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bstract

The synthesis of epitaxially grown GaSe/InSe core/shell nanoparticles is reported. InSe shells of 0.25 nm in thickness are grown on GaSe cores
f 6 nm in diameter. The shell growth is accompanied by a red shift of the absorption spectrum and a decrease of the room temperature emission
ntensity. The absorption onset on red side just remains unchanged but that on blue side shifts from 27,840 to 25,266 cm−1, which means that an
lectron transition occurs between the GaSe core and the InSe shell. Time resolved emission experiments are also performed on the GaSe and the
aSe/InSe core/shell nanoparticles. Emission decay takes place on the 80 ps, 400 ps, and 2.4 ns time scales, while anisotropy decay follows two

tages of 400 ps and 2.4 ns. Relaxation kinetics shows that the deep hole traps are effectively suppressed in the GaSe/InSe core/shell nanoparticles.

he electron transition between the GaSe core and InSe shell results in a degree of charge separation that makes this core/shell nanoparticle
ttractive for use in photoelectric conversion devices.

2007 Elsevier B.V. All rights reserved.
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. Introduction

There has been a growing interest in the spectroscopic and
hotophysical properties of semiconductor nanoparticles, also
eferred to as quantum dots. Despite this interest, relatively
ew types of semiconductor nanoparticles have electronic, opti-
al, and photophysical properties that are well understood.
his is particularly true for III–VI layered semiconductors. The

II–VI compounds, such as InSe and GaSe, are layered semi-
onductors in which a primitive layer consists of four atomic

lanes, Se–M–M–Se (M = In, Ga). The selenium atoms form
wo-dimensional hexagonally close-packed sheets, giving these
rystals their hexagonal structure. The metal atoms are aligned
long the c axis in every other trigonal prismatic site [1]. The

∗ Corresponding author. Tel.: +86 0376 6393736.
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and gaps of III–VI layered semiconductors are generally nar-
ow at room temperature, which makes it an attractive material
or solar energy conversion and optoelectronic devices [2,3].
ue to the absence of dangling bonds on the (0 0 1) surface, it has

he potential to be used for heterojunction device applications
ith a low density of interface states [4,5].
We have recently reported much of the spectroscopy and

hotophysics of GaSe nanoparticles [6–10] and strongly inter-
cting aggregates of these particles [11,12]. Electron diffraction
nd optical spectroscopy show that GaSe nanoparticles con-
ist of single tetralayer structures (i.e., Se–Ga–Ga–Se sheets).
hus, they have a disklike, two-dimensional morphology and
re exactly four atoms thick. This is an expected result, based
n elementary chemical bonding considerations. There are

trong covalent bonds within the Se–Ga–Ga–Se sheets, while
nly weak van der Waals forces hold adjacent sheets together.
etailed spectroscopic studies revealed that GaSe nanoparticles
ave highly anisotropic optical and quantum confinement prop-

mailto:syang@ucmerced.edu
dx.doi.org/10.1016/j.jphotochem.2007.05.017
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Three millilitres above GaSe solution is added in a three-
neck flask and heated to 256 ◦C. A total of 0.2 mL, 1 mol/L of
60 S. Yang et al. / Journal of Photochemistry and

rties. InSe has the same crystal structure and similar lattice
onstants as GaSe, and would be expected to form similar disk-
ike nanoparticles. We also obtained many interesting results of
nSe nanoparticles which have been published recently [13,14].

It is very important to understand the charge transfer mech-
nism between different materials. GaSe and InSe are ideal
andidates for this purpose. On one hand GaSe and InSe have
he same crystal structure and similar lattice parameters so it is
onvenient to grow epitaxially one onto the other. On the other
and, the energy band structures of these two materials permit
harge transfer between them.

In this study, we present a synthetic method of GaSe/InSe
ore/shell nanoparticles, i.e., GaSe as core and InSe as shell,
nd the experiment results of the photophysicochemical proper-
ies of the GaSe/InSe core/shell nanoparticles. We also present
ome basic aspects of the relative energetic and charge transfer
etween GaSe core and InSe shell, based on their absorption
pectra, static and time-resolved emission spectroscopy.

. Experimental section

.1. Materials

Trimethylgallium is purchased from strem chemicals and
sed without further purification. Methyllithium, trioctylphos-
hine (TOP) and trioctylphosphine oxide (TOPO) are purchased
rom Sigma–Aldrich. Anhydrous ether, tetrahydrofuran, sele-
ium powder, and indium chloride are purchased from VWR.
rioctylphosphine and trioctylphosphine oxide are distilled
nder vacuum before use.

