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Abstract 

Nanocrystallines silicon (NCs Si) powders of heterogeneous sizes were 

uniformly dispersed in some solvents. Different quantity of NCs Si powder 

(0.00150/0.0012/0.0070) g was taken in the 10 ml of solvents to identify the 

effect of photoluminescence property. The NCs Si solution was directly 

incorporated in sol-gel matrix and developed nanocomposite rods. Light 

emitting from NCs Si solutions and nanocomposite rods were detected by 

exposing UV light. Optical properties of the NCs Si solution and nanocomposite 

rod were systematically studied using different characterization techniques. 

The effect on the properties of NCs Si in the environment of sol-gel matrix was 

studied. The significant change in absorption and emission property of NCs Si 

solution is observed when embedded in sol-gel matrix. The predicted band gap 

2.8 eV of NCs Si in solution was changed to 3.63 eV when it is included in solid 

matrix. Crystalline structures of different sizes of NCs Si are identified by XRD 

and TEM. Well presence and distribution of NCs Si in the sol-gel surface were 

revealed by SEM images and EDX spectra. Spontaneous emissions (SE) of NCs 

Si solution and nanocomposite sol-gel rods were tested using third harmonic 

355 nm laser source of a pico second tunable laser system. The enhanced SE 

signal from the nanocomposite solid rod is quite significant, which indicates 

that SE signal may enable to increase if highly packed NCs Si colloidal solution 

employ in sol-gel rod. The fabrication of light emitting composite solid rod may 

use as a solid state active medium for the ASE testing in the future work. 
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 هلام السيليكون النانوية المركبة للتطبيقات البصرية قضبان

 

 غير الأحجام ذات (NCs Si) النانوية السيليكون مساحيق تفريق تم: الملخص

 NCs مسحوق من مختلفة كمية أخذ تم .المذيبات بعض في موحد بشكل المتجانسة

 خاصية تأثير لتحديد المذيبات من مل 10 في جم (0.0070 / 0.0012 / 0.00150)

 وتطوير sol-gel مصفوفة في مباشرة NCs Si محلول دمج تم .الضوئي التلألؤ

 وقضبان NC محاليل من المنبعث الضوء عن الكشف تم .نانوية مركّبة قضبان

 دراسة تمت .البنفسجية فوق الأشعة ضوء تعريض طريق عن النانوية المركبات

 منهجي بشكل النانوية المركبات وقضبان Si  NCsلمحاليل البصرية الخواص

 في NCs Si خصائص على التأثير دراسة تمت .مختلفة توصيف تقنيات باستخدام

 والانبعاث الامتصاص خاصية في الكبير التغيير لوحظ sol-gel. مصفوفة بيئة

 المتوقعة النطاق فجوة تغيير تم sol-gel. مصفوفة في تضمينه عند Si  NCsلمحلول

 مصفوفة في تضمينها يتم عندما فولت 3.63 إلى المحلول في Si  NCsمن فولت 2.8

 XRD بواسطة NCs Si من المختلفة الأحجام ذات البلورية الهياكل تحديد يتم .صلبة

 صور بواسطة sol-gel سطح في NCs Si وتوزيع جيد وجود تأكيد تم TEM. و

SEM وأطياف .EDX العفوية الانبعاثات فحص تم (SE) لمحلول NCs Si وقضبان 

sol-gel لنظام الثالث التوافقي نانومتر 355 ليزر مصدر باستخدام الصغر المتناهية 

 صلب قضيب من المحسّنة SE إشارة تعد .الطاقة عالي الثاني للضبط قابل بيكو ليزر

 SE إشارة تحسين الممكن من يكون قد أنه إلى يشير مما ، جداً مهمًا النانوي المركب

-sol. قضبان في للغاية المعبأ الغرواني NCs Si محلول استخدام تم إذا المستقبل في

gel للحالة نشط كوسيط للضوء الباعث المركب الصلب القضيب تصنيع يستخدم قد 

 .المستقبلي العمل في ASE لاختبار الصلبة
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1. Introduction 

