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Figure 1.5 Chemical structure of XS29, HKK-BTZ4, SB3, NKX-2700 and NKX-2586 dyes
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Figure 1.6 Chemical structure of JK2 and UB3 dyes

1.6.2 Porphyrin sensitizer

Porphyrin dyes is the main structure of chlorophyll which plays an important

role in biological process of plants. This dye can also be synthesized in laboratory, and easily

modified the functional group with other metals. ln 2004, Campbell synthesized meso-linkes

porphyrin dye, Zn-la (r7 : a.2%) [15], in Figure 1.7. After that the various structure of Zn metal

was synthesized with porphyrin dye; for example Zn-TCPP (r7 : l.l%) [40], yDO (r7: 3.5%)

and YD2 (r7:7.a%) [41], DTBC (r7: 5.2%) [42], Figure 1.8. However, the overall efficiency of
the all porpyrin dyes is lower than that of the ruthenium complex and organic dyes. However,

many research groups have been investigating in order to improve the efficiency of these dyes [16,

431.
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Zn-la, X: CH.
Zn-lb,X=FI'
Zn-lc, X = t-Bu

Figure 1.7 Chemical structure of Zn-la and Zn-TCPP dyes
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tr'igure 1.8 Chemical structure of YD0, YD2 and DTBC dyes

1.6.3 Ruthenium sensitizer

Ruthenium(ll) complex dye is the most popular of metal complex dyes, because

it shows the highest solar light to conversion efficiency. This type of dye has been developed and

continuously studied by Grdtzel's group. The advantages of ruthenir.rm dyes are; 1) high stability

and voltage redox potential, so it is good for transferring electron into nano crystalline and metal

oxide and 2) this molecular structure can also bc easily modified. The structure of ruthenium

complexes contains in a veriety of ligand. For example, CYC-Bl composes of pyridine carboxylic

acid, thiocyanate and pyridine which combined thiophene synthesized by Chai-Yuan Chen group.

In 1993, the ruthenium complex cis RuLr(NCS )r( L:2,2 -bipyridyl-4,4'-dicarboxylic acid), called as

N3 dye, was found to dramatically increase the perfomance of DSSCs [44]. lt is mainly due to

metal to ligand charge transfer (MLCT) transition that moves the electrons from d orbital of Ru to

DTBC
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the n orbital of diimine which is directly attached to TiO, [45,46).In a subsequently developed

N7l9 dye, two protons of N3 were replaced by a tetrabutylammonium cation group (TBA). The

deprotonation of N3 changes the polarity at the interface, positively shifts the conduction band

edge of TiO, and increases (. in DSSCs employing N719 dye [47,48]. The structure of several

ruthenium(Il) complex dyes are shown in Figure. 1.9.
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Figure 1.9 Chemical structure of N3, BLACK Dye and N7l9 dyes.

Anchoring to TiO, has been achieved through a number of functional groups, such asoonno
salicylate f nA" ), carboxylic acid ( ior), sulphonic acid ( J"r"3u, ), phosphonic acid ( *-E nn ),*o, tlx
and acetylacetonate ( "i:f derivatives. However, the most widely used and successful to date are

the carboxylic acid [49, 50]. Some olthe possible rnodes of chelation/derivatisation, ranging from

chemical bonding (chelating or bridging mode) to H-bonding, are shown in Figure 1.10.
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Figure 1.10 Possible binding modes for carboxylic group on TiO, [15]

1.7 Aims of thesis

1.7.1 To synthesize the ruthenium complexes

1.1 . l.l Homoleptic ruthenium(Il) without tetrabutylammonium salt

(YN-N3 (syn))

HOC COH'+o2
Q-)(il:'='

ca)EN NJ

a +(CH)N
4 94

HOC
2 r\ -6--s

HOC
2

YN-N3 (syn)

