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ABSTRACT: Zinc telluride (ZnTe) quantum dots (QDs) were
synthesized by a unique supersaturation-controlled aqueous route.
For a given pH, increasing the degree of initial supersaturation led to a
decrease in the average diameter (davg) of the QDs and increased
monodispersity. Three samples of ZnTe QDs having average sizes of
0.8, 1.7, and 2.2 nm were synthesized (hence named ZnTe_0.8,
ZnTe_1.7, and ZnTe_2.2). Nonlinear absorption (NLA) and nonlinear
refraction (NLR) of these colloidal ZnTe QDs of different sizes were
investigated by the Z-scan technique using a continuous He−Ne laser
(632.8 nm, 15 mW). Isotropic assembly of ZnTe_2.2 leads to the
formation of nanoballs (hence named ZnTe_NB). The NLA profile of
smaller QDs, ZnTe_1.7 and ZnTe_0.8, was found to follow a three-
photon absorption (3PA) model, while relatively bigger QDs,
ZnTe_2.2, followed a two-photon absorption (2PA) model. On moving from ZnTe_0.8 to ZnTe_1.7, the three-photon absorption
coefficient (γ) decreases by 26% (3.00 × 10−4 → 2.21 × 10−4 cm3/MW2). The two-photon absorption coefficient (β) for ZnTe_2.2
is 0.3 cm/MW. For a 63% decrease in average diameter (2.2 → 0.8 nm), the refractive index (n2) increases by 45% (2.48 × 10−2 →
3.6 × 10−2 cm2/MW). Overall, the NLR coefficient shows a decreasing trend with size. Upon isotropic self-assembly, ZnTe_NB,
there is a significant increase in the NLR coefficient by 40% (2.48 × 10−2 → 3.48 × 10−2 cm2/MW) and a simultaneous decrease in
the NLA coefficient by 45% (0.3→ 0.166 cm/MW). The figure of merit was also determined for all of the samples, and it was found
that ZnTe_2.2 and ZnTe_0.8 were best suited for all-optical device applications. Further, the self-assembled nanostructures are
promising for making optical waveguides for supercontinuum generation (SCG).

1. INTRODUCTION

Colloidal semiconductor nanocrystals or quantum dots (QDs)
have been extensively studied for their size-tunable absorption
and luminescence properties, which has further found scientific
progress into diverse applications such as bioimaging,
biosensing, catalysis, lighting, and photovoltaics.1,2 The genesis
of the unusual optical properties lies in the spatial confinement
of charge carriers, electrons, and holes in these nanocrystals.3,4

Due to the quantum confinement phenomenon, QDs are also
expected to be a strong candidate in the field of nonlinear
optics. They have been found to possess large and fast
nonlinear optical (NLO) response and excellent thermochem-
ical stability, making them suitable for data storage and optical
telecommunication applications.5,6 In addition to device-
making, recent efforts in integrating the NLO signals with
scanning microscopy have provided new perspectives in
bioimaging.7−9 The novel NLO microscopy has some inherent
advantages as it can give 3D spatial resolution, which
conventional scanning microscopy cannot provide. Further-
more, it has greater tissue penetration as near-infrared (NIR)

lasers are employed, which also helps minimize the unwanted
photodamage to the healthy cells.10

The development of NLO-based biomedical techniques and
devices is an interesting yet challenging task. For such
applications, there is a need to comprehend the NLO
properties of nanomaterials. Although many QD-based NLO
materials have been explored for optical limiting (OL) and
switching applications,11−13 there is still an adequate scope to
fine-tune the optical nonlinearities of the QDs. Semiconductor
QDs, such as CdS,14,15 CdSe,16 CdTe,17,18 ZnS,19,20 ZnO,21,22

