'iA~A1EJbrl{1llBL €ll \i1 1'l ';i~lWJ~lvlli'l~m EJ 'i),n0'U'l11lJl~n111 ~L8'U, 
3.4.5 VI~\JLf1~ u'UblJVlmbBlJ1m u EJ lJ1Bl B l !'1 l'l l Vl tJV!tJlilrl 'l 'U\J'1Y\JLrl \i11B1Bl{1lA b~I EJ'l1J'tVi~~~ 

, v , 

riB~lVlLlm 20 1\J1Vl Q5 l'UlY1 bbrl~ 60 11l1Y1 bb~lvllfll';i'vl~\Jbfl~tJ'U ~lmJ\J';i~bv! CJ ~lvllrl~mtJY1 

tJ~ tJCJ1VibV'U~l~tJruVl Jl:i.lViB'l, '\) 

3A6 v!1J'U bf\F\'il'U i;'1l ~ ?i 'l~ ltJl!'l rl (P3HT) tJ ~mJ1Vi bb'lX"~'DruV! i'liJ,.~tl .:J , , " 
3A 7 u~n~JLf11,j (;1B~fl'")l'Jlf1 V!~ ~\J~l CJm~m~tJlmfl-- (therma\ evapora ion) AJllJ 

V!'u , 500 'Ul1'WblJ\i1';i fllCJelmln Tl UFl n 1 el.:J6'1\i1';i tll.JvlBl \J1Y1 
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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d 
'U'Vl'Vl 4 

~61n1';il~~ 

4.1 nl'afhu'HUvn'lbfliJfl'enJ'Wdb\?1El~ 

4.1.1 ~m~nBV15 ' 'il·V €J'i '''l.n Vi'~h~ nlil'l €J 1.I1u n~lJ'lJ€l 'l1 \i'l~D;;WD~Ubb'il:::l(i\ blJVl m:,.U~U 
~ , 

m'W~ 4.1 11'1'H6'1~W!J eJ'l ~"EllJbl~G'\.:J1'Lm~lJ'lJ€J ·:!ll'l~D"eJu~'Ubb\1::;llilblJVlf1€lDfiuv11iiPim.'n€J V15'\'1'il 

'lJtl 'l'vl i1Vi'BL~nm€J'U 
" 

Dyes HOMO LUMO 

!~ ,,""~ 
~f ., ~ ) __ ":L" 

'~:' i'-~ ' . - ­
f -' \ '--' '-­
\,~/ 

.'., 

m'W~ 4.2 Frontier Molecular orbital tl .:J hlb?1 nilbunci:lJ '!.m ~lV1~\J \1tlD ~ UbL\1:::l \i'l LlJVl friJ\J~ 'U, . 
m 'Y\ ~ 4. 2 U(1Iil .:l fl l llJ'V!'UlU\hl 'lJ tl ~ fh~ ml'~ €J'U 'lJtl'lt:lJL fl nfl?1{j'Dl.l .y\"nTI :::~'U, 

bLfl :::t'1 Jl l 1 l:;l ·h lYl I:J~ ?iml::;·.%U~ l~nIil'l Bu?i1111'VIqi"::; 'l l ~1eJ~11.1~lU'U tl ~ 'VI~1Vi'~hR nv1'l tl 'U ~Ul \'1vHJ"m 
m\UbL ?1 :::llil blJV\m)'u~'U ftnmh~u bL ?1 ::: b~€l1lJLi;l n f11Jl1''\J'W~~ .nu Bb~ n m€lU'i) ::: (1n n 'l :::~'U 'i) l n G'1ml:::«U , " , 
hJ?i \'\mJ ::: b~1 1 EJBb~ nm€lU'i):::LA ~€l'U~hJ v~ 'v111 ~u{h~n\1l'imj ~ tl~8nJll'uV!d.:J 'lJ tl l:lJL flnfl~-.l"h 

" \l , 

'VI \h~~Iil~(i\n'U~~lJ'U l'!~t!!N \'I l l:~'l ~1,jl1flVl :::tl€l n1'1ff, (Ti0 2) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:b~�l1lJLi;lnf11Jl1''\J'W~~.nu
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,... ,' \ 
100 ·' 0 

.. I 

~ I I I 

i 
l ' 

i/ \j 
.,--=2=~"T"--.~.--.-·''''--- i , 

' O!) ~ 6!)C 100 ~'O 

..... ,..­

,nfl 1i'1v1 4.3 'W'Ul1b~v~~e:J:lJ,x~ ( , V hH~~f1 ii 1i11~ '1 ~b~n(;) 'ltl1,.J \~ bV1ijvW1\1 
fi BlYll tl YhJbL~hJ~J 'lJ '~B"V1lJ1,x~ b~n\tl'H)\J (;)l ~ n\Hr\..l fhnl':iv\ fH,\Jbl~~ 'lJ eJ~Mv ,~ i1y,lJ1,X€h~flm tl 'lJ 

~ ~ ~ 

l'U 'lJl ~ blJVi~ v\J~ 1,.J ii '1h m'l ~\11n~'lJbb('1 'liJ'lh ~ fIl 1 lJ tJ T'lA~'U~hn r nl 11 VI\Ji.1fJ\J ~h.J ~~dbtiv~m " l n 

~'lJ5~1'I'l f1v 'U 'iJ b n Vl~tJl'1 nl 1,j'iJ Ltl .:)
" 

(Ill'll.:lVi 4.1 ATW~~'~~l1,.Jm ::;~1,.J fll W:mJ b'l~vv ?l ~ ?l bm(ll eJ 1 (oscil la or :>t re n~t hs, f) bb?l ~m'i'V1 ';i1 'lJ ill 

'iJ1,.J ~lvl'iJln nl 'l rh'ln 'W;btJ)~ l'u CJ'U15 TOOFT/ B3LYP/ 6-31G (d,p) 'VeJ ~ 'VI lJ1,x~ b~nl')':i8 1,.J1'1..1 n ~lJ'tlV-11(i1YJ 
{J?lv\j~ 1,.J bLi.1::;l \11 blJ VI (,1fJU~'lJ 

Functiona l group 'W~~':) l'tJ 11." ax (nm) f ain contributi 

of aromatic donor m~~iJ (eV) 

l\11blJYi ~Bi:J~1,.J 2.63 452.64 1.4750 0.86 (H ---,* U 

l(i1~i:J~Bii~~ 2.65 43 1 04 1.4077 0.80 (H--*U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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MoLecule State Donor Linker Acceptor 

' l~ HOMO 58 32 10 

LUMO 9 46 46 

HO J1O 81 12 7 


LUI 0 14 37 50 


, v 
o <tJ ~ c:::: Q C:I t;I I 

~ l ne.J fl l''i fl l 'Wl tu nl 'j n"l ::: ~lEJ \i1'Y(j1NmGln\t1'H)'W 'VI?lml:; 'WbbGl:::?lml::: ~~l V 'Ul l 

~iimJ~'l ?l v lrn"?I~l " i1Lb'U11~~Jn ~ ':i 1.fl ~mjvi'U~ "Bb~nVl·H)'LJhJ'hJtl'LJI'VI1"L~ c.nn'U ~'Un Atlij nl''i b Fr~ m.Jvi 
vlmJ~ nru~l 'UvibtJ 'U 'VIJJ'l,xB~~nl))'l El'U1uv ~1'U'1JD"''VI1.i-ru8b~nm€J·w t~m~1J'-h1Fr'l ~?I~wtm~hJbnn"'~"" , 
UVlJ11 bb?l -lvi:l1 'VIlJ'1,x~h~nmmj d)\ll~~tj , vi'i~'u lin 1'l L'\J~m.m'\J~ ~ A11lJWU1U,j '1J D'IBb~nmtJ'U 
mnnll~ \J~ n v '-1l..n,,~Bb~nmB'LJ l.ill l'lL'\J ~ tJ'Ub1.tJfI':)~ 67% LLGl :;'VI1J-r1J~h~ n\l1'HJ'U ijnl''H'\J ~CJ 'LJ ~tUG1 ,~

~ v 

43% ?fl 'LJllJ b~ ~MmJbbb?l ,, ~ iJ 'VI lJ1V\~h~ n\l1c.itJ'U L'lJ 'U1 \i'l b l.J Vl~ vtl~h.J iJf\l 'i \ tJ ~tJ'UbbtJ ~,:jFll1lJ 'VI i.ll L tJ'U , v 

D\~ n\i1"lB i.lUD EJn "'hA8vi'\.J~ Llru 'VI JJ"!.V\Db~nmu'U lJnl'HtJ~ EJ'Ubl'\JGl " 4 9% bbGl:::'\.J~ blru'VI1J~'\J B~~n (l)'lD'U ii 
v ~ 

f\l';j b iJ ~tJ'Uu'\J~ " 36% ~,ml'hlf\l'l bA~v'Uvi'1.lenil 1.~nm v'U1 'U 'hHG1n
• 
(l ~iimJllLbl'l~vi ij 'Vll

v 
.J'l v\D b ~n mEl'U 

bUU 1\i1Yl\lm)·j ~ 'UJ'U ~:; iJAl1lJ l 'VIl..Il :::'ilJ:lJln nll ui.vc.h~hn\i1ll.JM1l:l.ibbb?l 'lll.Jbfl m~d ii rhf\l'i \i'l \i'l n~\l , " 
b b ?l ~1U'lh~viUvEJ nl l vll1.~hJ?l1~11 'i [)'\J v mJ'l v ~ 'VITI Jll '1J() ~Mul.J ::;~?lv ~llJb~n fl-d1vlB~1 ~bltJumJ bb(;\, 
llJbfl n~MmJ lbb?l~~~?lm ?l1lJ ')'l bl1.;rdJ i.I~cJ'i)l.J11 bb ?l ~1'U \'{j ,,~ bb?l.:)mVl(i1 cJ'1l\l~MmJ11bb?l"1~, 

