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obvious effect on the performance of DSCs and gave high power conversion efficiency [17].

Among the donor groups, triphenylamine (TPA) and its derivatives have displayed promising

properties in the development of DSCs, because the TPA unit suppresses the aggregation of the dye

due to its nonplanar structure [18]. Cause the overall conversion efficiency of DSCs based on D5

was 5.94o/o (.f," = |Z.OO mA-/cm', Vo":688 mV, ff :0.72).

Figure 2.1 Examples of dye D5

2.1.2 Oligothiop henes as 7[ -conj u gated linker

Expansion of the fi-conjugated C:C backbone to extend the absorption spectrum

and broaden it to the red region, is one way to decrease the HOMO/LUMO energy level differences

and thereby increase the solar cell performance. This would, however, complicate the synthetic

procedure and affect the stability of the dye due to photoinduced trans to cl,s isomerisation.

The introduction of different 7[-conjugated ring moieties, such as thiophene, benzene or pynole is

an elegant way of extending the 7I-conjugated system without affecting the stability of the dye. In

2003 Hara et al. reported a series of coumarine dyes with different linker units (Figure 2.2) U91.

]N
V\Y-cooH COOH

'o tN

NU-231r
q - 6.0"/"

Ng-2593
q - 1.2o/o

,COOH
N

NKX-2577
q - 7.1"/.

Figure 2.2 T|-conjugated extension by thiophene introduction in the linker

Broadened toward the red region when the dyes are adsorbed on the surface of

TiO, leading to an increase of the photocurrent. NKX-2593 and NKX-2677 both show efficiencies

'o
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ovet Tyo and have almost identical absorption spectra. From a synthetic point of view, NKX-

2593 requires a slightly shorter synthetic route than l{KX-2677 to obtain approximately the

same efficiency.

2.1.3 Cyanoacrylic acid and Cyanoacrylamide as Acceptor and Anchoring Groups

The dyes are bonded to the TiO, surface through an anchoring group.

The anchoring group should provide close contact between the dye acceptor unit and the TiO,

surface for efficient electron injection and in general a strong bond is desired to avoid dye

desorption over time. The former requisite is achieved by designing dyes with anchoring groups

also acting acceptor group upon dye excitation.

Archoring to TiO, has been achieved through a number of functional groups.

In general the binding strength to a metal oxide surface decreases in the order phosphonic acid >

carboxylic acid > ester > acid chloride > carboxylate salts > amides I 15] due to its strong electronic

withdrawing properties.

2.2 Aim of the Study

We designed a novel donor 7t-conjugate acceptor (D-7[-A) organic materials based on

triphenylamine as the donor group, with a thiophene linker and a cyanoacrylamide or cyanoacrylic

acid moiety as acceptor/anchoring group (TpSSA3 and TpSSA4). The synthetic strategy included

well-known methodology, such as Ullmann coupling, Suzuki cross coupling and the last step where

cyanoacrylamide or cyanoacrylic acid was coupled to the chromophore according to the

Knoevenagel condensation reaction.

CI.,.* CN

TpSSA3, X =OH COOH

TpSSA4, X = HN,

Figure 2.3 Organic dye structures of TpSSA3 and TpSSA4 organic dyes

o
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Suzuki cross coupling reaction of 4-(5-bromothiophen-2-yl)-tr',tr'-diphenyl

benzenamine (TpSl) with 5-Formyl-2-thiophene boronic acid in the presence of Pd(PPh,)o as

catalyst and 2M NqCO, as a base in THF as a solvent for 24 h to directly yield 5-(5-(4-(diphenyl

amino)phenyl)thiophen-2-yl)thiophene-2-carbaldehyde (Tp52). The residue was purified by column

ckomatography on silica gel eluting with hexane increasing gradually to Hexare:CH2cl2 (6:l) to

afford a yellow solid in 82% as shown in Figure 2.6.

Pd(PPhr).,2M Na2COr,

THF

TpS2, 82 %

Figure 2.6 Suzuki cross coupling reaction to form 5-(5-(4-(diphenylamino)phenyl)thiophen-2-yl)

thiophene-2-carbaldehyde (TpS2).

