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Abstract

A series of polyp-phenylenevinylene)s that contain chlorotricarbonyl bis(phenylimino)acenaphthene rhenium(l) complexes on the con-
jugated main chain was synthesized by the palladium catalyzed coupling reaction. The chloride ligand could be displaced by the iodide
generated in situ during the polymerization reaction. The ligand displacement reaction was studied by synthesizing two model compounds,
whose structures were confirmed by X-ray crystallography. The metal content in the polymers could be adjusted by varying the monomer
feed ratio in the polymerization. The photosensitizing properties of these metal-containing polymers were studied, and it was found that the
photocurrent response was dependent on the metal content in the polymers. Multilayered photovoltaic devices were fabricated, and their
properties were studied by irradiation with simulated solar light. Typical power conversion efficiencies for these devices were measured to be
0.06%, with a fill factor of approximately 0.2.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction lographic data were collected on a Rigaku AFC7R four-circle
diffractometer equipped with graphite monochromator cou-
The chemistry and photophysics of chlorotricarbonyl rhe- pled with a RU 200 rotating anode generator, with the molyb-
nium(l) diimine complexes has been studied extensively denum anode operating at 160 mA and 50 kV. Data collection
because of their potential applications as photosensitizers,was carried out on Marresearch Imaging Plate mar300 with-
emission sensitizers, photooxidants, and photocatdlysts  out equipment for absorption correction, therefore, no ab-
These complexes possess relatively long-lived excited statessorption correction was carried out on both compounds. The
which are of metal-to-ligand charge transfer (MLCT) char- structures were solved by direct methods (SIR{7)and
acter; they have been incorporated into a varietymwef refined with all data o2 by the least square method using
conjugated oligomeric or polymeric systef@$. Our group SHELXL-97[8].
has been continuously investigating the uses of molecular
[3] {ﬂnd polymerlq[_4] rhenlu_m d||m|_ne complexes as po- 2.1.1. Compled
tential photosensitizers or light emitters. We have synthe- . . .
. . : ; The ligand used in the synthesis of complewas syn-
sized a series of rhenium complexes based on 1,4-diaza-1,3-, . . ) i
. . e - ."“thesized according to the procedure reported in the literature
butadiene (DAB) that can function as photosensitizers in sim- : ; e
) : [9]. A mixture of 4-iodoaniline (3.56 g, 22.0 mmol), acenaph-
ple, two-layer photovoltaic devicgS]. Compared to molec- : : .
- thenequinone (2.0 g, 11.0 mmol) and anhydrous zinc chloride
ular metal complexes, these metal-containing polymers en-

joy the advantages that they have better processibility and(l'sg’ 13.2mmo|) n glaqlal acetic acid (20 mL) was refluxed
) . 7 : . ! for 30 min. The suspension was cooled to room temperature
can form optical quality thin films easily by spin casting

technigue. In addition, the excited state properties of the and the solid was filtered. It was washed with acetic acid

- . = .~ (2x 10mL) and diethyl ether (4 20 mL) and then air-dried.
metal containing polymers can also be fine-tuned by adjusting : ;
. o . . The orange colored zinc complex obtained was added to an
their metal content, or by modifying the-conjugated main

chain/ligands coordinated to the metal centre. More recently, aqueous solution of potassium carbonate (25g in 25mL wa-

we found that a chlorotricarbonyl rhenium(l) complex based ter) and the mixture was heated under reflux with rigorous

on bis(phenylimino)acenaphthene (DIAN) ligand can be pro- stirring. After 2 h the mixture was cooled to room temper-
phenyimin P AN 19 P ature, and the solid was filtered off and washed thoroughly
cessed into thin film by vacuum sublimation. The complex

. o . - with water. After recrystallization with ethanol, the ligand
is non-emissive due to the presence of a relatively low-lying