4.1.1.4 ~bmjV'i~~ ~ l\JvlmVilJJ 

\J 1n f'1 l 1lJbbAn\ii1~'l t: vI11 ~ 'l t: ?l'\.J'~~~ ':) l'tl HO 0 II ,,:; U 0 lb (i \1\.:)1.Vid~'tI 

bb(1'\J'V'I ~'1~l'U vleJ ~ ,xllJ ~'I Iu'Ufh'V~~'l ':)l t!vh4i1.·l.ml'~m :t IX'U ~'h~ nl'l~ 8'U\Jln;'1ml :;~i.J~t!'ttJ ~r1m1~b~l ~ 'I 
~ 1 n f\'i 1 'V'J ~ '\J 111Fi'~ ~?I~1 " 'lJ € H hHf1 n (1 ~ cJ 8 ~'lllL ?I ~ ~.:!?I B~1l.J b(j n ~il Al'V'1 ~,, ~ l'U d1 ii1Jnl 'l f\'i t: ~U, , , 

~lb~nl;riBu~'UltJ~?lml:; b~l ii fh1lJlJil.:)nt!' 1n(n l(i1tJllJt~ n "MBlJblb;'1 '1viil VllJ1ViB i~ nm8'U luul !1J 
-t,) ~'V 

bl.JVl ~Dll~'U iJ fil 'V'1 ;i'" ~ lu vil<U'l t! 'll~ f1'l ::; ~lJUV EJfr:il \1l n ri lnl 'l ~ VI n ~ UbL ?l nl~ J ::; 'Jl EJ ~I'UeN 
BbRnmtJ'U bb~ :t A l'V'l~'l,:jl \.1vrlifl\.l 1"Jm::: ~1....I'V v.:)Mul.Jl1~b ?l'l~ ~u':)'1l\l\1\ 1'\1lJl'Hl alUl CJ1~11tl.J.~~a~ 
~ulJb Lbl'l'lviii '-1J;jl,xil l~nmv'U LtJ'Ul (llblJ 1f1 €)'\H I'U iif'111lJbVll.J l :tG'\lJ~\J :::'lil'dJ\lM'DlJ 11 bl ?l ~<l 'LJL'llc\~ 
bb?l 'HJl~ \i1 cJ'(Jll (i1 ~ cJD JJ11 bl?l 'llJl nnll b~ u~~l n ri lf\1'l~(i1 n~ 'Ubb?l 'llU'Ul 'l fll1~ (J 111'1 ~'Uvi lJ1nnl1 b1. ~ :; A1 

~ 

'V'I;i''l·nt!~l 'IJ Uf\1 'l m :t ~'U~rhUiJt.i 11 5m~1 tr.:)iJnl'l LA~tl'U~ 'lJ v ':)Eh~ n \il'ieJ'U'['LJ~n~ru ::: vi b 'VI Ul!; "JJ ~ eJ 

~ lm-1lJ1ViB~~n \il';j eJ 'U1iJ8"'\J~blru'v1lJ -rUBL~ n!i1'H)\J €l 1l "IV 
v ~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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eV 

Triphenyiamioe 
DlIDelilyi 

aniline 
- .' .26 -5 .2 

-5 

-4 I - I; ~ - - r.:;- . 

0 
-) 

._­- " .. ---­

2.5 7 
_J · 2 61 

CO(i1'l 

4.1.2.1 1rr~~ 61~,~'VmB~~nYl'Hl-W f1 ~ 

n Ti' I~ 4.6 bL ~(1) ,:jfn , lJVI'Ul ~L ''U 'Vu ''U ~ f1mtl 'U'Vu ~b b?1 fl?1MtJlJlnL?I'I~?l ml::; 
~'U LI?1::; ?l m 1 ::; b~l 1(i) tJ~;lm I ::;~'U ih~ (il'H) 'U ~1'41 "limj 'iI ::;'il lJ v)l u81 'U ~r;),U 'lH)'I V\ lJl (il'i vJ \i", b~ 6'\ ::; ~du 

u ~ ~ 

t:w In n ~'lJ tJ 'I ~ tieJl.Jl 'HL ?I ~H;~\.J fl ,'Hl ')::; ~'U ~ l~ flVl'i €l'U V::; b ~ eJ'U~ 'il l n ?ln Yl::; ~'UhJ?i 
~ 

?l m ll.a ~1 tlfltJ , , 

BL~nmB'U'ilnf\~B'U~ '1'Uv\ ).!, Yl1€lV1.. 1vHH~1'!l;'1bb?1 ::;B~ "nl'llrl ~'1 LtJ'U v)l ~ 'I~.h 'U B b~ nymnJ lLJv'lB n~),-w
" 

VI~'1'U eJ 'IhJb"' n?1;'1(~ fil l VllJ'1\t b~fwntJ 'U fIl'Hn(»m,) LfI~m..l"'lJv..'lBL~ nl'1 'm'UI'lJ'U -d tJ 'U~fl~ru ::; r:hAru 
, " u 

'UeJ'I~cJmJ'~\I::;?l1m'i, ?i~Bv~ n\il'im~lLJ cJ'IbWUn1'i'l111vlVll"fJB" ?l l 'iM"~1 '1111~V\ ::; eJeJ f11 '1l (1)'1 'Yl 'Vl lL-u mJ11'1 
€lu n1'1l ~ bL?1::;tJ~ b tJ'ULJ 'il £lm',wj~lAI1l~ ?i..'lf,j(i~mJ 'i::;~'V15mV'l'Uu w;/m~bb '1El 1V1(il~'1J iJI'lMmJbLb?]'I 
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HOMO 	 LUMO 

m'V'l~ 4.6 Fron tier olecul r orbita ' 'VB~b~ \(\n(1 ~titJlJ10'm~wC: l'im1t ~'\.m(\ ::: b1J'n l :::l~l 
; 

'1JeN~timJl1bbl'i~1'UmhJv'U"v'v'Utfl(i1uJ'Vi(1bVih.J~lJVlli1V11tJvhJ '1 Ell::l't1~ mdiiJi'lll'll~ btJ'U\;)"ni ~t.h'U, , ~ 

~ " 
m~n\i1'E)'U 

c 

£ 
0 

S; 
D 
« 

100X10' 

80 

60 

40 

20 

0 

200 300 400 500 600 700 800 
Wavelenglh 

", 
m'V'l~ 4. 7 ' lnl 'j A\iln ~ 'U m'l.:)'Uv-lMm.J	11b\;'\ ~1'\.Jfl ~lJv't( ~~'\.!151(i1LlJ ~G'lbv:!h.Jvr"t vf.l\m:nDVl~'WG'\'lJtJ -:)nl'5l~lJ 

VlJJ
~ 
l V11tJ~'UbtJ'Ul'll ri':)~l'UB L~ nli1 'j B\J 

:V l n 1 'V'l~ 4. 7 "y'fUO'h~emJ~ tJ '\.! VI~ ri -:j v: l'\.!~L~ n\l)'j B'\.J LtJ'U1VlbtiW'U 1we :::l'(jmL~tB 
\I 

iJI'1l1'(j~ :vtvh1~~cJD:W1"m~.:jij'll 1.:tfll'jl'l (i1 n ~ 'Ubb~ 'l~'ti-Nfl11:W~111'l~' ~Lb(i1mh:) n\~ 1I'lEJVll.ll Vll tivhJ 
~ 	 ~ 

1V1Bt l'!l~ilfil fl1 'j I'l(i1 n ~ LL?i'l~'i'l1ll.JCJllfl~mJ1n fJ1 0'MG'! t 5ii(;nl'/l(l
" 
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, v 
o v q~ q o<::i V 

'~ll n~ft n 1'~Al\J1 runl ) f1 ".l ~ \I 1 EJlil1'1J iJ'l 6ft n ti1'm \J 'Yl ('l J111~'Y 'U Lbft~ i'lml~ b )'1Y'/'l!1 1 

~VenJ '~ 1A) ?l~1 ~ lJLLtn ' ~Jlfll'H f' ~eJ \J ~'lJD~~b~ nti1 'HJ\JhJl 'll LL'll l 'Yl l b ~hn n'U~lJ\P1 tr'UnfiellJfll'l 

LA ~ u'U~ "il 1 mJ~nouhu L1J 'U~li1 ~B L~n (i))€) \JhJ V~ ?i l 'll '!Jv ~ Vl li~u ih~ n (il'Hn.ll \P1 () 'If"! u 'h1 ) '1 ?l~1 'lJ €J 

llJt ft n.ft ~ vmJ11 bL ?l ,:j ~m'Yll v~ \J 'l'YlV ~l 'llft LLft~ B n(1l 11'1J fl L 1J\JVl~~~~l\JDL~n v1'H) \J nl), bti~ tML'\Jft 'lAl 1 lJ 
~ 

~'U1LLU'U '1JtJ ~h~n(imJ'U du~n Vll.l )'U ~:lL ~ n\l1'H),w lJ ' l ,)T'Hti~tJ'llU'tJ~ -l~ 36, 40 LLft~ 53 L'\Jv ~L~'U~ 
" 

m mhJlu ti'tlfim~ uL'\J~EJ 'll1'11~ 'l~,h \J~ L~nmiJ'll\lln1'Yll iJw'UL tJ\J'l 'Yl tJ ~1"11f1mdiiJ\P11~'1lft vh1VlLfl(i)nl"l 
bA ~ tJ \J ~'U tJ-lB b~n lil ) u'UltI ~''1'ljlJ~ul~?i~'u 

