REFERENCES

Gratzel, M. Recent advances in sensitized mesoscopic solar cells. Accounts of
Chemical Research. 42 (2009): p. 1788-1798.

Lewis, N. . Toward cost-effective solar energy use. Science. 15 (2007): p. 798-801.
Casey, H. J. Heterostructure lasers. 2012: Elsevier.

Wong, . Y. and Ho, c. L. Organometallic photovoltaics: a new and versatile
approach for harvesting solar energy using conjugated polymetallaynes. Accounts of
Chemical Research. 43 (2010): p. 1246-1256.

Wright, M. and Uddin, A. Organic— inorganic hybrid solar cells: A comparative
review. Solar Energy Materials and Solar Cells. 107 (2012): p. 87-111.

Kukrek, A., Wang, D., Hou, Y., Zong, R and Thummel, R Photosensitizers containing
the 1, 8-naphthyridyl moiety and their use in dye-sensitized solar cells. Inorganic
Chemistry. 45 (2006): p. 10131-10137.

Mahapatra, A. K., Hazra, G., Das, N., Sahoo, p., Goswami, . and Fun, H. A highly
sensitive and selective ratiometric fluorescent probe based on conjugated donor-
acceptor-donor constitution of 1, 8-naphthyridine for Hg2 Journal of
Photochemistry and Photobiologv A: Chemistry. 222 (2011): p. 47-51.

Duan, Y. L., Shi, Y. G, Chen, J. H.,, , X. H., Wang, G. K., Zhou, Y. and Zhang, J. F.
1,8-Naphthyridine modified rhodamine B derivative and Cu?f complex: colorimetric
sensing of thiols in agueous media. Tetrahedron Letters. 53 (2012): p. 6544-6547.
Shibayama, N. and Abe M., Pigment sensitization solar cell. 2014, Google Patents.
Koizumi, T. and Tanaka, K. Synthesis, chemical-and electrochemical properties of
ruthenium (Il) complexes bearing 2, 6-bis (2-naphthyridyl) pyridine. Inorganica
Chimica Acta. 358 (2005): p. 1999-2004.

Zong, R. and Thummel R. A new family of Ru complexes for water oxidation.
Journal of the American Chemical Society. 127 (2005): p. 12802-12803.
Chamberlain, G. Organic solar cells: a review. Solar Cells. 8 (1983.): p. 47-83.
Gunster, ., Siebentritt, . and Meissner . Charge Carrier Photogeneration and
Transport in Phthalocyanine/Perylene Thin Film Solar Cells. Molecular Crystals and

Liquid Crystals. 229 (1993): p. 111-116.



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

47

Tang, c.w. Two-layer organic photovoltaic cell. Applied Physics Letters. 48 (1986):
p. 183-185.

Hiramoto, M., Fujiwara, H. and Yokoyama, M. p-i-n like behavior in three-layered
organic soldi ceils having a co-deposited inteilayer of pigments. Journal of Applied
Physics. 72 (1992): p. 3781-3787.

lee, ¢, Yu, G, Moses, D., Pakbaz, K., Zhang, c., Sariciftci, N., Heeger, A. and Wudl, F.
Sensitization of the photoconductivity of conducting polymers by ¢ &
photoinduced electron transfer. Physical Review B. 48 (1993): p. 15425.

Morita, ., Zakhidov, A. A. and Yoshino, K. Doping effect of buckminsterfullerene in
conducting polymer: change of absorption spectrum and quenching of
luminescene. Solid State Communications. 82 (1992): p. 249-252.

Morita, ., Kiyomatsu, ., Yin, X. H., Zakhidov, A. A., Noguchi, T., Ohnishi, T. and
Yoshino, K Doping effect of buckminsterfullerene in poly (2, 5-dialkoxy-p-
phenylene vinylene). Journal of Applied Physics. 74 (1993): p. 2860-2865.

Sariciftci, N., Braun, D., Zhang, ¢, Srdanov, V. L, lleeger, A. J., stucky, G. and Wudl, F.
Semiconducting polymer-buckminsterfullerene heterojunctions: diodes,
photodiodes, and photovoltaic cells. Applied Physics Letters. 62 (1993): p. 585-587.
Yu, G., Gao, J.,, Hummelen, J. c., Wudl, F. and Heeger, A. J. Polymer photovoltaic
cells: enhanced efficiencies via a network of internal donor-acceptor
heterojunctions. Science-AAAS-Weeklv Paper Edition. 270 (1995): p. 1789-1790.
Yang, C. and Heeger, A. Morphology of composites of semiconducting polymers
mixed with C@) Synthetic Metals. 83 (1996): p. 85-88.

