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S
emiconductors with dimensions on
the nanometer scale can nowadays
be synthesized under highly controlled

conditions by several techniques. Their size,
geometry, peculiar lattice structure, which
often depends on the growth conditions,
and the high surface-to-volume ratio can
induce mechanical, electronic, and optical
properties remarkably different from those
of the bulk counterparts.1�3

Optical spectroscopy techniques, such as
Raman and photoluminescence (PL), have
been extensively and successfully applied
to achieve a deep understanding of the
physical properties of bulk semiconductors.
Moreover, starting from the 1970s, spectro-
scopic investigations took full advantage of
high-pressure techniques, and the peculiar
pressure dependence of electronic and struc-
tural properties of many diamond and zinc-
blende semiconductors was systematically
investigated.4 These systems show pressure-
induced structural transitions as well as a
strong pressure dependence of the band
gaps. It is worth noticing that pressure
tuning of the band gaps, besides photo-
luminescence, affects also the Raman re-
sponse, since the scattering process is
mediated by electrons via electron�hole
pair formation and recombination. Con-
sidering that the electronic states enter in
the Raman scattering cross section, reso-
nant Raman scattering provides informa-
tion on the electronic states and electron�
phonon and phonon�phonon interactions.
In the last years, spectroscopic investiga-

tions have been extended also to nano-
structured semiconductors and quite recently
to the study of the pressure dependence of
their physical properties. Semiconductor
nanowires have, in particular, stimulated

extensive investigations because of the
wide range of potential technological appli-
cations ranging from electronic devices to
sensors and to energy conversion. In this
respect, Raman and resonant Raman spec-
troscopy have proven to be powerful
tools.5�8 Since functional properties of
nanowires depend on both their structural
properties and electronic band gaps, a
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ABSTRACT

The tuning of the optical and electronic properties of semiconductor nanowires can be

achieved by crystal phase engineering. Zinc-blende and diamond semiconductors exhibit

pressure-induced structural transitions as well as a strong pressure dependence of the band

gaps. When reduced to nanoscale dimensions, new phenomena may appear. We demonstrate

the tuning of the optical properties of GaAs nanowires and the induction of a phase transition

by applying an external pressure. The dependence of the E0 gap on the applied pressure was

measured, and a direct-to-indirect transition was found. Resonant Raman scattering was

obtained by pressure tuning of the E0 and the E0 þ ΔSO gaps with respect to the excitation

energy. The resonances of the longitudinal optical modes LO and 2LO indicate the presence of

electron�phonon Fröhlich interactions. These measurements show for the first time a

variation of ionicity in GaAs when in nanowire form. Furthermore, the dependence of the

lattice constant on applied pressure was estimated. Finally, we found a clear indication of a

structural transition above 16 GPa.

KEYWORDS: nanowires . optical properties . high pressure .
Raman spectroscopy . resonant Raman
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high-pressure spectroscopic study can provide valu-
able information.9

In this paper we focus on the pressure response of
GaAs nanowires measured by photoluminescence and
Raman spectroscopy techniques at room temperature.
The availability of a wide set of spectroscopic data
collected in the past on bulk GaAs under ambient and
high-pressure conditions, and recently on ambient-
pressure nanowires, enabled a careful nanowire/bulk
comparison.

RESULTS AND DISCUSSION

Direct-to-Indirect Transition. Light scattering and
photoluminescence experiments on zinc-blende GaAs
nanowires under hydrostatic pressure up to 20.8 GPa
were performed by using a diamond anvil cell (DAC),
shown in Figure 1 and described in detail in the
Methods section. As mentioned above, diamond and
zinc-blende semiconductors exhibit a peculiar, strong
pressure-dependence of the band gaps with pressure
coefficients, typically on the order of 10 meV/kbar,10

