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Transparent nanostructured copper(I) iodide (CuI) thin films of varying thicknesses were deposited by thermal evaporation 
of pre-melt quenched CuI powders and their structural and optical properties are reported. X-ray diffraction characterization 
identifies γ-CuI and suggests that the films are monocrystalline in nature showing high crystallographic orientation along CuI 
(111). SEM studies reveal spherical granules growing in size with increasing film thickness. Thinner films were 
characterised by high dislocation densities. Optical studies revealed a red shift in the absorption edge and decreased 
optical band gap energies with film thickness. 
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1. Introduction 
 
Cuprous Iodide (CuI) belongs to the I–VII 

semiconductors with Zinc-blende structure. Recently, CuI 
has drawn a great deal of attention, as it is a versatile 
material for optoelectronic applications. The versatility of 
this inorganic semiconducting material lies in its 
coordination chemistry which allows it to link readily with 
many inorganic and organic ligands [1]. CuI is one of the 
few p-type wide band gap materials which are transparent 
in the visible range. Nanostructured semiconductors are 
taking a centre stage in the continuous miniaturisation of 
optoelectronic devices. In addition, nanostructured 
materials show a large surface area and size dependent 
quantum effects that have enhanced properties as 
compared to the bulk. Nanostructured CuI has shown 
feasible applications in catalysis, drug delivery systems, 
buffer layer in CuInX2 (X=S, Se and Te) based solar cells, 
photonics, piezoelectric transducers, solid state 
electrolytes in dye sensitised solar cells, top emission 
organic light emitting diodes (TEOLEDs) and dielectric 
devices [1-3].  

CuI is found in three crystalline phase of α, β and γ.  
The first form is a cubic and it is formed at a temperature 
of 392 oC while the β phase is hexagonal and it is stable 
between temperatures of 392 oC and 350 oC. The γ phase 
with zinc blende cubic structure appears at temperature 
below 350 oC. In CuI the topmost valence bands (Г 15,2 
and Г 12,1) are obtained from the 3d states of Cu and 5p 
states of I. The energy difference of the Г 15,2 and Г12,1 
valleys at the Г point in the Brillion zone  give rise to a 
direct optical band gap usually reported as 3.1 eV [4, 5]. 

Several routes have been used to deposit 
nanostructured CuI thin films. A chemical route was 
recently reported by Johan et al [6]. Others include 
solvothermal [1], magnetron sputtering [7], spray pyrolysis 
technique [8], pulsed laser [9] and iodation of porous 
copper [10]. Comparative studies on p-type CuI grown on 
glass and copper substrate by successive ionic layer 
adsorption and reaction (SILAR) method have been 
reported [11]. Of these methods, sol–gel routes can be 
particularly simple alternatives to fabricate thin films 
containing copper halide nanoparticles. However, 
preparing the sol-gel precursors in aqueous form can 
readily shift the oxidation states (Cu2+/Cu+) equilibrium 
mainly towards Cu2+, thus making it difficult to prepare 
exclusively CuI. These drawbacks can be overcome 
through a more pure route such as vacuum thermal 
evaporation. There seems to be few reports on deposition 
of nanocrystalline CuI by thermal evaporation. Shuo et al 
[12] have reported synthesis of copper nanowires from CuI 
thin films synthesised through thermal evaporation. In this 
study, we report the synthesis and characterization of CuI 
thin films deposited on glass by thermal evaporation of 
pre-melt quenched bulk CuI. 

 
 
2. Experimental details 
 
Stoichiometric quantities of Cu and Iodine powders 

were weighed. The samples were then sealed in single 
crystal silica ampoules. The ampoules were evacuated to a 
pressure of 10-5 Torr and backfilled with Argon gas to a 
pressure of 10-3 Torr. The ampoules were then sealed off 
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under vacuum by utilizing an acetylene torch flame. The 
ampoules were heated in a ramping horizontal tube 
furnace for 12 hours at a temperature of 700oC and rapidly 
transferred to Ethanol Liquid Nitrogen slush for 
quenching. Copper and Iodine melt at 1083.4 C and 
113.5C, respectively [13].  The melting point of -CuI is 
602C [14].  Thus the temperature of 700C was chosen to 
allow Iodine to melt and diffuse into the Cu forming CuI.  
Thin films of CuI were then fabricated by evaporating the 
pre-melt quenched CuI onto micro-slides in a high vacuum 
chamber operating at a base pressure of 10-5 Torr. Electron 
microscopy investigation was conducted on a Fei Quanta 
250 FEG. The structural morphology was investigated 
using a Philips XL 1710 XRD system with characteristic 
Cu-Ka 1 with a wavelength of 1.54056 Ǻ. The 
transmittance (T) and reflectance (R) spectra of each 
sample were measured using a CARY 500 UV/VIS/NIR 
double beam spectrophotometer. The thickness of the 
films was obtained using a Tencor P15 KLA Profiler with 
an accuracy of 0.1 Å. The samples with thickness (d) 30.3 
nm, 36.6 nm and 57.9 nm were labeled as CuI 1, CuI 2 and 
CuI 3 respectively.  

