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Luminescent porous silicon (Psi) fabricated by simple chemical etching technique in different organic solvents was studied.
By quantifying the silicon wafer piece, optical properties of the Psi in solutions were investigated. Observation shows that no
photoluminescence light of Psi in all solvents is emitted. Morphology of Psi in different solvents indicates that the structure
and distribution of Psi are differently observed. Particles are uniformly dispersive with the sizes around more or less 5-8 nm.
The crystallographic plane and high crystalline nature of Psi is observed by selected area diffraction (SED) and XRD. Electronic
properties of Psi in solutions are influenced due to the variation of quantity of wafer and nature of solvent. Influence in band gaps
of Psi calculated by Tauc’s method is obtained due to change of absorption edge of Psi in solvents. PL intensities are observed to
be depending on quantity of silicon wafer, etched cross-section area on wafer surface. Effects on emission peaks and bands of Psi
under temperature annealing are observed. The spontaneous signals of Psi measured under high power Pico second laser 355 nm
source are significant, influenced by the nature of solvent, pumped energy, and quantity of Si wafer piece used in etching process.

1. Introduction

Silicon based nanocrystallines/nanoporous are some new
photoelectronic and informational materials developed
rapidly in recent years. For a long time, silicon has been
considered unsuitable for optoelectronic applications
because bulk silicon emits hardly any useful light due to
its indirect band gap nature [1]. This opinion was deeply
changed after the discovery of bright emission from porous
silicon and nanocrystals. The possibility of constructing
optoelectronic devices, Si based integrated circuits [2],
has generated tremendous interest in the preparation and
characterization of light emitting silicon nanoparticles since
its photoluminescence was observed first time by Canham in
1990 [3]. Since then many workers began significant interest
in light emitting porous silicon [4].

Due to the fact that the luminescence properties of Si
nanoparticles are size dependent, multicolors which have
exciting potential applications as fluorescent tags for biolog-
ical imaging [5-7] and a great variety of nanoparticles are

currently used for bioanalysis including quantum dots [8].
Silicon nanoparticles are much brighter and more stable to
photobleaching [9] than the organic dyes [10] with broader
excitation spectra, so that emission at multiple wavelengths
(from particles of different sizes) can be excited by a single
source. On the other hand, the nontoxic behavior of silicon
nanoparticles is important for the application in pollution
[11]. Moreover, the use of nanoporous silicon/nanocrystals
as an active medium for light emitting devices (LEDs or
injection laser) also remains an open issue for basic research,
even if for various applications in waveguides, photodetec-
tors, solar cells, gas sensors [12-14], and so forth. One of the
most challenging goals is to achieve optical gain and/or lasing
in silicon for optoelectronic circuits because the key device is
the light source-laser. In this direction, workers approached
toward the silicon nanocrystals (nc-Si) embedded in an
insulator matrix, usually SiO, matrix [15], because of their
photoemission properties and it is believed that the interface
between the nc-Si and the oxide matrix plays a crucial
role of controlling the optoelectronic properties. One of the


http://dx.doi.org/10.1155/2014/682571

promising techniques to form such a nc-Si structure is the
implementation of silicon ions into a SiO, matrix followed
by thermal annealing [16, 17]. But silicon based nanocrystals
with strong light emission prepared at low temperature in
a host matrix with the smallest band gap are tremendously
interested. Recently the direct encapsulation of nc-Si/Psi-
derived nanoparticles in sol gel was successfully employed in
order to maintain the PL intensity reported [18, 19]. Because,
demonstration of Psi/nc-Si in sol gel is easily manageable,
that enables the fabrication of samples with high densities
of silicon nanoparticles for optoelectronics purposes. Due
to being greatly important to optical stability of Psi/nc-Si
within sol gel matrix in view of light stimulation, recently
systematic studies were done by our group especially on
PL and structural properties of the NCs powder [20, 21],
nanoporous silicon [22, 23] in sol gel host. Although porous
silicon could stabilize in the sol gel active medium, weak
emission and spontaneous signals were obtained due to
low concentration of Psi colloidal solutions. It is required
to obtain high densities of Psi colloidal solutions for the
amplification light. From the point of above, by quantifying
the silicon wafer piece in etching process, efforts were made to
assemble the high densities of Psi in solvents and understand
the effects on optical properties especially on PL due to
quantity of silicon wafer piece.