1.7 .1.2 Heteroleptic pyridinyl ruthenium(Il) with tetrabutylammonium salt

(YN-phen and YN-06)
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To detcrmine the optinral reaction conditions. rvt bcgan *ith thc reaction ol'phenyl bororric acid (4J and 2-
chloropyridine (5) undcrthe following conditions: lo,i, nrol stable Pd(ll) catalyst. I -\{ NajCOrr 1aq.). rvithout
ligand in rctluxing TI'IF {Tablc I, entry l}. l.lorvcvcr, thr'reactiou gal,e both cross^ and honro-coupling
pnrthtcts rvilh r.erv lo\\, starting nraterial convcrsion. Alier thut ihe diflercll typr'olligands were ndtled to the
r*action utilizing the sanrc protocol as in entry- I rvith l(l')i, rnol li-ucnds including 3. PPh.. OPPh;. Phen. dppt.
and dppc. Wc lirund thut with thc addition of thc Iigantl. thc cl)'icicncy ol'the Pd(ll) catalFed reac.ion rras
irnpmvcd ('I'ablt l. erntr) 4-9).'flrr:st rcsulls enrphasizc tlrat thr'li!.land is rnvolvcd irr the cross-corrpling Pdill)
!:fltalyiied nTechonism. lt shoultl be noted rh*t the synthesizutl phcsphinc oxide adduct ligand 3 gave the bixit
result in our Pd{ll) scric's ('fablc 3. entry 4). \Yu also siudied an unstatrle Pd(C)) con:plex. As ree expected. the
conversion proceeded faster rhan the Pd(lll caralysed reaction. Alicr we added 0.1 eq. of3 in Pd(0) catalysed
pmcess. tlre reaction ga!..e Fxx)r convcrsion (Table l. entry 3l urrlikr rhe Pd(ll) catalyscd protocol. With the
positive result when using NaOl{ as base in Pd(ll) catalysed reaction reported by .A,matore and co-workedl9J,
rve also tried this conditiur with our reaclion {Table 3. entry 1{). Unlbrtunately. a very low converuion has
been found. Furthcmrore. whcn Na:COr solid basc was uscd to reduce the reaction $tep, thc low conveniion
wls observed (Table 3. .ntry 9). This result rs le'ss efljcient tlran that in the cooventioull prutocol {entr,v .1).

I'hr' 1009.i, ounvemion ol'l-chbropyridinc is succcssl'ully lchier,cd alirir tht reaction wts ernploycd in
refluxrng 1,4{ioxune. Therelbre. rvc concluded thrt rhc optimized condiriorr lbr cross-coupling rcaction is
PdCl2(PPh,)r (l rnr-rl%). aryl boronic acid (l cq,). aryl halidc (l Lrq.), an oqueous I lU Na:COr t2.5 cq.) in
reUuxing l.4dioxane.

base (2.5 eq.)
sdvent A

Ci-O
7

1\rQeood(4( ,>n i', |nl=o fA:. --9;6; Lel-t ,r\r .t_N i{_/ \;-Jl zi -ir f\PPr*rL-i oeptrr\-;' phen dppt \J oppet.J

Fig. 2-'fhe mlecular structure of ligands using in lrd<ctalysetl Suuki-fuliyauu (yuj.{oupliog reacliors

Tablc l- Oflireization of thc pd<'qtulyrd rcaction ol'pltetyl luxnte acid and ?-rhloropyridiruJ'l

O*o"r_c'fl
4S

1% Pd scxrrce

fntry Pd sourcc Basc Solvcnt Tcrrro {"C} I ip:rntl 615tb, 6l?18l
I PIJCL(PPlt.): !1 Nar('()r TH}: 6J 0. I r.2
1 Pd(PPh,)j Il Na,CO. TI'{I: (r5 6.9 46.fr
3 Pd(PPh_,): l!1 Na:C0. llll: 65 | ()1i) 3 0.5 ll.-1
{ Pdct:(PPh.!) tr{ Nn,Co TFtrI: fi5 l0or 3 t.7 :3.6
.) I'tl(lL( PPhr ) 14 Na,('o TLIT ()j It)ri; PPh, 1.0 t0 ?