which can remarkably depend on the different energy
band extrema.10,11 A scheme of the ambient-pressure
band structure of bulk GaAs around the Γ-point is
shown in Figure 2a. It has been found that, under
compression, the E0 energy gap exhibits a strong shift,
nonlinearly dependent on the applied pressure.12,13 In
our experiments, the PL signal of nanowire ensembles
wasmeasured first at ambient pressure (Figure 2b). The
PL peak was found at about 1.43 eV, with a relatively
low intensity. The energy position corresponds to the
E0 energy gap of GaAs at room temperature. A rela-
tively low PL intensity is expected at room temperature
for uncoated nanowires used for these experiments
since nonradiative recombination occurs due to the
presence of surface states.14 The observed abrupt and
strong increase of the PL intensity after closing theDAC
(see Figure 2b) can be possibly ascribed to the passiva-
tion of the surface states after embedding the nano-
wires in the hydrostatic medium, especially consider-
ing that the nanowire density typically decreases upon
closing the DAC. On applying pressure up to ∼5 GPa,
the position of the PL peak shifts toward higher
energies (lower values of Raman shift) as shown in
Figure 2b. At pressures higher than 5 GPa, the PL signal
moved out of the Stokes spectral range, which means

to higher energies than the laser excitation energy
(EL = 1.959 eV). The sharp peaks in the PL spectra are
ascribed to first and higher order Raman spectra of the
GaAs nanowires, enhanced due to resonance condi-
tions (see next section).

Although a rigorous quantitative analysis of the PL
peak intensities as a function of the pressure cannot be
given, since the energy dependence of the CCD effi-
ciency is not flat over the whole energy range, quali-
tative considerations can be drawn. After the initial
increase on closing the cell the progressive decrease
of the PL intensity with pressure is rather obvious
(notice the multiplicative factors given in Figure 2b).

Figure 1. Schematic of the diamond anvil cell.

Figure 2. (a) Schematic band diagram for zinc-blende GaAs
near the Brillouin zone center at ambient pressure (left) and
at high pressure (right). (b) Selected PL spectra collected at
different pressures. The spectrum at ambient pressure, as
well as those at higher pressures, has been multiplied by a
constant factor. The spectrum at ambient pressure was
collected before loading the hydrostatic medium and clos-
ing the cell (see text). (c) Energy of the PL emission (left-
hand scale) as a function of the applied pressure. Filled
squares correspond to the spectra plotted in (b). Solid line is
a polynomial fit to the data. Dashed gray lines indicate the
resonance between EL and E0 at 5.3 GPa. The right-hand
scale provides the energy difference between the laser
energy (EL = 1.959 eV) and the pressure-dependent direct
band gap energy E0.
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This behavior is in agreement with the increase of the
energy gap and the band gap transition from direct to
indirect under pressure.13,15

In Figure 2c, the energetic position of the PL emis-
sion is plotted as a function of the applied pressure up
to 5 GPa. According to previous studies,12,13 the de-
pendence of the E0 gap on the pressure was fitted with
the polynomial function

E0(eV) ¼ 1:43þ 1:05� 10�1P � 8:84� 10�4P2 (1)

with P in GPa. Looking at the value of the second-order
coefficient, it is clear that over the present low-pressure
range the linear part is dominant. Due to the pressure
dependence, schematized in Figure 2a, the band gap
enters into resonance with the excitation energy (EL =
1.959 eV), providing resonant conditions for the Raman
scattering. The energy difference EL� E0 between laser
energy and direct band gap energy was extrapolated
from the polynomial fit, and it is given in Figure 2c as
the right-hand scale. Assuming a constant spin�orbit
splitting of ΔSO = 0.34 eV on volume compression (see
schematic in Figure 2a), the pressure dependence of
the energy difference EL� (E0þΔSO) can be estimated
from eq 1. The E0 and the E0 þ ΔSO energy gaps are
in resonance with the excitation energy at 5.3 and
1.8 GPa, respectively.