In the past decades, silicon-based nanocrystallines (NCs-Si) /nanoporous 

(Psi) have been interested for new type of photoelectronic and informational 

materials. Extensively, bulk silicon has been treated as an incompatible 

material for optical applications because of its incapable to emit light and 

indirect band gap in nature [1]. After the detection of luminescent light from 

nanoporous (Psi) and nanocrystals silicon (NCs-Si) by Canham in 1990 [2], it 

changed the view on this material for optical devices. For Si integrated circuits 

[3], the researchers have activated especially in the preparation and 

characterization the light emitting of Psi and NCs-Si [4]. The emission property 

of silicon nanoparticles are multi-colors with size dependent, which are 

considered as potential materials for fluorescent tags, biological imaging and 

bioanalysis [5-8]. Interestingly, luminescence Psi and NCs-Si are brighter with 

significant stable to photo bleaching [9], tunable at multi wavelengths than 

florescent organic dyes [10]. Nanocrystals silicon has nontoxic behavior and 

attracted for the application in pollution [11].   

 In fact, the proper use of NCs-Si/Psi in the light emitting applications 

such as (LEDs or injection lasers) is still interested including for fundamental 

research as well as for waveguides, photodetectors, solar cells, gas sensors [12 -

14] etc. The main challenge is to achieve ASE or lasing in silicon for optical 

circuits because the basic component is the laser light source. For the goal, a 

proper study on the photoluminescence properties of NCs-Si or Psi solutions 

under different conditions are still required. The good stability of porous silicon 

with high concentration in solution still is one of the important issues [15]. In 

this regard, the deposition of NCs Si in an insulator matrix environment, such 

as SiO2 matrix [16] were performed by physical techniques [17-18] because it 

can control the influences of the interface between the NCs Si and matrix. In 

addition, to realize the PL efficiency, fabrication and crystallization of 

nanocrystal silicon in SiO2 at low percent was performed using high thermal 

annealing techniques [19, 20]. Efforts have been ensued to increase the 

emission property of NCs-Si in SiO2 using high thermal annealing process [21–

27]. However, the disadvantage of thermal annealing process is considered as 

incompatible for the addition of LEDs in electronic systems. The higher band 
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gap of the nanocrystals silicon in SiO2 matrix leads to a drawback when it 

operates with voltage of LEDs [28]. Therefore, strong emission from silicon 

nanoparticles with high density and small band gap for the optimization of 

optoelectronic properties was suggested [29].  To stabilize and maintain the 

photoluminescence (PL) property in matrix, direct incorporation of silicon 

nanoparticles in different matrices such as sol-gel derived fine powder [30], sol-

gel derived-films [31], composites block silica matrix [32], silica aerogels pellets 

composites [33], blocks of aerogel [34] and NCs Si in aerogels film [35] were 

performed. 

  Indeed, inclusion of silicon nanoparticles in sol-gel 

matrix is easily controllable and able to combine with high density of nanopart

icles in view of desired applications. Optical stability of silicon nanoparticles 

within the matrix at low temperature may lead to light stimulation, for this, our 

group have carried out a series of studies on the optical and structural 

properties of porous silicon in sol gel [36-38], ormosils [39] and polymer matrix 

[40). In previous, we used to dope the chemically synthesized porous silicon in 

the matrices which observed significant unstable of particles during the drying 

of the matrix except the polymer matrix. Preparation of high density colloidal 

porous silicon based solution by chemical etching route is a major issue [15]. 