6 Pdclr(PPhr)r IJ Nr,('(), -I 
},I I: {i_5 l0r)l,0PPh; 0.04 f.).-i

7 PtlCl.{PPh,). \4 Na.('(), T},IT 6-s l 0'!l phr:n 0.04 0.1
s Pd(il?(PPhr)l !l Na2(.'O; l'Hlj 6^5 10".i, dpnf 4."/ I 175.9
I Pdcll{PPhr) M Na.(Or Tl{r (r5 I 0% dppe 0.03 {). l5
l0 PdL'l:( PPhr,): I M NaOH Tl-trr 65 101,i, 3 0.002 0.4
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Iriler\.ttrona! Joarna! oJ'.lpplie(t Plusrs and llothenarics. Lbl. ,', ),to. ), l{mth l0lZ

Three S),nthetic Routes to a Commercial N3 Dye

R. Jitcbati. Y. Tharholg. arct K. lVolgkhan

.{rsrm?r-\Ye pt?*nt the s}-Dlheris ,nd chimrtrriz{tioD of i
cornmerclal standnrrt rurheuium d;-e ulueh-, \,3. bv clrerp rn(l
easlh- pr?prrad strfiirg tDitedrlr flom thre sptlretic r.orrtes:
the Gr6azel'r protocol:rtrd the othel.rlro uau.metlods derigued
in our lnboratorr. i..'.. the oue-pot lenctiou arrd r?i, the r.ea(tiorr
of cvueue cornpler.

Indx Trms-uluFseusifized $Iff celb (DS('s), I.r,
rulbedum compl?res d-v!.

I. tr$rnooucrroll
Iu the uext llrv vear. rre will nn our fie fossil fuel erreel-

so the scicuccntisri have rrjcil 10 tirl(l the repltce of energ!
soruce. Solar eneLgv is otre c,i ihe rntr.it prornisrrrg firtule
euetgy rvlfch retlrred as 'ilrorc!\,ohaic cell';" iPV) [l].
Horvever'. dle iirst generariou of PV is an ilorganir- tlul-filru
photovoltaic deviccs. i.c.. CdTe [3] and Cuhr(As)Se [3].
which contnin high.ly toric aud oiperrsive mat€rials. For thar
r3asorr. the secoDd geueraliorr of solar cotverters called
"dl'e-scnsitized solnr cells (DSCs)" lras beor developed [{].
[-i]. Tlus solar cell architectue has eurersed as a prouusil.v
candiduc for practical phorovoltaic applications by virtuc of
tlteu low llnnlltactruiltg costs aDt[ -good collversi(itl
efficieucies tll, tl]. Nrunaous rer)slrizeri lrave beetr
prq:ated atd their perfonmncc has bcerr rcsrcd. DSS('s rvirh
porver corrversion efficierrcies over lOq.; under Al!1 1.5
in'adiation \\'ere lnltially deruolstlated usine prototlpe cis
-dr{ thiocynnato)-}is[2.: -brpyricll'l-4.4 -dicarbol,vlic rcrd]
mtheniumtll ) (:(3). its Dii -retrr bur).'la1turoritxr (fBA ) sfl lr
courlterparr N719). or rhe black d.ve
Itri(.tlriocyauaro)- (.1.4' -1" -l),2' :6'.2' -terpyridine]
tdcarboxylc acid]ntrheuiurn(Il) rs a sansifizers in
courbination ttith rhicker ritnuia filnrs (>l?-li luni lrnti
r,olirtile elecnolwes [2]. Lr DSSCs. the seusitizer is oue of thr
tritical cornponents becatrse ir ab;olbs sunlishr arrd hducei
irtttaupleruiar clraLge trrn>fer fr,rrrr the aucillall t,r rhe
anclrod[g ligand u,ith subsequet]t electtou injecdou to rhe
Ti01 r'ia the carboxylic acid groupi. Theu. ttre elecrron is
trznsported to and collecrcil at an elccuode. Sttrrequetx hole
rrcnsfer trour lhe oxidized d\.'e to I-{a rakes place. rvhere ilc

Mauu;.npr received Frbnral, 2,J lU:.: revirRl S.Jch jC- lOll Tlils
u,ork \u! ruppof.d u) p.r1 bv thr \,{SDA. Thatlatri irnder Grirn
P-10-lli{6.

