Sl Journal of — .
B8, , & Tech Science Press
ST Polymer Materials -

https://doi.org/10.32604/jpm.2026.078127 .

ARTICLE Check for

updates

Quasi 2D Silicon Nanosheet and Polyaniline Nanocomposites: Structural
and Photoluminescence Properties

Debosmita Karar”", Ashit Kumar Pramanick’ and Mallar Ray’

' Biomaterials and Medical Devices Division, CSIR-Central Glass and Ceramic Research Institute, Jadavpur, Kolkata, India
*Materials Science and Technology Division, CSIR-National Metallurgical Laboratory, Jamshedpur, Jharkhand, India
3School of Engineering and Sciences, Tecnolégico de Monterrey, Av. Eugenio Garza Sada 2501 Sur, Tecnolégico,
Monterrey, Nuevo Ledn, Mexico

*Corresponding Author: Debosmita Karar. Email: karardebosmita@gmail.com

Received: 24 December 2025; Accepted: 24 March 2026; Published: 30 June 2026

ABSTRACT: Experimental preparation of graphene like 2D silicon is a great challenge due to the dominant sp’
hybridization in silicon. We have synthesized quasi 2D crystalline silicon nanosheets by topochemical exfoliation
of layered Zintl phases, which bear signatures of properties predicted theoretically. Quasi-two-dimensional silicon
nanosheets were uniformly dispersed within a conducting polyaniline matrix to fabricate solid-state nanocomposites
with varying silicon loadings. The resulting polyaniline-quasi-2D silicon composites were systematically examined for
their structural characteristics and optical emission behavior. Notably, the nanocomposites exhibit intense photolumi-
nescence at room temperature, with an emission efficiency significantly higher than that of pristine quasi-2D silicon.
The functional characteristics of the nanocomposite can be tailored by adjusting the loading and spatial dispersion
of the nanoscale components, the nature of the host matrix, and the interfacial interactions between them. This
nanocomposite is a promising candidate for the development of efficient thermoelectric material and has huge potential
for applications in electronics and sensing.
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1 Introduction

Among the various silicon nanostructures, two-dimensional silicon has received comparatively limited
attention, primarily because of the experimental challenges involved in synthesizing stable, atomically thin
silicon layers. In 1994, Takeda and Shiraishi first demonstrated the possibility of the existence of a 2D Si
network [1], and investigated the structure of a hypothetical infinite 2D network using the first principle
local density functional method [2,3]. The advent of graphene ushered in a renewed worldwide interest in 2D
materials and subsequently a variety of exact and quasi 2D materials were prepared and investigated [4-8].
However, experimental realization of exact 2D Si remained elusive. This is because structurally a 2D allotrope
of Si is energetically not favored. Si atoms tend to adopt sp® hybridization over sp?. Attempts have been made
to prepare quasi 2D Si sheets by exfoliating layered silicide materials [9,10], and by epitaxial growth of Silayers
on different substrates [11,12]. Chemical exfoliation of Zintl phases of Si has resulted in the formation of quasi
2D Si sheets that are usually surface-terminated by functional groups composed of oxygen, hydrogen, and
hydroxyl radicals [9,10]. In contrast, efforts to grow silicon monolayers epitaxially on metal substrates have
achieved only limited success, and isolating the intrinsic properties of the two-dimensional silicon network
from substrate-induced effects remains a significant challenge [13,14].
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In the absence of silicene—the ideal monolayer of Si atoms, quasi 2D nanosheets of Si present an
interesting alternative as they exhibit various features such as room temperature photoluminescence (PL)
and remarkable Hall mobility [15]. However, the chemically exfoliated Si nanosheets require a substrate or
some background matrix in which they need to be dispersed in order to exploit their unique properties. A
solid-state nanocomposite formed by dispersing the 2D sheets also offers tunability in various properties that
could be achieved simply by varying the concentration and distribution of the nanoscale building blocks, the
host matrix, and the interactions between them [16]. In principle, the electrical and thermal conductivities
in such systems can be independently varied, thereby rendering them amenable to the development of high
efficiency thermoelectric materials [17,18]. In this regard, polyaniline (PANI), a 7-conjugated, conducting
polymer, offers an excellent choice as a background matrix due to its simple and inexpensive synthesis
procedure, flexibility and mechanical strength, appropriate redox and anion exchange properties, and good
environmental stability [19,20]. Most importantly, the electrical conductivity of PANI can be tuned over a
very wide range (<107'% to 10° S cm™!) from nearly insulating to metal-like by controlled doping [21]. Besides
being a promising candidate for efficient thermoelectricity, a nanocomposite of quasi 2D Si in PANI matrix,
also holds considerable potential for flexible electronics and sensing.