On other hand, we doped commercially obtain nanocrystal silicon powder in 

sol-gel hosts [41-42]. Results revealed that observed optical property of silicon 

nanocrystalline powder was significantly stable as compared to porous silicon 

in sol gel matrix during aging. In the present study, commercially obtained 

nanocrystalines Si powder were dispersed in some solvents and prepared 

colloidal solutions. Emission light from NCs Si solutions was tested under UV 

lamp before use. The light emitting solution was doped in sol-gel matrix and 

investigated by different characterization techniques. Spontaneous emissions 

of solution and composite samples were examined using a laser source of pico 

second laser system. The obtained properties of silicon monocrystalline 

composite sol gel are systematically discussed.  
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2. Materials and Preparation method 

The nanocrysts silicon powder was procured from M K Impex, Canada (98+% 

-pure), heterogeneous size range (APS: 5-25nm). The NCs powder was 

prepared as a colloidal solution. For colloidal solution, the different 

approximate concentration of NCs Si powder was taken and dispersed in known 

volume of different solvents, such as ethanol, methanol, ethyl acetate, DMSO, 

acetone, DMF, acetonitrile, and formamide. The solutions were ultra-sonicated 

for well dispersion and centrifuged to remove the residue particles. Then the 

solutions were exposed to an UV lamp (Cole-Parmer, USA) of 365 nm to detect 

the light emitting.   

      The NCs Si composite material was prepared using sol-gel technique. In the 

process, the inorganic precursor TEOS (Si (OC2H5)4) (Aldrich, 98%) was taken 

as the starting material and reacted with ethanol (Riedel-deHaen) for 

hydrolysis and polycondensation to make sols. In composition, about 15-20 ml 

of TEOS was mixed with 20-25 ml of ethanol and stirred about 25-30 min. 

Then, about 10 ml of formamide as DCCA was included into the solution. The 

mixed solution was continously stirred for another 15 min.  After dropping of 1 

ml nitric acid as catalyst in 15 ml of distilled water, it poured drop wise in 

solution and stirred about 10-15 minutes. The NCs Si of 0.00150 g 

concentration based formamide solution was directly added in the final sol. The 

final composite sol was separated in some polystyrene tubes and cuvettes for 

drying at room temperature. Before aging, composite sol in tubes and quartz 

was sonicated to insure a homogenous distribution of particles. The 

nanocomposite sol becomes a gel in the tube and cuvette cell after a few weeks. 

The gel samples were transformed into solid state rod in the polystyrene tube 

after 4-5 weeks. The composite containing tube was preserved at 550C in an 

oven for few days to vaporize the liquid. The final product rod was performed 

cutting and hand polishing for PL and SE test by laser action. 

3. Characterization 

The optical, structural, and SE properties of nanocrystals silicon in 

solvents and sol gel were investigated. The different properties of the NCs Si 

samples were recorded at room temperature. 
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X-ray diffraction (XRD) spectra of the NCs Si powder were scanned using 

a PANalytical X'Pert X-ray diffractometer. Absorption and 

emission were recorded in UV-visible-NIR spectrophotometer (Jasco 670) and 

Fluorescence Spectrophometer (Lumina Thermo) respectively. The 

morphological structure of the NCs Si in solvent and in sol-gel matrix was 

examined by a field emission scanning electron microscope (FESEM, JEOL, 

JSM-6380LA). Particle size of NCs Si in the solution and matrix at high 

resolution were determined by transmission electron microscopy (JEOL, 

JEM2100F). The spontaneous emission spectra were examined using laser 

source of Pico Second Tunable Laser System (Lotti III) and monitored with 

ICCD Spectrograph (Andor). 

4. Results and discussion 

The crystalline structure of NCs-Si powder was inspected by XRD. The 

XRD data shows the original pattern of NCs-Si powder. The pattern of the NCs 

Si is found to be a good correspond to peak position and relative intensity of the 

standard pattern, indicating the high purity of Si powder. The observed peaks 

at 28.41, 47.26, and 56.06 correspond to the crystal plane (111), (220), and 

(311), respectively, as shown in Figure 1.  

 

Figure 1: X-Ray diffraction pattern of NCs Si powder 

Different concentration of the NCs silicon powder was used in various solvents. 