Tuning of Band Gaps and Fröhlich Interaction. High-
pressure Raman spectra of GaAs nanowires, collected
on a nanowire ensemble, are plotted in Figure 3. For
the sake of clarity, selected spectra up to 20.8 GPa have
been shifted vertically. For P > 16 GPa, no distinguish-
able feature was observed in the Raman spectra. From
ambient pressure up to 16 GPa, Raman spectra are
characterized, on the low-frequency side, by peaks
ascribed to transversal optical (TO), surface optical
(SO), and longitudinal optical (LO) modes. In addition,
peaks of higher order modes appear on the high-
frequency side at certain pressures. All phonon peaks
shift toward higher frequencies with applied pressure,
and their intensities strongly vary with pressure.

The intensities of the TO, LO, and 2LO modes were
normalized to the intensity of the methanol�ethanol
(EM) peak at 900 cm�1, which is more or less indepen-
dent of the applied pressure (not shown here). In
Figure 4, the modes are plotted as a function of pres-
sure (linear, bottom scale) and of the energy difference
EL � E0 (upper scale). Since the Raman intensity
depends on the density of the nanowires, which is
different in the two series of measurements (see
Methods section), the low pressure series (LPS) data
have been normalized to the high pressure series (HPS)
data by adjusting the measurements of both series at
2.1 GPa for matching the resonance profiles. The
resonant behavior of Raman scattering by TO and LO
phonons near the E0 gap appears clearly at ∼5 GPa.
Another less pronounced peak centered between

1.4 and 1.8 GPa can be attributed to the resonance
near the E0 þ ΔSO gap. The high-intensity tail at low
pressure contains also the contribution of the outgoing
resonant scattering processes. Indeed, the outgoing
resonances (E0 and E0 þ ΔSO ≈ pωs) occur at lower
pressure than the incoming resonance (E0 and E0 þ
ΔSO ≈ pωi). Interestingly, under resonance conditions,
the intensity of the LO mode gains more or less 2 orders
of magnitude, while that of the TO mode only about 1
order of magnitude. The ambient-pressure studies on
zinc-blende GaAs nanowires proved that the LO mode
is forbidden in backscattering from the nanowire
facets, as expected from the Raman selection rules.5

In the present experiment, therefore, the strong E0
resonance of the forbidden LOmode is an indication of
the electron�phonon Fröhlich interaction.7,16 The
Fröhlich interaction is confirmed by the resonant
behavior of the 2LO mode, shown also in Figure 4.
The resonance of the 2LO mode occurs at 4.4 GPa, the
pressure at which the E0 energy gap is about 1.87 eV.
Therefore, the resonance of the 2LO occurs at E0 þ
2pω(LO). In other words, this is a sharp outgoing
resonance. It is worth noticing here that this can be
seen even from the energy separation between the
two resonance peaks. While in the resonance profile of
the LOmode the energy separation of the two peaks is
ΔE≈ 0.35 eV, close toΔSO≈ 0.34 eV, in the resonance
profile of the 2LO mode the energy separation of the
two peaks is ΔE ≈ 0.30 eV, due to the sharp outgoing
resonance at the E0 gap. The intensity ratio I(2LO)/I(LO)
at E0 þ 2pω(LO) is 4.4, confirming that the Fröhlich
coupling is stronger in GaAs nanowires than in the
bulk, as already observed in resonant Raman scattering
experiments on a single GaAs nanowire.7 In our case,

Figure 3. Pressure dependence of the Raman spectra from
0 to 20.8 GPa. For clarity, only selected pressures are plotted
and have been shifted vertically. Furthermore, the spectra
collected between 3 and 8 GPa have been scaled down by
the factors given in the figure. The TO, SO, LO, and 2LO are
labeled and indicated by arrows in two selected spectra.
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we can exclude coupling with charged surface states,
which are passivated by the hydrostatic medium. Our
results suggest an enhancement of the electron�phonon
interaction probably due to confinement. Indeed, the
nanowires measured in this work have a diameter of
about 80 nm, for which a small confinement can be
expected. Interestingly, the intensity of the weak SO
phonon mode does not show a clear dependence on
applied pressure. This could indicate that the pressure
does not induce any significant discontinuous change
in the morphology of the nanowires.