Due to the tunable electrical properties and flexibility of PANI, it has been widely used as a matrix for
dispersing a variety of nanostructures [22]. Among many others, different types of semiconductor quantum
dots [23,24], carbon nanotubes [25,26], reduced graphene oxide (rGO), carbon dots and graphene quantum
dots [27-29] have been extensively used as nanofillers in PANI matrix in attempts to derive novel and/or
multifunctional properties. The interaction between PANT and these nanostructures has been exploited for
applications in efficient energy storage and harvesting, catalysis, sensing, etc. However, despite such huge
advances in 2D carbon and PANI composites, there is no published literature on composites based on 2D Si
and PANL

This work reports the preparation of quasi-2D systems of Si by chemical exfoliation of the layered
Zintl phase of Si and subsequently incorporates the 2D Si flakes in a PANI matrix. The Si 2D nanosheet
incorporated PANI exhibit intense room temperature PL. We have investigated the detailed structural
features and the optical emission properties of this remarkable nanocomposite material. To the best of our
knowledge, this is the first report on a Si nanosheet decorated PANI composite.

2 Materials and Methods
2.1 Preparation of Quasi 2D Si Nanosheets

Quasi 2D Si nanosheets were prepared via a topochemically driven exfoliation process starting from a
layered material calcium silicide (CaSi,) powder following the route described by Nakano et al. Briefly, ~1g
CaSi, (Sigma Aldrich) was subjected to constant stirring for 72 h in 1L of 35% HCI to transform the silicide
into siloxene at ~0°C-4°C. The resulting suspension was filtered and rinsed with ethanol, yielding a greenish-
yellow solid identified as SigH; (OH)s, which precipitated from the initially translucent colloidal solution.

2.2 Preparation of PANI

PANI was synthesized by chemical oxidative polymerization of aniline (Merck). The aniline monomer
was distilled with an excess of zinc dust until the liquid turned colorless. A solution of 40 mM of camphor
sulphonic acid (CSA) (Sigma Aldrich) and 3 mM of cetyltrimethylammonium bromide (CTAB) (Sigma
Aldrich) was stirred for 1 h and subsequently, 4 mL of neat aniline was added into the solution. The reaction
mixture was kept at approximately 0°C-5°C using an ice bath and subjected to magnetic stirring at about
500 rpm for 1 h. 21.4 mM of ammonium persulfate (APS) (Sigma Aldrich), an oxidant, was added dropwise
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into the previous solution containing PANI. The quantities of the different reactants ensured fixed molar
ratios of 1:2 and 1:1 between aniline and CSA and between aniline and APS, respectively. The mixture was
stirred at the same rate and the temperature was maintained around 0°C-5°C for 24 h. Filtration was followed
by extensive rinsing with 4 L of DI water, followed by several ethanol washes and again with 1 L of DI water.
Subsequently, the PANI precipitate was collected and dried at a temperature of 50°C in a vacuum oven for
12 h and the resulting blackish green powder was stored and used for characterization.