The solvents were selected as some polar and nonpolar which are ethanol, 
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methanol, ethyl acetate, acetonitrile, Acetone, formamide, DMSO, DMF, THF, 

dioxane. Some NCs Si solutions were detected the emission light under the 

exposure of UV lamp. The NCs Si containing formamide, DMF, and DMSO 

solutions were found to be good luminescent under the naked eye of UV lamp. 

No luminescent light was detected from the NCs Si in THF, dioxane, ethanol, 

methanol, ethyl acetate, and acetonitrile acetone, which are not discussed in 

this work. The luminescent and non-luminescent light from NCs Si in different 

solvents is listed in Table 1. In addition, the NCs dispersed ethanol, methanol, 

ethyl acetate, acetonitrile, acetone, THF, and dioxane solution were aggregated 

or precipitated. The digital image of luminescent NCs Si in solvents is shown in 

Figure 2. 

 

Figure 2: The digital image of light emitting NCs Si in: 

(a) Formamide, (b) DMF, (c) DMSO solvent under UV exposure 

Table 1: Details of NCs silicon in different solvents 

Solvents Nanocrystallines powder solution PL Stability 

Ethanol NCs Si No Aggregate 

Methanol NCs Si No Aggregate 

Water NCs Si No Aggregate 

Formamide NCs Si Yes Stable 

N,N-DMF NCs Si Yes Stable 

DMSO NCs Si Yes Stable 

Ethyl acetate NCs Si No Dispersed 

Acetonitrile NCs Si No Dispersed 

Acetone NCs Si No Precipitate 

Dioxane NCs Si No Precipitate 

THF NCs Si No Dispersed 
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The light emitting from NCs silicon in some solvents is detected under the 

exposure of UV lamp. Thus, the formamide based solution was selected to study 

the different properties of the NCs Si using different characterization 

techniques. The property of light emitting NCs Si dispersed DMSO, and DMF 

solution is not detailed except the images as shown in Figure 2. The NCs Si 

dispersed formamide solution was then incorporated in sol-gel matrix and 

developed into nanocomposite rod in order to examine the stimulated emission 

spectra under tunable laser system. The crack free composite rods were 

successfully prepared. It was easily able to cut and hand polished without any 

harmful to dopant. After cutting and polished, the nanocomposite rod was used 

to investigate the different properties. The digital image of the light emitting 

polished rod with and without UV exposure is seen in Figure 3 (c, d). The light 

emitting nanocomposite rods with the evolution of sol to solid rod under UV 

exposure is displayed in Figure 3 (a). The emitting color indicates the well 

dispersal and existence of NCs Si in the matrix environment. 

 

Figure 3: The digital image of NCs Si doped (a) sol (b) rods before cutting (c) 

rod after cutting and (d) rods under UV light exposure. 

As clearly seen in figure 3 (b), the digital image of light emitting nanocomposite 

rod which is comparable to the solution one. Brightness of nanocomposite rods 

indicates the significant stable of the NCs Si in sol-gel solid environment. 

4.1.  Morphology and Size 

Morphological structure of NCs Si in solvent and composite matrix was 

inspected by SEM at high magnification scale is shown in Figure 4 (i). The 

native of nanocrystallines silicon in solvent is quite identical and closely 
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gathered in the surface and similar to sandy surface. When NCs Si in the dried 

sol-gel surface, the nanoparticles become mono distribution in the micro-

amorphous matrix environment as seen in Figure 4 (ii). The structure of NCs Si 

in the dried sol gel indicates the particles lie in the homogenous amorphous 

surface of matrix. Additionally, the role of DCCA in sol-gel composition can 

control stressing in sol-gel surface during drying and aging. Involvement of 

formamide as DCCA in matrix may help to form crack free structure. This may 

reason to the well distribution of NCs Si and stable provide good formidable 

rods. In general, dopant particles are sometimes evaporated during the 

transition phase of sol gel drying process, but the use of DCCA in the process 

may slow down the evaporation of NCs Si. Therefore, NCs Si doped sol-gel rod 

were found to be more stable than the porous silicon (Psi) doped sol-gel rod [15, 

38-39].  