2. Experimental Method

Several methods have been used to obtain Psi with different
pore sizes ranging from micro- to nanometers. Electrochem-
ical etching is widely used to produce Si crystals by applying
an electrical current to an electrolyte solution containing
hydrofluoric acid (HF) [24, 25]. On the other hand, the
efficient room temperature luminescence in Psi produced by
chemically etching method (without applying current) was
first reported [26, 27]. In present work, nanoporous silicon
were fabricated by using a simple chemical etching process
in a highly catalyst solution of 40% HF, hexachloroplatinic
(IV) acid (H,PtClg), deionised water and etchant solution
of methanol, HE, and 30% H,0, to produce crystalline Si
into ultrasmall nanoparticles. In fact, HF is highly reactive
with silicon oxide and H, O, catalyses the etching that able to
produce smaller particles from the surface of silicon wafer.
Moreover, the oxidative nature of the peroxides produces
high chemical and electronic quality samples. For fabrication,
the catalyst solution was prepared by taking the 13.5mL DI
water, 5mL HF, and 1.5 mL of chloroplatinic solution. The
etchant solution was prepared using the 10 mL methanol,
5mL HE and 10mL of H,0,. The catalyst and etchant
solution were filled in two small polypropylene tanks. Single
P type boron doped Si wafers (100, 1-10 ohm) were cut
into small rectangular pieces (1 x 4cm) in area which was
ultrasonically cleaned with acetone before use, dried with N,
gas, and put in a polypropylene tank filled catalyst solution
about 15 min. The samples were then rinsed with deionized
water and dried in blowing N, gas. The subsequent chemical
etching was made for 15 second of each sample in the etchant
solution. Finally the etched wafers were rinsed in isopropanol
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each time after the etching and dried slowly with N, gas.
The pulverized wafer pieces were transferred into a small disk
filed with different solvents of the same volume such as THE,
1,4 Dioxane, DMSO, DME, CCl,, cyclohexane, chloroform,
methanol, and ethanol. Then the wafer pieces in solvents were
treated sonication in an ultrasound bath to disperse the Si
nanoparticles. Samples were centrifuged about 5-10 minutes
and exposed to an UV lamp (Cole-Parmer, USA) at 365 nm
to detect the light emitting. X-ray diffraction (XRD) patterns
of the dried Psi were obtained at room temperature using
a PANalytical X'Pert X-ray diffractometer. The morphology
of the samples was inspected by field emission scanning
electron microscope (FESEM, JEOL, JSM-6380LA). Samples
for transmission electron microscopy (TEM) were prepared
by depositing a drop of colloidal Psi in solvents onto a
carbon-coated copper grid. Images were obtained on a high
resolution TEM (JEOL, JEM2100F). Electronic and emis-
sion spectra were measured in UV-Visible-NIR (Jasco 670
spectrophotometer) and Lumina luminescence Spectrometer
(Thermo). The spontaneous spectra were obtained in High
Power Pico Second Tunable Laser System (Lotti III) with
ICCD Spectrograph (Andor).

3. Results and Discussion

To understand the effect on the various properties of porous
silicon due to densities or concentration, an equal size
of 1 x 4cm wafer pieces were cut and used in etching
process. The different quantity of etched wafer pieces was
employed in an equal volume (15 mL) of each solvent. Among
the colloidal porous silicon solutions, Psi in THEF, dioxane,
DMSO, CCl,, cyclohexane, and chloroform exhibited the
luminescent under the exposure of UV lamp. But Psi in
CCl,, cyclohexane, and chloroform solution was found to be
unstable and decayed the luminescent light within few days
later. Digital image of luminescent Psi solutions under the
excitation of UV lamp is shown in Figure 1.

In present study, only those luminescent Si solutions
such as Psi in THE dioxane, and DMSO were systemati-
cally carried out using different optical techniques. X-ray
diffraction (XRD) pattern of porous silicon particles on the
etched silicon wafer piece was inspected to confirm the purity
and crystallographic structure. The XRD pattern of the Psi
on the surface of etched silicon wafer is shown in Figure 2.
The pattern reveals that major peaks of silicon correspond
to the crystallographic plane (111), (220), (311), (400), (331),
(422), and (511) as identified using the standard data JCPDS
(Card No.027-1402). The prominent peak at 28.9" is assigned
to the (111) plane of Si as identified using the standard
data. Due to the reduction in crystal size to nanometric
scale, a broadening of diffraction peaks is observed and the
width of the peak which is also directly correlated to the
size of the nanocrystalline domains [28]. The size of the
nanocrystallite is found to be ~10.68 nm. The luminescent
and nonluminescent Psi solution is listed in Table 1. The
common physical properties data of solvents was extracted
from [29].
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TaBLE 1: List of physical properties of organic solvents with PL.