O’regan, B. and Grfitzeli, M. A low-cost, high-efficiency solar cell based on dye-
sensitized. Nature. 353 (1991): p. 737-740.

Gratzel, M. Dye-sensitized solar cells. Journal of Photochemistry and Photobiology.
Photochemistry Reviews. 4 (2003): p. 145-153.

Marinado, T. Photoelectrochemical studies of dye-sensitized solar cells using
organic dyes. 2009.

Scharber. M. and Sariciftci, N. Efficiency of bulk-heterojunction organic solar cells.

Progress in polymer science. 38 (2013): p. 1929-1940.



26.

27.

28.

29.

30.

31.

32.

33.

35.

48

Gadisa, A. Studies of charge transport and energy level in solar cells based on
polymer/fullerene bulk heterojunction. 2006.

Eberson, L. Electron-transfer reactions in organic-chemistry. 2. an analysis of alkyl
halide reduction by electron-transfer reagents on the basis of the Marcus theory.
Acta Chemica Scandinavica. B. 36 (1982): p. 533-543.

Yu, S.C,, Hou, . and Chan, . K Synthesis and properties of polyamides and
polyesters on the basis of 2, 2'-bipyridine-5, 5'-dicarboxylic acid and the
corresponding polymer-ruthenium complexes. Macromolecules. 33 (2000): p. 3259-
3273.

Howath, G., Rusa, c., Kont6s, Z., Gerencsér, J. and Huszthy, p. A new efficient
method for the preparation of 2, 6-pyridinedihiethyl ditosylates from dimethyl 2,6-
Pyridinedicarboxylates. Synthetic Communications. 29 (1999): p. 3719-3731.

Renaud de la Faverie, A., Hamon, F., Di Primo, c., Largy, E., Dausse, E., Delauriére, L.,
Landras-Guetta, c., Toulmé, J., Teulade-Fichou, M. and Mergny, J. L. Nucleic acids
targeted to drugs: SELEX against a quadruplex ligand. Biochimie. 93 (2011): p. 1357-
1367.

Chavarot, M., Socquet, ., Kotera, M. and Lhomme, J. Synthesis of an adenine-
pyridinaldoxime-acridine conjugate for recognition of abasic site lesions in DNA.
Tetrahedron. 53 (1997): p. 13749-13756.

, B., Zhao, J., Cui, Y., Liang, Y., , . Controlled synthesis of 2-acetyl-6-
carbethoxypyridine and 2,6-diacetylpyridine from 2,6-dimethylpyridine. Synthetic
Communications. 35 (2005): p. 2317-2324.

Ongayi, O., Gottumukkala, V., Fronczek, F. R, Vicente, M. H. Synthesis and
characterization of a carboranyl-tetrabenzoporphyrin. Bioorganic & medicinal
chemistry letters. 15 (2005): p. 1665-1668.

Gajardo, J, Araya, J. G, Moya, . A., Pardey, A. 1, Guerchais, V., Bozec, H. L., Aguirre,
p. New polynuclear carbonyl ruthenium (I) complexes derived from 1, 8-
naphthyridine. Applied Organometallic Chemistry. 20 (2006): p. 272-276.

Wolpher, H., Sinha, ., Pan, J., Johansson, A., Lundqgvist, M. J., Persson, p., Lomoth,

R., Bergquist, J., , L, Sundstrém, V. Synthesis and electron transfer studies of



36.

37.

49

ruthenium-terpyridine-based dyads attached to nanostructured Ti02 Inorganic
Chemistry. 46 (2007): p. 638-651.

BLACK, G., E DEPP, and B. Corson, Oxidation of certain ethylpyridines to pyridine
carboxylic acids. The Journal of Organic Chemistry. 14 (1949.): p. 14-21.

Shen, Y., B. Maliwal, and J. Lakowicz, Red-emitting Ru (Il) metal-ligand complexes.

Journal of Fluorescence. 13 (2003): p. 163-168.



FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY



ZY6ETCST8E

[N IR

13 12 u 10 9 8 7 b
5 (ppm)

Figure A.l 'H-NMR spectrum of compound 1

JIJM

51

OH

s i 5
20 20 210 200 190 180 170 160 150 140 130 120 110 100 <
oM

Figure A.2 1X-NMR spectrum of compound 1



ZY6ETCST8E

52

OH
ey
HO bz OH
N
O O

13 1 il 10 9 it boom) 4 3 2 1 0 1
Figure A.3 'l I-NMR spectrum of compound 2
OH
| NS
HO OH
N/
(@) o}

| L

| SPR A SUSLEE M W S R Ce N IR S MY SNk SN NN I N 7 BENL NN ENNADNS MR GrE) ST cre S At S e S s s e S cw s (O Dew oo pem s pEm e ;
230 220 210 200 190 180 170 160 150 140 130 120 110 Eélp)m)% 80 70 & 0 0 3C 20 10 v} 10 20 30

Figure A.4 ‘-NMR spectrum of compound 2



53

Cl
X, a
N O | N/ O\/c
b
4.60 4.55 4.i5pmr.45 4.40 OI 0
c
a
b
J s
"B B2 oumn w8 J AT * 2z 1 o  a
S (ppen)
i 1
Figure A.5 H-NMR spectrum of compound 3
Cl
l N
O = 0]
- N ~
(0] (@]
7:302’20;102;)01;01;)1'70&501‘501:0I;OI'zoxrlobd;oF?m);o ® 7 6 % 4 % 2 1 0 -0 20 30

Figure A.6 1-NMR spectrum of compound 3



ZY6ETZST8E

R

4.4 4
& (ppm) 5 (ppm)

0 12 i 10 9 8 1 b
6 (ppm)

Figure A.7 "h-NMR spectrum of compound 4

13 12 11 10 9 a 7 6

Figure A.8 'H-NMR spectrum of compound 5




CYBETCSTHE

230 220 210 200 190 180 170 160 150 140 130 120 110 Eoo 90
5 {ppm)

Figure A.9 1-NMR spectrum of compound 5

80

70

55



56

Mass Spectrum List Report

Analysts Info

Analysis Nvn<:  Gsr.UR57Gf>2900i 4 Acquisition Date  6/30/2014 J2 Go 1? PM
Method MKfc * Low positive /0130204 m Operator Administrator
Sample Name diketone instrument rmcrOTOF i
likr.-infK
Acquisition P~r,imclP’ ! Cerrecto: r
Source type rSi .- Pciart, Pcsuive Set Puisa' , 46V
Scan Range a Lap'lary et : 5100 7 Se» Puisa' “'usn \
Scan bet}!- S/ neiipoikK FF 900 Y Set Reflector 1500 V
Scan End 3000 r-.'z Srizraf 1 455Y Set Flight Tuoe GOGO V
»'ruanoie ' 25GV Set DetectOl TGF 1910V
1 fas #Ms10 9-C 5rnip 3 C—56*1

v\

2306
V. /4 437 1733
1. . e e
60 100 16C 200 25C 30 350 400 450
mu ' 1v. S/IN  FWHM Res
T7fiGe™ 43520 *g 2502 00305 6340
2 +790902 4647 2 255 C0303 5515
3 19?7 058/ 7642 3 60 00332 5941
4 7000691 2475494 000 '94339 00394 5081
5 2010713 274331 M 21520 00350 5741 X
6 2020/31 17511 07 1371 00335 6019 |
i 2C5 0440 1C06 5 -4 785 00343 5882 o
— 6 2300755 475935 193 36564 00383 5537 N
o= 731 0751 461/3 15 3 5 06300 bii- | |
o 10 2320512 275465 M - 21145 0G364 6385 o) o)
e -+ 2330541 24367 0 '85 7 00385 6040
== 1/ 258 1055 3619 03 648 004 3 6244
R — 13 2600268 10666 04 89 ! C413 6294
14 262055 0700 03 502 60410 6353
1j 270 1072 8075 03 602 00405 6664
16 297 1294 100501 41 7337 00450 6514
1/ 258 1231 -1960 0 8/6 00476 62 /
16 300 1/10 6506 02 401 50460 6671
's 204 2603 5355 02 425 C0462 6566
20 ;14 354 2i334 09 54 1 0477 6589
7e 315 1269 3515 02 28 - C457 6343
22 222027 01373 / 436 50451 6553
23 322 1355 4140 /2 256 00497 6477
24 277 1494 10261 04 789 906*2 61 7
25 384 1805 5571 0 - 513 9550 6509
26 407 1613 73373 30 608 1 00655 G69G
27 4Cfi 1550 1554¢ 06 1285 €059 6634
28 427 3047 4853 02 423 00525 6342
25 437 1733 77365 2 691 7 00726 6021
.c 438 1766 15601 06 356 CO0720 5083
Bruker Daltonics DataAnafysts 3 3 printed 6/30/2014 12 42 41 PM Page lof 1