~ 

I'll 'a1.:l~ 4,3 LtI iJ ~L~\J\;'i Al1lJVl'U1,L,J'U'UtJ-lVL~nmmJLL~ft ~ ~ l 'U'V {J ,:j'bJLft n f1~ vulJl-mri ,,1'U n ~lJm,j 'i',j5 , , . 
'Uv~l\P1 lJ'i1,HtJiJ'U'V1iJ",lJl lu~ 'U ~U'll1i116'i 'le..i 1 'U~ib~nl'l"lu'U 

" 

Linker State Donor Linker Acceptor 

1V11tJ~u LUMO 9 46 46 

HOMO 58 32 10 
b~ m~l'(j ft LU MO 16 38 46 

HOMO 66 26 6 

'BiJl'llb'1Jft LUMO 11 27 62 
HOMO 62 29 9 

lill'a1.:lVj 4.4 Al'Y'1~ l'lm ~ v ~tI ~ lrnllJbb'l~uD?l "'ftbmtile:J~ (oscillator strengths, f) Lb G'H::nWV1'l1'll '1i 

oUu Vi1 1K'Jl nnl"l Fl1U'HUIK1 'j~ 1.,jeJ'u15 TDDFT-B3L YP/6-31 G (d,p) '1J u~llJLf1~fl ~ ih) l 1LL,,~1un~lJ 
DtlVl'U5'UD~l lil LJJ Vlft b tJ iJ'U ,~ :w~lil 'Vll €J w'Ututl\;i1~ ~ ~ 1'U Bb~ ntil eJ'll. " 

Functional ~roup " V'l61.:l.:l1'llm:;;I'l'U
q 

A.max (nm) f Main contribution 

of aromatic donor (eV) 

hllD~\J 2,63 452 1.4750 0,86 ( H~L) 

1V1 eJ ~b'1Jft 2.65 445 1.6242 0.83 (H~L) 
BiJ (i1 1b'1lfl 2,78 416 1.6061 0,82 ( H~L) 

Q 1.2 4 Lb()U' R~ntl~D",xllJ 

\) l nrn'Y'lVi 4.8 m1lJ ibliln Ifi 1~'5 ~ VllW:i~ li1uV'~ K~ ~ I 'U HOMO Lt,,~ LU 0 

Ib~l'l~1VlL ~'l.l Lb (Ju'Y'l,hn'U ~eJ ~ ~llj ~ ~ \ tJ Al '\'1R~'ll'U~hntinTS n'i ~ "'U ih~n (,'i';ju \J'J1 n ml~ \%\/'U1'\J ?i 

?1 J111:t ~11(i1 tmul1 l~tmt '11'11 ' -:I~ lU~b~n\l1~€J\I\)ln b11€J~tI LiJ~1vleJ~1'ljmbfl~ 5ij l'l l( '1l?i'il~ "'11,xri ~ 
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('1.f1l 1::: m:;Ji"'U1~tJ l fl ~'U ,nn~ ~Pl fI~l i'l 'j'ljlv1i l 1V11BYl'UL{j'U v11~~~1 'U BL~ n l'l 'Hl 'U~Ii1~ i'll'l. l 'UfIl'lVlli1 nm-Q 

b~B~ \J lf1'l 'lXrilf1l 'l Ii1 I'1 f1 ~ 'Ubb ;;'1~1'U,th ~r;Alfl11lJtJ l1A~tllJln~?i;;) :iJfIl'lbfl ~m..J ~'UB~~b~ n (i)':i BUlJ1V~'\-11i 
" • \I 

~'\J~~ Lb~:;8,j iJ~~~ ,jl'U'l Unl • m :; Ji'U~l~~VlB fI~":ltJ m'Siltll'H tJ ~ tJ'UlIll~~~l tl B b~ n m €l1..J'J If11VILviiJ'U 

bU'U1V1fJ:-; '1in bb~ :;B:W >'l ll'llf:l\J :; v1 -,l\~~ l'jLfliBUVi'!JEl,jBb~ n tJ)';iUU.fIl 1UhHn~m;Jul'ljl~~~'U b I'i L~El~~hv 
1"11 fl l'l >'ll'i n ~ lJ b('1 ~ bb ~:::'WA ~luh.Jnl'l fI 'l:; JitJ ~ vh'l 'IX'I'ltrl l '-1 El :;1'lJ ftbbn :::~ijm1'1l~HiL'tJurilJ~ ,j~l'l.I" , 
BLil fll'1'l u\Mi bl~'l lJ ~ bVh ~ ~ulJ~i1rill~~ ~hlJB ~~flvl'HJ'LIbU'U1Vll€J~ 'U 

eV 

-2 _ 

L l':!\ 10 

-3 

.-:, - :-" -4 
1- ------':.1..,.2'-------- ( tI or rio, 

-5 

-5. 2 HO 10 
-) ,23 

-5.4 3 
-6 

-7 
1________ ______ _ ' '"B "I Ti O, 

Thi ophene T hiazoJ e l rni dazo le 

.'" 
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4.1. 3 n1'i~mllnl'i n"j~"J ltJ~h'Uv ':)BL~n l'1 'E) 'lJlw"tJmJn~lJ [)tlvYtlmV1blJViBb[)l:h.JLdtl~iJmJ, . 
11th?\ ':)8 WlLn1~ n u lf1)~?ih~lVlV1lL \JcJlJh1€lvnL'Ilvl 

.. 
.. •.JJ 

., 
~ • •

.) • 
,;) 
.) .. 

.J 

JJIJ .. •It -J (I
" -; • J (I .J-.

# 
(I 

.J ~ 
(IJ $ .J 

(I Je 
It

-I e 
J 

J J e •• J 
J •, • ..r=e • 

..J J .. e . - ..1 
.J " 

J-. .• . 

e 
J 

.J 

• 

4.1.3.1 lm':) ?\~wfmBL~ nV1'H)\in~ 

mV'l~ 4.10 lfl'~.:) (\ h1Vm€lb~nYl')t:)'u n~U?\~ -1Al1lJ V! tll LL,jtlB L~nmmj'lJ€J 'I 
llJ b~ ~CI~8BlJ11 bl?\'I~8~ln1 ~ n'Ulf1'l':) ?\~l 'llVl Vl1 li1tJlJ1~ B€Jnh~ ~?lml~~'U LL'f1 :; ?lml~ b~l 1~ tJ~?lml~ 
~'UB b~ n m[)'U~ltl1vmJ"J~'lllJ :'1€1CJ"1'U~l 'Vel ,:)llJ t'f1n ~MfJ lJ11LL i.4 -1 bL?\~ l~Bl lJ LCl n'f1'V €J 'IMBlJ11ll?1 'l"lv'1-r'U 

'V \1" ~ 

nl'i n'l ~ (il'U "Jl n'W~.:)':) 1 'U bLi.4'1B 1Yi(i1cJ B\~ nmv'U "J~ (In n'l~ Il1'U"Jln ~rnl~1~uhJ~"rnl~ L"1 lV1tJ~lL~rwl''j mj 
'i)~ LA ~ [)~1ucJ''18n W11'Jv! ~-.l'Uu-:)llml n.B; ~ L~ tJ nl1,~~ -r'U DL~ n {;l 'l €I tl~"vllV!ih ~~ (;1 Ln 1 ~ nu 1l.J bCl n , 11'll€J~ (11'l 

~ 

~ -l ~l,jll'f\ \,1 :; vtJnl"dii ~ >l1tlnl? V1G1[)~-i~ n ·\,nnl'lLA~ v1.J~'U€J~BL~n«l'H:nJ "Jln Mmkm?l -1} if 1V1'V11 

LiJm.Jl~B €J l'1l~ ~"v!lJ(i1 4 ~ tJLLt. '\J 1~m~lJfll llJt.Jl1 [)~lWVI1bi1 C.J :wl~tlUnl'1lii~'U L~ mJ'l l~tJliXnl'l 
rll 'Ul t1Jb'Ill1nA?lill~ \l~ ~lVltlnl''.iYlVlClv -1 -:;~'\lUJ (i1 ~m il nl 'l LA ~v'U~ '!J B ~~ L~ml'H)U1tlU tll L ~'\J\'/I '5 -1~-1tn n 

nu'~tli.h'Uv.,1,~vmiJtJlJ1\ilUvn1'1lii 0'tlf1v Ti0 2• Ti 20 a• Ti 30 G LL f"I:; Ti 0 8 \>lllJ fi' l l'l'U 
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LUMOHOMO 

. •.). 

Ti0 2 o 

• 
• J • 

• J- •.~;.'~.). 
m'V'l~ 4.10 Fron ti er Mole ular Orbit al '1J'EJ-l JJ Ln~{jMm.lJ bb (1'l~ ~ml:::~'\.IbL"~ ?1ml :::b~l'Ui.i~MmJ 

11 bb?l-:)1'Wn~JJ '€l'W V'W5'U'€l~l (;) blJ,Q ii1B -U~ \J ~ tl\i1 Lnl ::: nulA~ -:)?I~l ~1vl'Vllb'n tJ1I1~Hl[) n1'(j~, , 

NC\ /o~ /0"" /0
I_/-CH 

\ /Ti"" /Ti""o 

° ° 
lrl':l~ GiI,h:! c-c (1) C-O (2) C-O (3) 

Dye 1.4810 1.2134 1. 3610 

Dye-Ti02 1 4937 1 2715 12740 

Dye-Tiz0 4 1.4435 1.2985 1:2980 

Dye-Ti 30 6 1.4 338 1 3029 1.3047 

Dye-Ti4OB 1.4338 1.3030 1. 3047 

t:J"'n1 ':l ~n'1!nV>ltrll€i L~n(;l'H)'U'lJ €) ~ ?1cJmJl1Lbr;.:)iJlll ':lrf -:) (;)tlluiJ.:j1'Vl'VllL iltJlJ1(;) tltl n 1'1l~ l(;)tlii 