R. ,itclEir ir Nilh the Ceortr for Orcanrc Ele.hoai. a!(j .{lternax....
Energy ((:OEA). DlpMrueDt of CLatiitfr. Facs:i.[i Scrltr'e l:i)on
Rat{hathsni Uliv6lq.. Waro Chaouip. L:t{[ Ralih.dE!r provil.e, -i4lrO.
Thailaftl (e+ailr Nkkiat_itfr horttrrl conrl

Y. Ihafllong ntd K. lvolglhan aft wiih tlre ( Eoterr'tr Drganr: ElectroDlc
ifld Alhn)aliv. Ererq (C:OEA). D.padlnef,l of C:5eodslF., Ficulf.. oi
ScieDce llboo Ral.halh.li Untv?BiR. W.[! f]hanunp L:b6, Riichnth.rlipro!.1!r+. 3{190. Tlxtlrnd t?-rn.rl iu ,llhcbi.niiiho[iMrl c,rtrr ,rd
kfi_*_2tliCra,vnhoo re respeci\-pl'.',

hole is nausporred to and c'ollecred at the cotut.r'electrode
ill

Graitzel's $oup reponed the s,rnthetic roure to .\-3 d!,e
ti'om rsolared e\pen-(ive rtiulilrg runtuial:
6;5 -ih' sl1l1r1 qr i\-li'-t'iiL l.l'-tripvtrdil-1.-l'-dicrlborvlic
actd r-rrrtheirirrirr{ JI i drhi.dr;rre {3.?HrO).

ct 9l

i -F"-+J
\-.ii\r.ai- iki.i' :) 'i: , m.6tr .1'

; *r \r-ori
;\ Nur.)rs n>+-d I-1: ur..l

. \.{ F{

q ttra

l'")"-{'-(-}-q

tr,/: ml{ lff. grrrl't{l

Frt I Tle \.1 snthehc r@te bt (iriiizei's soup.

The N3 derivarive caltecl N7l9 has nlso been delr,eloped
end has shorvu nrore pn:urislre efficieucr* of xbout I l9,o [6].
Uutil nou,. thcse nvo ullterllls have beu rscd as thc sta[dard
conrplexes ro beuchnnd< other new sylrlleric d1'cs in the
dyc-scrrs.itizetl solu cell systeu [7]. [8].

Hercin. rvc leport tlrec slltheric urtes of fi3: tlrc
GrAtzel's prorocol rud nro nerv mettods desigued fiour oru
Iaboratow. i.c.. lhe oue-pot feactiL)n aud r.ia dre reaction of
cvutcrue cou4rlex ir,ltcre \3 can lrc sl-nthesized fitrnr cheap
srafirlg rratenirl urd easill- producible r}lerhQds.

II. lJeEx.nlseND l{ETHoDs
l-('h.lort',isorucorulc ircid. u-pliellaldreue alid P(t((lAc)1.

were pruclrased fronr.{.cros or5lanic ard used tvirlout hutlier
pruilicarion. Anh.1,-thous dirneth,vl fonrwride (DNIF) was
distilled usiug calcirul lildride. RuCl-r.3H:O r.rerc pruchnscd
hour Precrous l.letals C)nline P\-lO Pr).Lrd. rH and rrc Nir{R
speclla Ne!e recoltled ou a Bruker Avalce 300 spectr(rureler'.
C'heurical shilis are quored dorvnfield liom iuremal statdard
T\lS. IR spectla weie tueasued orr ir Perklr-ELtrt'FT-IR
speclloscrrp-y spectlrult L\I spectroureter ils KBr rlisc.
\'lelting pourts rvere measrued ir opcrFertd capillaries using a
Biichr 530 melrug poilrt apparaflrs. The lempelamres ar the
nreltilg points rverc raruped irr l.-5 6('riilin ond rvere
ttllCOlI((leil