etc., have been extensively investigated, however, there is
hardly any report on NLO properties of ZnTe QDs.
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Fundamentally, ZnTe QDs belong to the class of II−VI
semiconductor nanocrystals and have a direct band gap of 2.26
eV.23 It is quite suitable for photocatalytic and photovoltaic
applications due to a highly negative (−1.7 V vs NHE)
conduction band-edge position.24 ZnTe QDs are also
promising for biomedical applications as the toxicity of zinc
is much less as compared to cadmium.
In addition to robust linear optical properties, ZnTe QDs

are also expected to have large third-order optical nonlinearity
(χ(3)).25 Du et al.26 reported NLO properties of ZnTe QDs
trapped in ZnO−TeO2−P2O5 (ZTP) glasses, however, there
was no control over particle sizes and the optical absorption
spectra were too broad. We previously reported a unique
supersaturation-controlled method to synthesize highly mono-
disperse, water-soluble ZnTe QDs with enhanced tunability of
size and luminescence.23 The initial degree of supersaturation
provides a tool to control the subsequent processes of
nucleation and growth, which, in turn, affects the particle
size, size distribution, and crystallinity of the QDs. Their effect
on NLO properties is a key aspect, which has been rather
unexplored till now. It is also not known how the self-assembly
of colloidal QDs23,27 could alter the nonlinear absorption and
refraction.
In the present work, nonlinear absorption (NLA) and

nonlinear refraction (NLR) of differently sized colloidal ZnTe
QDs have been investigated by the open- and closed-aperture
Z-scan technique at 632.8 nm using a continuous-wave (CW)
laser at a low power of 15 mW. The QD sizes range from
subnanometer to 2.2 nm, and low laser power is a crucial factor
in preventing any unwanted particle aggregation or melting.28

The effect of the initial degree of supersaturation and synthesis
pH on the NLA and NLR spectra of ZnTe QDs has also been
investigated. In contrast to other techniques, the Z-scan is a
quite simple and sensitive one that helps understand the NLO
properties of nanocrystals.29,30 Here, a large third-order NLO
susceptibility of 10−6 esu is found in ZnTe QDs, even with the
low power (15 mW) of the CW He−Ne laser (632.8 nm).
Additionally, the figure of merit is also calculated to evaluate
the suitability for device applications.
In addition, the ZnTe QDs are isotropically self-assembled

into nanoballs, exhibiting profoundly different NLO properties,
which are more suitable for optoelectronic device applications.
To the best of our knowledge, this is the first such study of
NLO properties of differently sized colloidal ZnTe QDs and
their self-assembled nanostructures.

2. EXPERIMENTAL SECTION

2.1. Materials. Zinc sulfate (99%), sodium borohydride
(99%), telluric acid (98%), propan-2-ol, NaOH, HCl, and
thioglycolic acid (98%) were purchased from Sigma-Aldrich
and were used without further purification.

2.2. Synthesis and Self-Assembly of ZnTe QDs. ZnTe
QDs of different sizes were synthesized by following the
supersaturation-controlled method reported by us previously.23

Throughout the synthesis, a reagent molar ratio was kept
constant (Zn2+/TGA/Te2−: 1:2.5:0.5). First, sodium hydrogen
telluride (NaHTe) was prepared by the reduction of telluric
acid by NaBH4 in the presence of a N2 atmosphere. Further,
the synthesized NaHTe was added to the solution of Zn2+ and
TGA (Zn2+ = 1.6 mM). The degree of supersaturation
corresponding to the aforementioned Zn2+ and Te2−

concentrations was designated as 1S. These syntheses were
carried out at pH 6 and 12. By maintaining the constant
reagent ratio (Zn2+/TGA/Te2−: 1:2.5:0.5), the concentration
of Zn2+-TGA and NaHTe was increased by a factor of 10 for
both pH (6 and 12). The degree of supersaturation
corresponding to the 10 times increased concentrations of
Zn2+ and Te2− was designated as 10S.
QDs synthesized at pH 12 were simply stored in the dark for

3 weeks at room temperature, resulting in isotropic self-
assembly into nanoballs. All of the synthesis steps and
conditions are detailed in Scheme S1 and Table S1.