Solvents BP°C  Dipole moment  Dielectric constant  Polarity ~ Porous silicon (Psi) ~ PL Stability Solvent category
Ethanol 78 1.69 24.5 5.2 Psi No  Aggregate Polar protic
Methanol 65 1.70 32.7 5.1 Psi No  Aggregate Polar protic
THF 66 1.75 7.58 4 Psi Yes Stable Polar aprotic
CCl, 77 0.00 2.24 1.6 Psi Yes  Unstable Nonpolar
Water 100 78.54 10.2 Psi No  Aggregate Polar protic
DMSO 189 3.96 472 72 Psi Yes Stable Polar aprotic
Chloroform 61 115 4.8 41 Psi Yes  Unstable Nonpolar
Ethyl acetate 78 1.78 6.02 4.4 Psi No  Dispersed Nonpolar
1,4-Dioxane 101 0.45 23 4.8 Psi Yes Stable Polar aprotic
Acetone 56 2.88 20.7 5.1 Psi No  Precipitate Polar aprotic
Cyclohexane 80 0 2.28 0.2 Psi Yes  Unstable Nonpolar

Reddish surface area after
etched under UV lamp
) ul"l Lo "..'Q; .

S i’“h‘

Porous silicon in dioxane at different condition

(d)

Unstable

Porous-silicon in chloroform solvent

FIGURE 1: Luminescent light from Psi particles in different solvents under the exposure of UV lamp.
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FIGURE 2: XRD pattern of Psi on the etched silicon wafer.

The samples were characterized by FESEM. Figures 3(a)-
3(c) show the magnification of the plane view of surface
morphologies of the Psi in THEF dioxane, and DMSO,
respectively. The structure and distribution of Psi in the three
solutions are differently observed. For instance, structure of
Psi in THF lie in distinct particle to particles whereas Psi
based dioxane has a denser structure on the surface as seen in
Figures 3(a)-3(c), respectively. Psi in DMSO lies inside layer
of solvent. The reason is attributable to the nature of solvent
since DMSO has high boiling points that do no dry up. Psi in
THEF is distinctly oriented whereas Psi has denser structure in
dioxane but lies slightly inside the layer of DMSO surface.

Further, TEM analysis was carried out for the determina-
tion of size and crystalline nature of Psi in THE, dioxane, and
DMSO solution as shown in Figures 4(a)-4(c), respectively,
which reveal that most of the Psi were almost spherical
in size with average particle size in the range of 5-10 nm.
Majority of the Psi in different solutions are larger than
5nm in diameter but there is some small size presence less
than 5nm. The crystallites are small dimension which may
be the reason for the observed visible photoluminescence.
The sizes of Psi in all solvents are almost the same, but
distribution of Psi particles in the solvents quite different. For
instance, Psi in DMSO is quite monodisperse and Psi in THF
and dioxane slightly aggregate which may be due to nature
solvents. The evaluated particles size from the XRD pattern
is in good agreement with the TEM (10 nm) results. TEM
lattice images show nice crystalline and clear lattice fringes of
a single nanocrystal. In Figures 5(a)-5(c), the corresponding
selected area electron diffraction (SAED) pattern indicates
the crystallinity and preferential orientation of the Si particles
without any additional diffraction spots of THE, dioxane, and
DMSO particles and which is in good agreement with the
hexagonal structure of the XRD results. The patterns show
strong crystalline dots but some weak diffused crystalline
rings exist in all images. The diffused weak rings of the Psi
are clearer in THF and DMSO than in dioxane solvent.
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TABLE 2: Absorption peaks of Psi in THEF, dioxane, and DMSO.