Trimethylindium/TOP solution is used in the synthesis of
aSe/InSe core/shell nanoparticles, and is prepared in the fol-

owing way. InCl3 (3.0 g, 13.56 mmol) is added in a flask and
eated at 80 ◦C under vacuum for 1 h. The flask is cooled in an
ce bath and purged with argon several times. Absolute ether
20 mL) is then injected and 25.4 mL of methyllithium ether
olution (1.6 mol/L) is slowly added. Upon completion of this
ddition, the solution is stirred for 2 h. The trimethylindium
s pumped off and collected in a liquid nitrogen cooled trap
ontaining 13.5 mL of TOP. The trap is warmed to room tem-
erature and the ether is then pumped off. The resulting 1 mol/L
rimethylindium in TOP solution is stored in a dry box for further
se. We find that the characteristics of this solution are identical
ith those of solutions made with commercial trimethylindium.

.2. Measurements

The size distributions of GaSe and GaSe/InSe core shell
anoparticle samples are determined with transmission electron
icroscopy (TEM). This is done with a Jeol 2010 transmission

lectron microscope, operating at 200 kV. A small fraction of
he nanoparticle solution is diluted with toluene by a factor of
hree, and a drop of the diluted solution is spread over a cop-

er/Formvar grid (300 mesh size). The absorption spectra are
easured on a HP 8452A spectrophotometer. The static emis-

ion spectra are obtained on a Spex Fluorolog-3 with a liquid
itrogen cooled CCD detector.

I
i
t
1
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Time resolved emission results are obtained by time cor-
elated single photon counting. In the apparatus used in these
tudies, the sample is excited with approximately 15 nJ, 2 ps
ulses from the second harmonic of a Ti:sapphire laser (Spectra-
hysics Millennia Vs/Tsunami) at a repetition rate of 82 MHz.
he excitation wavelength is varied in the range of 400–450 nm
ith excitation spot sizes of about 3 mm. This combination of

ow pulse energies and relatively large spot sizes results in power
ensities that are sufficiently low that multiphoton excitations
re expected to be completely avoided. Consistent with this
xpectation, we find that increasing or decreasing the power
ensity by a factor of 10 has no effect on the observed kinetics.

Detection is accomplished with a Hamamatsu 6 mm MCP
MT and a time correlated single photon counting PC-board
SPC-630; Becker and Hickl GmbH). Wavelength selec-
ion is accomplished using a 0.25 m monochromator with a
50-groove/mm grating. The instrument response function is
etermined by observing the laser scatter, and is about 30 ps
ull width at half maximum. Polarized emission detection is
ccomplished using a Polaroid emission polarizer in a collinear
r near collinear geometry. A polarization scrambler (Oriel) is
sed to eliminate the correction factors of the throughput of the
onochromator.
SEM-EDAX is performed on a JSEM (Japan) coupled with

EDAX (Oxford), accelerating voltage is at 25 kV.

.3. Synthesis of 6 nm GaSe nanoparticles

The GaSe nanoparticles are synthesized following a reported
rocedure [6]. A solution of 15 g of TOPO and 5 mL of TOP is
eated to 150 ◦C overnight in nitrogen atmosphere. Commercial
OPO is typically wet, and this heating removes any water by

eaction with TOP to form TOPO. Prior to making this solu-
ion, the TOP (technical grade from Aldrich) is vacuum distilled
t 0.75 Torr, taking the fraction from 204 to 235 ◦C. A TOPSe
olution made from 12.5 mL of TOP and 1.579 g Se (99.999%)
s then added to the mixture. The above TOP/TOPO/TOPSe
eaction mixture is heated to 278 ◦C. This is followed by the
njection of 0.8 mL of GaMe [3] dissolved in 7.5 mL of distilled
OP. Upon injection, the temperature drops to 254 ◦C and 10 min

ater stabilizes at 266–268 ◦C. The presence of nanoparticles is
ndicated by the appearance of a 400–450 nm shoulder in the
bsorption spectrum. After this shoulder is formed, the reaction
ixture is cooled to room temperature to prevent further reac-

ion. Multiple injections of precursors are needed in order to
row monodispersed GaSe nanoparticles.