The mechanism of Suzuki cross coupling of 5-(5-(4-(diphenylamino)phenyl)

thiophen-2-yl)thiophene-2-carbaldehyde (TpS2) is shown in Figure 2.7

Pd (0)

r€ducti!e eliminatlon

Q"€f)". ,"orrr$1o

54{o*HOH

o

r\
\-,

Figure 2.7 The proposed mechanism ofSuzuki coupling reaction.
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3.3 Results and Discussion

3.3.1 Synthesis

The synthesis of CSSA9, CSSA10, CSSAll, CSPA12 and CSSPA13, first,

Friedel-Craft reaction of carbazole with terl-butylchloride in the presence of zinc chloride as a

catalyst in nitromethane as a solvent gave 3,6-di-rerr-butylcarbazole (G1) as white powder in 86%

as shown in Figure 3.3.

).,
ZnCl2, Nitromethane

H

Gt,920/.

Figure 3.3 Synthesis of 3,6-di-lerl-butylcarbazole (Gl)

The reaction mechanism vra stable carbocation is shown in Figure 3'4'

)" j) + zict,

,c'o-,"&o -*tp--\d
Figure 3.4 The propose mechanism ofFriedel-Craft reaction

Ullmann coupling reaction of 3,6-di-tert-butylcarbazole (G1) with 2,5-dibromo

thiophene in the presence of copper iodide as a catalyst, (+)-rlard- l,2-diaminocyclohexane as a co-

catalyst, and potassium phosphate as a base in toluene as a solvent at reflux for 24 h led to 3,6-di

,err-butyl-9-(J-bromothiophen-2-yt)- 9H-carbazole (CS2) as white solid in 50% yield as outlined in

Figure 3.5.

rn-7\V*V
H

hd
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e

Figure 3.22 Absorption (left) and emission (right) spectra of CSSA9, CSSA10' CSSSA1l'

CSPAl2 and CSSPAl3dyes in dichloromethane
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4oo 500 000

Wrv.l.ngth (nm)

Absorption spectra of Tio, films sensitizedby cssA9, cssAl0, csssAll,

CSPA12 and CSSPA13

e

Figure 3.23
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Kroevenagel condensation reaction of aldehyde compound with cyanoacetic acid

in the presence of piperidine as a base and and chloroform as solvent to directly yield (E)'3-(5-(5-(5-

(3-(3,6-di-rert-butyl-9H-carbazol-9-yl)-9-(4-(dodecyloxy)phenyl)-9I1-carbazol-6-yl) thiophen-2-

yl)thiophen-2-yl)thiophen-2-yl)-2-cyanoacrylic acid (G1CSSSAl4) as red solid in 65% yield as

shown in Figure 4.19.

NC._.COOH

piperidine, chloroform

Ht2 ?5

Glcsssl r crcsssAl4,65%

Figure 4.19 Kroevenagel condensation reaction to form (E)-3-(5-(5 -(5-(3-(3,6-di-tertbutyl-9l1-

carbazol-9-yl)-9-(4-(dodecyloxy)phenyl)-9H-carbazol-6-yl)thiophen-2-yl)thiophen-

2-yl)thiophen-2-yl)-2-cyanoacrylic acid (GICSSSAl4)

Knoevenagel condensation is addition reaction of the methylene components,

activated with two electronwithdrawing groups, to atdehyde can be performed with secondary

amines. A reasonable variation of the mechanism, in which piperidine acts as organocatalyst,

involves the corresponding iminium intermediate as the acceptor is shown in Figure 3.18'

4.3.2 Opticalproperties

UV-vis and fluorescence spectra of G1CSA12, GICSSAI3 and GICSSSA14

dyes in dry CHrCl, are shown in Figure 4.20 and listed in Table 4.1, together with the UV-vis

spectrum of the corresponding dye absorbed on Tio, nanoparticle. In solution, all three dyes show

similar characteristic of donor-accepter. Dyes G1CSA12, GICSSA13 and G1CSSSA14 exhibited

broad absorption spectra ranging from 250 to 600 nm. The specha exhibit three major absorption

bands. The absorption bard at around 298 nm can be attribured to the ?I-7t' transition ofthe carbazole

moieties and the absorption bands at longer wavelength around 450 nm corresponding to the





