 

Figure 4. The SEM images of NCs Si in (i) solution and (ii) sol-gel matrix 

Figure 5 (i) shows the typical TEM images for NCs Si solution at low and high 

resolution. Distribution of mono dark spot Si particles in the solvent is 

observed. Crystalline lattice structure of NCs Si particles about 3-7 nm size were 

detected as shown 5 (i-inset). Majority of Si particles are spherical with 

diameters ranging from 5 nm to 8 nm with highly crystalline in nature. NCs Si 

are distributed in sol-gel matrix with a roughly spherical shape as seen in Figure 

5 (ii). The sizes of NCs Si are larger due to the envelope of sol-gel surface. Well 

presence of NCs Si in the solution is detected by EDX spectra as seen in Figure 
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5 (iii). The existence of NCs Si in the matrix is confirmed by EDX spectra as 

shown in Figure 5 (iv). Significant presence of NCs Si particles inside the surface 

of the matrix environment is witnessed by the image and EDX spectra which 

lead to enhance substantial strong emission light under UV light as shown in 

Figure 3. 

 

 

Figure 5. The TEM images of NCs Si in (i) solution at low and high resolution 

(inset) (ii) sol-gel matrix (iii) EDX of solution and (iv) EDX of nanocomposite 

4.2. Absorption property 

The absorption spectra of NCs Si in formamide at different concentration was 

measured. The absorbance is exponentially increased when the concentration 

increases in solution. There is no effect of the relative peak position relative to 

the concentration of NCs. The absorption spectra of NCs Si colloidal solution at 

different concentration are compared as shown in Figure 6 (i).  Absorption 

spectra of NCs Si composite sol-gel matrix was recorded in the same spectral 

region. The absorbance and peaks of NCs Si in sol-gel are changed with  

broadening bandwidth. Shifting of peak and broadening the relative bandwidth 

may attribute to the solid environment of the matrix as listed data in Table 2. 
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Relative absorption peaks at 290 nm and 356 nm are observed in solution. The 

corresponding absorption peak of NCs Si are slightly shifted in sol-gel matrix 

as shown in Figure 6 (ii), the peaks ‘a’ and ‘b’. The absorbance of the two peaks 

slightly increased in the sol gel. The comparison peaks of NCs Si in sol gel and 

solution are shown in Figure 6 (ii), a, b, c, and d peaks respectively. 

 

Figure 6. Absorption spectra of NCs Si (i) solution at different concentration (ii) 

comparison with composite sol-gel matrix  

4.2. Energy band gap  

To examine the energy band gap of the NCs Si, the coefficient (α) was deduced 

from the absorption spectra using the relation 

α = 2.303 
A

d
 

Where the parameter d and A are the thickness and the optical 

absorbance of the film.  

The band gap of the NCs Si in solution and sol gel was calculated from Tauc’s 

plots [43] by explaining the relationship between coefficient (α) and photon 

energy for indirect band transition 

(𝛼ℎ𝜈) =  𝐶(ℎ𝜈 − 𝐸𝑔)𝑛 

Where the parameters hν, C and Eg are the photon energy, a constant 

and the optical band gap respectively.  The ‘n’ is a dependence parameter on the 

band of direct or indirect transition and the property of electron density in the 

valence and conduction bands. 

The parameter (αhν)1/n was plotted with photon energy for different values of 

n. But, for the direct allowed transition, best fit was found when n = 2, whereas 
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n=1/2 for an indirectly allowed transition. Such result indicates that the indirect 

transition behavior of noncrystalline materials. From the Tauc’s equation for 

the allowed nondirect transition, the Egopt (optical band gap) values can be 

obtained from the intercept of (αhν)1/2 vs (hν) when (αhν)1/2 = 0.  