Almll1 tJ '11~'Wi):::b tJ~(J'\.IbbU", ,, b~nu m~tll'\4lJ~l'\jl'UllJb?l~f1'Utl .:j1'Vl 'Vl 1Ltim..!l(i)€)tlf)1'1)~ ~Wl'H:)~ 4 5 
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nl 'jbA~ tl 'U~ '1J eJ ':: ~ b ~nl'l~ U'IJ I'li 'LI ~bu'IJ ~n't!lru:-;V'I~~n·m.J'Yh;h'1L1!·lJ V "l~ tJtl ' 11 bl ?l 'l~yh ~d'l (;) 
nl "ll ",\fl €J~ m :-; bb6'11 yJvh~'lJ1 'lJ l-l 'll'J l'll(1 ~ ib 6'1 eJ1 y\~ ii 'lJ'u (;)MEllJ11 tb 6'1-l bb0~ iT~ ~u'IJ'\.J'j l n~m'mJrh r1f1!vj 
'bi ~j:.J 'j(,i €l'\.J'J ::; ~Yl5[nW'1J tl ~ ~ '1l mhL6'1~eJ1 Y\ \fl ii'U \J f\~ "mJb bb6'1 ~B f1 !Fll tJ 

4.2 nl'J6l.:jLFl'Jl ::;'j.Wel~11 bb61.:jB'UYl~8 

4.2.1 nl"l~~ 6fl'J l~v\MD~b661'1 ·":rh . .,~1~D ~fWlleJ'UktJ tll\il6~'~"v~~ \lfl ::; ~Vll.n l UW'U 
" v 

dJtJv1'd ~ .;j 'T\J€hil nl11'i eJ tJ 

'\.JB n~ CJ1 'J l ~ &l1 sonogashi ra coupling rea ction ':i~W:h ~4-Ethynyl-N ,N-

dimethylaniline 66fl ::; 5-bromo-2-thiophenecarboxadehyde hw10ti Bis (trip henylphosphine) 

palladium (II ) d ichloride L6fl::; co per Iodide LtJtl~ld lr'n~ tJ l iJ&ll Vllfl ::; fl l c.JLU lYl~B'U yh 

'\.JDn1tJ1JlltJ1v'16'1Jlll ::;1u611(i1 tJ nT~1iflmlUVi6'l bb tJ:lJ iJ'U Yht.JD n~t.nmt/ll'l i:l Jll l::;1'IJ1ml'll vl v ru Vl iJil~tN 
btJ'Un fll 24 .rrlljJ ~(i1mjJ'\.J5 n~li11(;) tJl-v Thin layer Chromatography 'l-1~~'nn'\.J5 ii~ tJl(j :IJ\l·HUvh 
1~iJ1 61Yl~~h tJ15Yll'lbFl'J:IJ111f1':i f111W" ::;1~~b6'\ n fl'U u~~iiv:W11 ~b6'1 ~ v\ iJ 'l-1~ V1~ n-v'Ub1] bb eJ ~ ~lf) ~~wfl r"J~111 

, 'v 

lVllniJ 29 % 'Illml'L1 '~1 '\.J Bn~EJ1 Ltl~ tJ 'LI Vl~Yl ~ ni'IJl (i18H 2-cyanoacet ic acid, piperidene b(l1 CJll 

Aceton itrile bU'U6'11':ifl ::;fl ltJlWnl 'Jvhuli n~· 11v'1~ i;1f"J~ Vl L'1 1 n'U 25 % 

4.2 .2 nl"ll bA"l1::;Vl1 A"l ~6'1h~l:IJ L fI ~ fl RiJB jJb bL?l.;J 

4.2.2.1 nl'J:eh A'Jl ::;vl v11CJL 'V1A \J A\JJbA~tJ~bUJ llb'tJ&1 n b ':i1'l)Lt'U 'W 'Il 

l 


.-0__.._, _ l J.1U__~--,,-_0.­' 

... 

f1l ';l -W 6'1 ~UIt:l 1 ~n 't!l rulfl~ .;J6'1~l -1'lJv~~&m.J11 lL?1 ~1 'm ~1Jv 'U·\~\.J ~ 'U v -11 ~tlJVi ~ t)'u" , , 
~'U bL?\ (i1.;J'l 'UJllV'lvl 4.11 1~tJvhnl'J f1l1 Yl~'i)U LD n~n~rulFl"l ~?\~l 'l V\ii 'l-1lJ ¥1 ~ noU'\JLtJ 'U1'1lCJ11 '\JB ::; Fl~ ~fI 

~ " 
(-C= N, COOH) 'V'iiJ'h 1H NMR V.;JMBlJl J h?\ .;Jjjfl11lJ ?\ vf\A~il ~ nu~ih):IJ ~1v'1\l ln nl';l ~~bA"l1~~vl~~ 
(CDCl3): O 11.0 (5, l H, O!:i ) , 7.50 (5 , l H, -Thiophene-C!:i=CHO), 7.46 (5, lH, -Thiophene­

C!:i=:CHO), 7. 24 (s, IH, -Benzene-C!:i-Cl, 6.56 (5, 2H, -Senzene-Ctl-N), 2.85 (5, 6H, Ctl3-N-) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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OHS rd,.I, :!'to ' , ....... " 
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1 

I~ 
I ( 

V 'v 

r'" IJ 

J \(I, \{i 

~ 111,,_ 

"''''"' 
" ":' ;""r _ ! 

2Jlooo>:r:- --:>50O--:3000~, 7. 2500 2000 '750 1500 \ 1~D ,000 750 
em· ' 

nl ~ 'l LA'l l ::a h ll l.ii'l-l-a\Hl 'VB ~hJL~ nil ~ cJB 11 tl G'1" fl l tIb 'Y1 fl UA~'U 'i'J l 
~ , 

b1V1~Ltlfll 'Vl1 G'llflU dJ'UrmVllB~ Atl'l::: fl'il'U'lJv ~lA1~ G'1 ~1~~lfHll'Htl ~tJ 'UtltJ"-l 11U'1l oU'U'U V"fl11~LlLL~ ::: 
nl'HUJU'(Jt) " hJ L~ n?1 l~€J~ucJ'JLA ';j ~'" ~1~bb~ ::: Yi"''il'l.1l eJ n~fl'l!JeU V1 Ui'l ~n~'lJ'U tl -:JhH~ fl~~8m.!11Ll?l-l ~1mllJ 

" '\J '\J , ~ 

LLu~~l~iidJ 'U1'1l CJ1"'Ue:J:::A~ ~All€J 'b\i) (c= N LL~ ~ COOH) G'1 l:lJl ';jrl'U u n~'lfhh ::: nD 'IJ 'tHNlA'l"?lh~ .flll'l.Q 
.1 ., _ ., 

280802 em' (OH stretch), 2222.05 em (C = N stret ch), 168709 em (C=O stretch) nl'l 

llml:::~',I\ 1i -W-ln~'lJ~h m 'Vl ADA~ 'lJ'VhLWl?l ltln1VI 'S ? lAtJil~n~ru:::~i4v\i)Ai(e:J ;j nuVl l.iVl~~'lJ 'V tl ~hn~ n~~ 
" " ,"1 ,d " !1 " tJeJlJ lbLG'1 'l'Vl G'1-lbA1l::: 'v'I ~\i) 

~l nflW1VlATV1~"-l1'lJn l'l I!j Vl fl~'lJ U?I"fllCJt'Vl f1 -W fl~ii ~ l'iJ~,?l Ltl A hl'J?llA 

th~'IJ'ilMmJblb?l'lijAl fl1'S\i)V1n~ W1'\.J'Ul"fl l1l.1 CJl l f1~'lJ ~'lLLIii 300 u l hJLdJi'l'l h l'il 'lJO 450 'lJ 1LWl.Im 
" 

l\i)tJijfhfl11\i)n ~U~~-l'l1'lJ?I"?l Vl~ 411 mhmJm ~ 'HL?I(tN1-Mb'~'Lril MmJlJ LL;,\ 'l Vlb'n~~LflJl:::V11(y)~'Ui1
" " , 

Alll.l?lll.ll'H)1'lJn1 ':i\i) l'IfI~U lb ?!-:) BlVivlEJ1v\l'l.J'th nl\~ L~' LYi tl'Un'IJ 719 ~ VUUMmJlJlm l~ lU~-1n Fh.. 
m'S \il l'ln~U 'v'I ~""l ',i bl~'l?!~?\\i)~ 534 'lJ ll'lJu Jm MmJbbb?l,, ~'ii'.'l ~fI ':i l:::vi1f1il AlldJ?!ll.ll~()1Um1Vl\?ln~'lJ 

~ ~ ~, 
'VI'~'Nl'U bb ?!~vlVlli1cJ\iv CJ fi ll ~ 8e:nnJlm~lU ~~vh'l ViAltl1:::~ VI~ m'Vl'\ivtJ nll~cJmJl.Illi1J~lU fll 1 

tl 5'IJ\h~lf1'l -1 ?\ ~l "~ cJmJ1'JbLM'l Vi~ A l nl'l(1l\i)n~1Jur\ ~1U'1h -.'lAlllJ (Jl lfl ~UlJl n~\1l~B1mn~bACJ .,'J n'U'Ul -1 
~ " , , 1.1 

~ ~" ~l\1-.'ll 'lJ b~ G'\ 'Hll Vi\i1 ~~ihhi'j~-.'l ~1'Ul.Jl nVl ?i(1l~~h~Al1lJ CJl'~A ~U 500-600 u l l 1Jb1J Ii1'l 'lJt! 'il ~ vhlVi, 
tl 'l ~~Vl5i1l 'W'V €J .:j~ VVlJ11 L~ G'\ ':)lJln~w,'bEJ ~.,'Jn - 'It!~\JtJ~-ltJ'l ~~'y15i1l'W ''tI V -1~ ~vlJll bb?\ .:!fl l'j:UA lL'ih1f1 ~~ 
8mJd-Jl m~1'lJ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:il:::vi1f1ilAlldJ?!ll.ll
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1.0 .. \
0.' 