CHAPTER 7

EXPERIMENT

7.1 General procedures and instruments

'H-NMR spectra were recorded on Bri.iker AVANCE (300 MHz) spectrometer. r3C

NMR spectra were recorded on Briiker AVANCE (75 MHz) spectrometer and were fully

decoupled. Chemical shifts (d) are reported relative to the residual solvent peak in part per million

(ppm). Coupling constants (./) are given in Hertz (Hz). Multiplicities are quoted as singlet (s), broad

(br), doublet (d), triplet (t), quartet (q), AA'BB' quartet system 14A'BB';, AB quartet (ABq) and

multiplet (m).

The UV-visible spectra were measured in spectrometric grade dichloromethane on a

Perkin-Elmer UV Lambda 25 spectrometer. The absorption peaks are reported as in wavelength

(nm) (log 6 /dm3mol-rc--') *d sh refers to shoulder. Fluorescence spectra were recorded as a dilute

solution in spectroscopic grade dichloromethane on a Perkin-Elmer LS 50B Luminescence

Spectrometer.

Dichloromethane was washed with conc. H2SO4 and distilled twice from calcium

hydride. Tetrahydrofuran (THF) was heated at reflux under nitrogen over sodium wire and

benzophenone until the solution became blue and freshly distilled before use. All reagents and

solvents were purchased from Aldrich, Acros, Fluka or Thai Supplies and received unless otherwise

stated.

Analytical thin-layer chromatography (TLC) was performed with Merck aluminium

plates coated with silica gel 60 Frro. Column chromatography was carried out using gravity feed

chromatography with Merck silica gel mesh, 60 A. Where solvent mixtures are used, the portions

are given by volume.

Thermogravimetric measurements were carried out using a thermoanalysis apparatus

TGA/SDTAS51 from Mettler Toledo. Samples for the measurements were prepared by filling alox

crucibles. Measurements were performed at a heating rate of 10 "C /min under a nitrogen flow rate

of 75 cm3/min in the temperature range from 25 to 800 "C.
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removed in vacuo. Purification by column chromatographyl over silica gel eluting with a mixture of
methylene chloride and n-hexane (l:6) followed by recrystallization with a mixture of methylene

chtoride and methanol afforded orange solids (yield 82 %). Cr?HtrNOSz; m.p. 138 "C; 'H NMR

(300 MHz, CDCI) : 6 9.8s (lH, s), 7.67 (lH, s),7.47 (2H, d, J :7.s Hz),7.28 (6H, m),7.12

(9H, m) ppm; ''C NMR, (300 MHz, CDCI) : 182.37, t48.0i, t47.44, t47.2j,146.29, t4t.3o,

137.41, 134.08, 129.4t, 127.24, 127.t0, 126.63, 124.83, 123.74, 123.48, 123.t9, 123.14,77.45,

77.03,76.61 and29.71.

(.8)-2-cyano-3-(5-(5-(4-(diphenytamino)phenyl)thiophen-2-yl)thiophen-2-yl) acrylic

acid (TpSSA3)

COOH

A mixhrc of 5-(5-(4-(diphenylamino)phenyl)thiophen-2-yl)thiophene-2-carbaldehyde

(0.2 g, 0.45 mmol) and cyanoacetic acid (0.05 g, 0.68 mmol) was vacuum{ried and ctrloroform (25 ml)

and piperidine (0.11 nrl, 1.37 mmol) were added The solutionwas rcfluxed for ovemight. After cooling

the solution, the organic layer was removed in vacuo. Purification by column chrornatographyl over

silica gel eluting with a mixture of methylene chloride and methanol (3:1) followed by recrystallization

with a mixtnre of methylene chloride and methanol afforded a red solids Oield 79 o/o). C30H2N2O2S2;

m.p. 240 "C; 'U NVn (:OO MHz, DMSO-d) , 6 S.OZ (tU, s),7.63-'7.57 (3H, m), 7.44-7.40 (3H,

m\7.32 (4H, t, J = 7.5 Hz),7.10-7.03 (6H, m), 7.08 (2H, d, J : 7.8 Hz),7.04 (2H, d, J : 7.5 Hz),