.1. I I er i t : i - ) - (-'l r i <>r'o i s ttt t i c ori n a i c ! 3 )

l-(,ldoroi-.nluiotiuc acid rl.-< {2.0.01 iu(rl). urerhrrnol (50
rurli antl H,S(lr (:.i llil) 1.\.ere placed in 1f.)0 rul- r'oulld
tl()tk)tli ila\[:. fhe rerrriori rrri.r:ture rvas rel-huerl tbr 24 horrfs.
The cooled reachon '.r,a: e:itrircted rvith drchloronrerhane (.i-4
tinrcs). lbllou'ed b),lhe reulored olotgatiir solvellt to allorcl
lhe tiir'let },tttlrttt (l I6.rl g. 6looi.'H N\lR r(D(1,. j00
\'IHzj: ri-;.!)(r rs. -lH t. :.15 id. ,7= 6 Hz. l H,. ;.7? (d../ = 6llz.
lHr. 'Sl {;. tH). ii :2 (il. J= 6 Hz. lH): 'rC Nlr{R 1CDCI,.
;-r \.1H2) ,t<: 1l 1ll .j. ll-t I l:}il.:. I5i) 5. l6: j

t
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ltrtcrutit,nol .lorrN,l ol Apltlierl lrh.tsics wl llutherutti:.s. L.o!. ]. lkt. !. Llutt.h )01)

B. lt{e t lq' I 2 -t4- ( Lle dr os.t Curho n.r, I t P y r itl i n e - ) -.t' ! )
Isanicotind,te ( 3)
The mixture of nrethr-l-2-ctrloroisonicurinare (2) {0.50?6

g. -1 ntrnol). K:C(\ (-1.0.f g. J0 mrnol) antl pd(()Acl: t0.07 S,
0.1 mmol) was introduccd in l5 mL ol'anhydrous DMF in a
truo neckd round txrtom flask. Then. 0.47 nrl- Ilortioo of
ofihy{rrous isoproponol was s}ringL{ at oncc to the tcaction
flask.'Ihc rcaction mixturc was thcn heatcd to re0ux under
nitrogm ahnosphere at l50rtl ferr 2 days. After thc reactinn
mix$re rvas cooled to ruom teolpcrature. ihe contglt ivas
exrracted into dichloromerhane (DClvl). The crude reaetion
wils er.aforared to dryness aod tin;tllv possed through silica
column chromatography usinr 5-".6 (vl\) ntcrhunol,ID(-lVt to
8et the targel product as a u,hite solid (0_{),i7 g. 99,0). nr.p.
130-I]5"Ct rtl N;UR (CDCI... 300 Mltz): 

'.{.00 
as,3}{) ?.91

(dd. J= 5.0. 1.6 Hz. lH), s.87 (dd,J= 5.0,0.9 ltz. lH), 8.97
(dd,J: 1.6,0.9 Ha t[0: r]C NMR (CDClr, 75 MHz): d 68.?.
120.6, t2tl.1t, t30.lt, t38.7, t50.1, 16,r.6

C-. 2, ?' - B i p'ri d i n *1, 1'- Dicarlxxv I ic A c i r! ( I )
The 0.3 M sodium hy.dmxide (10 mL, 2.55 mmot) was

added into nrethyl 2-(4-(methoxy carbonyll
pyritline-2-yl)isonicor.inare (l) {0-28 g. 1.02 nrDul) and
rnelhano! 25 rnl- x'ith stirrittg, Aftrr the rudcrion was rcllur.cd
for J houn. the rcuction mixture ryas pourcd into 50 rnl ol
cr.xrled waler zmd slowly acidilicd ro pH ? with 109,, iqueoils
hydrochloric acid. Aftcr filtratiorl thc crudc product was
dried urxler vacuum to afford a whire solid (0.25 g I0O9,o). rH