The calculated band gap of NCs Si in formamide is shown in Figure 7(i). 

However, the band gap slightly changes from 2.9 eV of solution to 3.62eV in sol 

gel as displayed in Figure 7 (ii). The change in bandgap of NCs Si is due to the 

solid environment of matrix. The values of band gap for each NCs Si sample is 

detailed in Table. 2. Therefore, the optical band gap of NCs Si may depend on 

the physical environment of matrix and size. 

 

Figure 7. Optical band of NCs Si in (i) formamide (ii) sol-gel matrix 
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Table 2: Detail of different properties of NCs Si in solution and sol gel matrix 

 

   Sample Energy 

band gap 

(Eg) 

Absorption 

peak 

positions 

Emission 

peak 

positions 

Excitation 

peak 

positions 

Spontaneous 

emission peak 

positions 

NCs Si in 

formamide 

2.8 eV 275 nm 

360 nm 

a1, b1-442 

nm 

 

a2, b2-365 nm 435 nm 

NCs Si in dried 

sol gel 

3.63 eV 350 nm 

257 nm 

a1, b1-440 

nm 

a2, b2-366 nm 429 nm 

 

4.3. Photoluminescence and spontaneous emission property 

From the points of application, the photoluminescence (PL) mechanism of 

silicon nanoparticles in solid media was recorded and compared with the 

spectra of NCs Si solution.  The excitation wavelength was selected as that 

exhibited the intense emission spectra and within the range of the absorption 

spectra of the NCs Si solution. The selected excitation wavelength was taken as 

an excitation pump laser source.  For emission spectra, the sample was 

measured at different excitation wavelength to examine the intense emission 

peaks. Figure. 8 shows the emission and excitation spectra of NCs Si in 

formamide solvent and sol-gel matrix. It shows that the intense emission 

intensity was not observed at the excitation wavelength correspond to the 

strong absorbance peak of the NCs Si.  

Figure 8. Emission and excitation spectra of NCs Si in (i) solution (ii) sol-gel matrix 
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Significantly influence on the emission and excitation intensity is observed due 

to different concentration of NCs Si in solution.  Higher concentration of NCs 

Si in solution is pronounced the stronger intensity as appeared at the emission 

peaks (a1, b1-442 nm) and excitation peaks (a2, b2-365 nm) as shown in Figure 

8 (i). No major effect with peak position upon the variation of concentration is 

observed. The intensity of emission and excitation peaks of NCs Si solution are 

influenced when it included in the matrix environment. The emission and 

excitation spectra of NCs Si in solid sol-gel were recorded using different 

excitation wavelengths 365 nm, 355 nm, and 315 nm as shown in Figure 8(ii).  

The emission peak is substantially stronger at excitation of 365 nm than the 

excitation of 355 nm and 315 nm. For instance, the peaks a1, b1, and c are the 

emission of NCs Si in the sol gel at excitation of 365 nm, 355 nm, and 315 nm 

respectively as displayed in Figure 8 (ii). The excitation peak position of 

different solution observed at around 365 nm (a2 and b2) do not change as 

shown Figure 8 (i) and listed in Table 2. It means that stability of NCs Si in sol-

gel environment during drying is much better than the porous silicon in sol-gel 

as our previously reported [36-37]. The emission intensity of NCs Si in sol gel 

matrix is quite significant as compared to intensity of NCs Si solution which 

may attribute to influence of temperature of sol gel SiO2 environment during 

aging since the improvement in PL intensity of NCs Si in SiO2 upon annealing 

temperature was observed [44] 

The spontaneous emission (SE) from the NCs Si composite sol gel rod 

was examined by employing a 355nm pico second laser source. But intense 

emission of NCs Si in sol gel rod was attained at excitation of 365 nm as 

displayed in 8 (ii). Observation of NCs Si solution and composite sol-gel rod 

were conducted at the same condition under a high power tunable pico second 

laser source. The SE spectra of NCs Si solution were recorded at two 

concentrations. The NCs Si solution and composite rod were pumped at 3 mj, 6 

mj and 10 mj laser energy as shown in Figure 9 (i-ii). There is exponentially 

increased in relative intensity with respect to concentration and pump energy. 