 
 
3. Results and discussion 
 
Fig. 1 shows the XRD bitmaps of CuI 3 compared 

against that of the uncoated glass slide. It can be inferred 
that the growth was highly oriented towards a single 
crystallographic growth along the (111) axis perpendicular 
to the substrate surface.  The single peak was indexed to 
the face centred-cubic (fcc) structure of γ-CuI, space group 
F-43 m (216), JCPDS card No. 06-0246. Peak broadening 
is indicated by the angular width of the peaks at full width 
at half maximum (FWHM) and is known to be inversely 
proportional to the crystallite size [15]. The broadening of 
the XRD peak indicated that the crystallites were 
nanosized.   

The mean crystallite size (C) was calculated from the 
FWHM (β), Bragg’s angle (θ) and the wavelength (λ) of 
the X-ray radiation using the Debye-Scherrer equation 1 
[16]; 
 

ܥ ൌ
଴.ଽఒ

ఉ஼௢௦ఏ
   (1) 

 

 
 

Fig. 1. XRD bitmap of CuI 3 thin film and the glass substrate 
 
 

 
Fig. 2 shows the SEM images of the samples. In all 

the samples nanocrystalline spherical granules spread 
randomly over the surface were observed. EDS analysis 
showed that the samples had stoichiometric compositions 
averaging 50.9 and 49.1 at.% for copper and iodine, 
respectively. The average grains size (D) were estimated 
from the SEM scale and obtained as 50.3, 68.4, 97.3 nm 
for CuI 1, CuI 2 and Cu 3, respectively as indicated in 
Table 1. The crystallite size for CuI 3 was obtained as 45 
nm. The dislocation density (δ) of the grains in the CuI 
films is related to the grain size (D) through Eq. 2 [17]; 
 

 δ = 1/D2   (2) 
 

The deduced values of δ are entered in Table 1. These 
results and SEM images show that there are large densities 
(in the order of 1010 cm-2) of inter granular dislocations 
meaning that some portion of XRD beam is reflected by 
the substrate, which collaborates with the low crystallinity 
in the thinner films.  

 

 
 

Fig. 2: SEM images of the CuI thin films 
 

It was observed that the grains size increased with 
increased film thickness. This indicates that the film 

thickness contributes to the improvement in crystallinity. It 
can be inferred from the dimensions that the grains were 
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almost semispherical (D/d ≈ 2) with the flat base in contact 
with the substrate. In the process of deposition of a film 
via vapor methods, a film does not build uniformly (one 
atomic layer after another) on the substrate surface at the 
same time. Isolated nuclei are formed, consisting initially 
of relatively small numbers of atoms. As the deposition 
continues, these nuclei grow and form isolated grains or 
crystallites. The crystallographic orientation in the plane of 
the film of these crystallites is random in the case of 
amorphous substrates. At this stage the film is often 
referred to as an “island film”. As more material is 
deposited new nuclei may be formed or existing ones grow 
larger. Eventually the islands touch and this is the onset of 
conduction. For CuI the film is highly oriented towards 
(111) meaning that growth towards this crystallographic 
direction has the lowest surface energy [18, 19]. This 
favors growth of existing CuI nuclei over formation of 
new ones which contributes to the observed increased 
grain size with film thickness. 

Fig. 3 shows the spectral dependence of the normal 
transmittance and reflectance of the as-deposited CuI 
samples of different thickness. The transmittance in the 
maximum solar irradiance wavelength (550 nm) of the 
visible spectrum was above 70 % for all the samples. This 
result reveals that the obtained samples will provide a 
suitable window for optical device applications. In the 
absorption region, the transmittance decreases rapidly due 
to fundamental absorption related to excitation of carriers 
across the energy gap. The transmittance seems to 
decrease in the vicinity of the excitation energy of CuI 
pointing to a cut off wavelength of around 400 nm. There 
was a slight red shift in the absorption edge with 
increasing film thickness. The less transmittance in thicker 
films is attributed to increased photon absorption due to 
increased path lengths in the thicker films. Light is 
absorbed as it passes through materials and the attenuation 
is governed by the Beer Lambert’s law;  ܫሺݔሻ ൌ  ௢݁ିఈ௫ܫ
[20] where Io is the incident intensity, I is the transmitted 
intensity, α is the absorption coefficient and x is the 
thickness of the material. It was observed that the thinner 
films generally showed higher transmittances and sharper 
absorption edges. The less sharp absorption edge in the 
thicker film is due to the fact that for bigger grain sizes the 
scattered radiation became remarkable due to the surface 
roughness [21].  