0 .<1 ~ \

\ 

'''"-­O•• ""r-----,------r---~--==p,- --'"I",----" 
400 .tSO SOO 5~ GD:.i''''' 

4 .2 .2 	nl'l " ~ml~'I_l~iJmJh ~~"~ €J\J \J,,.I~V 

nl';i,,~ l f1";i !~v\MmJ11bb~ "v\l\J"I%v'hl~tJ~"lmJ =~liJU Lbfl~ n1~lfjl\?i 11€J ~ n vi 0 
.:lj 	 11 0 1.I .oJ C:: .:::::.. ~ 

€J.:JPllb'1l f1 L'1l tJ"I bfll Ul l..m:mtltJmm 'l €J.:J'l~ L"' tJ G11';i (Rotary evaporator) Vl~ruVl JJl.J 50 €J.:Jf'llb'1l m'lltm 

~\J1 \K\J1 ~ n€J'W'V€J;jbL~~~lJ~lVl~tN \11'1'\JVim..J~n\Klm€J Vll \J €JfI bLfj::;l~b€J~'f1Bm€l ~ ~~11'1~~n'll €J.:J Ll.JVlfl LL€Jl.J 

11.J lUtJl.Jh b€J lVlil~ iJ ~ m~ru ~e..J ~ru ..J .:J~~'lI lll11 b~ mJ€JtJ 

0.25 .. 
-; tl .2 
(1) 

~ 0.15 

o 

:;:;e- 0.1 
o 
(.f) 

~ 0.05 

o 
350 450 550 650 750 85 

\IVa el enght (nm) 

m'V'l~ 4 .. 14 rhm'j VlVln~'U 'V'I~.:J.:J 1ULb".:J 'lIv ~~~v1Jl1bbG1~8\l\JVl~ U~~~ LA ';i l ~Vl1(1;
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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4,2,2 3 n l'~lLml:;~&bCJ'Sl~n'UmtJAlm lnt! 

1.Y1 Du"ii1LlJ-Yln bbB1JhJ LiiUlJ bn ul €iL\il~~l~\Jlnnl"i r1€l1l11v1 1 tl16nl"i 

VllJ'Ull"I~m.J,rW'mJl'S(l ri eHtltJLlJ-Yl" L1. €llJ hJb{JU lJb~~lulul\il\il'1v1\J~~ oS-l'Jlflnl'SlLfl"i :;-v1fll"i f!'i ~.~~bb '\.JLJ, 
o I "'_ 	 ..J 0 ' - 1 o. -1 .c:V d 

'SllJl'U YJ '\.J \i11LLVI'U -1'S llJl'U'UvJ (Raman shift) V1 \i1l L1.'~WJ 130 em LLil ~\i1l LL 'VIm 260 em blJ€Jf'1n'd l 

btJ~ (J'U bIi tJ '\.J n\J"lVl ~CJ neJ'LI'VI 'lJ1 "~'\.J''llnv11 bL 'VI ,j -:J 'i lm'U1j ~~ ~ 1l11U VI,j"1n~bfi CJ -:J n 'U blJi1 i;l 1.b DlJ1:w b iltJ lJLn l?l 

lul€lll'lv1~~-1 A'S1 ~ 'VI1~ v1~1.bi:l \1l1'Utll ' ~ <'\,1 5 

1S0 

4.3 	n1dVh'U1I:Jtld~~'VlBm'V'l1'IJ6'nwlJ6'1~ 


4,3,1 fil l °1'U1 CJ\J1~ ~Vl5m"'I'tl€l" b 'ili;l~U I'\ -:j €l l~ ('f)~ 'V'iJ , ~1 1'1 5b~nlYl':ili;lii 


L~ v'l'11n11-(; ~\J,jLv nGlfl'drui'1iitJlJ 11 Lb., ~1K1VL'Ml ilfilJll -1 'l L" €l'l'11 n1') ~'LI rJ'U FlJ llJ 

Qno/i'€l'l'tl €l'lll'1'.J-:j?i~l ~ ~ ~~ bl'1'.J l::"' LL~l ?8mJ11 1.1. 1'1 "V\l ~'il l nfll l~-:jbf1'Sl ~-v1,f'k il fi l L bbl U'W~..'j ;)1'LIo/i'8 ~llJ 
'Ill n fll 'i fll tll rul I'H,nViCJu nULbflUfll'S'L.h'l,.,jYll'tl tJ-:jl'\n ~ ~ li{l'\h1'VlVll L1JtJlJ11?ltJ v n 1'1l r.l LL fj ~'S~ r1'U~'LI ~~-:jltJ 
'V iJ "1'\1 'S i;l~6'1 1 tJ Db~ nlYl':i'li;lii~tJBQ~tJ l~~lBn~ ltJliJl>'1 v1/1m1ulDv) ~'U"h rh'\' ~-:' ~ I'U'lHN rm~ LUiv10 

'U tl 'lMtl lJ11 bbl'l ",r'LI n fi l I n n-hff\J'i'I~;j nW'!Hl ~ tb bl 'U nWl.hl vHh,!JB~lVl'VllL uVlJll?lveJfl1'llv1 LL i;l::;~'U 
'i'I~-:j -l l tJ'IJ eJ'i 1'\ 1 'S i;l~fjltJ 8 l~f11 'VI'S1mllJ l'il i.'l-:]fl1 1.fr1.J~~'l~1t! HOMO 'utl ~ MvlJl -HL ?I 'l '1'1 11 ~nl'~ltlj ~ 'lJN 
~b~nmeJ'Ulfil?l ~'Ul~~~m'V'l~ 4.16 " 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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_:... 11 \ 10 

-3 

I~ 
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, 1­
~lIll .\ IO 

-6 

JlTV'l~ 4,16 LL~'LJmWLLCl 'U ~~~ '1 1'LJ'1lfJ 'I L'lJ~~LL"'IfJ1VlVHhuf1Mmjl ILL?!'Iblil1.JHMmj11 6L 6'1'11'U 

m\)Jv\l~\l5'V tJ ~lf1L~ V1 f\ €J\j~\I, , 

nT:i th::: n€lULU\lL;UI1~Lb ?1 -l€J1Vl\1l~'lJti~~cJm,J11lb~'1 ~ln1o/f~iJVlJ11Li'i'! '11\ln~lJ€l'Y~\J5 
'!Ju 'll\iillJ'Vifl€ltJ~'U ~l "'J1nn 1 'H~'~~f1'n ::; ~oUl'l~'lJ lmJtJ~lJ1ru ~ "mJ1iH' 15 m iLihthhJ1(1lfh 

th::;~ 5Jn~1\ilm ~B ;j LA~fl~I'1lfl1{'iilJbm~tJ{ ~ii,-\ ~;j r'hbtJ \i1 LL?I'IlJl \il'Hj11.l A M. 1.5 <-i AI1l.!LoUlJLLG'l'l l OO 
\) co!! 

:iJ~~1f!iIi1~v \il1'.i 1WV'U~LlJ \il'.i ru Clru \-j lllJ 25 fl'l f'1lL 'lJfl L<lim'l l\i1 A 1n'.i::: LL?1LL~ t L L '.i 'l~\lhh~1~-nJ , " 
Keithley2400 electrometer 

1'l1'.i1\l~ 4,6 nw'J\i1fh'l~ l'.il)JmtJ{~l'1'l lL,, ::: tJ'.it ~Vl5 i'l1"{i'V!}WIj~~m'i 'leJ1 V1\1lcJ'llU\i1~EJv\ lILL?! '1 "ln~ 
EJ'EllJ'D 'UVI~tJ1-m?! -l'l'U n~lJ'El~~'U€lV'lLlJ Vl fl BD~'Uvjl~ \)1 n n1'.i iK'I iF! 'l1::: ;.1 

Dyes Jsc (mNcm2) Voc (V) Fill Factor Efficiency (%) 

DYE 3,39 ± 0,03 0.55 ± 0.00 0,61 ±O,04 1.Hl- ± 0,08 

Reference 12.00 ± 0 08 0.74 ± 001 0.51 ± 0.02 4.49 ± 0.04 

F-Jf\ n1'.iVl(i)f\tJu1'U~l1'n ~ 4.6 bLf\(i).:\filmtLL?ll ~1~(i)'j 'l" '.i Usc) bL'.i" ~\ll~{i111 "'ii)'.i 

l\J (91 (Voe ) YJ f\I'l Ll'\~nt\i1€J~ (FF) bLI1 ::; f11D'.i ::: ~h~~[m~ (Il) 'UD 'I L'lJf\~ bL?!~em~ \ilthuVl~vmJl-m?l'll\ilvb'lH' ~ 

bl?l -.l eJ 1iii \i) v~1-if~iJBlJB\I VI ~ ~olllb?l ~1\I mil.! v'LJ~'Wj1Vl LlJiii m)'U~'Jm~"1 n n1 'l ~'I bPl'l l:; 'v1 ~U1 tltJ lVi utJ fl'U, , 

N7 19 (reference) 

4 3.2 nl'lvll 'U1 CJD'l::: ~Vl5m'V'l '1!€I.:\ I'lJ;;j ~ U?l~ €I l~ (fl cJ '1l\J~'IL'lJ~Vl?\l(;l '!J 