Lattice Response to Pressure: Covalence/Ionicity of the
Bonds. The measured frequencies of the TO, SO, and
LOmodes are displayed in Figure 5 as a function of the
applied pressure (top scale) and of the relative lat-
tice compression �(Δa)/(a0) (linear, bottom scale).
The latter has been obtained exploiting Murnaghan's
equation:17

P ¼ B0
B00

a0
a

� �3B00
� 1

" #
(2)

where B0 = �V((∂P)/(∂V)) is the isothermal bulk mod-
ulus, with V the volume of the unit cell and B00 its
derivative with respect to the pressure. To the best of
our knowledge, the bulk modulus and the derivative
have not been measured yet on GaAs nanowires;
therefore we used the values of B0 = 74.66 GPa and
B00 = 4.67, reported for bulk GaAs.18 It is worth noting
here that, although the bulk modulus is expected
to increase with decreasing nanostructure size,19,20 no
big variation was found experimentally21 or predicted22

for semiconductor nanowires with diameter comparable
to those of this study, i.e., about 80 nm.

In Figure 5, the solid (dashed) lines are polynomial
(linear) fits to the data, which show the following
dependence of the optical phonon frequencies on

relative lattice compression:

ωTO ¼ (266:7( 0:4)þ (1:16( 0:04)� 103( �Δa=a0)
� (1:3( 0:9)� 103( �Δa=a0)2

ωSO ¼ (284:8( 0:3)þ (1:02( 0:01)� 103( �Δa=a0)
� (3:7( 1:1)� 103( �Δa=a0)2

ωLO ¼ (289:8( 0:4)þ (1:15( 0:04)� 103( �Δa=a0)
� (3:2( 0:9)� 103( �Δa=a0)2

ω2LO ¼ (579:5( 0:5)þ (2:13( 0:03)� 103( �Δa=a0)
(3)

where the frequencies ω are in cm�1. The TO, SO, and
LO modes show a slightly sublinear dependence

Figure 4. Pressure induced E0 and E0 þ ΔSO resonances of the TO (squares), LO (triangles), and 2LO (pentagons) modes in
GaAs nanowires. Filled and open symbols correspond to the LP and HP series, respectively. The intensities, normalized to the
intensity of the EM peak, are shown versus pressure (linear bottom scale) and versus the energy difference EL� E0 (top scale).
Solid lines are guide to the eye.

Figure 5. Raman shift of the optical modes as a function of
lattice constant (linear, bottom scale) and of applied pres-
sure (nonlinear top scale). Filled and open symbols corre-
spond to the LP and HP series, respectively. Solid (dashed)
lines are polynomial (linear) fits to the data.
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on�Δa/a0, while the 2LO mode is described better by
a linear dependence on �Δa/a0. Although the values
obtained from the fitting procedure are quite compar-
able within the statistical error with those obtained in
the bulk, the coefficient of the quadratic term of the TO
mode slightly deviates.23 Furthermore, the mean value
of the coefficient of the quadratic term for the TO and
LO modes deviates in the opposite direction.

The dependence of the optical phonons on the
pressure is also sublinear and given by

ωTO ¼ (267:2( 0:4)þ (4:70( 0:14)P � (0:09( 0:01)P2

ωSO ¼ (284:5( 0:3)þ (4:65( 0:15)P � (0:11( 0:15)P2

ωLO ¼ (290:4( 0:4)þ (4:56( 0:13)P � (0:10( 0:01)P2

ω2LO ¼ (579:4( 0:6)þ (9:8( 0:7)P � (0:30( 0:12)P2

(4)

where the frequencies ω are in cm�1 and P is in GPa.
The sublinear dependences on P are usually observed
for the optical phonons of diamond and zinc-blende
structures,4 although in the low-pressure range the
pressure dependence of the modes can be approxi-
mated by a linear function of P.4,24 The pressure-
induced phonon frequency shift is usually discussed
in terms of the Grüneisen parameter, which describes
the shift in frequency of a phonon due to a variation of
the lattice's volume as a result of temperature or
pressure change and is given by25