The optical properties of a material are described by 
how certain characteristics of light change when it is 
propagated through it. Absorption coefficient (α) is one of 
the physical properties that control light propagation 
through a media. The absorption coefficient (α) 
transmittance (T) and reflectance (R) are related to film 
thickness (d) through Eq. 3 [22]; 

 
ߙ ൌ ሺ1 ݀ሻ݈݊ሾሺ1 െ ܴሻଶ ܶ⁄ ሿ⁄                           (3) 

 
The extinction coefficient (k) is inversely proportional 

to the distance which a photon travels before it is 
absorbed. k is related to α through the relation given in Eq. 
4 [23]; 
 

݇ ൌ  (4)                                        ߨ4/ߣߙ
 

 
 

Fig. 3. Transmittance (T) and Reflectance (R) spectra  
of the CuI samples 

 
 

Fig. 4 shows the spectral dispersion of the extinction 
coefficient (k) of the CuI thin films. The samples show 
low absorption coefficient in the visible range. It was 
further observed that the absorption coefficient increases 
rapidly in the vicinity of the absorption edge, which 
indicates that the CuI films have a good homogeneity in 
the shape and grain size [24] as also observed under SEM.  
 

 
 

Fig. 4: Extinction coefficient (k) of the CuI thin films 
 
 

An attempt was made to analyse the observed 
absorption spectrum of the systems under study on the 
basis of Tauc’s model [25] which is based on Eq. 5; 
 

ሺݒ݄ߙሻ ൌ ሺܤ െ  ௚ሻ௡                (5)ܧ
 
where B is a constant. The superscript, n in the Tauc’s 
expression (Eq. 5) is associated with the nature of photon 
induced electronic excitations across the energy gap.  
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Specifically, n is 1/2, 3/2, 2 and 3 for direct-allowed, 
direct-forbidden, indirect-allowed, and indirect-forbidden 
respectively. CuI is known to have an allowed direct band 
gap [11, 26], therefore n = 1/2 was used in calculations in 
this work. Plots of (αhν)2 as a function of photon energy 
(hν) (Fig. 5) reveal a linear portion near the absorption 
edge. Eg was determined by extrapolation of this linear 
region to zero where the factor (αhν)2→ 0, as α→0 in the 
transparency region. 
 

 
 

Fig. 5: Taucs’s plot for obtaining the optical band gap 
 
 

Values of Eg
 were evaluated and listed in Table 1. The 

variation of Eg with film thickness is shown in Fig. 6. The 
obtained Eg values were found to decrease with  film 
thickness which is consistent with the observed red shift in 
the transmission spectra. The observed decrease in band 
gap values with film thickness may be attributed to the 
enhancement in the crystalline morphology of the films 
and increase of grain size [27]. Optical band gap is 
sensitive to the microstructure of a material. The decreased 
bandgap in thicker films may be related to reduction in 
stacking faults, lattice defects and increased grain size as 
film thickness increased pointing to enhanced film 
crystallinity [28]. According to Shim et al., [29], this trend 
could be due to the decrease of strain at the interface 
between CuI film and glass substrate brought by increased 
film thickness and larger grains [30].  

However, the Eg values obtained for CuI 1 and CuI 2 
are higher (+ 0.2 and 0.1 eV respectively) than the 
reported [31] value of 3.1 eV.  It is worth noting that 
semiconductor nanoparticles are known to have unique 
size-dependent physical characteristics. Nanoscale 
semiconductor particles are associated with increased band 
gap values due to quantum confinement [30, 32] which 
may be the case for this study. The ionic radius of Cu and 
iodine is 0.074 nm and 0.206 nm respectively. The 
structural implication is that squeezing iodide into the 
tightly packed (111) planes during growth can lead to a 
high probability of formation of iodide vacancies [1].  
 

 
 

Fig. 6: Variation of Energy band gap with film thickness. 
 
 

Table 1: Values of film thickness (d), grain size (D), 
 dislocation density (δ) and energy band gap (Eg) 

  
 d (nm) D 

(nm) 
δ x 1010 

cm-2 
Eg 
(eV) 

CuI 1 30.3 56.8 3.10 3.3 

CuI 2 36.6 68.4 2.14 3.2 
CuI 3 57.9 97.3 1.06 3.0 
 

 
4. Conclusions 
 
Nanostructured CuI thin films were deposited by 

thermal evaporation of the melt quenched bulk samples. 
XRD studies revealed growth of highly oriented (111) γ -
CuI films. In all the samples nanocrystalline spherical 
granules spread randomly over the surface were observed. 
The grain sizes increased with increased film thickness. 
There was a red shift in the absorption edge with film 
thickness which was consistent with decreased band gap 
values. The decreased bandgap in thicker films may be 
related to reduction in stacking faults, lattice defects and 
increased grain size as film thickness increased pointing to 
enhanced film crystallinity. 
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