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One-step Synthesis and Optical Properties of PbS Quantum Dots

ZHAO, Xu-Sheng* GAN, Jian-Qun LIU, Guang-Hua CHEN, Ai-Min
(Guangzhou Institute of Chemistry, Chinese Academy of Sciences, Guangzhou 510650)

Abstract Size-tunable PbS quantum dots were synthesized using 1-thioglycerol and dithioglycerol as sta-
bilizers via a facile one-step synthetic method. Instead of the traditional organometallic route, in which toxic
precursors or solvents might be used, the wet chemical approach demonstrated in this paper is superior in
terms of simplicity, use of nontoxic materials, mild synthetic condition and good reproducibility. The resul-
tant PbS quantum dots are monodispersed with particle size ranging from 3 to 5 nanometers. Photolumines-
cence quantum efficiency of the as-synthetic quantum dots is up to 11.8% and can be maintained by 80%
within five weeks with additional capping agents introduced into the storage vessel.

Keywords PbS quantum dot; wet chemica synthesis; photoluminescence; photoluminescence quantum
efficiency
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1 JE 8hi(# POSE T TEM (A)RIE {5 TEM (B)I
Figurel TEM (A) and HRTEM (B) images of PbS QDs (8 h
after synthesis)
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Figure 2 UV-Vis absorption spectra of as-prepared PbS QDs
capped with TGL and DTG
DTG/Pb molar ratio: (a) 1.28/1, (b) 1.70/1, (c) 2.12/1, (d) 2.55/1, (e) 2.98/1
and (f) 3.40/1 (TGL/Pb=6/1)
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Figure3 Normalized photoluminescence intensity of PbS QDs
a~f: refer to Figure 2
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Table 1 Effect of extra DTG ligand on photoluminescence
quantum efficiency (PLQE) of PbS QDs upon aging

PLOE/% As prepared ODs Aged for Aged for Aged for
168h 504h 840h

Sample A? 105 9.6 8.6 3.6

Sample B® 105 95 91 8.4

dREh A RERBCE R P RIS IO A RS B ARG
0.30 mmol AR = FEA e, Hid: 5 min fEECE.

12

on
[ ]

PLQE/%

*

2 1 1 1 1 1
0 168 336 504 672 840
Storage time/h

B 4 Shmnids AR =R E A POS T RIOLET
WAEREM[NDTG) : n(Pb)=2.70 : 1]

Figure 4 Effect of extraDTG ligand on room temperature pho-
toluminescence quantum efficiency (PLQE) of PbS QDs upon
aging [n(DTG) : n(Pb)=2.70 : 1]

@ without extra DTG ligand, m Additional 0.30 mmol of DTG introduced into
the quantum-dot solution and stirred for 5 min every one week (Uncertainty in
the measurement of PLQE is 1%~8%. The use of dots or squares in this
figureisjust for clarity)

3 g

P Pb(CH3COO), 4 ik}, BiAR I =R A Re e 1, =
HR AT R 3~5nm ) PoS & 1. HA K



1872 =

Vol. 66, 2008

TIEMAE S SN AR T A0 b s ). L
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952 566 8% (PL) R 98 2t 1280 % (PLQE) J7 THT $i fk  3
Bh.
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