Number of wafer piece

Psi in solvents (Pcs) Abszzllj(tslon Absorbance
(1 x 4cm)/Pcs p
250 nm
THF
4 320 nm Strong
240 nm Strong
THF
6 268 nm Shoulder
243 nm Strong
THF
? 288 nm Shoulder
1,4-Dioxane 4 223nm Strong
322nm Medium
i 232 nm Strong
1,4-D
ioxane 6 T -
i 235 nm Strong
1,4-D
oxane ? 270 nm Shoulder
DMSO 4 267 nm Stropg
313nm split
DMSO 272 nm Strong
DMSO 265 nm Strong

The elemental analysis of the Psi in the solvents was
performed by EDAX spectra suggest that the presence of
Psi. The spectra of the Psi in the solvents confirmed that no
peaks other than for the elements Si were observed as shown
in Figures 6(a)-6(c), besides Cu and C peaks from carbon-
coated Cu grid used in TEM, indicating the purity level of
the silicon materials.

The absorption spectra of Psi in THF, dioxane, and DMSO
were studied at quantity of Si wafer pieces (4, 6, and 9) as
shown in Figure 7. Effects on the absorption peaks of different
quantity based Psi in THF are observed but bandwidth
lies within the same spectral region. The effects on peaks
and bands shape with respect to quantity of wafers may
correspond to the change in densities of Psi within THF
environment as shown in Figure 7(a). There is also influence
in relative absorbance in accordance with the increase of
quantity of wafer piece. Psi in dioxane based solution shows
greater in absorbance at 6 Pcs than 9Pcs of silicon wafer
as shown in Figure 7(b). Peak positions and bandwidths of
three Psi solutions are influenced due to different quantity
of wafers. As seen in Figure 7(c), absorption peaks of Psi
in DMSO solution observed same behavior as the Psi in
THF that higher quantity of wafer piece shows greater in
absorbance. But the correspondence peaks of Psi in THF and
dioxane become merging as observed in DMSO at higher
quantity of wafer piece. Comparison of absorption peaks
position of the Psi in three solutions at the same quantity
of wafer piece shows that the correspondence peaks and
intensities are influenced as listed in Table 2. It means that
peak positions of Psi do not depend on quantity of Si wafer
piece. Moreover, it may mention that density or concentration
of porous silicon particles in solution may possibly depend
on the cross-section of etched area on silicon wafer as seen in
Figure 1 ((a)-(b), insect circle area). The etched surface area
may vary wafer piece to piece because of the nonuniformity
etching in HF based etching solution. Larger etched area of
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FIGURE 3: SEM images of Psi in (a) THE, (b) dioxane, and (c) DMSO solvent.

(a) (b)
FIGURE 4: HRTEM images of Psi in (a) THE, (b) dioxane, and (c) DMSO solvents.

wafers may produce greater quantity of particles in solvents.
It may be a reason that absorbance of Psi in dioxane solution
at higher quantity of Si wafer decreases.

On the other hand, the absorption edges in all cases shift
towards lower wavelength region as the number of wafer
piece decreases. The blueshift is attributed to the Burstein-
Moss effect. Moreover, the motion of fermi level into the
conduction band may influence to absorption edges when the
synthesing condition is changed. This phenomenon can also
be observed clearly in Figure 8 which shows the relationship
between absorption coefficients as a function of photon
energy. The absorption coeflicient («) can be calculated from
the following relation:

)

(de,

where A is the absorbance of the samples and d is the
thickness.

(c)

The optical band gap of the films is determined by
applying the Tauc model [30] and the Davis and Mott model
[31] in the high absorbance region:

n

(ahy) = C(hv - Eg) (2)

where hv is the photon energy, E is the optical band gap, Cis
a constant, and # is a parameter that characterizes the optical
absorption process and theoretically is equal to 1/2 and 2 for
direct allowed and indirect allowed transitions, respectively
[31]. In order to find the band gap of samples, the relationship
between (ahv)'/? and hv is plotted in Figures 8(a)-8(c). The
value of band gap can be obtained by extrapolating the linear
portion of the curve to the photon energy axis and the values
are listed in Table 3. As seen in Table 3, optical gap of Psi in
THE, dioxane, and DMSO at different quantity of wafer Si
piece (4, 6, and 9) are varied due to the effect of densities
of porous silicon in solvents and due to different densities of
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F1GURE 5: Electron diffraction pattern of Psi in (a) THE, (b) dioxane,
(c) DMSO solvent solvents.

particles which may influence to absorption edges of Psi in
solvents.