2.3. Nonlinear Optical Properties. Nonlinear absorption
(NLA) and nonlinear refraction (NLR) were measured by the
open- and closed-aperture Z-scan technique. The Z-scan
technique is one of the most elementary and precise methods
to find out the nonlinear parameters.29,30 In this process, the
sample is moved along the Z-direction of a focussed Gaussian
beam and the transmittance is measured as a function of the
sample position (Z). When the sample is carried toward the
focus, the photon flux increases, as a result, positive lensing
provides a parallel beam, and this beam broadens at the
aperture, which results in a decrease in transmittance. Hence,
the sample undergoes a changed incident field, concerning
varied Z positions. The optical geometry of the Z-scan is
shown in Scheme 1. Here, a continuous-wave (CW) He−Ne
laser (TEM00 632.8 nm, 15 mW) with a Gaussian spatial
profile is used as a light source. The laser beam is split into
nonlinear and reference arms by the beam splitter (BM).
Detector D1 is used to detect the input power and its
variations, whereas the transmitted intensity is sensed by
detector D2.
The beam waist radius was calculated by the knife-edge

method and found to be ω0 = 21.45 μm. The corresponding

Scheme 1. Experimental Setup for the Closed-Aperture Z-Scan Techniquea

aBS: beam splitter; L: focusing lens; A: aperture; D1 and D2: detectors; MTC: motorized translation stage; DSO: digital storage oscilloscope; PC:
computer; and Z is the distance from the focus.
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Rayleigh length Z0 (πω0
2/λ) is found to be 2.28 mm; here, λ is

the laser wavelength (632.5 nm). Here, the sample thickness or
cuvette thickness (L) is 1 mm, which is less than the Rayleigh
length (L ≪ Z0), and this satisfies the “thin sample” condition.
The third-order absolute nonlinear optical susceptibility

(χ(3)) is defined as the addition of a real and imaginary part of
the susceptibility.
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where c and ε0 are the velocity of light and permittivity in
vacuum, respectively. The nonlinear absorption coefficient (β)
was calculated from the NLA analysis, whereas the nonlinear
refractive index (n2) of the third order was found by the
analysis of NLR. In the open aperture, the intensity of the
transmitted light (T(z)) is measured by the detector, with the
translation of the sample or at Z since T(z) depends on linear
and nonlinear absorption coefficients, irradiance intensity, the
effective length of the sample, and the number of photons (n)
absorbed in a single transition. Thus, normalized transmittance
for a certain number (n) of photon absorption (nPA) is given
by the following equation29−32

T Z
I L
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( ) 1

( ( ) )
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In eq 4, TnPA is the normalized measured transmittance and αn
is the total absorption coefficient for nPA, which is given by eq
5

I0α α β= + (5)

where α0 is the linear absorption coefficient and I is the
irradiance of the laser beam within the sample. I or excitation
intensity at position z is given by
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where Z0 is the Rayleigh range and
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where ω0
2 is the minimum beam waist at the focal point (z = 0)

and λ is the laser wavelength. Leff
(n) is calculated by
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where L is the sample length or cuvette width and α0 is the
linear absorption coefficient. The nonlinear refractive index is
defined as

n
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where ϕ0 is the nonlinear phase and is given by

T

S0.406(1 )0
pv

0.27ϕΔ =
Δ

− (10)

where ΔTpv is a change in normalized transmittance between
the peak and valley and S is a fraction of the beam transmitted
by the aperture.