2.3 Preparation of the Nanocomposite

The nanocomposite preparation is similar to the procedure of preparation of PANI. Before adding the
aniline monomers, the as-synthesized 2D nanosheets of Si were added to the solution containing CTAB
and CSA. Five different composite samples were prepared by introducing 0.2, 0.4, 0.6, 1.0 and 1.6 gm of Si
nanosheets in 4 mL of aniline, which respectively correspond to 5, 10, 15, 25 and 40 weight%, of quasi 2D
Si with respect to aniline. Subsequently the samples were separated by filtration, thoroughly washed, and
subsequently vacuum-dried at 50°C for 12 h. The nanocomposites corresponding to 5%, 10%, 15%, 25% and
40%, of 2D nanosheets were named as P5, P10, P15, P25 and P40, respectively (Fig. 1).
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Stirring 72 Hours Filtration & Washing
0-4 °C
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Drying at -
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Figure 1: Schematic of the synthesis.

Investigation of the crystalline property of the synthesized powder of the composites was carried out by
using a Brucker D8 advanced diffractometer operating at 40 kV; using Cu Kal (\ = 1.54 A) radiation. Data
were recorded for 20 varying from 10° to 70° with a step size of 0.02° per second. HR-TEM investigations were
carried out to characterize the synthesized composites with PANI. A JEOL, JEM-2200 FS, analytical electron
microscope, equipped with a 200 kV field emission gun was used for all HR-TEM imaging. FT-IR absorption
spectra of the samples were recorded by a JASCO 4700 LE FTIR spectrometer. Both transmission and ATR
mode recordings were performed. A double beam JASCO V-750 UV-visible spectrometer was employed in
this study to record the absorption spectra of the colloidal samples. Measurement of PL was carried out using
Horiba Jobin Yvon, Flurolog-3 (Nanolog) spectrofluorometer (model FL3-22) equipped with a 450 W xenon
lamp. Absolute PL quantum yield (QY) was determined by using an integrating sphere.
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3 Results and Discussion

The XRD patterns of the different samples—blank PANI, as-prepared quasi 2D nanosheets of Si and
the nanocomposites containing different wt% of 2D Si in PANI (P5, P10, P15, P25 and P40) are presented
in Fig. 2. The XRD profile of blank PANI, shown in Fig. 2a demonstrates the typical features of PANI in
its emeraldine salt conformation which is composed of two broad humps peaking at 26 ~ 15.4° and 19.8°
and a relatively sharper peak at 20 ~ 25.4°. These three features correspond to the Bragg reflections from
(010), (100) and (110) planes of pure PANI, respectively [30]. The broad diffraction features observed for
PANI are attributed to the repeating units of the polymer chains and to the structural periodicity along
directions perpendicular and parallel to the polymer backbone [31]. Consistent with the behavior of highly
doped emeraldine salt, the comparatively sharper reflection at 25.4° exhibits greater intensity than the two
broader features [30]. The XRD profile of the as-synthesized Si nanosheets obtained by chemical exfoliation
of CaSi, shown in Fig. 2b, demonstrates peaks due to (111), (220) and (311) planes of crystalline Si. The
XRD patterns of all the composites shown in Fig. 2¢ are primarily governed by the crystalline signatures
of silicon present in the sample and the PANI characteristics are almost completely masked, except for a
weak signature of the (110) planes. This signature evidently becomes weak as Si content increases in the
nanocomposite samples. Comparing the XRD patterns of blank PANT and quasi 2D Si samples we see that
the gross individual crystalline features of both the ingredients—Si nanosheets and PANI, remain unaltered
in the nanocomposites.
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Figure2: XRD profiles of the nanocomposites. (a) The XRD of blank PANI revealing the features of the sample; (b) XRD
of as-prepared quasi 2D Si sheets; and (c) XRD profiles of the different nanocomposite samples (P5, P10, P15, P25, P40).