MLCT excited state. The bulk heterojunction photovoltaic was u;ed immediately for the subsequent.reacuon. A mixture
X . i o of the ligand (0.20 g, 0.35 mmol) and rhenium pentacarbonyl
device fabricated from this complex exhibited a power con-

version efficiency of 0.48% with afill factor of 0.56]. In this chioride (0.149, 0.39 mmol) was refluxed in toluene under a

paper, we describe the synthesis and characterization of a Se[utrogen atmosphere for 3h. After the solution was cooled,

ries of poly(p-phenylenevinylene)s (PPV) incorporated with the dark purple precipitate was filtered. The solid was dis-
this rhepnij/mp ISIANycompIeB(/ on the polymer mgin chain. It solved in chloroform and reprecipitated in ether. Yield: 0.28 g

op) 1 . -
was also found that during the polymerization, the axial chlo- (94%). "H NMR (CDC3): 3§ 8.110, J=8.3 Hz, 2H), 7.964,

S . ST J=8.7Hz, 4H), 7.54% J=7.4Hz, 2H), 7.48¢, J=6.5Hz,
ride ligand could be displaced by the iodide ligand generated .
in situ, which was studied in detail. The potential of using 2H), 7.10 (m, 4H). 13C NMR (CD): 195.4,173.1, 148.3,

these rhenium complexes containing bolvmer as hotosen_145.1, 139.6,139.1, 131.6,128.8,125.9, 125.9, 125.0, 123.4,
1€ um comp 1aining poly PNOTOSENg5 7 FTIR (KBr pellet)y = 2019, 1922, 1887 crt. UV-vis
sitizer was investigated. A series of multilayer photovoltaic

devices was fabricated and their photocurrent response wa CHCs). EI-MS: m/z: 890 (M"), 855 (M"~CI). Anal. Calc.
P P or Co7H17N203Clq5Re: Calc.: C,36.3;H, 1.9; N, 3.1. Found:

measured. C,35.9; H, 2.2; N, 3.0%.
2. Experimental 2.1.2. CompleRa

A mixture of complex 1 (16.1mg, 0.018 mmol),
2.1. Materials styrene (23.6 mg, 0.18 mmol), palladium(ll) acetate (2 mg,

0.009 mmol), lithium chloride (7.6 mg, 0.18 mmol), and tri-

DMF was distilled over Cablunder reduced pressure. Un-  n-butylamine (0.10g) was heated in DMF (3 mL) under a
less otherwise specified, all chemicals were used as receivednitrogen atmosphere at 8C for 2 days. The mixture was

Instrument. NMR spectrawere recorded on a Bruker DPX- poured in water and the crude product collected was purified
300 (300 MHz) NMR spectrometer. Chemical shifts were re- by column chromatography using chloroform/hexane (1:1) as
ported in ppm and tetramethylsilane (TMS) was used as thethe eluent. Yield: 33 mg (41%)H NMR (acetone-g): § 7.28
internal standard. IR spectra were recorded as KBr disc on a(d, J=8.0 Hz, 2H), 7.331, 2H), 7.43 {, J=8.0 Hz, 4H), 7.45
Bio-Rad FTS-71R spectrometer. UV—vis absorption spectra (m, 4H), 7.60 (n, 2H), 7.71 (n, 8H), 7.97 (I, J=8.2 Hz, 4H),
were collected with a Hewlett-Packard 8452A photodiode ar- 8.34 d, J=8.2Hz, 2H). Anal. Calc. for gzH2gN2O3CIRe:
ray spectrometer. Positive ion El and FAB mass spectrawereCalc.: C, 61.3; H, 3.3; N, 3.3. Found: C, 60.7; H, 3.2; N,
collected on a Finnigan MAT95 mass spectrometer. Crystal- 3.0%.
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2.1.3. Comple2b ligand, which was formed in situ during the palladium cat-
Complex2b was prepared by the same procedure as in alyzedreaction. Thiswas confirmed by the synthesis of model

the synthesis oRa, except that no LiCl was added. Yield: compound2b by the reaction betweehand styrene in the

29%.1H NMR (acetone-g): § 7.26 @, J=8.2 Hz, 2H), 7.31 presence of palladium catalySc¢heme L Complex2b was