γ ¼ �D lnω
D lnV

¼ B0
ω0

� �
Dω
DP

� �
P¼ 0

(5)

Typical values of γ for optical phonons of diamond and
zinc-blende structures are in the range between þ1.0
and þ2.5.4,25 For the nanowires we obtain the follow-
ing values:

γTO ¼ 1:31( 0:04
γSO ¼ 1:22( 0:04
γLO ¼ 1:17( 0:03
γ2LO ¼ 1:26( 0:09

(6)

These values are slightly different from those ob-
tained in bulk GaAs, where γTO≈ 1.39 andγLO≈ 1.23 at
the Γ point,25 for exactly the same pressure range.
Values close to 1 are expected for the covalent
materials.25 Instead, higher values are expected in
the case of ionic zinc-blende materials, especially for
the TO mode. The Grüneisen parameters found in the
present work for the TO(Γ) and LO(Γ) modes are
reduced by about 6% with respect to the bulk values.
This variation is with respect to values obtained by
Trommer et al.26 in the same pressure range and using
the same fitting function. For comparison, we also
calculated the values of the Grüneisen parameters with
a linear fit up to 7 GPa. In this case, we obtain γTO = 1.14(
0.03 and γLO = 0.97 ( 0.03, while it was γTO = 1.22 (
0.03 and γLO = 1.14 ( 0.03 for the bulk,26 and the
variationwith respect to the bulk is even as high as 15%
for γLO. The reduction of these parameters can be

understood as a smaller variation of the phonon
frequency due to a variation of the volume of the unit
cell. The reason for this pressure response is still
unclear, but the one-dimensional nature of the system
could play a role, although the influence of low-density
twin defects cannot be completely excluded. More-
over, it is interesting to note that the γ2LO is compar-
able in the error with γLO; that is, the frequency shift of
the 2LO(ω) with pressure is approximately double that
of the LO(ω). Weinstein and coauthors found a differ-
ent shift with pressure of the two modes in GaP.27

Trommer and coauthors suggested that the reason for
this lies in a different degree of resonance due to the
pressure tuning of the band gap.23 Our results point in
a different direction, or suggest that the dimensionality
of the system affects the degree of resonance.

While the SO�LO splitting is approximately con-
stant, the LO�TO splitting decreases with increasing
pressure, as observed in most of the zinc-blende-type
materials.23 We found a linear dependence of the
TO�LO splitting on the pressure. The frequency differ-
ence ωLO

2 � ωTO
2 is given by25

ω2
LO �ω2

TO ¼ 4π(e�T)2
ε¥μV

¼ ω2
TO
ε0 � ε¥

ε¥
(7)

with μ being the reduced mass, V the volume of the
primitive cell, and ε¥ the infrared dielectric constant (in
atomic units). Equation 7 defines Born's transverse
dynamic effective charge e*T, which can be seen as a
measure of the ionicity of a compound. The depen-
dence of e*T on the lattice constant is plotted in Figure 6,
assuming that d ln(ε¥) = 3d ln a as for bulk GaAs.23 The
data can be fitted with a polynomial form:

e�T ¼ 2:15 � 1:1 �Δa

a0

� �
� 38 �Δa

a0

� �2

(8)

Figure 6. Born's transverse dynamic effective charge as a
function of lattice constant (linear, lower scale) and of
applied pressure (nonlinear, upper scale). Solid line is the
polynomial fit to the data; dashed line is the polynomial fit
curve from bulk GaAs, according to ref 26.
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The pressure-induced reduction of the dynamic
effective charge indicates that the system becomes
more covalent upon compression. A similar behavior
has been found for e*T in bulk material although with a
different pressure dependence,23,28 indicating a differ-
ent dependence of the ionic character of the systemon
lattice constant. Indeed, in the case of nanowires, the
“ionicity” of the system is reduced at ambient pressure
with respect to the bulk, in agreement with the reduc-
tion of the Grüneisen parameters. Then, upon com-
pression, the nanowire system is more resistant to an
increase of the covalency than the bulk.