6.94 (2H, d, J:8.4 Hz) ppm; "c NMR, (300 MHz, DMSo-d6) : 147.72, 147.19, t44.32, 141.53,

136.56, 136.18, 134.32, 130.15, 127.29, 127.19, 126.97,124.96, 124.62, 124.55, t24.10, 123.13,

40.7 8,40.50, 40.23, 39.9 5, 39.67, 39.39 and 39. I 1.
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and n-hexane (l:10) followed by recrystallization with a mixture of methyilene chloride and

methanol affored white solids (yield 93%). CruHrrNoOS; m.p. 140 
oC; 'H NMR (300 MHz, CDCI): 6

8.46 (2H, d, J : 0.07 Hz),8.23 (6H, d, .r: 0.10 Hz),7.75 (2H, t, -r: 0.03 Hz),7.63-7.55 (7H, m),

7.50-7.37 (10H, m), 7.29-7.12 (4H, m), 4.13-4.09 (2H,m),1.92-1.87 (2H, m), l.3O-1.27 (18H, m),

0.90 (3H, m) ppm; "c NMR, (300 MHz, cDCl): 15g.99, 14s.25,142,50,141.73,141.51, t40.27,

130.62, 129.42,149.34,129.53, l2g.0g, 127.22, t25.ggg, 125.69,125.44, t24.26,124.09, t23.70,

123.56, 123.12, 122.47,119.74, 119.34,119.04, t16.20,115.99, rrl.34, rtt.23, tt}.62,109.19,

77.45,77.03,76.61,68.53, 34.75,32.09,31.95, 29.71,29.69,29,65,29.46,29.39,29.33,26.13,

22.72 and 14.15.

3,6-bis(3,6-di-tert-bttyl-9H-ctrbazol-9-yl)-9-(3-(5-bromothiophen-2-yl)-9-(4-

(dodecyloxy)phenyl)-9I1-carbazol-6-yl)-9I1-carbazole (G2CS3)

In a flask, covered with aluminum foil, stirred solution G2CS2 (0.44 g, 0.36

mmol) in THF (15 ml) was added NBS (0.06 g, 0.37 mmol), was added in small portions.

The mixture was allowed to warm to room temperature for 3 h. Water (50 ml) was added and the

mixture was extracted with methylene chloride (50 ml x 3). The organic layer was separated and

dried in NarSOo. The solvent was removed in vacuum. Purification by column chromatographyl

over silica gel eluting with a mixture of methylene chloride and n-hexane (2:10) followed by

recrystallization with a mixture of methylene chloride and methanol afforded green solid (yield

88%). C86He,Br\OrS;m.p. 210 "C.
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2. Synthdic procedures

Synthesis of 2

To a rrrixture of 1 (0.10 g, 0.34 runot), 2, 5-dibronx>thiopherre (0.21 g, 0.86 rnrrxrl) arrl
PdPPhJ4 (0.0039 g, 0.0034 rrvrrot) in THF (20 nd) werc added 2M Na.CO, (0.35 g, 0.34 rnrnot). The

reactiorr rnixture was heated at reflu urrder N, atlrcsphere for 24 h. After beirrg cud to r<nrn

terltp€rature, the nrixture was extracted with CHrCt2 (5O rrrtx2). The cornbined uganic layer was

washed successivety with water (20 mtx3), hrirre sotution (20 mtx2), driecl over anhydrous NarSOo and

evaporatd to dryness. The residue was purified by cotumn chrofiratography on sitica get etuting with
Henre to aff<xd a white sotirj (0.03 g, 26%). rH 

NMR (CDCtr: 6 7.37 (d, 2H, J = 8.62 H2),7-76 g,4H,.t

= 8.A2, 7.57 ttz),l .13 G, all, J = 7 .67 ln),7.08 (rn, 4H). 7.00 (d, 1H, J = 3.83 Hz), 5.96 (d, 1H, ./ = 3.83

Hz).

