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4-Picolinic Acid Ligands for Dye-Sensitized Solar Cells (DSSCs)
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Abstract: A novel heteroleptic ruthenium(Il) complex bearing a 4-picolinic acid unit as anchoring ligands
(trans-dithiocyanato bis(4-picolinic acid)ruthenium(Il) (zrans-H1)) was synthesized and its chemical structure was
identified by 'H-NMR, FT-IR and mass spectroscopy. The optical, thermal, electrochemical and dye adsorption
properties of frans-H1 dye were investigated and compared with those of the gold standard ruthenium complex,
Ru(4,4'-dicarboxy-2,2'-bipyridine),cis(NCS), (N3). DSSCs based on trans-H1 dyes were examined under the
illumination of AM 1.5 G, 100 mWcm™ and exhibited typical photovoltaic properties with an open-circuit voltage
(Voc) of 0.46 V, a short-circuit current (Js¢) of 4.10 mA-cm'z, a fill factor (FF) of 60.4%, and a conversion
efficiency (PCE) of 1.14%.

Keywords: Ruthenium complex, 4-picolinic acid, DSSCs (dye-sensitized solar cells), TiO, (titanium dioxides)
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Fig. 1. Chemical structure of frans-H1 and N3 complex.
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trans-dithiocyanato bis(4-picolinic acid) ruthe-
nium(ll) (trans-H1): 30 mLe] DMF £ £
0.8876 g9 trans-Ru(Py-COOH),Cl, (1.335 mmol),

0.1 M NaOH, 0.6609 g©] NH4NCS (8.683 mmol)

Sl 93 AT BT TR ¥l B 3, &
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o wEe 9o Wez ek QojAl 28l
0.1 M A4t g9 8| A7kstel go4o] pHrt 27}
oAl Fck olf e oA Ut ARo] QojAln

ol Y WeIS Boko] weldich wH s8e

0.2781 g (34.1%) o]t}.

'H-NMR (500 MHz, DMSO-d): & 13.9 (br,-COOH),
8.29 (d), 7.86 (d) (pyridine protons). FT-IR (ATR,
m™!): 3,447 (OH, br), 2,096 (-CN (-N=C=S), strong),
1,710 (C=0, strong). FAB-MS m/z calcd. for
ngHzoNeOgRUSz 709.98, found 709.90.
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Fig. 2. 'H-NMR spectra of 4-picolinic acid and trans-Hl

complex in DMSO-d.
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Fig. 3. UV/vis absorption spectra of frans-H1 and N3 dye
solutions and dye-adsorbed TiO, substrates.
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Table 1.
adsorption properties of trans-H1 and N3 dyes.

Summary of optical, thermal, electrochemical and

Amax® Tao,® E,© 0
Dye - 16,2
(nm) 9 %) (x10"/em”)
trans-H1 407 237 0.88 13
N3 401, 541 299 1.12 9.8

@Maximum absorption band in acetonitrile solution.
®Temperature for 5% weight loss measured by TGA.
©F,,, for the 1% oxidation potential versus NHE.
@Dye adsorption amount onto TiO, substrate.

AA712510] 5% v‘i‘—“(thermogravimetric analy-
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Fig. 4. IV curves of frans-H1 and N3-based DSSCs under the
illumination of AM 1.5 G, 100 mWem™.
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Table 2. Characteristic properties of frans-Hl and N3-based
DSSC devices under the illumination of AM 1.5 G, 100 mWem™.

@ Voc Jsc FF PCE
Device )
V) (mA/em”) (%) (%)
trans-H | 0.46+0.01 4.10+£0.13 60.4+0.35 | 1.14+0.02
N3 0.64+0.02 | 13.40+0.38 | 64.9£2.10 | 5.60+0.28

@The cell data for each dyes were averaged using three
devices for consistency. The active areas of the devices

were ca. 0.20 cm’.

Chad olAtate]lety A= EHO| S48 trans-HI
@m0 24" HO)e 13 X 10%cm’ 0= AEY
0B, o]t N3 @R(=9.8 x 10°/cm)e] &&=l o
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27129l 4-mEelat BAE N3 @Rol utolwely
ejzheo] ula) BIHEY AFRESE o 371 e 3
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Arlel 54 A Yemd (17 4 2 ED)

trans-H1 EX}7} DSSC EJYA X Oﬂﬁi/\‘]J 7]
Mmooz 2diste olojstc}. sHX|RF frans-H1
A9 7fukA A(open-circuit voltage (Vyo), B
S(short-circuit current density (/&) ¥ FF (fill
factor)= N3 BIYAIA] Hop 2% A UEpgoy,
o|l& 9l EjFMR|e] MEE & (conversion efficiency)
% trans-H1 EJYAR|(PCE = 1.14%)7} N3 EfSAA]|
(PCE = 5.60%)0]| H];H A L}E}‘;{ft}. O] trans-H1
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o2 QI frans-H1 AXtQ] AALE LA+ ciu] AA
A §4 (incident photon-to-current conversion
efficiency, IPCE) ATE= T N3 AX}o] H]|s] A
Uehd= =elstao (21 5).
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Fig. 5. IPCE (incident photo-to-current conversion efficiency)
spectra of frans-H1 and N3-based DSSCs.
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