(m, 2H), 7.43 {, J=8.2Hz, 4H), 7.461H, 4H), 7.60 (n, 2H), obtained in 41% vyield, and no chloro substituted rhenium

7.71 (m, 6H), 7.90 (, 2H), 7.96 ¢, J=8.0 Hz, 4 H), 8.32(, complex was found. We also found that the ligand displace-

J=8.0Hz, 2H). Anal. Calc. for g3H28N20slIRe: Calc.: C, ment reaction was suppressed in the presence of excess chlo-

55.3; H, 3.0; N, 3.0. Found: C, 55.8; H, 3.3; N, 2.6%. ride ligand. When the reaction was carried out in large ex-
cess of LiCl (10 equiv.), compleRa was obtained instead.

2.2. Polymerization reaction The ligand displacement reaction could also be carried out

in different solvents including DMF, dioxane, THF, and

The synthesis of polymei5a is described as the cresol with similar results obtained. The importance of the
general procedure. Complext (0.10g, 0.11mmol), presence of free iodide in the reaction medium was examined
2,5-dihexoxy-1,4-diiodobenzene  (0.55g, 1.03mmol), by another model reaction in which compl&xeacted with
p-divinylbenzene (0.15g, 1.15mmol), palladium(ll) ac- 2 equivalent of BuNI in DMF (Scheme }, which yielded
etate (0.01g, 0.06mmol), td-tolylphosphine (0.018g, the iodo complex in 40% yield. When 10 equiv. of BiNI
0.06 mmol) and lithium chloride (0.49g, 11.5mmol) were Wwas used in the reaction, the yield was slightly improved
introduced into a 50mL Schlenck flask under a nitrogen to 55%. This ligand displacement reaction can also be sup-
atmosphere. Anhydrous DMF (3mL) and trbutylamine pressed in the presence of excess chloride ligand. No com-
(0.64 g, 3.45mmol) were then added via a syringe to the plex 4 was formed wher8 was treated with a mixture of
mixture. The solution was stirred at 100 for 7 days. BusNI and 10-fold excess of LiCl. Based on these observa-
The reaction mixture was poured into methanol and a dark tions, a simple ligand displacement reaction is proposed. In
green solid was collected by filtration. The polymer was other reports, the displacement of chloride ligand was ob-
washed with methanol in a Soxhlet extractor for 2 days and served in Re(2,2bpy)(CO}CI (2,2-bpy = 2,2-bipyridine)
dried under vacuum for 2 days. Yield: 70%. FTIR (KBr), inthe formation of complexes with R&e or Re-Mn bonds

cm™L: v=2023, 1926, 1906 (facial carbonyl CO stretching), [10]. It was suggested that the metaietal bond was not
UV-vis (CHCk): Amax. 458 nm. formed via a simple nucleophilic attack mechanism but in-

volved prior electron transfer to generate [Re(6lipyClI]*—,
which subsequently lost a Cland formed a new Renetal

3. Results and discussion bond. Such reactions can only occur in those complexes
that are easily reduced. In another paper, it was reported

3.1. Synthesis and characterizations of model that the ligand displacement reaction could occur electro-

compounds chemically[11]. Reduced complexes such as [Re(€@)

diimine)Br]*~ were generated electrochemically, which sub-
In our attempt to polymerize Re(DIAN-I)(C@J! sequently reacted with a betteaccepting ligand (e.g. PBh
[DIAN-I = bis(p-iodophenylimino)acenaphthengwith di- to form [Re(CO}(a-diimine)PPR]*. The one electron re-
vinylbenzene by the Heck reaction, we found that the chlo- duction of [Re(COj(a-diimine)L] would lead to the forma-
ride ligand at the rhenium centre was replaced by an iodide tion [Re(CO)s(a-diimine),] or [Re(COx(a-diimine)L]®,

PA(OAC),
n-BugN ,
' DMF. 100°C
Y Y styrene Q
vy .—\_’ ‘_/—.
OC-Re-Cl wnh or without LiCl
oc to

1 2a: Cl (with LiCl)
2b:

= I (without LiCl)

9@ I,

' Bu,NVDMF N ’N—Q
N __— Og‘cﬁ‘e._&')
Ny N i
oc-reZcl T

oc to Bu,NI/DMF No Reaction
3 LiCl (10 equiv.)