The Grüneisen parameter γe* for Born's dynamic
charge is defined as

γe� ¼ �d lne�
d lnV

¼ �1
2
þ 1
2
γε¥ þ γLO þ (γLO � γTO)

ε¥
ε0 � ε¥

(9)

Assuming γε¥ = 1.016 and using the obtained values of
the Grüneisen parameter, we get γe* = �0.56 ( 0.32,
where the relatively large error ismainly determined by
the uncertainty in γLO/TO. We notice that the negative
value is determined by the pressure-induced reduction
of e*T, in agreement with most of the zinc-blende
semiconductors. However, also this value is slightly
different fromwhatwas obtained in bulk GaAs.25 This is
again related to the anomalous Grüneisen parameters
for the TO and the LO modes. Further investigation
is needed in order to gain a better understanding of
this anomaly.

The linewidths of the Raman phonon peaks are
related to the anharmonic coupling of two phonons
and to isotope mass fluctuations.4 Therefore, the de-
pendence of the phonon linewidths on pressure can
provide information on phonon�phonon interaction
and/or isotope disorder. The fwhm of the TO and LO
modes of the GaAs nanowires are plotted in Figure 7 as
a function of pressure. A clear dependence of the fwhm
on pressure can be observed, although crystal defects
may contribute to the initial broadening of the peaks,
as does a distribution in the position of the Raman
peaks due to the fact that the measurements are
realized on ensembles of nanowires. The fwhm of the
LOmode is approximately constant, with a pressure up
to 10�12 GPa. The apparent increase of the fwhm of
the LO mode for Pg 12 GPa is simultaneous to a huge
increase of the relative error bars due to the impossi-
bility to unambiguously distinguish the LO and SO
peaks. Therefore, we can assume, as far as the fwhm
values are reliably determined, that thewidth of the LO
is weakly affected by pressure, as already observed in
bulk GaP.29 Differently, the fwhm of the TO mode
slightly decreases up to P ≈ 2 GPa and then is increas-
ing linearly for P > 2 GPa, indicating the relevance of
anharmonic effects, which usually are ascribed to the

decay of the phonon into two lower energy phonons.
Although we have found a clear indication of electron�
phonon coupling (Fröhlich interaction), it is unclear
which decaymechanism is responsible for the pressure
dependence of the fwhm of the TO phonon. The fwhm
of the SO and 2LO modes (not plotted in the figure)
stay approximately constant.

Phase Transitions. Finally, we want to comment on
the behavior of the nanowires when depressurizing
the cell. Two different sets of measurements were
performed using two different types of cell. A third
set of measurements was performed up to 11.3 GPa
with the screw-clamped opposing-plate DAC with the
400 μm culet diamonds. When depressurizing the
opposing-plate DAC, Raman spectra were collected
at selected pressures and the resonances of the pho-
non intensities were observed, as shown in Figure 8a.
The Raman spectrum of the nanowires pressurized up
to 20.8 GPa appears clearly different from the spectrum

Figure 7. fwhmof the TOand LOas a functionof the applied
pressure. Filled and open symbols correspond to the LP and
HP series, respectively.

Figure 8. (a) Spectra collected at selected pressures during
the depressurization phase after a maximum pressure of
11.3 GPa. (b) Spectra collected at selected pressures for
increasing thepressure up to 20.8GPa (solid black lines) and
afterward decreasing the pressure (solid red lines). The gray
vertical dashed lines indicate the position of the TO and LO
modes in the spectrum of pristine nanowires.
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ofpristinenanowires, as shown inFigure8b. ForP>16GPa,
as well as in the down direction, the Raman spectrum
does not exhibit any clear signals anymore at the
highest pressure and after depressurising down to
7.3 GPa. At very low pressure some broad features
reappear in the frequency range of the TO and LO
modes of the pristine wires. Similar phenomena were
already observed in bulk GaAs and were interpreted as
an indication of a partial phase transition fromGaAs zinc-
blende to GaAs orthorhombic structure.30 Further experi-
mental investigations on nanowires are needed to clarify
their behaviorwith respect to structural phase transitions.