NlvlR {DMS(Fdo, -100 MIIz): d7.lt9 (d, J = 6 }Iz- I tt). tt.E0
(s, llI).8.90 (d.J= 6 llz, lll)
D. Thu S)'nthesis tlJ'Ruthonium Cywnc (.'onry!e_r i61
RuClr.3ll;0 (0. l3 g. 0..15 mmol) rrus ad<]ctl to 50 nrl- tlvtr

necked round bottour llask with stirrrul ln ethanol ( I0 nll-)
undet nitrogtn ballcx>rr. Alier n-phellrnrlrcne {r).70 mL. J.J(}
ninroll wus intrtrduccd. thc rcaction nrixturs lvis rel'luxed tbr
4 hours. The red precipitate in red sotution rvas observcd. The
solycnt lvas then remorcd under vucuum followed by
frltration to obtain thc red product (0.07 g, 25%). mp: 190 .C
(dccomposed); 'l{ Ntu.{R (C-DC11. 300 lvlH z\: 6l.?9 (d, J : 6
I lz, 6ll\, 2.7 | (,s, 3l l), 2.9-t 1q, J = 6 l:lz. I t l). 5.3 5 1d, J = (r I tz.
ll.l). 5.49 (d, J= 6 !lz. 2t.l); 'tC Nir.tR {CDCtj. ?5 }r{f tz): d
I X.q. 21. l. .1O.6, 110.5. ll I .3. 96. ?. I l) I .2; IR r K Ilr) tt?l{. Llti?.
l.l7 l. :164. 2C7 3. 2957. J05J cnr.r

E. Tlte Stnthcsis lle,thod oJ ilj
] ) Tfu Fir.tt i\,ltthad {{.;riiecl't lktlelt

RuClr.3lllo ((il nU, 0.24 mmrrl) and
2,1'-bipyridinr-4.4'-tlirarboxylic acid t4) { t 2l) rng. D.4ti
nu:ro[] rvere dis.sulved in 20 mL anhydrorrs DIvtF. The
reaction nrixture wils thdn heatL.d to rcflux rrnrlor nilrogcn .tas
dt 150 oC {br ll hours under reduccd lighr. Tht reaclion
mixture rvas cooled lo rmm tomf.Eralurc.'Ihe solitl rvrs
liltercd to at]'ord a retl-black soiiil md thcn l.ashed rirh rlre
mixtwe solyen( ( I :4 acetons:ether). Attcr that. thc resir.lual
solid rvas lurther rclluxed rvith 0.10 N{ aqucous sodiurl
hvtlruxide i7.50 nrL) und lrmnroniurl thi()c\,tnntc (l2l) nrg.
l.5r: nunoll in l0 mL crl'Dil.lF lirr $ hours. '['hc solr,enr ot'thr

coolcd rczction fiixture was removed by reducetl presslru
drstillatron. lhon. rhe residual solid wa:s disollvcd *,ith warer
and somc of rhe impuriry was liltercd oli'. Thc titrrate was
slou,ly added by 0-10 N{ oqueous nirric mid to pH 2 to give
the rcd-dark solid. The snlitl rvas tiltered again ro obrnin a
red*lark solirJ 1\3) rs rhe ptrrc product (24 nrg.:5%).'tl
NltlR (CD,rOD. iffi NlHz): d7.(rtt 1drl. J = 5.9, I .7 Hz, I H).
7.1t4 1d.J=J.9 1{2. lll).7.911 (s, llI).{1.35(dd.J=5.tt, 1.7
lla I H). 6.94 (d../ = 1.2 Hz, I H), t).to (d, -/ = 1.2 llz, I H),
9.62 (d. J = 5.ti I.Iz. I II). This rtl NMR spectruur is idenrical
rvith thc couuncrcial s{andard conrplcx.