The HRTEM images of blank PANI are shown in Fig. 3a—c. From Fig. 3a—c, it is evident that the sample
comprises a combination of quasi-one-dimensional nanotube-like structures and quasi-two-dimensional
nanosheet-like structures. The selected area electron diffraction pattern (SAEDP) corresponding to the
bright field image in Fig. 3a is shown as an inset. The diffraction rings due to the (110) plane of crystalline
PANI can be easily identified and are marked in the figure. The nanotube-like feature of the 1D PANI is also
clear from the micrograph shown in Fig. 3b, wherein we can clearly identify an annular structure that is a
signature of nanotubes. Magnified image of each individual 1D PANI reveals a similar kind of morphology.
The crystalline nature of the one-dimensional PANT nanotubes is clearly visible in the inset of Fig. 3b, where
we can see fringes corresponding to the (110) plane of PANI. Electron diffraction on areas selected to have the
2D structure only gives us a featureless pattern that is typical of an amorphous sample as shown in Fig. 3c. The
HRTEM, therefore, builds upon the findings of XRD and establishes that the PANI sample is semi-crystalline
and consists of an entangled network of crystalline quasi 1D and largely amorphous quasi 2D structures.
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Figure 3: HRTEM of PANI and the composites at different magnifications. (a) Bright field image showing that the
overall structure and morphology of PANI consists of a mixed network of quasi 1D and quasi 2D structures. Inset
shows the SAEDP corresponding to the bright field image. (b) An image showing a single 1D PANT having an annular
structure suggesting the formation of nanotubes. Inset shows the crystalline fringes. (c) Bright field image showing
sheet-like structure of PANI, inset shows the corresponding featureless SAEDP. (d) Bright field images of sample
P5 showing arbitrarily shaped networks of PANI and Si nanosheets, the inset shows the SAEDP corresponding to
(d). (e) High magnification image revealing the crystalline fringes of Si and PANI. (f) Bright field image of P40 showing
arbitrarily shaped networks of PANT and Si nanosheets, the inset shows the SAEDP corresponding to the image. (g) High
magnification image revealing the crystalline fringes of Si and PANI.

HRTEM micrographs of the nanocomposites—the one with the least concentration of 2D Si nanosheets
in PANT (sample P5) and the one with maximum concentration of Si in PANI (sample P40), are shown
in Fig. 3d-g. The HRTEM micrograph of P5 shown in Fig. 3d reveals agglomerated lump-like structures. A
closer inspection reveals that these lump-like structures are mesh-like networks of quasi 1D and quasi 2D
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structures. The SAEDP shown as an inset of Fig. 3d demonstrates the presence of crystalline nanostructures
of both Si and PANI since we find distinct rings corresponding to the (110) plane of PANT and (111) plane
of Si. Crystalline fringes of the (111) plane of Si and the (110) plane of PANI, are identified and marked in
the high magnification images shown in Fig. 3e. Overall, the HRTEM images of the P5 composite samples
reveal the formation of a nanocomposite of PANI and dispersed quasi 2D Si structures. The HRTEM images
of the sample containing the maximum amount of quasi 2D Si (sample P40) in the PANI matrix are shown
in Fig. 3f,g. The gross features of the micrographs corresponding to P40 are similar to those of the sample
P5. We see a disordered network of entangled quasi 1D and quasi 2D structures. The crystalline character of
Siand PANI is revealed from the SAEDP shown as an inset of Fig. 3f and the fringes observed in Fig. 3g. The
relative abundance of Si as compared to sample P5 is also evident from the dominant Si features.

To investigate the chemical groups present in the samples, standard FTIR absorption studies were
done. Fig. 4 represents the FTIR analysis of the composite samples along with blank PANI. In case of
blank PANI (PB) the band observed at 695 cm™! corresponds to the ring out-of-plane deformation of
the monosubstituted phenylene ring. The band observed at 787 cm™' corresponds to the C-H out-of-
plane bending vibration [32]. The peaks in between 1010-1110 cm™' are due to aromatic C-H in plane
bending modes [33]. As our PANI sample exists in emeraldine salt form, positively charged nitrogen exists,
and the peaks at 1230 and 1285 cm™! indicate stretching of CN* and stretching of aromatic C-N bonds,
respectively [34]. The characteristic peaks at 1480 and 1563 cm™' can be assigned to C-C stretching vibrations
of the quinoid and benzenoid rings, respectively, which confirms the presence of emeraldine form. A weak
band is observed at 1722 cm™!, which can be assigned to the quinoid-imine stretching mode [35]. The peak
at 2973 cm™! corresponds to CH; symmetric stretching, while the band at 3200 cm™ is attributed to N-H
stretching [36]. All the signatures in PB sample confirm the formation of PANI in its conducting emeraldine
salt form.