~ 1'LJ1~CJ ~1~f1 nbl l ,J '.i:; ~'~5JI 1'V'ln 1'i l~U~ ~ y tl 'I 'll t! tJ ~ b"tl ~~LL?! \! v 1o}1 \1lV lL'U 'U1'1l~\il1'l 
UW '!J'iJ(91Mvl.Jlb 'U'UllLL?I 'l ~lmlJVlI1 ~ltJlJhJbutJlJ l~\i11vbVhW)~ n{;,\ 1n1'.i ri tJl'11~ n {;,\ l 20 1'LJ1Y1 45 ~\I,")Yi 
~La :; 60 l'ln V1 ~'Ul l \)l n . 'i1'l'l1"1l 1lJ~lJ~1.l 6 'l:::'YI11 ~ A llJVlmLLth.l 'V D'l flitL "' \bll ::; Al l lJ~ l .:J An cJ lli1~ 
bL'-\~.:J nl LiJ (i)bb?l 'llJl('mnu A M 1.5 Yi f1l 1lJLoVlJ U?I.:J 100 ~f\~l\i1~ ~ €I\il1';i1 '1L'I5 'U~LlJm ru vruVlJliJ 25... , ~ 

eW'm'(ja l~ 1.J?I ~·J~ \ilB'U?1'Uv-.l 0.2 \i) l'i l·wtr\l ~ l1JIfl '.i ~'Ui1~n~l nl'Hl v v11'Vv·mJiii ll LlvlJt lJ l'iJCJ lJLa(;'J1'i.l 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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26 

\911Jl.:J~ 4. 7 n1~1\tl 1'i '\"j l~lih\ii'El1(;il~"'! LL~ ~\.J~::;~VI~ Jl1WVtl-.l l 'll~ ~ LU,W:nVi \ii cJLl'\JU1'll~Ill~L\91Vl'UiJ\i)~cJmJ 
bLL"'l vtl~'.nnnl~~,:JLA'al~ 00 

n6n1'L!mJriB~d'VB\j J (mNcm2) voc (V) FiLL Facto r Effi ciency (%)sc 

CH3NH3Pbl z (5) 

20 7.2 ± 0.01 0·.23 ± 0.03 0.42 ± 0.02 0.65 ±" 0.08 

45 5.6 ± 0.05 0. 19 ± O.02 0.47± 0.01 0. 49 ± 0.03 

60 6.6 ± 0.02 0.1 1 ± 0.03 0.32 ± 0.03 0.22 ± 0.04 

4.4 mJ~m~nmJG1~6ntJ~h~nl'mhl'l 

l'1l~ ~'\"j~-:J-:J l'L!lLi'l ~tnVimJo/l'ulllMmJl 1U(1 -:J vtl .ui'l l ~~::;mtJDl';; nlV1 ~1fl ~bLU'\J'lJ'El,j lVlm iTn\l ~ 
. u il (1,Jvn'l'UL~B .1'U'El -.l m~{l 'iilJlb f1 ::; n1J~ ::; LV! CJ 'V u':)i'll ~ f1::;ClltJ8 L~ n 1 'Vl'JlG1~ ; .:\ 'il ::; lJ~G1'Vh'l~'ll'.l v ~'Vl5rnW 
L'll~ ~'W r1'l,jl'U 66 (1'1 u lVi \91V ~W1 f1 6L(1 ::; Lnl'irl1 ',j n(p\f)~e),U~1~t! '\Ih1~L'lln~'\"j~~ ·mm~ ,ml.::1 \iiMhn~f)l'l1-ii-:J l'L! 

~'UG1'1 .:) l'Ul ~tJ .n~ .:) 1~v11l\it! 1'l \.J11J\.J'l,\j LLCI ~ '~\ilI 'U1BL~ n1VI'.i1ifI ~ L~ 'El l~lJLl'J::; ~Vlfin 1'\"j b'IJ~f..'\"j 'fI'I'I l'L! 

lbi'l'l'El l Y1\91cJ bbCl!:;vi1 1 ~t'll~ ~'\"jfl':) '1 1'Ubb ?l':) €J l ~ l'I!ji'h:n f.! m'l1-ii':) ltl'vi CJ 11'U l'U~'U lV1tJ15 nwll-wl'EllLJ .Q rI1 'J 

'~Ii'.J'L!lLJ 'l ::; ~ 'Vl5 .rnwBb~n1ml~vl n1~~m~llh::;~'Vl~m'{'.jV L~f11t1'.ilr;1~ LJ'.i !:; ntJ 'U :'lm~tJ'Ul'U~.:)~ J ::;'U ~ 
1 ?i l'L!LJ ',j::; n€Ju 'V€l ':) ?llJBl~ nl'Vl ~1~ 1'l 1 2 + Li l + TBP + 1- ethyL-3-propylim idazolium iod ide + 3­

MethoxypropionitriLe + Polyethylene Glycol (MW 20,000) ',j::; '\J '\J~ 2 \.J~uLl~~m~ f11 {i) 'l1 if\\iill'i t/l·if 
lA'\"j'El~ llJ€l 1 J::;vr:h -:J'\"j 'El~ b 'DVi~ 'Ulnifl f'1€l fl n'U'\"j 'tl ~ 'El ~ A~~ Abi €l~(i1 (PEG/PAA) m'l t,hlA '\"j1J~ ~~B{~ ~Wll':) 

YW~ l€l~~ 'UlnflA 'tIfl n'U'\"jtl~ 'tI ::;A~ ~f1lb€l'U~ ~ ::; n m\J 'L!L ~fl BL~nl'm h~~iJA1 1lJb\J 'U; Yl'l '\l6'H l~~ml~
" , " 

l\J'U 'i '\"j~'L!;i ~~'(hCJ(i1(i1i'UB b~nLvl1'li;1v1\ey,H 'Yh1~B L~n1VI )lfl~; ::; L VltJ\~EJ ln~'\l ~l'ULl; ;;n 'El u'(J'tI-:J ?lTi
" , " 

B b~n1wslif1~ 12 + Lil + TBP + 1- e.hyl-3-prooylimid zoliu iodide + 3-Methoxypropionitrile 
d .I V . I "''' '1 1 ' + PoLyethylene Glycol (MW 20,000) + Acryl ic acid monomer 1:::UU Vl 3 U)'\JUl-1m~nbV1~ (1 (;1 

l1~tll~LJ'l::;~'Vl5m'\"j l '1li;1~ '\"j'fl'! lt1 lbM(Jl~v)8 L ~)J?i .:)t'L!l , CJ1mVll BtJb~tJ (thiourea) ~1'L!LJ 'l :;:n vU'U €l .:)(1 1'l 
\l OJ 

~ l~nb~',jlfl~ ..12 + Lil + TBP + l -MethyL-3-propyl im idazoLium iodide + 3­

Methoxyprop ionitrile + thiourea ) ~ U'U~ 4 tI~\JtJl 'l€l l~ nl\Jl'jlC1iib~tl1~LJ) ::;~ Vl5mV'l L'IJ"~'\"j~-.l~1'U 
l (1 -l Bl~(;1 cJ ~:W~.:j~'ULvwl -ii B" v tJ~'W~~vr.hCJA1 11J €J'U LL'U~ f1 (polyaniline dope carbon b lack) 

~l'U\J )::; n 'Elu'U 'El.:i?iTj~h~nl'Vl'~lnii 12 + Lil + TBP + 1- ethyl-3-propylimid azoLium iodide + 3­

Methoxypropion itrile + polya n line doped carbon black ';i ::; 'U~ 5 tJ~'ULJ1 ~Dl~nlmlf1iib'~Bl,x 
LJ 'l::;~'Vl5m'\"jl'llfl ~'\"j~-:J'l l'Ubb"' ':)€ll ~!i1cJ t~lJ""~'Ul(il CJHvhJ~~f)1 (fume

v v 
sili ca) ~d 'U LJ) :;:n'Elu '(J'El-1?i l) 

Bl~nlV1;1Ml I 2 + Lil + TBP + 1-MethyL-3-propylim idazolium iod ide + 3­ ethoxypropionitrile 

+ fume silica 
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I'll~l.:j~ 4.8 nWr(t)rh'i'l1"ilij.\l'l'td'~1~1 ~\~ ::;tJ ~~~'Vl~i1 'V~'Utl~L'lJ"~~LI'1~e.11~1'l~'llUV1MmAm6'l ~ 'o\ll n ~ 
8UlJB'U ~tJ11bL6'I~": :ij ?h\.Jt,; 'j::; nvu'Ue.1~{)L~n1'Vl 'ilfj~tL~nliil~n'U 

2
J (mNcm ) VOC (V) Effi ciency (%)sc·lJ'UI'l'U€l.:j~lb~n1'Vl~16'l1'l 

m')G1~6'llm~nl'Vl'J16'lilI2 / h' 14.01 ± 0.08 0.72 ± 0.02 4.73 ± 0.03 

(1l'Hl:;mm~n1Yl,)lG1 \ll lz / 13' + PEG 3. 18 ± 001 .69 =0.01 0.66 ± 0.04 

'J ln~ml~~ 4.8 u6'l(t) 'l f'hm~bLrll'1'lvh~m'l'J'i (j~J bl,) -:J#i''UhlV1TN 'J':ilDV1 (Voc) ~l fl::; 
Al\J 'l ~~'Vl5f1TW 'lHJ-:J '(jG1~Vj~l ~ 1 'U ~b fl ,:)em1(;H.J (tl ) lV\m'lJfla'i'l~~ ..j l'ULL 6'I~v l~l'ltJyjliBl~ n L w,jl6'lIll~~fll.J 
'i'lB~I€lV1~ 'UlnIlFlB6'l~ f'il Voc J5C FF LL6'l~ tl ~ ~lniw'Jfl ' y.j~ ':)1'ULL?\ 'Hll~~ VlrJ~H8b~nb~'lli'\iitJn~ 
1~ e:WJln nTH',.j6'll.J'i'leJ ~ L l.J eJ~fl1v tJ 'o\l ~ ' ' 11 ';;-B L~ n1Yl'lli'\~l.Jmll.JVli'JV1l.Jln~'U ~L~n\'l'H)'U~ lA~e},\.J~HIEJl n 
~'U fhnl'il1l1Yl.yh~~fll'lfl~ b'\'J'U~ fll';;-fhtJ"i~ ~ v]5rITV'I B -3L'(j fl~'i'l~'l~l'Ubb(1~€ll V1 \i1iiflV1~l fl~liJ <JhtJ 