ziSure A.10 Hi8h resolution mass spectrum of compound 5



ZV6ETZSTIBE

57

a
g d
/'b M Ak
}U___M \J ok
- ] - = i | AN N | X\ d
% %0 83 o0 as(;mg6 s oe ﬁ(m) 7«6(;:“)79 _N N . ~_e
l _N N If
g
a
b
c
9 d
L |
e
| sy
w5 g5t s N AR 5 2 & a4
5 (oprm)

Figure A.11 "H-NMR spectrum of compound 6 (CDCL,)

/ |
iy =y - | ORI LTS PR DGE ] BT PRI PG - JPAP I PG
9.15 9.0 8.9 8.0 78
3 (ppm) 6(90!'") 6 (ppm)
gc d,be
AA 4 A -Lu
13 12 1 10 9 8 7 6 5 4 3
5 (ppm)

Figure A.12 Ai-NMR spectrum of compound 6 (DMSO- 6)




CvBeTCST8e

58

1 “ \

T —T— 1 T 71— S Ry s -

230 220 210 200 190 180 170 160 150 140 130 120 110 100 9% 80 70
3 (ppm)

Figure A.13 PC-NMR spectrum of compound 6 (CDCLs)

Figure A.14 IR spectra of compound 6



EE

" oal e

72 1239
3731244
374 1IN

2PBELZGIBE
LT

R )

(R R

S I L R i X

Lo L) i (ah

LG e

L

(RN ]
I~

4 0 CN LD

N Y
-
PN |

SAURD S R A R R R

=A™

i~
B
[}

o
i
LY

(X}

il

ps
‘

a9

Mass Spectrum List Report

KS50B2002 d

MKE tune wide 20130204 Tperato
- - o "
(1PN insirument

801

Heflactor
Fhght Tube

Set Detecior T0F

003 mz Summer |
Heratole 1

‘y
H IR g . 5
e 27 o £2h e et
FWHM  Res.
0485 / 802
€ 2445 A2
7 oakY e
; C Q840 . EE4
£52 C 0455 8
! i L0462 21
G £ 0437 VH
55 !
24 A
5 e 3
4 8

5

T 50422

44
23
3G
1°F

15 389 000440
90 48T 1 (0440
] 2217 00428
22 5408 00454
.5 1338 L04an
] 18R 2 0040
06 1225 CO5G2
Sk 129 8- 00554

T 2925  OH04E3

prnted  AiZ02017

Figure A.15 High resolution mass spectrum of compound 6



60

H
i
b..g e f |
F. c d ﬂM !
A TR LAY
A .. J |
7 eV TN a8 un w |
92 91 90 89 88 87 ae S i 7
|
b.g
cde f L
Y227 R

6
3 (ppm)

Figure A.16 "H-NMR spectrum of compound 7

- T T T T T T | PP T e e i T Ty T T | SRRV Shi o a2y

T - T T
230 220 210 200 190 180 170 160 150 140 130 120 110 o%oo )90 80 70 60 50 40 30 20 10 0 -10 -20 -30
ppm,

Figure A.17 PCNMR spectrum of compound 7



ZrPBELEELEE

LT

e,
4
- . N E
i N
S
3 A
L] - i
3 W
£ fii !
: :‘ . | _...'
3 ﬂ_ | i
P |
4 :
_‘? .
f3- '
i
{431
-
-

100 E8] o ol bt 13
Wasnumgarsicm 1,

Figure A.18 IR spectra of compound 7

61

Il ‘|

ﬂr;l'i

i
’\

LAl
H



o
[ —
[~ Qg
= —
F—
- —
) ==
o

o

n

Mass Spectrum List Report

Analysis Info

Analysis Name  OSCUBS70629002 d
tAethod MEF tune wnde 20130204 m
Sample Name targel2 (N)

wargels (M.

