Journal of Colloid and Interface Science 430 (2014) 283-292

Contents lists available at ScienceDirect

Journal of Colloid and Interface Science

www.elsevier.com/locate/jcis

Time, illumination and solvent dependent stability of cadmium sulfide
nanoparticle suspensions

@ CrossMark

Alexander Rabkin, Yuval Golan *

Department of Materials Engineering and Ilse Katz Institute for Nanoscale Science and Technology, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel

ARTICLE INFO ABSTRACT

Article history:

Received 11 March 2014
Accepted 26 April 2014
Available online 6 June 2014

Hypothesis: The optical properties of cadmium sulfide (CdS) nanoparticles in suspension are affected by
morphology and suspending solvent. Time dependent stability of these properties is solvent dependent
and is affected by illumination conditions under which the suspension is stored. Moreover, minute
amounts of dissolved oxygen are sufficient in order to facilitate photodegradation.

Experiments: CdS nanoparticles were synthesized with various shapes using a single precursor, single
surfactant route. Thereafter, their optical properties were measured from chloroform and toluene suspen-
sions following periods of up to 4 months, under illumination conditions, which included dark storage,
visible light and UV irradiation.

Findings: The changes in optical properties, best shown by the photoluminescence (PL), reveal an intri-
cate behavior, which is dependent upon both the chemical environment and illumination conditions. This
is mainly manifested in two ways: the first is an initial intensification of the PL, while later on gradual
degradation of the particles and their optical activity are observed. Moreover, a distinct variation of sur-
face state emission was demonstrated for each solvent. Additionally, a solvent dependent variation of the
final photodegraded state was observed. Based on these observations, we describe the photodegradation
route for CdS nanoparticles in chloroform suspensions.
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1. Introduction

CdS is a direct band gap (2.42 eV), compound semiconductor
that has a high index of refraction and intense fluorescence in
the visible range. CdS has promising applications in multiple tech-
nical fields including photochemical catalysis, gas sensor, detectors
for laser and infrared, solar cell, nonlinear optical materials, vari-
ous luminescence devices and optoelectronic devices [1-12].
Moreover, CdS nanoparticles with defined optical spectra are com-
mercially available and are often suspended in organic liquids such
as toluene, hexanes, chloroform, dichloromethane and methanol
[13,14].

Size dependent properties of CdS nanoparticles have been stud-
ied extensively [1-4,15-18], and have been shown to facilitate
controllable blue shifts of absorption and luminescence larger than
100 nm, compared to bulk properties, and well into the UV range
with decreased nanoparticle size. Additionally, CdS nanoparticle
suspensions are known to maintain their optical properties when
the nanoparticles are stored in powder form, and indeed, suspen-
sions prepared following such storage, have been shown to do so
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after periods of years [18]. Moreover, toluene suspensions of CdS
nanoparticles have been shown to be largely unaffected by the
storage conditions for up to one month of storage [19].

However, considerable amount of studies have shown the lumi-
nescence of CdS nanoparticle suspensions to be sensitive to oxida-
tion, photosensitive and storage sensitive [19-22]. Moreover, the
optical properties of CdS nanoparticles have been shown to be
affected by the choice of suspending solvent [23]. Additionally,
the capping surfactant can play a key role in defining the optical
spectra [24].

Standard photocorrosion of CdS has been thoroughly described
[25]. The general photocorrosion reaction, regardless of the inter-
mittent reactions, has been described as:

CdS +20, ™ cd?** + 02 1)

This reaction suggests that oxygen dissolved in the suspending
liquid will facilitate the dissolution of CdS, with nanoparticles being
particularly vulnerable due to their large surface-to-volume ratio.
Indeed, it has been previously shown that by using a size selective
photocorrosion reaction, the monodispersity of nanoparticle size
can be increased [20,21]. Notably, such studies employed active sat-
uration of the suspending liquids with oxygen, operating under the


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcis.2014.04.066&domain=pdf
http://dx.doi.org/10.1016/j.jcis.2014.04.066
mailto:rabkinal@bgu.ac.il
mailto:ygolan@bgu.ac.il
http://dx.doi.org/10.1016/j.jcis.2014.04.066
http://www.sciencedirect.com/science/journal/00219797
http://www.elsevier.com/locate/jcis

284 A. Rabkin, Y. Golan/Journal of Colloid and Interface Science 430 (2014) 283-292

——Long Rods
- Short Rods

Intensity [a.u.]

Fig. 1. BF-TEM images of the nanoparticles chosen for this study. (a) Long nanorods with a tendency to form multipods as a significant minority. Top right inset is the selected
area electron diffraction (SAED) pattern, with the region digitized for intensity profile marked in blue. Bottom right inset is a comparative SAED intensity profile for long and
short rods, marked in blue and red respectively. (b) Short nanorods with a wider diameter and significant multipod minority. Inset is the SAED pattern, with the region

digitized for intensity profile marked in red.
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