.4. Synthesis of GaSe/InSe coreshell nanoparticles
n(CH3)3 solution and 0.2 mL, 1 mol/L of TOPSe solution are
njected drop by drop, respectively, in 15 min. Upon injection
he reaction mixture solution is cooled to 110 ◦C and stirred for
h, then cooled to room temperature.
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. Results and discussions

.1. Synthesis and electron transitions

The synthetic method of GaSe nanoparticles has been
eported [4–6]. One of the critical parameters in the synthesis
f GaSe nanoparticles, regarding the average particle diameter
nd size distribution, is the reaction temperature. The optimal
ynthesis temperature is found to be 268 ◦C shortly after the
njection of the Ga(CH3)3/TOP solution. Higher temperatures
ield polydispersed nanoparticles, and at lower temperatures the
eaction proceeds very slowly. The progress of the reaction and
he nanoparticle size distribution are monitored by transferring
small aliquot of the reaction mixture to a cuvette and recording

he absorption spectra. To obtain monodispersed nanoparticles,
ne sixth of the Ga(CH3)3 and TOPOSe precursors are added,
espectively, at room temperature, then heated to 268 ◦C rapidly,
ept at the temperature for 1 h and finally cooled to room temper-
ture. This procedure can be repeated several times as needed.

GaSe and InSe are very similar in their crystallography and
heir crystal lattices match each other pretty well, so it is quite
asy to form the core/shell structure with these two materials.
n the synthesis of the GaSe/InSe core-shell nanoparticles, the
n(CH3)3 is more reactive than Ga(CH3)3, so the InSe shell is
ormed at some lower temperature, 256 ◦C.

The densities of the bulk GaSe and InSe materials are taken as
he basis of the calculation of the thickness of InSe shell. Calcu-
ations show that the thickness of the InSe shell is about 0.25 nm.
ig. 1 shows the TEM images of the GaSe and GaSe/InSe
ore/shell nanoparticles. The diameter of GaSe nanoparticles
s measured to be about 6 nm in average. It is difficult to see this
mall difference between the GaSe and GaSe/InSe nanoparti-
les by their TEM images. A powder sample of the GaSe/InSe
anoparticles is prepared and its SEM-EDAX data are measured.
he results are listed in Table 1. It can be seen that the molar

atio of Ga to In of the core/shell particles is 4.83, very close to
hat it should be, implying that core/shell particles formed.

The absorption spectra of the GaSe/InSe nanoparticles also
how big difference. The absorption spectra of GaSe and
aSe/InSe nanoparticles are shown in Fig. 2. It is quite obvi-
us about the difference of their absorption spectra. The onset
f the red side just keep the same for these two samples, about
1,440 cm−1, but the onset on the blue side shifts from 27,840 to
5,266 cm−1, which means that the red side excitation mainly
omes from the GaSe and InSe shell contributes little to the

bsorption of lower energy transition. The shift on the blue side
bsolutely results from the interaction between the GaSe core
nd the InSe shell.

able 1
he SEM-EDAX data of GaSe/InSe core shell nanoparticles

lements wt.% at.% Z F

a 35.40 33.79 1.0383 1.0058
e 52.54 59.22 1.0023 1.0015
n 12.06 6.99 0.9794 1.0000

b
(
i
5
(
c
t
a
a
b
t
t

ig. 1. (a) Transmission electron microscopy images of the GaSe nanoparti-
les. (b) Transmission electron microscopy images of the GaSe/InSe core/shell
anoparticles.

The energy band structure consideration will facilitate the
nterpretation of the spectroscopic properties of the GaSe and
aSe/InSe core/shell nanoparticles. Bulk GaSe is an indirect
and gap semiconductor with a band gap of about 2.11 eV
588 nm) [15,16]. The absorption onsets in Fig. 1 are shifted
nto the 400–460 nm region. This absorption onset is shifted
000–8000 cm−1 to the blue of the bulk GaSe absorption onset
588 nm), in accord with quantum confinement theories of semi-
onductor nanoparticles. In the band structure of GaSe the top of
he valence band is at � and the bottom of the conduction band is
t M. The direct and indirect absorption transitions correspond to

�4

− to �3
+ and �4

− to M3
+ transitions, respectively. The direct

and gap is at a very slightly higher energy, about 25 meV above
he indirect band gap. The direct transition corresponds to a �4

