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Preparation of porous spherical CuI nanoparticles
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Abstract

Porous spherical CuI nanoparticles with an average diameter of 0.3–0.6 lm have been prepared by a simple reaction between

CuO suspension, NH2OH �HCl and KI in the presence of deionized gelatin at room temperature.

� 2004 Elsevier B.V. All rights reserved.
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Porous spheres of nanometer to micrometer dimen-
sions is being pursued with great interest because of

several possible technical applications in catalysis, drug

delivery systems, separation techniques, photonics as

well as piezoelectric and other dielectric devices [1,2].

Cuprous iodide is water insoluble solid with three

crystalline phases a; b and c [3,4]. The high temperature

(above 392 �C) a-phase of cubic structure is a mixed

conductor, where the carrier is predominantly Cu2þ

ions. The hexagonal b-phase is also an ions conductor

[5,6]. The low-temperature c-phase (below 350 �C) again
of cubic structure is a p-type semiconductor with a di-

rect band gap of 3.1 eV [7,8]. CuI was used as a hole-

collecting agent in a dye sensitized solid-state cell [9] and

was reported to act as a catalyst for synthesis of organic

compound [10,11]. CuI has been prepared by several

different methods, such as electrodeposition [12], pulse
laser deposition technique [13,14], liquid phase reaction

[15] and vacuum evaporation [16]. In this paper, we

develop a novel route to synthesize porous spherical CuI

nanoparticles at room temperature through the simple

reaction in Cu(CH3COO)2, NH2OH �HCl, KI and

NaOH in the presence of deionized gelatin agents. The
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products were characterized by X-ray diffraction
(XRD), transmission electron microscopy (TEM) and

X-ray photoelectron spectra (XPS). The sizes of the

subunits of the CuI particles were estimated by Debye–

Scherrer formula according to XRD spectrum.

The standard conditions for the synthesis are as fol-

lows. First, CuO powder was prepared by adding 100 ml

of 2.0 mol l�1 NaOH to the same volume of 1.0 mol l�1

Cu(CH3COO)2, aging the precipitated Cu(OH)2 gel at
80 �C for two days in a laboratory oven, thoroughly

washing with doubly distilled water and freeze drying.

Then 1.0 mol l�1 CuO suspension, 0.5 mol l�1 NH2-

OH �HCl and 1.0 mol l�1 KI aqueous solution were

prepared, respectively, in all solutions 2% deionized

gelatin was contained. The same volume of the 1.0

mol l�1 CuO suspension stabilized, 0.5 mol l�1 NH2-

OH �HCl and 1.0 mol l�1 KI were added rapidly with
stirring for 5 h under agitation at room temperature.

The pH values were adjusted to 8–9 with HCl in the

course of the reaction. The products obtained were

washed thoroughly and vacuum dried at room temper-

ature overnight.

An XRD pattern of the CuI spheres was given in

Fig. 1. The XRD spectrum contains four peaks that are

clearly distinguishable. According to the Diffraction
Data card (ICDD, formerly JCPDS, 06-0246), all of the

products can be perfectly indexed to crystalline c-CuI,
both in peak position and relative intensity. The size of
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Fig. 3. Wide X-ray photoelectron spectrum of the CuI spheres.
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Fig. 1. Powder X-ray diffraction pattern of the CuI spheres.
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the subunits of the CuI particles was calculated to be

about 9 nm according to half-width of the diffraction

peaks by using Debye–Scherer equation.

The morphology of the CuO crystals as the interme-

diate product and the as-prepared CuI is studied by

TEM. In Fig. 2(a), we can also find that the CuO

crystals as the intermediate product exhibits the struc-
ture of flake. Fig. 2(b) and Fig. 2(c) show the CuI has

porous spherical structure with the average diameter of

about 0.3–0.6 lm and pore size of about 10–50 nm. The

TEM image of the single sphere exhibits the clear po-

rous structure on the spherical surface and the hollow

inside can also be observed.

The wide XPS picture of the product is shown in

Fig. 3. Fig. 4(a) shows the photoelectron spectrum of
CuI2p. The peak at 931.9 eV, which was corrected with

reference to C1s (284.6 eV), corresponding to the binding

energy of Cu
3=2
2p , is in good agreement with the data

observed for CuI [17]. As shown in Fig. 4(b), the peak of

I
5=2
3d at 619.0 eV is in good agreement with I� in CuI [17].

Therefore, the XPS results prove that the sample is

composed of CuI.

Based on the investigation on the formation of CuI
porous spheres, the possible reaction route may be

summarized as below:
Fig. 2. TEM micrographs showing the CuO crystals as the intermediate prod

single CuI sphere prepared under standard conditions (c).
CuðCH3COO2Þ þ 2NaOH ! CuðOHÞ2 þ 2NaCH3COO

CuðOHÞ2 ! CuOþH2O

4CuO þ 2NH2OHHClþ 2HClþ 4KI

! 4CuIþN2Oþ 5H2Oþ 4KCl

In the experiment, we employed hydroxylamine hy-

drochloride as the reducing agent. The gelatin on the

surfaces of CuO particles may form an adsorption layer
to control the diffusion of NH2OH and I ions. The re-

action may occur mainly in a balanced region of the

reagent flux and counter flux of the released mental ions,

more or less away from the surface of each solid pre-

cursor particle. As a result, the obtained CuI particles

possess the porous structure. In the absence of gelatin,

we can only obtain irregular large CuI particles. The

gelation works as an inhibitor of both the direct reaction
of NH2OH with CuO and coagulation of the produced

CuI particles.

In summary, CuI porous spheres with size of 0.3–0.6

lm have been successfully prepared. The role of gelatin

in the growing CuI porous spheres was discussed. It is

expected that the method can be extended to prepare

other submicrometer porous sphere materials.
uct (a), the CuI spheres prepared under standard conditions (b) and a
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Fig. 4. High-resolution XPS spectra taken for the Cu and I region of the CuI spheres: (a) Cu2p and (b) I3d.
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