For instance, the observed SE intensity at 3 mj is weaker than the relative 

intensity of 6 mj as seen in Figure 9 (iii). It indicates that the luminescent 

intensity of the NCs Si depends on the pump energy. When the excitation 

energy increased at 10 mj, SE intensity of NCs Si solution is improved as shown 
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in Figure 9 (iv). The behavior of SE intensity for NCs Si solution depends on the 

proper pump energy with the concentration. The SE stability of NCs Si in 

formamide is quite significant and more superior than the porous silicon in 

THF and dioxane under laser action [38-39].  

 

Figure 9. Spontaneous emission spectra of NCs Si in (i-iv) solution at different 

concentration and pumped energy 

Therefore, influence on spontaneous intensity of NCs Si solution is the 

factor of concentration, excitation wavelength, and pump energy. As clearly 

indicate that the exhibited light from NCs Si solution is about 5 times intense 

when the pump intensity increases from 3 mj to 6 mj and 10 mj is shown in 

Figure 9 (iii-iv).  

For NCs Si composite rod, SE spectra were recorded at the same condition 

as NCs Si solution. The enhanced SE spectra of composite rod are quite 

significant as a compare to solution. The SE intensity of NCs Si in solid matrix 

environment at different pump energy is significantly improved as shown in 

Figure 10 (i). 
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Figure 10. Spontaneous emission spectra of NCs silicon doped sol gel (i) rod 

(ii) comparison solution and rod 

The influence of SE intensity upon increasing pump energy from 3 mj to 10 mj 

is observed. When the nanocomposite rod is excited at 3mj, the intensity is 

quite low, but it increases dramatically at the excitation of 6mj as seen at the 

peaks ‘b’ and ‘c’ in Figure 10(i). Intensity is further increasing as the pump 

energy increases at 10 mj. No major effect at peak positions is observed upon 

changing the pump energy. Comparison of SE between composite sol gel and 

solution indicates the slightly effect on peak position. The SE peak of NCs Si in 

sol-gel matrix changes roughly about 10 nm from solution which is attributable 

to the effect of solid environment as shown in figure 10 (ii). In figure 10 (ii), the 

peak ‘a’ of NCs Si solution is slightly shifted when it is in sol-gel matrix i.e. the 

peaks ‘b’ and ‘c’. Well distribution and stability of NCs Si in solid matrix 

environment lead to good enhancement of SE in comparison to the porous 

silicon solution based composite sol-gel matrix as reported in [15, 36-39]. 

Therefore, the obtained SE spectra of the NCs Si composite rod revealed that 

NCs Si are well dispersed in the matrix without aggregation. It may possible to 

embed high concentration of NCs Si based solution in sol-gel matrix for SE 

improvement that can further lead to ASE.   
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Conclusion 

In the present work, NCs solution was prepared using NCs Si powder. The NCs 

Si solution was directly included in sol prepared by sol-gel technique. The NCs 

Si composite sol gel was further solidified to develop into rod and characterized 

by using different optical techniques. Well distribution and presence of NCs Si 

in the matrix environment were confirmed by SEM and EDX spectra, 

respectively. The optical properties of the composites rod are shown to be 

significantly stable. Photoluminescence property of NCs Si is quite enhanced in 

sol-gel media. Influence at peaks of NCs Si in the matrix is observed due to the 

solid environment. The significant spontaneous emission of the composite rod 

is obtained and influenced by pump energy. It may conclude that NCs silicon-

based solution may directly include and stabilize in sol-gel matrix which is able 

to transform into a composite rod to test the stimulated emission under laser 

system. 
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