2.4. Other Characterizations. The UV−vis absorption
spectra of colloidal ZnTe QDs were taken using a Jasco V-770
spectrophotometer without any dilution. Photoluminescence
(PL) measurements were performed at room temperature
using a PerkinElmer (LS 55) luminescence spectrometer. The
size and shape of QDs were determined by transmission
electron microscopy (TEM). High-resolution TEM (HRTEM)
images were recorded using a JEM-2010 (JEOL, Japan) at 200
kV operating voltage. The TEM was equipped with a charge-
coupled device camera (Gatan, Pleasanton, California).
Specimens for TEM were prepared by drop casting the as-
prepared QDs on the carbon-coated Cu grids, and the excess
solvent was immediately evaporated. X-ray diffraction (XRD)
pattern was recorded on a Philips Analytical X-ray B.V.
diffractometer type PW 1710 equipped with graphite
monochromatic Cu Kα radiation (λ = 1.54 Å).

3. RESULTS AND DISCUSSION
3.1. Synthesis and Characterization. Differently sized

water-soluble ZnTe QDs were synthesized by following the
supersaturation-controlled method established by us.23 The
synthesis details are shown in Scheme S1 and Table S1.
Absorption and photoluminescence spectra of ZnTe QDs
synthesized at pH 6 and 12 are shown in Figure 1. The optical
absorption and photoluminescence spectra give a very good
idea about the monodispersity of semiconductor nanocrystals.

Figure 1. (a) UV−vis absorbance and (b) PL spectra of ZnTe_0.8,
ZnTe_1.7, and ZnTe_2.2 QDs.
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The as-synthesized ZnTe nanocrystals exhibit tunable band-
edge luminescence with an FWHM of 10−12 nm and a
symmetric Gaussian profile. As the luminescence is strongly
size-dependent in quantum confinement regime, a small value
of full-width at half maximum (FWHM) also indicates an
extremely narrow size distribution or high monodispersity.
The absorption, as well as the size of QDs, is highly

influenced by the degree of supersaturation. The blue shift is
attributed to the decrease in the size of QDs.33−35 At pH 12,
the PL peak shifts from 333 to 224 nm for 10 times increment
in supersaturation. The degree of supersaturation is the
dominant factor responsible for producing smaller sized
QDs. When supersaturation increases 10 times (1S → 10S),
the size of QDs decreases drastically (63%) from 2.2 to 0.8 nm
at pH 12 (Figure 2 and Table S1). Keeping the degree of
supersaturation the same (10S), if the pH is changed to 6, 1.7

nm sized QDs are obtained. Thus, by controlling the pH and
degree of supersaturation, ZnTe QDs having sizes of 2.2, 1.7,
and 0.8 nm were synthesized (hence named ZnTe_2.2,
ZnTe_1.7, and ZnTe_0.8, respectively). ZnTe_2.2 QDs
further self-assemble into nanoballs, which further self-organize
into a necklace-like pattern (ZnTe nanonecklace).
High-resolution TEM (HRTEM) images are shown in

Figure 2, and size distribution histograms (Figure S1) are
deduced to ascertain the “narrow size distribution” or “high
monodispersity” in ZnTe QDs. The standard deviation for
ZnTe_2.2 is 0.27 nm, which is reduced to 0.17 nm for
ZnTe_1.7. It shows that the size distribution is nearly halved
on increasing the relative degree of supersaturation by 10
times.
To further ascertain the crystallinity of the QD samples, FFT

patterns were derived from HRTEM images and electron-
diffraction experiments were also performed, results of which
are shown in Figure 2a″,b″ and a‴,b‴. The SAED pattern of
the sample ZnTe_1.7 shows well-resolved six bright rings
corresponding to lattice planes having hkl values of 101, 102,
111, 113, 115, and 116 of the hexagonal phase. Bright rings can
also be seen in the FFT pattern of the sample. Among the
synthesized samples, ZnTe_1.7 possesses the best crystallinity,
as evident in FFT and SAED patterns. The hexagonal phase of
the nanocrystals was also confirmed by the XRD pattern
(Figure S2), and the sizes determined using the peak
broadening were in close agreement with the sizes estimated
by HRTEM and UV−vis spectroscopy (Table S1).