In view of the importance to photoluminescence proper-
ties, emission spectra of Psi in THEF, dioxane, and DMSO at 4,
6, and 9 quantity of wafer piece were studied. The emission
intensity of Psi in all solvents is pronounced greater at the
355 nm excitation wavelength. Therefore, 355 nm excitation
wavelength was selected for all samples in order to under-
stand the PL behavior of Psi corresponding to the quantity
of wafer piece. Recently our group reported that the emission
spectra of Psi in THF and dioxane using 4 wafer pieces also
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TaBLE 3: List of the Eg values of Psi in different solvents.

Sample Energy band gap (Eg)
Psi in THF (4 Pcs wafer) 3.04eV
Psi in THF (6 Pcs wafer) 2.57eV
Psi in THF (9 Pcs wafer) 2.82eV
Psi in dioxane (4 pcs wafer) 2.73eV
Psi in dioxane (6 pcs wafer) 2.50 eV
Psi in dioxane (9 pcs wafer) 2.63eV
Psi in DMSO (4 Pcs wafer) 2.27eV
Psi in DMSO (6 Pcs wafer) 2.43eV
Psi in DMSO (9 Pcs wafer) 2.50 eV

incorporated in sol gel host [22, 23]. Weak emissions lights
were obtained from the Psi doped sol gel prepared using 4
quantities of silicon wafer piece. Therefore, by quantifying
the wafer piece in etching process, emission properties of
Psi in solvents were studied. For instance, emission peaks of
THEF varied in accordance with quantity of wafer pieces. The
emission peak of Psi in THF at different excitation wavelength
is seen in Figures 9(a)-9(b). It is observed that intensities
of the Psi depend on the excitation energy. As an example,
355 nm excitation of the samples exhibits stronger emission
as compared to the 265 and 365nm excitation. There is
influenced in emission peak positions of Psi in THF at 4, 6,
and 9 quantity of Si wafer piece. The corresponding peaks
lie at 633nm (4 Pcs), 619 nm (6 Pcs), and 620nm (9 Pcs),
respectively. The emission and excitation of Psi dispersed
dioxane at the same condition as in THF was taken and found
to be same characteristic in peak and intensities. As shown in
Figures 9(c)-9(d), intensity of emission peak depends on the
excitation wavelengths. The emission and excitation spectra
of Psi dioxane at 4, 6, and 9 silicon wafer piece are shown
in Figures 9(c)-9(d). The corresponding peaks lie at 628 nm
of (4Pcs), 617nm (6 Pcs), and 632nm (9Pcs), respectively.
Similarly, emission and excitation peaks of Psi in DMSO
solvent are shown in Figures 9(e)-9(f). Effect in emission
intensity of Psi DMSO is observed due to excitation energy.
The emission intensity is stronger at the 355 nm excitation.
The observed emission and excitation peaks of Psi DMSO are
stronger at 355 nm excitation wavelength and corresponding
the positions at 625 nm (4 Pcs), 636 nm (6 Pcs), and 629 nm
(9 Pcs), respectively. The comparison data on emission and
excitation peaks of Psi in THE dioxane, and DMSO are listed
in Table 4. As seen in present results, intensities of Psi parti-
cles in solvents possibility depend on the nature of solvents
and the cross-section area of etching. Higher cross-section
area of etching on wafer surface can produce greater quantity
of silicon particles in solvents. In present observation shows
that there is influenced in emission intensity due to more
quantity of Psi in solution.

Moreover, it seems that photoluminescence intensity
depends on the Psi distribution containing in solvents and
nature of solvents. Although the reason of nonluminescent
Psi in some solvents is not clear but it may corelate to
dielectric constant of solvents as seen in Table 1. Smaller
values of dielectric constant in solvents are obtained in PL
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TABLE 4: Emission and excitation peak positions of Psi in THF, dioxane, and DMSO.