CONCLUSION

In conclusion, we have performed photolumines-
cence and Raman scattering experiments on zinc-
blende GaAs nanowires as a function of hydrostatic
pressures up to 21 GPa. The E0 and the E0 þ ΔSO gaps
have been tuned by means of applied pressure, en-
abling resonant Raman scattering with fixed excitation
energy. The 2LO mode exhibits a sharp outgoing

resonance, which is stronger than that of the LO
resonance. This is attributed to an electron�phonon
Fröhlich interaction. The Grüneisen parameters of the
optical modes at Γ were found to be slightly smaller
than those of bulk GaAs. This is a signature of an
increased covalent character of the system, in agree-
mentwith the reduced value of the effective dynamical
charge at low pressure. However, the dependence of
the effective dynamical charge on the relative lattice
compression is relatively weak, indicating a resistance
of the nanowires to become more covalent upon
compression, with respect to the bulk. This may be
attributed either to a modification of the ionicity of the
system due to the large surface to volume ratio or to a
different response of the unit cell volume to applied
pressure. In our calculation, we assumed the same
dependence of the lattice compression on applied
pressure as for the bulk. High-pressure X-ray scattering
experiments could clarify this aspect. Finally, we found
a strong indication of a structural phase transition of
the nanowires above 16 GPa.

METHODS
Light-scattering experiments on zinc-blende GaAs nanowires

under hydrostatic pressure up to 20.8 GPa were performed by
using a DAC with a 4:1 methanol�ethanol mixture as pressure-
transmitting medium. Spectra were collected on disordered
bundles of nanowires, mechanically deposited within the DAC.
Two series of measurements were carried out: in one case,
pressure was raised from ambient condition up to 2.2 GPa, in
steps of∼0.3 GPa, using a screw-clamped opposing-plate DAC,
and in the other case the pressure was raised to 20.8 GPa in
much larger pressure steps using a gas-driven membrane DAC.
Both the cells were equipped with 700�800 μm culet II A
diamonds and molybdenum (Mo) gaskets, in which a sample
chamber of 150 μmdiameter was drilled. The gasket for the LPS
was obtained from a 150 μm thick Mo foil, and that for the HPS
from a 250 μm Mo foil, reaching a 40�50 μm thickness under
working conditions. Raman and PL spectra were measured in
backscattering geometry, using a micro-Raman spectrometer
(Labram Infinity from Jobin Yvon) with a charge-coupled device
(CCD) detector and an adjustable notch filter to reject elastically
scattered light. The samples were excited by the 632.8 nm (EL =
1.959 eV) line of a 20 mW He�Ne laser. Optical density filters
were used in order to attenuate the power density of the laser,
avoiding heating effects.31,32 The microscope was equipped
with a 50� magnification objective, which gives a laser spot of
about 1 μm in diameter, and the confocal diaphragm was
adjusted to 50 μm. The PL signal was measured with the 600
lines/mm grating. Since the position in energy of the PL
depends on the applied pressure,12,15 the grating was centered
consequently. The 1800 lines/mm grating was used in order to
measure the Raman spectra over the 200�1100 cm�1 fre-
quency range. Both PL and Raman spectra were collected from
two different nanowire ensembles, in order to monitor the
homogeneity of the sample at each working pressure. We
notice that despite the effort spent to locate the laser spot
always on the same two chosen nanowire ensembles, the
accuracy of the spatial positioning was experimentally limited.
Raman spectra were also collected when releasing the DAC
from the maximum pressure. Pressure was measured in situ by
the ruby luminescencemethod33 before and after collecting the
PL and Raman spectra.
GaAs nanowires were grown by molecular beam epitaxy by

the gallium-assisted method,34 at 630 �C and at an As pressure

of 3.0 � 10�6 mbar for 2 h. These growth conditions result in
GaAs nanowires that are about 9 μm long, with a diameter of
about 80 nm, and with a 100% zinc-blende structure as dis-
cussed in detail in ref 1.
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