3.2. Nonlinear Optical Properties.When the as-prepared
ZnTe QDs are exposed to intense and coherent light (laser),
their polarization shows a nonlinear dependence on the electric
field. NLA and NLR of ZnTe QDs of different sizes were
investigated using the open- and closed-aperture Z-scan
technique, respectively. The sample is scanned over 10 mm
in both directions and no scattering is observed during the
scan. The NLO parameters, two-photon absorption coefficient
(β), three-photon absorption coefficient (γ), and nonlinear
refractive index (n2), were calculated by the aforementioned
equations (Section 2.3). The NLO data with an open and
closed aperture are shown in Figures 3−5. The solvent,
deionized water, does not show any NLO response in the same
condition (Figure S3). Thus, the observed NLO properties can
be attributed solely to the ZnTe QDs. All of the solutions were
diluted with deionized water to keep the concentration of
ZnTe monomer species constant at 0.2 mM for the Z-scan
measurements.

3.2.1. Nonlinear Absorption (NLA). The NLA curves were
fitted with two-photon absorption (2PA) and three-photon
absorption (3PA) models. The NLA curves for ZnTe_0.8 and
ZnTe_1.7 are perfectly fitted by the 3PA model while
ZnTe_2.2 is perfectly fitted by the 2PA model. As can be
seen in Figure S4 and Table S2, the fitting parameter, χ2 test,
for ZnTe_2.2 has a much lower value with the 2PA model.
However, for the smaller QDs, ZnTe_1.7 and ZnTe_0.8, the
3PA model shows the best fit with a lower value of χ2. The
finding is in consonance with the electronic band structure
diagram shown in Scheme 2. When two photons are absorbed
by ZnTe_2.2, it corresponds to an electronic transition from
the valence band edge (VBE) to some energy level that lies
within the conduction band. However, in ZnTe_0.8 and
ZnTe_1.7, if the electrons at the VBE are assumed to absorb
two photons of 632.5 nm, they are likely to end up in the
forbidden gap region. At least, one additional photon needs to

Figure 2. (a, b) Bright-field TEM images, (a′, b′) HRTEM images,
(a″, b″) FFT images, and (a‴, b‴) SAED pattern of ZnTe_1.7 and
ZnTe_2.2. Size distribution histograms of the corresponding TEM
images are shown in Figure S1.
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be absorbed to reach a real energy state in the conduction
band region. Thus, the 3PA model vividly explains the NLA
behavior in the smaller QDs, ZnTe_0.8 and ZnTe_1.7. Figure
S4a−d gives NLA results of ZnTe QDs, with sizes of 0.8, 1.7,
and 2.2 nm for the 2PA and 3PA absorption models.
The γ and β values were calculated from the best fitting of

NLA curves and found to be 3.00 × 10−4 cm3/MW2, 2.21 ×
10−4 cm3/MW2, and 0.30 cm/MW for ZnTe_0.8, ZnTe_1.7,
and ZnTe_2.2, respectively. Further, both in the two- and
three-photon models, the NLA coefficient decreases as the
diameter of the dots increases.
The role of initial synthesis conditions is also prominently

observed. The initial synthesis pH and degree of super-
saturation greatly affect the size and crystallinity, which, in
turn, affect the NLA properties. The experiments have been

performed using a He−Ne CW laser (15 mW; 632.8 nm). The
power corresponds to an energy density of approximately 4
kW/cm2 and it is also sufficient to generate nonlinear effects.
Such observations have been reported previously by us32 as
well as by other research groups.36

3.2.2. Nonlinear Refraction (NLR). Figure 4 shows the
closed-aperture Z-scan curves of differently sized QDs. In all
samples, a peak appears before the focus and followed by a
valley; this implies that the QDs possess self-focusing
properties with positive n2. The calculation of the nonlinear
absorption coefficient, NLR coefficient, and overall nonlinear
susceptibility is shown in Table S3. As can be seen in Figure 5,
β increases drastically (3.00 × 10−4 → 2.21 × 10−4 cm/MW)
while n2 decreases gradually (3.04 × 10−2 → 3.6 × 10−2 cm2/
MW) as we move from smaller to larger QDs, i.e., ZnTe_0.8
→ ZnTe_1.7.
It is important to note here that we have used a low-power

laser compared to other researchers.37 The high-power pulse
laser can cause melting and aggregation38 leading to the
structural transformation of crystals, which, in turn, might
change the nonlinear optical properties.39

