I nter national Journal of Ethicsin Engineering & Management Education

Website: www.ijeeein (ISSN: 2348-4748,

Volume 2, Issue 12, December 2015)

Phosphine-Free Heat up Synthesis of CdSe
Nanocrystals for Quantum-dot-sensitized Solar

Cel

1S5

Santosh Kumar VermRameshwari Verma, Yi Xie, Dehua Xiong and Xiujiama6*

State Key Laboratory of Silicate Materials for Aitelctures, Wuhan University of Technology, No. 1P@oshi Road, Wuhan

430070, P.

R. China

E-mail: opluse@whut.edu.cn (X. Zhao); Fax: +86-@¥B83743; Tel: +86-02787652553

Abstract: We demonstrate a low cost, phosphine-free route to
synthesize CdSe quantum dots (QDs) by heating the mixed
precursors of Se and Cd up to 260 °C. The as-synthesized CdSe
QDs are characterized by using UV-visible absorption
spectroscopy, high resolution transmission electron microscopy,
X-ray diffractrometry, and EDX analyses. The CdSe QD-
sensitized TiO, films of solar cells has been fabricated by
decoration of CdSe QDs on TiO, films deposited on FTO/glass
substrate, which exhibits fill factor and photo-conversion
efficiency 42.26 % and 0.95 %, respectively.
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|. INTRODUCTION

Colloidal semiconductor quantum dots (QDs) haveaggre
fundamental and technical importance due to thedr tsinable
and light harvesting properties [1]. By recombiaaticontrol
using inorganic ZnS/Sigdouble layer treatment onto the QD-
sensitized photoanode, photo-conversion efficierigy of
guantum dot solar cells (QDSCs) can be boostedruk$86
[2]. In past years, QDSCs chalcogenide semicondsictoch
as CdSe [3], CdTe [4], and PbS [5] have been embage
sensitizers due to the size tunable band energy thad
generation of multiple electron pairs with one $&nphoton

[6].

Herein, we present an alternative phosphine-frest e
route for the synthesis of CdSe QDs (Scheme 1)this
method, reduction of elemental Se with ODE in thespnce
of dodecanthiol (DT) generated Se-ODE precursaitin The
Se precursor was found to be highly reactive, aiigisle for
the synthesis of CdSe NCs. We succeed to syntheSiB8enm
size of CdSe NCs at 260 °C for 5 min. To achieve th
widespread use of QD-based solar cells,,Tin deposited
on FTO/glass substrate was decorated by CdSe Qidshan
photovoltaic properties were investigated.

Il. EXPERIMENTAL

MATERIALS

Cadmium acetylacetonate [Cd(agac) 98%], 3-
Mercaptopropionic acid (3—-MPA), Trioctylphosphin&@ QP
90%), Oleic acid (OA, 95.0%), l-octadecene (ODE%3R0
oleylamine  (OLA, 70%), titanium  diisopropoxide
bis(acetylacetonate), mesoporous anatase P25 paste,
plutonic acid (HPtCk.6H,0), and TiC} were purchased from
Sigma Aldrich. Fluorine doped tin oxide (FTO) wastained
from Nippon Sheet glass, Japan. Selenium metal posk,
99.5%), NaS, S powder and KCl| were purchased from
Sinopharm Chemical Reagent Co. Ltd. Acetone (99)9 %
toluene (99.9 %), hexane, (99.9 %), and ethanolJQvere
obtained from Fisher ScientifiAll chemicals and solvents

In recent years, both heat up and phosphine fregere ysed directly without further purification.

procedure for nanocrystals (NCs) synthesis creajssht
interest for low cost, less toxic and high powenw&rsion
efficiency [7-9]. A major challenge for the syntlesof
phosphine free QDs is to achieve homogeneouslalision of
the elements within the QDs. CdSe is one of thet mogular
NCs showing full range optoelectronic propertiesvayying
their shape and size. However, the majority ofsyrethesis of
CdSe NCs relies on the use of trioctylphosphineRT Based
precursors namely TOP-Se, which are toxic in nafa.
Consequently, alternative approaches of phosphae-f
routes, including direct dissolving Se powder witigh-
boiling-point solvents such as octadecene (ODE),1H]1
oleylamine (OLA) [13], olive oil, and non-coordimag
solvent parffin [14], have been explored in photovoltaic
application.
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SYNTHESIS OF CdSe QDs

CdSe QDs were prepared via a modified reportedeohae
[13,15]. Typically, Se precursor was first prepamed three
necked flask containing 1 mmol Se powder, 5 mL COdbid
3.6 mL DT. This mixture was put under vacuum for rBh
and then maintained at 160 °C for 2 h, followeccbygling the
resulting light yellow solution to room temperatufemixture
of 1 mmol Cd(acag)and 3 mL OLA in another flask was
stirred at 60 °C under vacuum for 30 min until Baution
became clear light yellow. The as-prepar&e precursor
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Scheme 1. Sketch of the mechanism on phosphindxé@aeup synthesis of CdSe QDs.

solution was then added to the Cd precursor solutiwder Ar

flow, followed by increasing the temperature to 260with a

slope of 5 °C/min, and keeping the reaction at 26Cfor 5

min. After that, the flask was rapidly cooled to moo
temperature, and the as-synthesized CdSe QDs wasbed
three times by precipitation with ethanol and repérsed in
chloroform for further analysis and fabricationsolar cells.