Scheme 1. Synthesis of complex@sand2b.
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depending on the nature ofand themr-accepting ability of edge, no inter conversion between the halide complexes was
the diimine ligand. In our case, both complexssand 2b reported.

exhibit very similar and relatively low reduction potentials The structures of both model complexes were unambigu-
[E12=—1.02V (versus Ag/AgCI) for compleRa] because  ously confirmed by X-ray crystallography in which the halide
of the relatively lowers* level in the DIAN ligands than ligands were clearly identifiel 5]. Fig. 1 shows the X-ray
other diimine ligandq12]. Therefore, we cannot rule out crystal structures of complex@sa and2b, and their crystal-
that the formation of [Re(CQjdiimine)CI]*~ was the first lographic data are summarized Table 1 Both complexes
step of the reaction in which iodide may act as the reduc- take up slightly distorted octahedral geometries that are al-
tant. This is followed by the displacement of chloride by the mostidentical except the halide ligands. However, the crystal
iodide ligand. We also attempted to prepare a bromo com- systems of these two complexes are not the same, showing the
plex using ByNBr. However, the product yield was very influence of the size of the halide ligand to the crystal pack-
low (~5%), which was consistent with donating abilities ing. There is a significant difference in the -R&1) bond

of the halide ligands. In Re(diimine)(C&X type complexes, lengths in complexega (2.116,&) and2b (2.036,&). In ad-
changing the axial halide ligand from CI to | will change dition, the difference in the C(30(1) bond lengths in the
not only the excited state energy but also the excited statecarbonyl trans to the halide ligand is even larger (Oéﬁ‘t@
character. Compared to chlorotricarbonyl complexes, there 2a and 0.76 in 2b). The unusual CO bond length &b
were fewer reports concerning the synthesis and propertiesmay be caused by the disorder of halide and its opposite CO
of bromo or iodo complexeld 3]. In fact, bromotricarbonyl ligand. However, treatment by disorder model was not suc-
rhenium(l) diimine complexes are common starting materials cessful. It is because the iodide overlaps partially with the
for the synthesis of the corresponding metal alky}4. The disordered CO group and the positions of partially occupied
bromo and iodo complexes were usually synthesized by theCO group was located with unexpected small displacement.
reaction between diimine ligand and rhenium pentacarbonyl  Fig. 2 shows the electronic absorption spectra of com-
bromide and iodide, respectively. To the best of our knowl- plexes2a-b measured in CbLClo. An iodide complex will

o(1)

C(41)(40) o(2) c(as) €(26)
@Cﬂ) can a8 c(ag)cﬂ”
@"@ccm) ;Bc(m
c(16) ;B'_@ @'—@ccm
('B’@C(zo) e cian)

c(29) c(28)

e 2n)

cts ocie) €7 ciis) c(25) c(2e)
c(40) €39 c(6 c(8)
C{15) c(n
c(9)
c(10)
c(18) c(12)
ci3) c(1y

Fig. 1. Structures of complexea gtop) and2b (bottom) showing the atomic numbering. Selected bond lengths and angles for ctﬁzzpl%ax(l)—CI(l),
2.459(7)A; Re(1)-C(1), 2.116(12A; CI(1)—Re(1)-C(1), 166.4(4); N(L)—Re(1)-N(2), 74.8(6). For complex2b: Re(1)-I(1), 2.7513(18}; Re(1)—C(1),
2.0356(10)A; I(1)—Re(1)-C(1), 173.83(5); N(1)—Re(1)-N(2), 74.6(5).
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Table 1
Crystallographic data for complex2aand2b
2a 2b