In general, both electronic (Kerr effect) and thermal effects
could contribute to n2 in closed-aperture Z-scans. In this

Figure 3. Open-aperture Z-scan plots for (a) ZnTe_0.8 and (b)
ZnTe_1.7. The experimental data are fitted by the three-photon
absorption (3PA) model. [Alternatively, the fitting by the two-photon
absorption (2PA) model is shown in Figure S4, and the comparative
error analysis of the two models is presented in Table S2.] The open-
aperture Z-scan plots for (c) ZnTe_2.2. The experimental data are
fitted by the two-photon absorption (2PA) model. [Alternatively, the
fitting by the two-photon absorption (3PA) model is shown in Figure
S4.]

Figure 4. Closed-aperture Z-scan plots for (a) ZnTe_0.8, (b)
ZnTe_1.7, and (c) ZnTe_2.2.
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experiment, the thermal effect is highly suppressed, owing to
the very low peak irradiance (I0 = 4 kW/cm2). Furthermore,
the thermal origin of n2 is explained by Sheik-Bahae et al.29

The thermal basis for nonlinearity might be confirmed by the
value of ΔZp−v (the peak−valley separation); if it is of
nonthermal origin, then ΔZp−v ≈ 1.7z0 while for thermal-
induced n2, ΔZp−v ≫ 1.7z0. In this study, ΔZp−v is the order of
1.7z0 (0.3876 cm) for all of the samples. Values of ΔZp−v are
given in Table S4. Thus, we conclude that the dominating
response of the NLR of the ZnTe QDs is the electron Kerr
effect.

3.2.3. Optical Nonlinearity in Self-Assembled ZnTe QDs.
ZnTe_2.2 QDs possess a unique property to undergo isotropic
self-assembly.23 When ZnTe_2.2 QDs are left to stand in the
dark for three weeks at room temperature, a spherical ball-like
nanostructure appears, as seen in TEM images. The average
diameter of these nanoballs is 100 ± 10 nm. The nanoballs
further assemble into pearl necklace-like configurations,
ZnTe_NB (Figure 6). As observed in HRTEM image, the
average spacing between QDs is less than 1 nm in ZnTe_NB
due to which the exciton−exciton coupling23 occurs, leading to
a significant blue shift of 30 nm in the absorption and emission
spectra. Furthermore, improved optical nonlinearity is also
observed in these hierarchical nanostructures31 due to the
peculiar orientation, organization, and interaction of the QDs.
The open-aperture curve of ZnTe_2.2 and ZnTe_NB plotted
in Figure 7a shows a symmetric valley with respect to focus (Z
= 0). The normalized transmittance at focus gradually
increases by the increase in the average diameter of QDs.
On fitting the NLA curves, a significant decrease in β by 45%
(0.3 → 0.166 cm/MW) was found in comparison to the
pristine ZnTe QDs (ZnTe_2.2). ZnTe_NB also follows the
2PA absorption model similar to ZnTe_2.2 as shown in Figure
S4 and Table S2. Further, the NLR coefficient, n2, shows a
higher value as compared to ZnTe_2.2, which is an increase by
40% (2.48 × 10−2 → 3.48 × 10−2 cm2/MW), as shown in
Figure 8.
Alternatively, the fitting by the three-photon absorption

(3PA) model is shown in Figure S4, Supporting Information,
and the comparative error analysis of the two models is
presented in Table S2.

3.3. Implications for Optoelectronic Devices. For all-
optical switching devices with high switching efficiency, a
nonlinear optical material is required that has high NLR and
low linear and nonlinear absorption. The quality of a nonlinear
material is defined in terms of one-photon figure of merit (W),
two-photon figure of merit (T), and three-photon figure of
merit (V).