En;gssmn spectra of Number of silicon wafer piece (Pcs) Excitation wavelength (nm) Emission peaks (nm) Excitation peaks (nm)
Psi in solvents
4 265 633 303
THF 355
365
6 355 619 349
THF
9 355 620 345
. 4 265 628 335
Dioxane
355
. 6 355 617 352
Dioxane
9 355 632 345
4 355 625
DMSO 6 355 636 349
9 355 629 348
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F1GURE 6: EDAX of Psi in (a) THE (b) dioxane, and (c) DMSO solvents.
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FIGURE 8: Energy band gap (Eg) of Psi in THE, dioxane, and DMSO solvents at different wafer piece.

except DMSO which has a large dielectric value. Our results
may correspond to previous work [32] that for values of
the dielectric constant larger than 20, the Onsager length
becomes of the order of the nanostructure size, and no
further quenching is observed. Therefore, the luminescent
of colloidal Psi solutions are in aprotic solvents. It may also
be possible that those solvents do not contain an O-H bond

which helps to emit light of Psi in solvent with stability since
aprotic solvents do not contain such bonds. No doubt that
PL of Psi in some nonpolar solvents are exhibited and well-
dispersed but not stable as listed in Table 1.

In addition, thermal effect on PL properties of a Psi
colloidal solution of each solvent was studied. Temperature
annealing of the samples was conducted at 25-75°C in range



10

Intensity (a.u.)

Journal of Nanomaterials

500 - 4P
Emission spectra of s
Psi in THF Aexc355nm 800 1
400 -
600
300 - =
8
Aexc365 £ 400
200 4 Aexc265 nm exe nm g
i
100 4 200
Psi in THF
0 T T T T T 1 0 — - : T T T T 1
500 550 600 650 700 750 800 200 300 400 500 600 700
Wavelength (nm) Wavelength (nm)
(a) (b)
300 - 800 -
Emission spectra of
250 1 Psi in dioxane Acxc265nm 4 Pes 600 4
’5 200 - 2:
< < 400 -
%\ 150 Aexc355nm ‘E
g g
S 100 | 2 200 4
50 -
0 -
Psi in dioxane
0 T T T T T T T T T )
550 575 600 625 650 675 200 300 400 500 600 700
Wavelength (nm) Wavelength (nm)
(c) (d)
400 A
200 1 Asxc7355 nm 4 Pcs
Emission spectra of
Psi in DMSO 300 -
400 1 =
=
~ 2 200
= 300 - g
= 5
% 100 A
£ 200 1 S
Psi in DMSO
Aexe—265nm 0 st
100 + 200 300 400 500 600 700
Wavelength (nm)
0 T T T 1 Excitation Emission
500 550 600 650 700 a,: 9 Pes a;: 9 Pcs
Wavelength (nm) b,: 6 Pcs by: 6 Pcs
(e) )

FIGURE 9: Emission and excitation spectra of Psi in (a and b) THE (c and d) dioxane, and (e and f) DMSO.



Journal of Nanomaterials

1

2500 900
Psiin THF Psi in Dioxane
750
2000 -
600 -
’:? 1500 - ’;
= =
Z B 450
2 &
2 2
E 1000 £
300 -
500 \
150
0 T T T 0 T T T
500 550 600 650 700 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
— 25°C — 55°C — 25°C — 55°C
35°C — 65°C — 35°C 65°C
— 45°C —— 45°C — 75°C
(a) (b)
600
450
El
=
£ 300
g
s
S
150 +
Psi in DMSO
0 T T T T
500 550 600 650 700
Wavelength (nm)
— 25°C 55°C
— 35°C — 65°C
— 45°C — 75°C

(©)

FIGURE 10: Annealing effect on emission spectra of Psi in (a) THE, (b) dioxane, and (c) DMSO.

of temperature. The emission feature of Psi THF solution
annealed from 25 to 65°C is shown in Figure10(a). The
intensity of the Psi samples linearly decays till 65°C and
then non-uniformity in peaks observed due to evaporation of
solution at higher temperature. Although the intensity of Psi
dioxane decreases with respect to temperature, shape of peaks
is uniformed up to 75°C as shown in Figure 10(b). However,

behavior of Psi in DMSO under thermal alters from the
THEF and dioxane based solution, as seen in Figure 10(c). The
emission spectra of Psi dioxane is observed as curve shape till
45°C then slightly become linear. The intensity reduces with
temperature but peak at 55°C induces higher. It may mention
that peak positions of THF solution under thermal annealing
is more affected than the dioxane and DMSO as listed in
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FIGURE 11: Spontaneous spectra of Psi in (a) THE, (b) dioxane, and (c¢) DMSO under Pico second 355 nm laser at 3 and 6 mj energy.
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TABLE 5: Emission peak positions of Psi in THE, dioxane, and DMSO
under different temperature.