Empirical formula G3H2gN2O3CIRe CGi3H28N2031Re
Formula weight 842.32 933.77
Temperature (K) 301(2) 253(2)
Crystal system Monoclinic Triclinic
Space group P2;1/n P1
Unit cell dimensions

a(A) 11.607(2) 14.066(3)

b (A) 33.730(7) 15.674(3)

c(A) 17.941(4) 17.212(3)

a(®) 90 99.58(3)

B() 90.42(3) 93.12(3)

y (°) 90 107.02(3)

V (A%) 7024(2) 3556.5(12)

z 8 4
Absorption coefficient 3.579 4.328
Crystal size (mrf) 0.2x 0.1x 0.06 0.3x0.2x 0.1
0 Range for data collection  1.29-25.52 1.21-25.33
Reflection collected 10966 14562
Independent reflections 6053 8979
Parameter 421 418
WR; (all data) 0.1393 0.1163
Ru[1>20(1)] 0.0582 0.0499

give rise to an increased mixing between the metal d and
halide p orbitals, as the p orbital energy increases from
Cl to I. Therefore, the lowest excited states in iodo com-
plex may exhibit both halide-ta-diimine charge transfer
(XLCT) and MLCT in character. CompleRa exhibits an
intense MLCT [d(Re)—r" (diimine)] transition absorption
band at 495 nm, which is consistent to those reported previ-
ously[16]. On the other hand, interesting absorption features
were observed in comple2b. Besides the MLCT band at
510 nm, another lower energy absorption band is observed
at 549 nm, which is tentatively assigned to the XLCT tran-
sition [Px(1)—" (diimine)]. The absorption maxima of these
two electronic transitions in different solvents are summa-
rized inTable 2 The charge transfer characters of the MLCT
bands in both complexes are also supported by the neg-

b
o

o
'S
1

0.3

0.2

absorbance (a.u.)

0.1

O

300 350 400 450 500 550 600 650 700
wavelength (nm)

Fig. 2. UV-vis absorption spectra of complex@zsand2b in CH,Cl».

Table 2

Spectroscopic properties of different complexes

Ered(V) b

ABE}(cm 1)

Xmax (nM) (€ Lmol~1ecm™1)

Complex

DMF

CHCN

THF

CHCl,

Toluene

—-1.04
—-1.02

505(5800) 476(4480) 477(8540) 1696

495(11750)

519(6170)

578(7050)532(6830)

2a

¢ 1ax47

540(4540), 489(5120)

530(3990), 499(4500)

562(4910), 516(5160)

549(7540), 510(8090)

2b

a Difference in energy between the absorption maxima in toluene and in DMF.

b Cyclic voltammetry experiments were performed in acetonitrile solution with 0.1 MNB#s under Ar, Pt working electrode, Ag/AgCl reference.

¢ Solvatochromism for the XLCT absorption band.
d Solvatochromism for the MLCT absorption band.

1355
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Table 3 course of polymerization, resulting in relatively lower yield

Properties of the Re-DIAN containing PPVs and molecular weight. With higher metal content, polymers

Polymer ~ x y Yield (%)  Ta(°C?  My° PO 5b and5c¢ show higher molecular weight, and optical quality

5a 01 09 70 446 9200 1.9 films could be obtained by spin coating from the solution.

5b 03 07 76 450 15300 2.3 In the 'H spectrum of polymeba, two groups of broad

5¢ 05 05 8 330 17200 25 peaks were found at 8.1 and 7.8 ppm, which are due to the
& Decomposition temperature determined by thermal gravimetric analyzer protons on the naphthalene ring. The signals due to the pro-

under a nitragen atmosphare. tons of the PPV main chain and other protons on the naph-

b Number average molecular weight.

