[= & SAE8s%] http://dx.doi.org/10.3740/MRSK.2014.24.10.0
Kor. J. Mater. Res.
Vol. 24, No. 10 (2014)

9%

HEZEY HIFAAY AHE FHATE
N-doped ZnO yW=9A-g2u=AdF 34

Fate - FaA’
e b R E e

N-doped ZnO Nanoparticle-Carbon Nanofiber Composites for use as
Low-Cost Counter Electrode in Dye-Sensitized Solar Cells
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Seoul National University of Science and Technology, Seoul 139-743, Korea

Abstract Nitrogen-doped ZnO nanoparticle-carbon nanofiber composites were prepared using electrospinning. As the relative
amounts of N-doped ZnO nanoparticles in composites were controlled to be 3.4, 9.6, and 13.8 wt%, the morphological,
structural, and chemcial properties of the composites were characterized by means of field-emssion scanning electron
microscopy(FESEM), transmission electron microscopy(TEM), X-ray diffraction(XRD), and X-ray photoelectron
spectroscopy(XPS). In particular, the carbon nanofiber composites contaning 13.8 wt% N-doped ZnO nanoparticles exhibited
superior catalytic properties for use as a counter electrode in dye-sensitized solar cells(DSSCs). This result can be attributed
to the enhanced surface roughness of composites that offers sites for I3~ ion reductions and the formation of Zn;N, phases that
facilitate electron transfer. Therefore, DSSCs fabricated with 13.8 wt% N-doped ZnO nanoparticle-carbon nanofiber composites
showed high current denisty(16.3 mA/cm?), high fill factor(57.8 %), and excellent power-conversion efficiency(6.69 %), which
displayed almost identical power-conversion efficiency compared to that of DSSCs fabricated with a pure Pt counter electrode

(6.57 %).

Key words Dye-sensitized solar cells, counter electrode, N-doped ZnO nanoparticle-carbon nanofibers, catalytic properties,
electrospinning.
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Fig. 1. FESEM images obtained from (a) single CNFs, (b) sample A, (c) sample B, and (d) sample C.
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Fig. 2. TEM images obtained from (a) single CNFs and (b-c) sample C.
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Fig. 3. (a) XRD data obtained from single CNFs and sample A-C. (b) XPS spectra of the N 1s core levels for sample C.
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Fig. 4. Cyclic voltammetry (CV) curves of single CNFs, sample A-
C, and pure Pt measured at a scan rate of 50 mV/s from —0.3 to
L1V
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Fig. 5. Photocurrent density (J)-voltage (V) curves of DSSCs
fabricated with single CNFs, sample A-C, and pure Pt.

AsE Y22 FFEu diF oz eV F
2go] 2kl whgo] A= F(positive)o] - L/
;9] 2k} W3S S-(negative)2] S I;/19] SHIuks
zbzb Qu| kY 53] [+ 2e - 31 WSS s}

< o, sample C& E& samples ZA 7H¢
et S 548 BT OV FAoA Hojx= A
28 2k} peakS 0.51 VOlA ZHzE 1.52 mA/em’(single
CNFs), 1.88 mA/cm’(sample A), 2.43 mA/cm’(sample B),
2.70 mA/em*(sample C), 1.65 mA/cm’(pure Pyl &
ZE ) B8, 39 peakS -0.21 VOlA 22 -1.71
mA/cmZ(single CNFs), —-1.79 mA/cmz(sample A), —2.38
mA/cm*(sample B), —2.84 mA/cm’(sample C), —2.02 mA/
cm’ (pure Pt)olA] #ZE Y}t T2 sampleE 3} ]38}
RS W, sample C&= ¢ Ash/d HAF/2
ROH, o= B2 ¥ W=dxte] HtE Q1%
Aol w& xW AAZZF I ol Y S 9%
sites&  AlFeke A SA HEA el
N, 73e] E2 Aol sret s AR &
o] REE-5 FATIe Aow ATtHE o]

H

KeX
=
A

=

R

1
R

=
- =

o

ro=& o
=l A
H, A5 o=
714 54

Table 1. Photovoltaic parameters of DSSCs fabricated with single CNFs, sample A-C, and pure Pt.

Open circuit voltage

Photocurrent density

Power-conversion

Samples Voo, V) (e, MA/cm?) Fill factor (%, %) efficiency (PCE, %)
Single CNFs 0.68 13.2 43.4 3.89
Sample A 0.68 14.9 53.8 5.50
Sample B 0.70 15.4 56.3 6.07
Sample C 0.71 16.3 57.8 6.69
Pt 0.71 16.4 56.1 6.57
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