W
n I2

απ
=

(11)

T
n2

βλ=
(12)

V
n
I
2

λ γ
=

(13)

where n2 is the nonlinear refraction index; α, β, and γ are
linear, 2PA, and 3PA absorption coefficients, respectively; and
I and λ are the intensity and wavelength of the laser,
respectively. A suitable candidate for all-optical switching
requires W > 1, T < 1, and V < 1.38,40,42 The values of W, T,
and V are shown in Table S3. ZnTe_0.8 and ZnTe_2.2 are
found to be the best QD samples that are suitable for “all-
optical” switching device applications.
Further, as the QDs (ZnTe_2.2) self-assemble and trans-

form into nanoballs (ZnTe_NB), the NLR coefficient
increases while NLA decreases as shown in Figure 8. The
two inherent features complement each other and help
perform some of the most complex optical processes.41 One
such application involves making optical waveguides for
supercontinuum generation (SCG) spanning visible to the
near-infrared (NIR) range. In a previous work by Chu et al.,43

it has been shown that along with high NLR, the material

Figure 5. Variation of the (a) NLA and (b) NLR coefficient with the
change in average particle size of ZnTe QDs.

Scheme 2. Energy Band Diagram of ZnTe QDs of Different
Sizesa

aEg: band gap; CBE: conduction band edge; and VBE: valance band
edge.
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should also possess a wide band gap. Several high nonlinear
materials such as silicon and chalcogenide glasses have low
energy band gap, which limits their application. In this context,
using ultrasmall ZnTe nanocrystals can be advantageous as
quantum confinement leads to the widening of the band gap.
Additionally, self-assembly provides another handle to enhance
both the NLR and the energy gap. As discussed in the previous
section, transformation of QDs into nanoballs brings about a
huge blue shift of 30 nm in the absorption spectra (Figure 6c).
So, a wide band gap coupled with a high NLR index makes the
self-assembled ZnTe nanostructure, a better candidate for
superior broadband on-chip supercontinuum generation.

4. CONCLUSIONS
A supersaturation-controlled synthesis of ZnTe QDs has been
carried out and their NLO properties have been investigated
by the Z-scan technique using a low-power He−Ne laser (15
mW, 632.8 nm) in a nonresonant condition. For ZnTe QDs
having an average size of 0.8 and 1.7 nm, the three-photon
absorption model gives the best fit while the two-photon
model was found to fit the nonlinear absorption profiles of
ZnTe_2.2 and ZnTe_NB. The nonlinear refractive index (n2)
showed a gradual decrease with the size increasing from 0.8 to
2.2 nm. Our studies further reveal that besides size, the
isotropic assembly of quantum dots has a profound influence
on the NLR properties. Due to the inter-QD exciton−exciton
coupling within the self-assembled nanostructure, ZnTe_NB
shows a significant blue shift in absorption and increase in the
NLR coefficient. With these insights, the key parameters such
as pH and supersaturation can be deftly manipulated to tailor

Figure 6. (a) TEM image showing two closely approaching ZnTe nanoballs, inset: a zoomed-in view of a nanoball. (b) TEM image showing self-
organization of nanoballs into a pearl necklace type arrangement. (c) Absorption and (d) PL spectra of the ZnTe nanoballs and QDs.

Figure 7. (a) Open-aperture Z-scan plot and (b) closed-aperture Z-
scan plot for ZnTe_NB. The experimental data are fitted by the two-
photon absorption (2PA) model.
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the NLA, NLR, and the energy gap of ZnTe QDs as required
for any intended application. The figure of merit was also
evaluated and it was found that ZnTe_0.8 and ZnTe_2.2 QDs
are best suited for the fabrication of all-optical switching
devices. The self-assembled nanostructures also offer them-
selves as an attractive alternative to conventional materials in
making waveguides for SCG application.
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