SENSITIZATION OF TiQ FILM AND FABRICATION OF
SOLAR CELLS

MORPHOLOGICAL, OPTICAL AND
ELECTROCHEMICAL MEASUREMENT

The absorption spectra of CdSe QDs were recordea on
UV-vis spectrophotometer (UV1601PC, Shimadzu, Jaian
the wavelength range of 300-600 nm. The powder yX-ra
diffraction (XRD) patterns were collected using a D&&ate
X'Pert ProX-ray dffractometerHigh resolution transmission
electron microscopic (HR-TEM) analysis was takerab}EM
2100F microscope operated at 200 kV. Energy dispe)s
ray spectra (EDX) were obtained using the same aseupe
to determine the composition of the as-synthes@Bs. The

PHOTO-

The F-doped Sn&coated substrate (FTO/glass, 2.5 mmsolar cells, 0.16 chactive illuminated area, were tested using

thickness) were used as conductive substratesefmapE TiQ

Newport Oriel I-V station (PVIV-412V) solar simutas using

photoanode. Anatase P25 Tiflm were pasted on cleaned an AM1.5 G spectrum at a light intensity of 100 new?, and

FTO glass by screen printing method followed byjresly
reported thermal sintering procedure (150 °C fomif, 325
°C for 15 min, 375 °C for 5 min, 450 °C for 7 minca500 °C
for 5 min) [16]. Before the paste of Ti®@n FTO glass, a
blocking layer of titanium diisopropoxide bis(adatetonate)
prepared in 75% isopropanol was deposited by speglysis
(one round spray was done in every 10 second, fmirite

calibrated using Si photodiode as reference.

Ill. RESULTS AND DISCUSSION

MORPHOLOGICAL AND OPTICAL ANALYSIS
The HRTEM images show that the as- synthesized CdSe

(approx. 12 rounds) at 450 °C). The as-sintered ,TiIOQDs are well-developed single crystals with thesriplanar

photoanode were then immersed into 1 M 3-MPA sotufin
acetonitrile) for 4 h, and rinsed thoroughly witbetonitrile
and chloroform. The MPA-modified Tidilm was transferred
into the CdSe NCs/chloroform solution for 24 h toesare
saturated sensitization of QDs onto the Jé@ctrode. The Pt
counter electrode was prepared by thermal decomiposif

distances of 0.349 nm, which is in agreement wB2j
crystallographic facet of hexagonal CdSe (Fig.la¥Wje
notices that NCs with lattice distance of 0.328 nvhjch is
consistent with the (101) crystallographic facetCafSe, were
also formed at 60°C for 24 h (Fig. 1d-e). The average
diameter of 60C and 26°C NCs was estimated to be around

Pt precursor at 450 °C for 15 min [1]. The CdSe QD--7.6 nm and ~9.8 nm, respectively. The fast fouramsforms
sensitized TiQ electrode and Pt-coated FTO was sandwichegdFFTs) pattern of a single NCs also confirm the2joand
by using 25 pum thick Surlyn gaskets followed by-@riled  (101) directions at both 26€ and 60°C samples (Fig. 1c,f).

backfilling holes at counter electrodes by polysiéf The well-determined lattice images indicate thenhigrdered
eleCtrOIyte (20 M N@S, 20 M S, and 2.0 M KCI) [1,17] A Crysta”ine structure.

small glass holes was covered by Surlyn film anit cgere
connected with wires for further photocurrent eéficcy test.

12
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Fig. 1. HR-TEM images (a-b, d-e) and FFT patteoy 6f the as-synthesized CdSe QDs collected @t°’@6for 5 min (a-c) and at 60 °C for 24 h (d-f),

resnectivel
PHASE AND COMPOSITION ANALYSIS
Fig.2 demonstrates the evolution of optical absocbaof .

aliquots of NCs collected at different temperatuttasing the Th.e XRD pattern of the as-prepared sample indicimes
heating up. With injection of Se-ODE-DT precursotoi the ~ formation of hexagonal CdSe (Fig. 3a). The diffiat peaks
Cd-OLA precursor at 60 °C, a broad peak (436 nmj wadat 25.39°, 41.99 and 50.69 could be assignedheo(®02),
observed at 140°C and it is red shifted up to 4di7over the (110) and (201) reflections of hexagonal structafeCdSe '
increasing course temperature at 260 °C. The réfil sh (JCPDS No. 01-077-2307). The EDX elemental analysis

absorbance edge with increasing reaction temperatufeveals that the Cd:Se ratio is around 1:1 (see3p which

indicates the increasing particle size of the CNSs. Is in agreement with the phase analysis from XRiepa.
436 447 —80°C SOLAR CELL PERFORMANCE

—110°C The photocurrent density-voltagel-Y) curves of the
o —! P —140°C QDSCs fabricated by the CdSe sensitized 3-MPA-cdppe
= L —170°C TiO, photoelectrodes were measured under AM1.5G at 100
3 ——200°C mW/cn? illumination intensity (Fig. 4). The value of open
Q —230°C circuit voltage Yoc) and short circuit currentidc) of 0.674 V
g ——260°C and 3.35 mA/cr) respectively, were observed in one sun
© solar simulators adjusted by calibrated Si photdeicas
2 reference. The photo-to-current conversion efficyer) of
8 0.93 % and fill factors (FF) 42.26 % are achievEde solar
Q2 cell performance measurement confirmed good phctivity
< of CdSe QDs synthesized at 260 °C by phosphineHeag up

procedure.

400 500 600
Wavelength (nm)

Fig. 2. The evolution of UV-vis absorption spectfathe aliquots of CdSe
NCs collected at different temperatures duringitbating up.
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Fig. 3. (a) The XRD patterns correspond to hexagod&e QDs. EDS spectra of CdSgnthesized at 260 °C (b). Note: The strong pédkuois
belongs to sample holder of Cu for EDS analysi3tof
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