Synthesis of 3

To a rrrxture of 2 (0.21 g, 0.51 rrrnrot), 5-Fr:nnyt-2-thiopherre boronic acid (0.08 g, 0.51

rnnpt) arrd PdPPhr. (0.05 g, 0.051 mrno0 in THF (20 rrrt) was add€d 2M NarCO. (1.08 g, 0.1020

trunot). The reactitxl rnixture was heated at refltx under N, atnosphere for 24 h. After beirrg coot to
rfir.lr tertperature, the rnixture was extraded with CHrCt? (50 nrh2). The cornbined organic layer was

washed successivety with water (20 nrlx3), brine sotutbn (20 nrtx2), drietJ over anhydrous l,la2SOa and

evalpated to dryness. The residtre was purifed by coturnn chromatograplry on sitica get ettrting with

Itenne increasing graciratty to Hexane:CH2C[2 (6:1) to affud a yet(w sotiri (0.71 g, 82%). 
rH 

NMR

(CDCI): o 7.76 (d, lH,J = 3.9 Hz),7.46(d,2H,J = 8.7 tlz),7.j2(d, rH,.) = 3.9 Hz),7.28(t,4H, J = 8.4,

7.2 Hz),1.24 (d, 1H, -/ = 3.9 Hz),7.L8 (d, lH,I = ).6 ttz),7.13 (cl,4H, ) = 7.5 Lrz), 7.08-7.04 (m, aH).

Synthesis of NJ01-6

To a nrixture of 3 (0.20 g, 0.45 nvrx{) and ryanoacetic acid (0.03 g, 0.68 nulol) was added

piperidine (O.l2g, 1.37 mmot) in chtoroform. Thc reactim mixtrrre was heated at refLx under N2

atmosphere for 6 h. After being cool to rem temperature, tle mixture was extracted with CHrCt,

(50 mtx2). The combined organic tayer ms washed srrcessiruely wkh mter (20 mtx3), brine soluti<rn

(20 nrlx2), dried over anhydrr:rs lrla:SOq and wapnrated to dryress. The residue was purified by

cottrnrn chr<rrratography on sitica gel etuting with CH{t, increasirrg gradmtty to CHrCIr:CH.OH (3:1) to
affr>rd a red yrticl (0.71 g, 82%). 'H NMR (DMSO<Q: 6 8.02 (s, 4H), 7.617.54 (m, 3H), 7.44-7.40 (rn,

3H), 7 .72 (t, 4H, ) = 7.5 Hz),1.10-7 .03 (ru, 6H), 7.08 (d, 2H, J = 7.8 Hz), 7.04 (d, 2ll, .l = 7.5 tlz), 6.94 (d,

2H,.J = 3.9 Hz)
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Rgure 5 IPCE xtjm spectra for DSCS barcd on NJ01-5 and N3 dlesnntizcd trilsparml Tr), fitms

Figure 5, sk:w actiur spectra of rnorxxhromatic irrcident photon-to-<urrent conversion

emcielrcies 0PCE) for DSCs based on NJ0l{ and N3. The IPCE spectrunr of NJ01-6 shows rnaxinu
efficienry atx:r-rt 81% at 429 nm. The IPCE vatue of NJ01-6 is higher txrt shatrrr than that of N3 dye.

Conctusion

Irr surnmary, r^re have synthesize<J and characterized of NJ01-6 dye with tri$rcnytamine as

donor, thioplrene tirrker and cyanoacrytk acid accepter. The agank dye was sflthesized using

Stzuki cross coupting, brr>rnirution and Knoevenaget condensatior) reactid)s. Urrder standard gtobal

Alr,l 1.5 sotar condition, the NJ01{ based cett give a short circuit phottxurrent density of 11.18 nrA

a,,.', o,, .r1*r, circrrit vottage of 0.69 V, a fitl factor of 0.55, correspolclirrg to a gx>vrer conversiur

efficiertqy (PCE) of 5.07%, arrrl the rnaxirnttrn irrcident rr)olrochrffnatic pltotur-tocLrnent conversiorr

efficierrcy (IPCE) of 81% at 429 rvn.
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