−
o �3

− transition, and is polarized along the z axis, perpendicular
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Fig. 2. Plots of absorbance vs. energy for the GaSe nanoparticles and GaSe/InSe
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edge of the absorption onset excites only the largest particles,
ore/shell nanoparticles. Also shown are the extrapolations to zero used to
etermine approximate band gaps in each case.

o the basal planes. �3
− is not energetically close to any other

lectronic state at � and conduction band mixing can be ignored.
n the other hand, there are four valence band states (�5

+, �5
−,

6
+ and �6

−) in proximity to �4
−, with which mixing can occur,

nd the �4
− band mixes through spin–orbit coupling with the

6
− band. As a result, the �6

− to �3
+ transition is allowed and

s x–y polarized. Thus, the �4
−/�6

− mixing results in an x–y
olarized component in the direct band edge transition. Since
he hole state is the same for both the direct and indirect transi-
ions, the indirect transition has the same polarization properties

s the direct transition.

Bulk InSe has a room temperature absorption onset at 1.24 eV
1000 nm)2 [2]. In the case of bulk InSe, the top of the valence

w
e
f

Fig. 3. Energy band structures of the GaSe core and InSe sh
tobiology A: Chemistry 192 (2007) 159–165

and and the bottom of the conduction band are both at � and
he lowest energy transition is therefore momentum allowed; it
s a “direct” transition [2,3]. A slightly higher (750 cm−1) local

inimum of the conduction band is at the M point and the cor-
esponding �−M transition is a much less intense, momentum
orbidden “indirect” transition [17].

Fig. 3 shows the energetic diagrams of GaSe and InSe, and
lso shown are the electron transitions [7,13].

In many conventional core/shell nanoparticles, charge trans-
er can be observed. Red edge shift to longer wavelengths
ccompanying shell growth was observed [18,19], but there is
ome case that the red edge did not change and a blue shift is even
xpected [20]. In our case GaSe and InSe are single four atom
ayer disk-like nanoparticles, so the InSe shell is only formed on
he peripheries of GaSe cores while the surface (0 0 1) is still free.
he absorption onset of the GaSe cores is nearly maintained,

ndicating that the size is well preserved. The GaSe cores were
xcited directly. Transitions in the GaSe cores (21,440 cm−1

rom the �4
− to �3

+ and 27,840 cm−1 from the �6
− to �3

+

f the GaSe cores) and from the GaSe cores to the InSe shell
25,266 cm−1 from the �4

− of GaSe core to the �3
+ of InSe

hell) are observed in these GaSe/InSe nanoparticles.

.2. Steady-state emission spectra and transition

The emission spectra of the GaSe and the GaSe/InSe core
hell nanoparticles obtained following excitation between 360
nd 460 nm are shown in Fig. 4. The excitation wavelength
ependence is mostly associated with the different sizes of GaSe
nd GaSe/InSe core/shell nanoparticles. Excitation on the red
hile further blue excitation is not size selective. As a result, the
mission following red-edge excitation is narrower and shifted
urther to the red. The emission is the most intense following

ell. Also shown is the charge transfer between them.
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Fig. 5 shows the emission anisotropy of the GaSe and
GaSe/InSe coreshell nanoparticles excited at 420 nm. This
anisotropy has a value of about 0.15. This is >0.10, the value
associated with coplanar absorption and emission oscillators,
ig. 4. (a) Steady-state emission spectra correlation with excitation of the GaSe
anoparticles and GaSe/InSe core/shell nanoparticles. (b) Steady-state emission
pectra correlation with excitation of the GaSe/InSe core/shell nanoparticles.

xcitation at 430 nm, which is the peak of the GaSe nanoparticle
ptical density.

Compared with the GaSe nanoparticles, the emission inten-
ity of the GaSe/InSe nanoparticles decreased drastically but the
ositions of the emission peaks just stay the same, which means
hat the emission mainly comes from the GaSe cores while the
nSe shell did not emit. On one hand, the trap states of GaSe
ores can be suppressed as an InSe shell is grown on the surface
f the GaSe core, which results in enhanced emission. On the
ther hand, the electron transition from the GaSe core to the
nSe shell (25,266 cm−1 from the �4

− of GaSe core to the �3
+

f InSe shell) follows a non-radiation relaxation, which results
n decreased emission of the GaSe core. The fact that emission
as quenched in the GaSe/InSe nanoparticles demonstrates that

he latter plays a greater role in the relaxation.
Assignment of the transitions observed in the absorption

pectra and depicted in Fig. 3 is also facilitated by emission

olarization measurements. As shown earlier the GaSe and
aSe/InSe coreshell nanoparticles are disklike nanoparticles

nd have an anisotropic nature. Their emission is polarized and
he polarization can give much information about the assignment