The positions of 1725, 2973 and 3200 cm ~! are almost the same for all the composite samples. With
the decrease in Si percentage, i.e., from P40 to P5 samples, the peak at 695 cm ~1 is observed with lower
intensity in comparison to the PB sample. The peak at 787 cm™! is observed with a lower wavenumber and
the aromatic C-H in plane bending modes are concentrated only between 1030-1056 cm™! with an increase
in the Si percent. Interaction with silicon influences the electron density of the benzene ring, leading to a
reduction in the stretching frequency of the aromatic C-H bonds. The intensity of 1230 cm™ increases and
at 1285 cm™! the intensity decreases with an increase in the amount of Si and the peak at 1580 cm™' becomes
more prominent. The shoulder at 2290 cm™! is present in all the composite samples and this arises from the
Si-H stretching mode in O3SiH [37]. There is a peak at 510 cm™! present in all the samples except bare PANI.

This is the signature Si-Si bond due to the presence of the Si-Si network [38].

Fig. 5 shows the variation of the absorption profile measured over a period of six months. The absorption
profile undergoes a significant change during the first month following which the change slows down with
time. We note the following features for the time variation of UV absorption: (i) the absorption peak at
~280 nm become broad and tends to merge with the broad absorption at higher wavelengths, (ii) the
absorption in the near-UV range increases over time, which tends to mask the dominant sharp transition in
UV region, and (iii) the entire absorption spectrum exhibits a continuous red-shift. These observations can be
understood in terms of time dependent slow oxidation of low-dimensional Si that has been widely reported
in literature [39]. Slow ambient oxidation leads to the formation of sub bandgap states inside the widened
bandgap of quasi 2D Si. Hence, with time, the Si nanocrystal absorption is dominated by absorption of these
sub bandgap states which progressively intrude inside the visible spectrum. Such continuous oxidation in Si
NCs has been previously observed in various forms of nanocrystalline Si [40].
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Figure 4: FTIR spectra of blank PANT and the nanocomposite samples.
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Figure 5: UV-visible absorption spectrum of Si nanosheet.

The UV-Vis absorption spectra of the PANI-Si sheet composites differ significantly from those of
the colloidal Si sheets. Fig. 6 shows UV-vis absorption spectra of bare PANI and the nanocomposites. The
absorption spectra display five prominent bands centered at 256, 330, 418, 625 and 866 nm, respectively. The
band observed at 256 nm corresponds to the characteristic benzenoid segment of PANI [41], while the peak



8 J Polym Mater. 2026;43(2):21

at 625 nm is associated with the quinoid structure [42]. The absorption at 328 nm arises from ni—m* electronic
transitions along the PANI backbone, representing the polymer in its reduced form. In contrast, the bands
at 418 and 865 nm are indicative of the oxidized states of doped PANI [42], corresponding to two distinct
polaron transitions: 418 nm for polaron-to-n* and 865 nm for n-to-polaron transitions [43]. The appearance
of these three peaks at 328, 418, and 865 nm confirms the formation of the emeraldine salt of PANI.
Furthermore, the UV-Vis analysis of both PANT and its composites demonstrates the coexistence of mixed
oxidation states, a key requirement for electrical conductivity. The observation of polaron bands also suggests
the presence of polaron quasi-particles, which are expected to play a significant role in charge transport.
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Figure 6: (a) UV-vis spectra of different composite samples. (b) Tauc’s plot for pure PANI and PANI-Si sheet composites
(only P15 and P40 are shown).