Emission peaks Emission peaks Emission peaks

Temperature

of Psiin THF  of Psi dioxane  of Psi in DMSO
25°C 637 nm 633 nm 675 nm
35°C 643 nm 637 nm 675nm
45°C 648 nm 639 nm 677 nm
55°C 655 nm 643 nm 677 nm
65°C 655 nm 643 nm 679 nm
75°C Evaporated 645 nm 681 nm

Table 5. Overall the effects on PL of Psi solutions seem to be
depending on the nature solvents. For instance, boiling point
of DMSO is different from dioxane and THEF. The evaporation
rate of THF is higher than that of DMSO and dioxane.

Finally, spontaneous light from Psi colloidal solutions
were studied under high Pico second 355nm laser source
in the same environment. The Psi colloidal solutions of
6 and 9Pcs were taken to be studied under Pico second
355nm laser source. The pumped energy was selected at
3mj and 6mj to examine the influence to spontaneous
intensity. There is indeed influence in spontaneous signal of
all Psi solutions with respect to pump energy. As seen in
Figure 11(a), spontaneous light from 6 and 9 Pcs based Psi
THF solutions pumped at 3 and 6 mj.

The spontaneous signal from the Psi THE, dioxane, and
DMSO solutions pumped at 3 mj and 6 mj is exhibited and
quite significant. As clearly seen in Figures 11(a)-11(b), signal
of Psi THF solution at 6 and 9 Pcs is obtained with variation in
intensity that is more pronounced at 6 Pcs when the 3 mj and
6 mj pumped. But the relative intensity is improved almost
half with pump energy at 6 mj from 3 mj. Psi of 6 and 9 Pcs in
dioxane is obtained at large difference in intensity with a bit
wide bandwidth. In this case, spontaneous intensity of 9 Pcs
solution is observed stronger than 6 Pcs solution as in Figures
11(c)-11(d). The intensity of both solutions is quite improved
when the pump energy is at 6 mj. The spontaneous emission
of 6 and 9 Pcs in DMSO solution is shown in Figures 11(e)-
11(f). The intensity of both solutions is quite low as compared
to the THF and DMSO but observed to be stronger at 9 Pcs.
Intensity is also obtained greater at 6 mj pump energy. The
influence on spontaneous intensity of all Psi solutions is
observed due to the pump energy.

In fact, intensities and band shapes of Psi solutions
pumped at 6 mj are quite significant. Among the three Psi
solvent solutions, THF and dioxane are stronger in signal
than DMSO. The peaks are affected; that may attribute to
difference in nature of solvent and distribution of particles in
medium. Psi in THF and dioxane are stronger in signal than
in DMSO. Present results indicate that high concentration
Psi colloidal solution may possibly be synthesized if proper
etching employ on silicon surface with larger quantity of Pcs
in a specific volume of solvent. Such Si colloidal solutions may
help to obtain high emitted light of silicon.
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4. Conclusions

Porous silicon (Psi) obtained by chemically etching technique
is produced under different conditions and successfully
separated in organic solvents. The luminescent light of Psi
in solvents are examined under UV lamp and found to be
depending on the nature of solvents. Psi in polar aprotic
and nonpolar solvents observed good luminescent under
UV excitation. Most Psi in nonpalar solvent are observed
to be unstable with time. Some of them are found highly
aggregated and precipitated in polar solvents that do not
emit light under UV excitation. Porous silicon is obtained
highly crystalline in nature confirmed by XRD. Morphologies
and structures of Psi in the solutions are varied solvent to
solvent. Most of the Psi particles are uniformly dispersive
and have sizes around more or less 5-8 nm quantifying of
silicon wafer piece in etching process which leads to improve
PL intensity and also is depending on the etched cross-
section area of surface. Thermal effects indicate that PL of
nc-Si/Psi decays with respect to temperature and depends on
solvents. Spontaneous light of Psi colloidal solutions are quite
significant and influenced due to different pump intensity
and condition of Psi solutions. The most intense output light
is obtained from Psi dioxane solution. Such Psi colloidal
solutions will be useful to incorporate into solid active media
in order to study light amplification under tunable laser
system. This work is still underway.
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