Acquisition Parameter

62

Acquistton Date  6/30¢2014 12 15 05 #M
Ad,

O 1

ator

Instrument

micrOTOF 72

Dot Corrector t b Tea

Source Type (2] tan Eotarny Fositve Set Futsar Pul
Scan Range s Capiary Ent 1500 Set Pulsar Push
Scan Begn S0y Herapoie FF 40000 Set Reflecior
Sear Eng 300 miz Skanmer 455 St Flght Tuos
sewagake 1 2509 Sel Detectar TOF
SRR x2S -
’ ”’“I: S0 GET
11 502 0a%6
'-___ 129_‘:_0‘_)‘.\____ z ¥ < GIE D
1y acn 565 o T
iz 1 (R S FWHM Res.
= Luha2n 1423 3y s DoeEs 2845
o6 3363 1443 26 177 00054 10441
2813303 1551 28 193 00140 20113
247 8950 2202 40 275 004 210m
58 167a 0229 185 RS N0499 703
359 118 2386 43 243 00503 7134

34 i ihle 24 e
I8C 1178 54T 42 274
385 2525 1878 33
392 0577 1574 34
402 €97
1 4030986 11698 17
13 Ans M 1564 78

SO W

~1an

THTH0AZE 145G
2157 3972 1360

Mt AR

R

Hruker Daltonics Sataknalysis 3 2

Figure A.19 High resolution mass spectrum of compound 7

6880 webs
QCECE  T4TE

00505 ThRS

30536 7316

o521 7i22

Q0547 7453

10557 7253

G 0576

00547

BosTe

G o551

ongss

0 06Ran

GLeTE

[ie L1

005453

0oeT?

09225

00253

0 033%

00332 52443

00312 F5528
TIse0
5289

poried

£/30/2014 12:4318 PM

Fage 1of 1



Mass Spectrum List Report

Analysis Info Acgitfulmn Date  5/22/2014 1>57-45 AM
Analysis Name D.\Data\Daia ServiceMargel fmai_rK.*g 22052014 ¢
Method tunc_kjv«_to.*1csl_ne9aiive2 ir.

» pie Name target fnat req 22Q52014 Instrument ' Ser# mtcrOTOF Q Il 10335
Comment

Acquisition Parameter
Source type FSt to»* Poianty Negative Set Nebutaer 4Bar

Not active Se: Capillary 25Co0V Set Dry Heater 100'C
Scar Begin 50 m/7 * Plaie Offset  -500 y Set Dry Gas 40 i/-m
Scan t- 1500 rw Se-CuUiyon con RF 150 ¢ Vpn Set Divert vaive Waste
arens GOEE -
2500
197 89992
3372 3
00 39 2039

i 8712720

f vz Res. FW N
1 160£4317 6248 4T 966 002574
2 16284035 6178 3651 686 92636
3 ik 6620 1809 547 01251
410081284 6480 521 1731 003322
5 1008012 64l %31 2135 002979
6 19980857 689 3429 1174 (03932
7 15067 7600 260 1136 003466
3 20313143 7902 2IE4 118 003710
s ol117162 8112 2297 1230 003836
10 18562 8028 3298 1941 (094051
1033920392 8125 3112 2000 004175
2 3020720 788 789 513 U4
13 24823166 @83 A5 636 Q04250
14 36422763 7976 717 535 00450/
1539221437 7805 594 495 (0A%68
B 22068  7%6 443 11% 0
17 3052346 6764 694 497 (95843
B 408209% 8mL 631 37 004
15 4102234 742 632 0950%
20 54794840 9721 423 503 0N
A £8945%  91% ‘02 829 005604
22 54904580 1098 1294 005739
23 55C 4668 o7 60S 0.05800
T il
?? %% 1 Hol4 1673 (36385
2 071227634 10462 645  0.96426
28 67327229 10505 382 644 906409
20 08130140 11107 eso 1131 006136

0 76166307 11860 462 620 006422

Bojker Compass OéieAnalysis 4 0 V22r2(j-a 12.13.0S PM - ~ Paie 1of 1

Figure A.20 High resolution mass spectrum of compound 8

1200 40

|
]
1
|
4
7

J



ZrEEL2ZSL8E

LAY

Figure A.21 IR spectra of compound 8

64



FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY



Absorplion intensily (a v )
e

T v T » T ¥ 1
PO 240 00 B

Wavelength (nm)
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