)) The Sel:rl.nd Methul lthe One-Pot Reailio,t)
RuClr.lll:O ( 100 rng, 0.38 nnnol) and

2.2-bip-vridine-4.4'{icarboxylic acid {d} {190 mg, {).??
rlunol) rverc, tlissolved in 2O nr[, anhydrous Dh,lF The
reaction mr.{ture was thcn hcated to reflux under nltrogcn
atrnosphcre at 150"C undcr rciluccd lighr tbr I hours. The
rsaution was cooled lo room trmpcratrEc. The 0.10 M
aqucous sodium hydroxide (8-3 mL. 0.82 mrml) and
aruuonium thiocyanaic {0.13 g, l.?3 mraol) wcre addcd
dircctly to the cmde reaction mixture, which wag then heated
to rcllur again lbr 6 hours as prcviously dcscribcd- Thco,
DMF rvas n:moved by rcduccd pressurc distillation ro affont
a rcd<lark resitluc solution, from rvhic*r rhe rcd solid *,as
disolvrd with *atcr and acidificd by 0.10 M :rquc<rus nitric
acid to pll 2. The precipitare wa-s tiltered again o obtarn a
rcxl-dark vrlicl pr<xluct (N3) (0.14 g, 587o). The tlt NMR
spectrs is idcntical rvith the product obraincd by Cr,irzel's
mcrhod.

)1 Thc Thinl llethod (vio the CynteneContpler
Rcodiur)

Dirutheniunllll) (6) (200 mg, 0. j{ mnrtlt).
1.2'-BipSidint-4.i1'-dicartxrxylic acitl (d) (16.5 rng, 0-6tl
nnml) nas dissolved by -10 mL ro I00 mL of Dlv{F in trvtr
ncckcd round bottonr llask. The reactron mixture wos stirred
tbr 4 horrrs in thc dark and heoted to 160't undcr nitrogcu
balloon. Finallv, an exc..:is of NllrSCN (206 mg) was added
at l -10 "(] lbr 5 hour. -l'he solr.ent rvas evaporatcd in a vacuunr
then water sas rddrd ro gct rhe ir'rsoluble tlrrk rrrl solid
rvhich was coltected on thc sintered glass crucible by suction
Iiltration. Thc dark red solid prcxluct lres obtatned aftct
purified by cclumn chmmatography (sephadex. lvleol{) (.10
nrg, l7%). The tll NiUR xpecrra is identical wirh ihe prtxlurtl
obtained bv Ciitzel's mcthOtl.

ll I. R t_sr jt_l s .\\D l)tsr:r.isl0Ns

4. T h t Su t h es i x e f 4. 4'- D i c o r ho-\!ic- 1. ?'- B ip).ri d i n e ( 4.)

l..l'-Dicarborylic.-f .2'-bipyrittinc (41 can be synrh€sized
tionr conmrtrciall-y availatrle corrpr:und l. Vfith
(stcrir'icatton rcaction oftrrnrpound l" thc compound 2 rvas
obtaincd in high vitld. Thcl rhe Pd-caralyzcd hornlc(rupling
reuction ol crrurpound 2 rvas applictj to yicltl rornpound 3_

Finalir,, ctrntpound 3 *'as then h1-drolyzed irr basc t<l the
largct lirand { in quantitarive yield. as shown in Fig t.

B. 77r<'.5irr,,lrcs,s o{ li3 Rurhuiwt (lantpk':r
\--l dvr: rirn be svnthesized liorn ths chcap ruthertirrm

s()urce. 1.{,, lulheniu}n(rlll chloride trihvdrate anrl 2

:0lr
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Light-to-electricity conversion ellciency values rvere measured using Nervpolt sun simulator 96000
equipped with an AM 1.5 G filter.'fhe current density-voltage of DSSCs rvas measured by Keirhley
2400 source meter unit in a terminal sense configuration.

Results and discussioas
All ligands were synthesized in our [aboratory as described in the expertnrent section. Two

rutheniunr complexes rvere synthesized by a similar lllethod fiorn 4,4-dicarboxylic-2,2'-bipyridine
( l) and dipyrido[3,2-a:2".3 -c]phenazine ({) to give our target products 5 and 6 inilo/,and 62% yield,
respectively. Both complexes were fully characterized by 'H NMR and IR spectra.