4.4. 2 '\-~\llJ'Ul~b~ 1(;\1h1(;"It\i1~1·U1f1'\-,!eJ~bl.JD1'5 ~,~ll·:rwu~LeJ~~'UlnflflDfI nuv'W~ 1J ~rl~~flbb8 

;n171 (PEG +PM) fll'5" ll f1 ~ Lllu 1 '):-; 'vrh~'Ym~b Q~'U"ln6'll'Y€Jfl n'V1Ne.l~ u~ I'l~~ fHL€l ~ \i1 v~ LnI'l LtJ'U 

b'J G18 \~nLml,,~~i1 f1TUJb tJ'U':i 'j 'U (1 ~ l (t)EJfll l 'LtJ 'U'jm'U~ v:-; '1i 1EJV1V1"iJ\J8L~nlYl'il~:1\"mJlll vi"ll~B~~ n 
'\J , '" '\J , " 

LV]')1"-1ii"J~ lv1UlJ)cnn~'U 

(9l1'al\l~ 4. 9 nW1V1 ril'i'l 1 ,) liJl(;lv~(;h -1 'l LL~:-; '\.h~~ ~m'\l'i'UtJ -W1Jn~~L(1-1eJ1V1 (;l8'1J U(ilMv l.J 'J~l(1'l \lln~ 
81J l.J 5 'UYl~ tJ'1JLL;m~i1~J'UiJ'5~ n 8U'tlv'l B b~ L "Jl(;1 ~LLlilnl'il -3n'U 

Jsc (mNcm
2 
) Efficiency (%) 

14.0 1 ± 0.08 0. 72 ± 0.02 

12/ 13 + PEG + PM 8.8 1 ± 0.01 0.63 ::!; 0.03 2.12 ±0.04 

,n f1lill'Jl 'VI 4.9 LL?l V1-1fhm:; LL (1l'Vh~h~m~\I'J Us ) LL1~~'U1 V1 11-3\1"JbD V1 (Voe) 

LLm': F; l iJ,):;~'Vl5mWU€lWll G1~~~ v" l'U LL I'1-1€l l~lil~ (tl ) lV1m'lHl~ '\I'if. ~l'ULL?I -1m~(;ltJ~~h~nl'Vl ')l61;~~V1 
'1lU'€J~"l'U lf1'\-~ 1J QLl.Je.l 4 lJrh Voc 5~ FF LLfI:; tl v1~ln--j l,'IH1~'i'l~~ l tlLbG'\~ 1 ~\ilu~1i~lL~nlYl'jhwi 
tJn~ L~'€J-1,nnll'l'i'ltl~llJ€.l1 \I :;'Vh1v\~il~n1'Vl"Jl"vlu 1" ln~u, )jlf1~'U BL~nlil"l' 'U ~ -1 LfI~ 'm.Jma1tn n~'U r)1 

nlTWl1vh~l~'l~Wm -:l LtJ'Ui:-l'l1~Al\Jl ::': ~Yl5mYi'UEl "'L'1l fl~n~"' '''1'U tL?I''' e.l l~'il~fWW11'l~1tJJ)..w 
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44 3 m'i~n't!1t-Jflm'H~B'lJ11iJABlJlW~ \P1 (1 -311.J""m":;(11m~nlmlf1~ 12 I 13' 

fl1 'i~ m~l~~f1T~ L~v1.nh.!fle.JlJlY1 ~tfl {1 -311.J. l 'i (l:::"f1 1Vb~f11'mlf1~ 12 I I} lVlm~B 

m..!JI1flfl1i'U B1.J LVUf;f11 'U 20 wt% V'l€J~v1Jfh.! llfl:::<a~n 'lJlJ1Vl B'UJI1 fl 200 'Ul b 'UllJ\P1 'ift~hJ G'l l'ifl::: f\1 EJ, , 
€h~nlVl'ilf1~lJlVI'iPU 12 I I;' l~€JLtJ~V'U bVi tJ'Urhnl 'i'Lilh\h~, 

~l'n.:j~ 4.10 ph Ion ic Conduct ivity ( ~S) '~ln~~mJ~UVl~cJ11b ?1 'i ~ii~l 1.J tJ'l ::: n€J'U'lJB ~L~nlVl'~1u~ 
bbfln~l~ n'U 

Ionic Conductivity(IlS) % Efficiency 

1933 ± 0.50 4. 7 3 ± 0.08 

12 I I}' + Carbon black 0 .1 gi l 1503 ± 0. 31 3.95 ± 0.01 

121 I}' + Carbon black 0 .25 ~/l 1610 ± 0. 10 5.35 ± 0.03 

12 I 13 ' + Carbon black 0.5 ~/l 1630 ± 0. 15 5.27 :!: 0.02 

.2730 ± 0.30 3.24 ± 0.01 

12 I 13 + Silica fume 0.2 5 ~/l 2800 ± 0.24 4.47 ± 0 .06 

'J lllC..m nl 'i'l'l(il f\ B ~1unW~\i1Al '\J 'l :::~ 'Vl5J11"1 (%efficiency) 'lJ v-!l h'll i:l~ b~ ?t -3 B1Vl\P1 tJ 

'lJU (il ~ cJBlJ11 b6 ?t ~ ~'lil ?t l'ifl:::"lEJD b .. n1W~1ft {ju l?ln ~ l'l n'U 'J::: 'I'l'U1 l b~i:l~ Lb ?! 'lB 1 Vl VltJ~il ?t l 'i fl::: (l l EJ Db~ n 

lVl''jlf1 ii'\J'l :::ml\Jtti' ''Wu~illflrn1jjvtm'U ~ fl 0 .25 ~/ l LLfI ::: 0.5 ~/l 'J::: ii A l'\J'l:::~Vl~[m~~ -3 )11 

~ 1'i(l::: fl1 tlB L~nlVI'')1 ~bb'U'UhJlj"1Tl b~[)tJU ~l'UL'Il"(\LL?1 ~[) lVl \P1~~lJ rn'i" :::ft ICJ~h~n1WilRvjtJ'l ::: nu1.J ~bv 
'1l ~nl 'J ::: iiAl'\J 'l d~Vl5.n "1 Y1~lnl l ?1 1'i ft :::;mJ ~ L~n1m l(ltil bb 1.JtJl~ii l'H~ mJ'U b b?t Vl ;) 11B~mflfl111.Jvu 

11.J ~fl1m ::: ~u'Ulluvh~B '\J 'L.!B cJ1U?!l 'l fI :::fl1tlB b~ n1W~li:ltfl lJ'lJ'U1 Vl8umfn~ n il 'J 'l 'U'lJ'Ul(ilb~ n bbi:lt il
'U , 'U , 

~l 'Ul'U':iYl':i1.J1Jln \1:::'1'111~il f1l 'i V(iltnl:::nulm:),El u'VB'l?11'lfl:::m EJ ~h~n1Vl 'ilfl vl bt~l L U1.J~lthvn1BBB1.J~~" , 
v'i1Vl~1~L(1 :tJm.HD1.J~1 L~ 'l'\J ~ n~ en (cata lytic) lu tlinl<\l::: lfl ~vu~ltJ l Q \il '\J D n~ tJ11'L.!m':itb~flbtJ~ EJ1.J 
Db~nmtJwn 'l 'L.!?tl ':i f1:::mtJ l'h~nl Vl 'll (l\i11.I'1'l l~ b~l~U vii1Vi'iitJ "i ::: ~'Vl~m~11.J nl'lL U~tJ'L.!"'l~'l ;) l'L.! ~;)Mi €l 
nl"ilbfln L'\J~tJ1.J Db~ nmtJ1.J1tti'~nl l ?1 1 ':i ~:::ft1 v~llJ l~mJtJ ~lu~HhmtJ'L.!e.J'.Ull , ~ il'UU1\?l1\m! nl leJ'L.!J[lfl, ~, 

fl11u B1.J Lt 'U ~fl~;)v'ill~ilf1l 'l V\91 bnl::: flU188BtJ11'1~'i:JVnll Llftv L~tJ;)'J 1n:tJ'lJ 1.Jl (il1 qj~.:j v'i 11~\f\~Bu~H; 
d 

v ..' 1" Q Q" 1 1 " .1 = 1 vol d .IQ'lJl 'J;)?t;)~f1 Vl n\il nI ':i bbftflb u fltJ'LJm~ n \P1':i B'LJ 'U m':ifl:::flltJ mwtl u'S :::6'1 'Vl15m -W 'L.!fl1"lL uf1tJ 'U \11n~ i:l 'l ~1'U 

L~~ 'i ttJu1W'v~ l~ ~ ~ tJ n l1B'I..I fll fl fl1 ~UB'L.! Lt 'U~ fI tt ft ::: tl 1 'ill tloU'\il 11 ~ 1 'i LA ~mJ ~ 'V €J;)18tltl'LJ flU'lJ B~ 
1:11':i i'1 :::m CJih~n1'Vl':il~ ii ~~ v'i~1'iXiJ1.J"j :::~h'l 5t'lwj~~1rllfl" 'l"::: fIltJ~ L~n 1'Vl 'llflvlvtllJ L~B '\JU 

'J 1 nA l fll1il~'U'VllU'~l(illJi 11..11VllJ~ihJ~ll\il'U-6 (E IS) '(jN b'llflt:\U ;;'l~ e.J~I Vl(iHJ~~mhl 
'v' 'Ul1 L 'lJ Gl~LL?t ,!tJ 1Vi\P1 ii ilA1Fi ')'llJ ~'l 1.J 'I'n ~u~nru':iB(jl1itJ'U!l.:jI'lJRfl1u~ 1'LJ~1 'lAB Rs , Ret , Ufl::: Rpt 

Alfll1lJ 1'11'L.! 'Vl 1Uvr;)(111JA1'V u 'l!11'l fl::: fl l li BL~ n1Vl'~'l flfh~ij tJ u mA A11utlUUtJ ~ FIb ~B'lI1.J 'J ::: il Al 1"1 11lJ , 
\ill1.JVll1.JlV1 EJ"l1 ..J,j'tJCJ n"h«i l All' ~''UVll 1.J 'UB ;)?;I'l fl :::fl 1EJ~il<a ~ fll L ~vtJ1.Jv cJ lft::: Al Al1lJ?tl m'Jfllu 

" 
fll 'inmnu'\J 'l ::: ~~'l tJtJ vi tJ'lJ B~ ?\I'Hl :::fll tJ.yjilFn1u B 1.J L\u~Ab~mJu ill'ilfi l lilb nUth:::~v\1Jl n n il , ' '!~n1,~ 
lJ fl l1lJi:11lJ l ':i fl1 unl'l Ltl'U 1:1:::?ilJluB v ulnUL'llfl ~ \ ~B'lillJ 11 ou1 \..! f) 1 'l Ltn n~\J ~ tJUY~ €\'i 'l1 'L.!v 1fl bLfl 'l \tJ'L.! 