¢ Polydispersity. thalene rings appeared as two broad peaks and were found

at 7.2 to 7.7 ppm. Other peaks found at 4.1, 1.9, 1.2-1.4,
ative solvatochromism. However, for the XLCT transition and 0.9 ppm are attributed to the hexoxy side chain. From
band in complex2b, the solvent effect was found to be the protons due to the rhenium complex and the hexoxy side
much weaker. Both complexes exhibit an intense absorp-chain, the metal content in these copolymers can be calcu-
tion band at ca. 370 nm, which is assigned to the ligand- lated, and the experimental metal content in the copolymers
centered transition of DIAN with extendeg-conjugation. agreed quite well with those of the monomer feed ratio. In the
In addition, for iodo and chloro complexes, the solvent po- FTIR spectra oba-5¢, three very strong absorption bands at
larity has little influence to this band. All these rhenium com- 2020, 1922, 1896 crt were observed, which are assigned
plexes are not emissive at room temperature because the norio the facial metal carbonyl CO stretching. This confirms the

emissiverr” (for complex2a) and XLCT (for complex2b) presence of rhenium carbonyl moieties in the polymer main
states may provide a more efficient non-radiative deactivation chain. Other intense absorption bands found at 1600+amd
process. 969-964 cm! are assigned to the= stretching bands for
the diimine moiety and the out-of-plane bending of the trans
3.2. Syntheses and characterization of polymers vinylene group, respectivelffig. 3shows the UV-vis spec-

tra of 5a-5c¢. In polymer5a, the intense absorption peaks

As a result of the ligand displacement reaction observed, at ca. 450 and 370 nm are assigned toher* transition
all subsequent polymerizations were carried in the presenceof the conjugated main chain and the DIAN ligand, respec-
of 10 equiv. LiCl.p-Divinylbenzene was copolymerized with  tively [17]. On the other hand, the MLCT fd(Re) — =~
different proportions of monomer 1 and 1,4-dihexoxy-2,5- (DIAN)] transition of the rhenium complex moiety only ap-
diiodobenzene by the conventional Heck coupling reaction Pears as a shoulder at ca. 520 f#h With a higher metal
to y|e|d po]ymersSa_SC (Scheme 2 The metal content in content, polymeBb shows a more intense MLCT transition
the resulting polymers could be adjusted by varying the ratio band, and the intraligang—m* transition at 370 nm is more
between different monomers. The properties of the polymers Obvious. When the metal content in the polymer is further
obtained are summarized fable 3 The solubility of the increased, the intensities of the MLCT and conjugated main
polymers increased with the metal content. PolyBeewas chain transitions become comparable. It can be observed in
not completely soluble in DMF, and it precipitated during the the absorption spectrum of polymé.

e
,\ yl | + (x+y}/_©_//
Ol 2O /
OC-Re-CI OCgHy3

OoC CO
1 Pd(OAc)s/P{o-Tol)s
BUSN
DMF
LiCl
K
(O A=)
\ Q 4 oc-Ré’Cl
oC to X

polymers 5a-c

Scheme 2. Synthesis of polyméra-5c.
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1.4 quantum yield vs. electric field strength for polym&es5c.

12 .~ 5a Polymeﬁbs_hows higherquantum_eﬁiciencywhen compared
Tl —=a- -5b to 5a. This is explained by the higher metal complex con-
1 *, @50 tent in the polymer. However, polymBconly shows similar

absorbance (a.u.)
o

T T \ T T e
300 350 400 450 500 550 600 650 700

wavelength (nm)

quantum vyield tdba in spite of the highest metal content.

It can be seen frorfrig. 1that the acenaphthene imine and
the phenyl group are not coplanar. We suggest that due to
the presence of the large amount of rhenium complex on the
main chain, the effective conjugation length in the polymer
is shortened, which subsequently affects the charge transport
properties of the polymer. This clearly shows that the amount
of photosensitizer content is not the sole factor that affects
the photocurrent response. The presence of charge transport
units @@ conjugated system) is also essential.