F
a
w
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f the excited states. The emission polarization is characterized
y the anisotropy, r, given by [21]

= Ipar − Iperp

Ipar + 2Iperp
= 1

5
(3 cos2 θ − 1) (1)

here Ipar and Iperp are the emission intensities polarized paral-
el and perpendicular to the polarization of the excitation light,
espectively, and θ is the angle between the emission and excita-
ion transition oscillators. Several limiting cases are of interest.
he case of collinear excitation and emission oscillators results

n the largest possible anisotropy for an incoherent process, 0.40.
imilarly, the case of coplanar excitation and emission oscilla-

ors requires integration over the plane and gives an anisotropy of
.10. If the excitation and emission oscillators are at 90◦ angles,
n anisotropy of −0.20 is obtained.
ig. 5. (a) Emission anisotropy of the GaSe nanoparticles. (b) Emission
nisotropy of the GaSe/InSe core/shell nanoparticles. Both samples are excited
ith 420 nm light.
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nd we conclude that this emission can only result from the
xcitation and emission oscillators being collinear or nearly
inear oscillators. With the disklike geometry of these nanopar-
icles, this transition is only assigned to excitation and emission
ccurring along the z axis, perpendicular to the plane of the
anoparticles. Consistent with the polarization results in bulk
nSe [3], the low-energy absorption can be assigned to exci-
ation of the band edge state. Emission occurs from this state
nd/or other states that derive oscillator strength from it. The
aSe and the GaSe/InSe nanoparticles almost have the same

nisotropy as shown in Fig. 5, which means that the disk geom-
try of The GaSe core does not change as the forming of the
nSe shell and the electrons in the conduction band of InSe relax
n a nonradiative way.

.3. Time resolved emission spectra and relaxation
ynamics

Relaxation dynamics can give more information about the
ransition and relaxation processes in the GaSe and GaSe/InSe
oreshell nanoparticles. The emission decay curves following
20 nm excitation are shown in Fig. 6. The detection wavelength
s 485 nm, the maximum of the static emission spectrum.

To understand the dynamical results presented here, it is first
ecessary to analyze some of the crystal structure and energetic
ifferences and similarities between GaSe and the GaSe/InSe
ore/shell nanoparticles. Nanoparticles generally have very high
urface to volume ratios, and are thus expected to have large
umbers of trap states. We may therefore, expect electron traps
nd hole traps in the GaSe nanoparticles. When an InSe shell
s formed on the surface of a GaSe nanoparticle, some surface
efects of the GaSe nanoparticle are effectively suppressed; as
result there will be fewer traps in the GaSe/InSe core/shell
anoparticles. The differences in their emission kinetics can
e addressed by their different trap states. The relaxation pro-
esses responsible for the observed spectroscopic transients are
ummarized and discussed below.

ig. 6. Emission decay curves of the GaSe nanoparticles and GaSe/InSe
ore/shell nanoparticles. Excited at 420 nm and detected at 485 nm. Also shown
re curves fitted to the emission decay having 80 ps, 400 ps and 2.4 ns compo-
ents.
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The decay curves in Fig. 6 can be best fit by the sum of three
xponentials, having time constants of 80 ps, 400 ps and 2.4 ns.
n our earlier report it is shown that the 80 ps is the electron
f the conduction band relaxation time while the 400 ps is the
hallow hole trap relaxation time and 2.4 ns the deep hole trap
elaxation time [7].

Although, the 400 ps and 2.4 ns time constants exist in both
aSe and GaSe/InSe core/shell nanoparticles, the amplitudes

re very different. In the case of GaSe nanoparticles the 400 ps
omponent accounts for 29% and the 2.4 ns component accounts
or 71%, while in GaSe/InSe core/shell nanoparticles the 400 ps
omponent accounts for 54% and the 2.4 ns component accounts
or 46%. The results demonstrate that there are fewer deep hole
raps in the GaSe/InSe coreshell nanoparticles than the GaSe
anoparticles. The InSe shells suppress the deep hole traps of
he GaSe cores.