..f--\

lr o* { 
---":,:-r Ho hNN>,=* _" {" .. .t(,, a !--q )i )**. ) tt N,'--N N-'*",,:#{X" '""t U'*.''Y'- ozcFqc s '-

-\

"..j;t*1,.-

6

Fig. 2- Thc molecular stnrcture of nrthenium phenazine 5 and 6
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I .6 x l0-a lvl solution absorption spectra b) I x I 0-3 M cyclic voltarnmograms of 5, 6 and li3
(in DMF)

Bolh complexes were studied the UV-Vis absorption lipectrd in DMF solution as the spectra shorvn
in Fig. 3. The fwo major absorption bands are observed around 400 and Sff) nm. The first band is
attributed to the ,r-.{* of tieand bipyridine. 'fhe second band appeared the ,r-.r* tr.qnsitirtn of the
phenazirte ligand and IvILC'f tralisirion ol'the rutheniurn,:/ ro I orbiral. We shoutd nore that the
UV-Vis absorprion o1'our ruthenium cornplc.res ale red-shitted to -500 nm corn;:ured rvith the parert
N3 dye. The cyclic voltammograms of 5 and 6 in a DIv{F solution containing 0. } M TBAPF6 as
supporting electrolyte, scan rates at 100 rnVs*l, when the potential is scanned betweel -l .25 and 1.25
V. Both 5 and 6 complexes shorv chemically reversible oridation waves at 1.08, which carr be
attributed to the one electron oxidation ol rutheniurn center in both dyes. (iorrrpared to the standard
N3 dye, the me{al center oxidation of 5 and 6 is calhodicallv shifted by 30 m\t indicarin_s rhe
electron-rich character of thc pvrazine urrirs. \Ve then thllricated DSSL--s usiu-e 5. 6 and li3 complexcs
with cornposed of 0.15 cni- dye-adsorbed'l^io1 t'ilni.0.(tj lv1 It.0. I lvl Lil.0.4 lvl tllPy, aud 0.6 lvl'I'PAI as the electrolyse under AIU 1.5 G illunrinarion il00 nr!Ycm-2).'fhe preliminary results
suggested tltat the tnaxirrrurn etllciencv lor the 6-sensirizr'd'fiOt solar cell rvas calculated to be 1.1t4
9'ir. rvith a shrtrf-circrtit curr€nt (-(.) oi4.52 mAcrlr-?, an open-circuit photovoltage (t',*) of 0.5 I V,
and a fill factor (FF) ot'0.71. To be able to nrake a fair conrparison, rhe DSSC perforrnance of N3 rvas
also optirnized in the carrent study. As a result, the efliciency iirr the N3 u,as 5.97%. with a ,/.. ol

!

tl
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13.78 rnAcm :, a i,," of0.67 V. anci a l-F of 0.6-1. In another approach, the conversion etlciency of
the 5-sensitized solar cell rvas apparently lo\.ver. with a J*- of l. I 8 rnAcnr-r. a I'* o10.50 V, a FF of
0.63, and consequently ar energy{onversion efficiency of only 0.3lloui, was deduced. tt should be
noted that the very low convenion efficiency ofboth ruthenium 5 and 6 dyes could be explained by
the Iow solubility in ethanol solvent in the dipping step- However, we can furtheroptirnize ourDSSCs
in the firture.

Conclusion
ln colclusion, we have succcssfully synthesized and charaoerized the ruthetiutn dyes. Both

ruthenium 5 and 6 complex structures \vere characerized by 'H NMR and tR spectra. We fouod that
both cotnplexes show sirnailar cyclic chromatogram and UV-Vis spectra. The prelimary data ofthe
conversion efiiciency show l.[i49i, and 0.38% for 5 and 6, respectively.

0 0.1 0.,1 0.6 0.8
Volhsa V

Fig. 4. Photocurrent densitfvoltage (J-tl) characteristics ofa device using 5 and 6 as sensitizer
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