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A new route to nanorods of cadmium sulfide
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We report a novel synthesis of luminescent CdS nanorods
which, unusually, are predominantly of the cubic phase.

There is considerable contemporary interest in the growth of
materials with critical dimensions in the order of nanometres. In
particular, cadmium chalcogenides have attracted substantial
interest. There are many reports on the synthesis of CdSe' and
CdTe? nanorods, and of deposition routes to CdS nanorods,® but
there are few which detail the solution-based synthesis of CdS
nanorods.*> Of these, even fewer describe in detail the growth
habit of the crystal, and usually without any supporting structural
(XRD) data.’ Those CdS or CdSe rods reported in the literature
are predominantly hexagonal, the unique c-axes of which form
their long axes.® In each, the {100} plane lies perpendicular to the
long axis and the {002} plane parallel to it, both of which can be
observed in high-resolution TEM (HR-TEM) images.®*” The new
synthesis described in this communication is of particular interest
as it uses readily-available reagents and provides a convenient
route to luminescent nanorods. Furthermore, we have also been
able to demonstrate a relationship between growth conditions and
both the morphology and habitat of the nanodimensional crystal
by using a combination of powder XRD (P-XRD) and HR-TEM.

The procedure involved injecting solutions of anhydrous
cadmium acetate and sulfur in octylamine into a reaction mixture
in hexadecylamine already primed with these reagents.t The CdS
particles were isolated by precipitation with methanol, washing
with toluene and reprecipitation with methanol before analysis.
The results are summarised in Table 1.

XRD analysis of the materials (Fig. 1) shows that the phase of
the CdS depended on the reaction conditions. The data in Table 1
are crucial in interpreting these results. At low concentrations,
where we would expect closer to equilibrium reaction conditions,
the thermodynamically-stable hexagonal phase of CdS was
unequivocally the form observed. On simply increasing the
concentration by 70%, the characteristic pattern for the hexagonal
phase collapsed. Whilst the assignment of phase from powder data
is equivocal in this size range,® we strongly suggest that this result is

Table 1 Data for samples A-D

Quantity of  Final molarity/ Aen/ % Diameter”/
Sample CdAc,/mmol mol dm™? nm rods nm (std)
A 1.3 0.011 465 <5 3.5(0.7)
B 2.2 0.018 489 <5 4.0(1)
C 21.7 0.181 499  ~15 6.5(1)
D 31.6¢ 0.198 504 72 7.0(1)

“ Added as three injections of 10 ml. ® Based on short axis for rods.
¢ Standard deviation.
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most consistent with cubic or polytypical material. This is since the
particles in sample B are similar in size to those in A. Furthermore
as the overall conditions of the reactions are similar to each other,
we might expect annealing to lead to broadly similar degrees of
crystallinity for A and B under both sets of reaction conditions
(Table 1 and Fig. 2). Hence we suggest a change in the
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Fig. 1 P-XRD patterns showing the hexagonal phase of A and cubic
phase of sample B. The inset is at higher resolution.

Fig. 2 TEM images of samples A-D. Scale bar = 85 nm.
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predominant phase to the cubic form results from a more rapid
reaction due to the more concentrated solution. Similar depen-
dencies of phase on reaction conditions have previously been
reported for bulk zinc sulfide systems.”

At low concentrations (A), large numbers of spherical particles
were observed with diameters of 3.5 nm and a band gap of 446 nm;
whereas at high concentrations (D), a rod-like morphology was
predominant with rod diameters of 7 nm, aspect ratios of 1 : 3.5.
and a band gap of 481 nm. All of the samples were found to
luminesce when excited at 380 nm and the quantum yield varied
from 2.3-0.1% with no apparent trendZ. It was interesting to note
that there were rods in all the samples. However, rods were only
the predominant product at higher concentrations (Fig. 3 and
Table 1).

Due to the absence of a peak at 48.5°, the XRD patterns for
samples C and D were not consistent with the hexagonal phase
(Fig. 4). There were also diffraction peaks at 23° and 52° which are
consistent with the cubic form.

There are a few reports of nanorods in the cubic form.'” One
study has shown that the twinning of cubic CdS crystals can result
in a rod structure.” However in the present case, close inspection of
the HR-TEM images and the lattice spacings demonstrate a more
complex picture. The cubic and hexagonal forms of CdS share
similar lattice spacings for the {111} and {002} planes of ~3.36 A.
However the {100} plane for the hexagonal form is significantly
larger (3.59 A). Analysis of the lattice spacing of sample D by
HR-TEM demonstrates the unperturbed 3.34 A lattice spacing
perpendicular to the long axis of the rod (Fig. 5 top). This is
consistent with both the cubic {111} and hexagonal {002} planes
(Fig. 5 centre). However, lattice planes running parallel to the long
axis show significant variations. Measurements at several points
show a combination of lattice spacings of 3.33 and 3.52 A
(+0.05 A). These observations have lead us to conclude that most
of the rods are in fact a mixture of the cubic and hexagonal phases.
However, given the lack of a {103} plane peak in the P-XRD
(Fig. 4), we suggest that the cubic phase is the dominant form in
samples B-D.

These results are best rationalised as being due to a change in
control of the reaction from close to thermodynamic at the lower
concentrations to a kinetic regime at higher temperatures. The
striking feature is that the rods formed are fully consistent with a
predominately cubic rather than hexagonal form.
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Fig. 3 Photoluminescence spectra for samples A-D, excited at 380 nm
(* indicates Raman scattering from solvent).
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Fig. 4 P-XRD patterns showing the cubic phase of samples B-D.
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Fig. 5 A HR-TEM image of a rod from sample D showing lattice
spacing and hexagonal (H) and cubic (C) phases.
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Notes and references

+ Anhydrous cadmium acetate was dissolved in octylamine (10 ml). A
stoichiometric amount of sulfur was dissolved in octylamine (10 ml).
Hexadecylamine (100 g) was de-gassed under reduced pressure for 1 h at
140 °C then brought up to atmospheric pressure under nitrogen. The
reaction mixture was held at 140 °C and the sulfur-containing solution
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