Again, the polarization kinetics can give further evidence of
he suppression of the deep hole traps in the GaSe/InSe core/shell
anoparticles. As shown in Fig. 3, in GaSe electron transi-
ions involving trapped electrons can gain oscillator strength
y mixing of the electron trap level (M3

+) with the only nearby
onduction band level, �3

+. Thus, these transitions will have the
ame polarization characteristics as those involving electrons
n the �3

+ state. The situation is more complicated for trapped
oles. Hole trap states can mix with all of the nearby valence
and levels (�4

−, �5
+, �5

−, �6
+ and �6

−). The relative extents
f this mixing will depend on the energy separations. Very shal-
ow hole traps are expected to mix primarily with the highest
alence band level, �4

−. Transitions involving these holes are,
herefore, expected to have polarization characteristics similar
o those of the direct excitation. As the hole trap gets deeper,

ixing with all of the nearby valence band levels will occur
ore or less equally. Only the �4

− and �6
− levels have allowed

ransitions to the conduction band �3
+ level. Since the transi-

ions involving the �4
− and �6

− levels give rise to z and x–y
olarized emission, respectively, emission from hole trap levels
hat mix with both of these bands is expected to be unpolarized.
he important conclusion is that hole trapping, but not electron

rapping, results in loss of emission polarization, and that the
eeper the hole trap, the more the emission is depolarized [7].

Fig. 7 shows the decay curves of the anisotropy of GaSe
nd GaSe/InSe core/shell nanoparticles excited at 420 nm and
etected at 485 nm. The initial anisotropy value of about 0.325
ndicates that most of the emission comes from the absorption
scillator or from an oscillator aligned with the absorption oscil-
ator. Since the z axis is unique, most of the emission must be
olarized along this axis. The observed initial anisotropy 0.325
s, however, somewhat below the linear oscillator value of 0.40,
ndicating that some of the emission is from an in-plane oscillator
θ = 90 in Eq. (1)).

The anisotropy undergoes biphasic decay with 400 ps and
.4 ns components. These decay components match the longer
ecay components in the emission kinetics, Fig. 6. The early

ime anisotropy decay is best fit by the 400 ps component. Thus,
he process which results in the 80 ps decay of the total emission
ntensity causes no change in the emission anisotropy. Since the
xtent of the emission polarization is controlled by the mixing
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Fig. 7. Emission anisotropy decay curves of the GaSe nanoparticles and
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aSe/InSe core/shell nanoparticles. Excited at 420 nm and detected at 485 nm.
lso shown are curves fitted to the anisotropy decay having 400 ps and 2.4 ns

omponents.

f the valence band states, the observation that the anisotropy
lso has a decay component with this time constant indicates that
his transient is associated with hole relaxation. The most reason-
ble assignment for this transient is that it corresponds to hole
ocalization in shallow traps. Similarly, the 2.4 ns component
orresponds to hole localization in deep traps.

Once again, although the 400 ps and 2.4 ns time constants
xist in both GaSe and GaSe/InSe core/shell nanoparticles, the
mplitudes are very different. In GaSe nanoparticles the 400 ps
omponent accounts for 21% and the 2.4 ns component accounts
or 79%, while in GaSe/InSe core/shell nanoparticles the 400 ps
omponent accounts for 6% and the 2.4 ns component accounts
or 94%. It should be kept in mind that it is hole trapping that
esults in loss of emission polarization, and that the deeper the
ole trap, the more the emission is depolarized. So the con-
lusion is that the more the deep hole traps, the faster does
he decay of anisotropy. There is more 2.4 ns component in the
aSe/InSe core/shell nanoparticles, so its anisotropy decreases
ore slowly, which means that there are fewer deep hole traps

n these nanoparticles.

. Conclusion

GaSe/InSe core/shell nanoparticles are synthesized by a high
emperature pyrogenation of organometallic precursors. The
esults presented here show that following photoexcitation, the
aSe/InSe core/shell nanoparticles emit intense, polarized emis-

ion. A charge transfer process accounts for the absorption and
mission differences between GaSe and GaSe/InSe core/shell
anoparticles. Several dynamical relaxation processes depo-
arize and attenuate the intensity of this emission. Emission
ecay takes place on the 80 ps, 400 ps, and 2.4 ns time scales,

hile anisotropy decay follows two stages of 400 ps and 2.4 ns.
elaxation kinetics shows that the deep hole traps are effec-

ively suppressed in the GaSe/InSe core/shell nanoparticles. As
result, the emission of the GaSe/InSe core/shell nanoparticles

[
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ecays faster but the anisotropy decays slower than the GaSe
anoparticles.
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