'Y'I€\'l;)1 1.J1'V'!'~11~~nl 16'\ 1 'in :::~n CJ ~i1~ ~fll ~ :::' V'\JU t, B n'il1 ndb~vY;'J 'l'l rul fi lml).J v11U'Vl11.J Ret l(ilmtl ~EJ 
'UB;)?1 1 "lfl::;mCJiiL~n1Vl 'll~ ~ tl n &l ?tl':i R::;fI1EJ "\~ vtltJmfH'n4'UB'ULl 'U ~A Ll ft :::'8~m \1:::lJfhfl1llJ~''U'VlltJ, 
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l~U~'\1l'l 'UJ~l v'IJ FilAl1lJ ~h'U'VlTU R~t ;,) ~ tJ-rLJ1) n C\ All :i.J ~l'U'Vl l'\11-un l 'jLA~€l 'UihtJiJ~::;~;')l m€J vl 1) 

'l::;vrh-l TiOz , MmJib~~"' 'i iR::;iRltJ€h~n , 'Vl'jliR~ ~-.1?1T'H'l::;iR1CJ~ij Fi lf111 l.J~1 'U'Vl l'\1 Ret ~mJ ~ ~ ij rn 'J 
L A~D'LIihCJ'j,j~ DbLiR miJ~tJ'\1,h~~l#f'" (i)-l'~\.J Cll"i ~iR ltJ €it ~ 1m 0~~ijfl"du€J'\1bb'IJRm~1)iJ'U ;')::;ilrm 

UiR n b iJ~ fJ'UiJ~::;;,), ~~nl lCl ~ 1,'1 ~mCJ5L~n1mhwhJn~miR:; Cll~iR ~ mCJ~ b~ tlv1J CJ'8~ III 

4.4.4 nl~ PI m n 11l.J L?l~CJ ~'lJtl -lCll~iR::; iRl CJ €h~nb 1'J11,'1 ~ ~tlFiI '\J ~~ ~115mVl'lJ€J"b'lliR ~ 

bb?!~ell'Vll'l ~'V\JV1~WmJ11bb?!~ 

b'lliR~Yf~'~ -ll'\1bL .:)v l.;1{l) , '/l \i~ ~cJ €JlJ bLLCl.:!m off(11 ~iR~ iR l tJ ~h~ n 1 VI~hW1 LL 'IJ'IJ'V€J ~ t~ iRl 

~n;,) :; V'i'iJ D C\j 'v1l1 'U b~ tl-3'lJv-'lf1l'j ~1 'ihJ LL iR ~ n l'l'j:;'L ~CJ'Utl"?ll'Hl ~ iRl tJ BL~ n1VI . l iR ~ ;;JH :::ill:-liRvh1,x 

iJ 'l ~ ~'Vl5 m'V'lb'iliR~ 'V'l ~-3 .:!1'UbL"~tl lV1 VltJ"(iH'1~ \L~:::bn ~lf11'l n(i1n~m ~1~'U v'h1Vib'1JiR~" ~hn WbbCl':)€Jl Vl l'lEJiJ 

enCJnl'll-if.:JI'U~'UiR~ ~l'U%tJ.Q~ ~1v')~h b\i'U rn'J'\J -r'IJiJ 'i -lbb" ::;~\llJ'U1~h~n1VI~liRI>1L~Db~lJml1Jb?1~CJ~(;) eJfil, . 
oJ 'I::: ~'Vl5[m"l 'lJ 1,'1 ~'V~~" l'ULL?\ ·HnVl (il ~ bb iR ::;'1'11H'l 'lJ iR ~'V'l~':) H ULbCl ~V1 Yi(il tJiJt)1 ~ f11 ~1i'l1'U~ CJ 1 1'\11'U~'\1 
1 (?1 CJClI~iR~m8ih~ n 1 'V1'iliR ~m!il'l~ltlvhm'Un1'~tJ~\)LJ1"iJ 'i ~ ~V1t IVH\J'U'l~'IJ,JlDlv (1l11l-1vl'l 11)ltllV1ii (I 'j 

13') 1'Un l'Hn(?1'\J5n~ tJ l~V1€J n'liL'~v1,muih~fl(il"iD'Un'IJM€JlJb\Li'!~ lV\CJL(il~ f.llJ?\I'liR ::; iRlfJ;,)1 f\telb€J~ 'U 
~b'Yi tJlJlvbeJl\i1 ~ (L il ) Cll'Hl::; rnm(il \i1'l ~\hvhl\"l~~'U LLf1 :;8 ij (11l1'lJL~tJl.J1 ul €J1 \i1 < Omidazolium 

Iodide) 1'U 1111 o,iR ::;f1 1CJAB ?{l<H, :;f1,tJ 3-Ll-J 'VlBn'll1'Y'i~~bBlu(;mcwl w?ll-J1ViL-iflLu'U b-dm~cnn'W ;,):;1v') 
v , 

?\1~f1::;mtJ~tlll'ni:'WVl-J~..Jm'Y'iV\ 4.17 

a 

mV-J~ 4.17 a) ?1l'H,:;,mCJ ~L~ nlV1 'llnA~ ::;'IJ'IJlv bB'LIi1I1i/lA"i'L€Jl1.l1(i)~ b) Cll ':i f1~rn tJ~Lf1nl~':i'l~ ii 
~~'iJUh 1€J l\i1v)!1,m1u bU'l V1~ .-' 1:-I ?\l.Jlf1'V'lv~Ll-JB1 

" 
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ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



30 

3D 

20 

~____ __O O~________r-______-'________ 

,ro 1.'50 

.f\l'W~ 4.18 fi1LJ~ :; ~Vl5i11Y.I'VB~~'llfl~ L LI'1 'l B1VlVl8'1liJ(ilMmJb LI'1'l~~ ~l'UtJ~~ nmJ '1JB-3B~~nlYI ~'t~~ 
~L (iln(1h .:) n'W 

LB~~'Wln~flB5 ( Polyeth ylene Slyco l PEG) lJ e-J vh1-Mr;n<Hl:; ;;'1 1CJB~~r1Vl'~1"fl(il1 'Urdl.:l L'l n lJr11 

tJ'l :;~'Vl5m'Wrt\i) f1 'l vl n l 'l :;rt lv€h~ nlYl 'ilfl ~l.Jl lfl·Hj l'W bL(1h~m'1m~l'UhJ'V'I'\.rl l G'l l 'j~:;i'l lCJB ~n1vl'sln~... 
~nlll 'H~ lJ' eJ fh1)~~'Ul n i'lfl V (1 fJfnllJ A ~ ~lvimhtJ) :;~Yl5m'W1J1 nnlll\?1 tJLilml? 1 ~TwltJ 2 16 'tI . 

?1l'Hl:;~ l tJBL~n1ml~ (1\ lJlm~ l\.JL '~ ~Bfil~.h :; ~'Vl6 .f\lM ... tJ .:) 0.02 % bVhlr'\.JL\~::: f1(?)5 ~ \J'Uhj iJ 
th :;~Yl5.f1 T'I~~ \lm ~1'U' tJ 240 'till l'U uru:; ~ 1'1 'l fl :; mm~nlvl'slG'1~"'; ljnl'H ~hJ'W 1)~ LB~~'U'ln G'1fl B~iifh 
'\.J 'i:;~ 'Vl5m'WLVI ~m.nn~'l 0.29 % 

\ill'al'l~ 4.11 n1'jl(?)r11'''Il'l l iJ L\ilB{\?h~ 1 bb ~:;'\..h:;~'Vl5m"~·UB -:)b'll~~bb"-:)€J1Y1\il 8'IJ U \?1~~BlJll LL?\-:) vl n~ 
~mJ~h.J'Vl~cJ'l '1LL -:)~lJ~ l'ULI 'l t nmJ 'lJ v,') BL~ n1V1'llG'1 ~ tL\1l nvil'ln'tJ 

Oyes 
2 

J se (mNcm ) Voe (V) Fi ll Factor Efficiency (%) 

NORMAUVI3-) 3.76 ± 0.04 0.63 ± 0.00 0.62 ± 0.02 1.48 ± 0.01 

PEG 

THIOUREA 
...,. 

2.68 ± 0.17 

3.34 ± 0.12 

0.73 ± 0. 01 

0.61 ± 0:0 1 

0.60 ± 0.02 

0.62 ± 0.0 1 

1.24 ± 0.02 

1.25 ± 0.01 
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