Besides the simple single layer devices, a se-
ries of three layered photovoltaic devices based on
polymers 5a-5c with poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate) (PEDOT:PSR]] as the hole trans-
port layer and 3,4,9,10-perylenetetracarboxylic diimide

It has previously been shown by us that ruthenium (PTCDI) [22] as the electron-transporting layer was pre-
tris(2,2-bipyridine) complex incorporated in conjugated pared. The photovoltaic properties of these devices were
polymers were able to act as photosensitif&é@]. In ad- also investigated. A layer of PEDOT:PSS (25 nm) was first
dition, the uses of ruthenium complexes in dye-sensitized spin-coated on the ITO glass substrate. After spin-coating a
solar cells with high efficiency have also been demonstratedlayer of the rhenium complex containing polymer (40 nm),
[19]. The photosensitizing properties of these polymers were PTCDI (25nm) and aluminium electrode (70nm) were
first tested by measuring their photoconductivity. The poly- then deposited by vacuum evaporation. A 150 W Xenon
mer films for photoconductivity measurements were preparedlamp providing AM 1.5 simulated solar radiation (inten-
by casting the polymer solution in chloroform on indium sity =100 mW/cni) was used as the light source. The current-
tin oxide (ITO) coated glass slides. The typical thickness voltage characteristics of the devices were studied with a
of the polymer film was 0.5-Lm. Another gold electrode  Keithley 2400 sourcemeter. The photovoltaic properties of
was coated on the polymer film surface. The photocurrent the devices fabricated from polymeg&-5c are summa-
was measured with the setup as described in our previoustized in Table 4 It was found that the device fabricated
article [20]. Argon ion laser (488 nm) was used as the light from polymer Sb exhibited a higher power conversion ef-
source. Optical quality films could be obtained from these ficiency (6.1x 1072%) compared to that fabricated from
polymers. Upon irradiation, an external electric field was ap- polymer5a (4.5x 10-2%), which is due to the higher pho-
plied across the polymer film, and the photocurrent responsetosensitizer content. However, device fabricated frbm
was measured by a lock-in amplifi€ig. 4shows the plotsof ~ shows the lowest efficiency among these polymers. Again,

we attribute this observation to the fact that both sensitizer
10 and charge transport units are essential to the generation
of photocurrent. The current-voltage characteristics of the

Fig. 3. UV-vis absorption spectra of polym&a-5cin CHCl3.

3.3. Photosensitizing properties of polymers

Quantum yield

Fig. 4. Plot of quantum vyield as the function of external electric field for

00® ITO/PEDOT:PSS/DIAN-PPV 5b/PTCDI/Al in the dark and
under simulated solar lightirradiation are showRig. 5. The
measured short-circuit current (ISC), open voltage (VOC),
and fill factor (FF) were measured to be 0.42 mAfcth86 V,

Table 4

Properties of the photovoltaic devices ITO/PEDOT:PSS/rhenium poly-

mer/PTCDI/Al fabricated from polymeisa-5c¢

Polymer  ls (WAcm—2)2 Voc (V)P

FFe

1p (1072 %)

T I T I T
100 200 300 400 500

Electric field (kV/cm)

polymers5a-5c upon radiation with Ar-ion laser (488 nm).

5a 37 093
5b 427 Q86
5c 102 Q76

021
021
023

45
61
12

@ Short-circuit current.

b Open-circuit voltage.

¢ Fill factor.

d Power conversion efficiency.
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Fig. 5. Current voltage characteristics of photovoltaic devices ITO/PEDOT:
PSS/polymesh/PTCDI/Alunder the illumination of AM 1.5 simulated solar
light (100 mw/cn?).

and 0.21, respectively. Although this device showed the best
performance among these polymers, the value of FF is rel-
atively low, which indicates slow charge transport and high
recombinatior23]. Therefore, it is of importance to study
the detailed charge transport behavior of these polymer in
order to understand the fundamentals of photovoltaic effect
in these devices. We are currently extending our studies to
investigate the relationship between the nature of the ligands
and the photosensitivity of the rhenium complexes. Also,
it is expected that improvements in the fill factor and effi-
ciency could also be achieved by optimization of the device
structure and use of bulk heterojunctions, as well as device
encapsulation.

4. Conclusions

A series of conjugated polymers that contain chlorotri-
carbonyl bis(phenylimino)acenaphthene rhenium(l) complex

for financial support.
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