Upon Si addition, with an increase in the Si percentage, a red shift of the 625 nm peak confirms the
interaction between PANTs quinoid rings and the Si sheets. We have detected a direct bandgap of our
quasi 2D Si sample at 3.5 eV. We also detected a broad hump in the absorption profile that extends from
300-500 nm in the visible region and suggests the availability of states in this region. Electron density from
7 orbitals of PANT is transferred to these available energy states or vacant d orbital of Si which results in the
red shift of these peaks. With an increase in Si content, the intensity of the peak at 865 nm becomes stronger.
This behavior can be attributed to the interaction between the quinoid rings of PANI in its emeraldine
salt form and the Si sheets, which promotes charge transfer via the reactive imine groups. Previous studies
have indicated that strong interactions in organic-inorganic composites often arise from hydrogen bonding,
leading to reduced orbital overlap and consequently enhanced intensity in the doped state [44]. Overall, the
absorption characteristics are predominantly governed by PANI. From Tauc’s plot (Fig. 6b), the band gap of
pristine PANT is determined to be 3.3 eV, while the band gaps of the composites show a slight increase.

PL spectra of a fixed volume of the prepared Si sheet and the composites were carried out at room
temperature. The PL spectra of Si nanosheet under different excitation energies are shown in Fig. 7a. The
normalized spectra make it clear that the PL profile and peak positions remain the same, irrespective of
the excitation energy. Such an observation suggests that the PL is intrinsic to the Si nanostructures and
unlikely to be associated sensitively with size as that would have affected an excitation dependence for a
distributed sample. We are inclined to believe that the observed PL is primarily dictated by the numerous
surface/interface states, that appear inside the widened quantum confined band gap of nano Si.
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Figure 7: (a) PL Spectra of Si nanosheet under different excitation energies. (b) Composite samples along with blank
PANI, combined PL of Si sheet and absorbance of PANI (inset).

Under 325 nm excitation, the PL spectrum shows an almost Gaussian peak at 540 nm. Despite decades
of research on light-emitting Si nanostructures, the exact mechanism of emission has yet to be fully
established [45-47]. Bulk Si being an indirect band gap material is an inefficient light emitter. But, when Si
crystals are reduced to the nanoscale dimensions, they emit visible light. Surface states, oxides and suboxides,
presence of chromophores, and most importantly a combined contribution of quantum confinement, surface
and oxide effects were proposed to be responsible behind the observed luminescence [39].

The PL spectra of aqueous PANI under 325 nm excitation are shown in Fig. 7b, revealing very
weak emission. This photoluminescence originates from the delocalized m-conjugated electrons and m*-mn
transitions of the benzenoid segments of polyaniline. It has been reported that, the benzenoid form of
PANTI shows luminescence, but, when it is oxidized in its quinoid form, no luminescence is observed [48],
luminescence of blank PANT is more or less quenched due to the presence of quinoid.

PL spectrum of the composites are shown in Fig. 7b and the co-plot of PL of Si sheets and absorbance
of PANI is shown as an inset, Fig. 7b. PL intensity of the PANI composite increases with increasing
concentrations of Si nanosheets. The PL QY of the Si sheet was estimated to be ~9% whereas the PLQY of
the P-40 sample is ~11%. When Si sheet is incorporated into PANI, a luminescent peak is observed with an
excitation of 325 nm. PANI serves as a good electron donor and hole transporter, whereas quasi-2D silicon
is an electron-conducting semiconductor with a band gap near 3.5 eV. The overlap between Si emission and
PANTI absorption is shown as the inset of Fig. 7b. In PANI, there are electron-donating groups like =NH and
Si can accept electrons, which results in improved electron mobility in the system [49]. The incorporation of
Si, with its distinct band gap, introduces numerous energy levels that facilitate photon-induced transitions
between bonding and antibonding orbitals, leading to electron-hole recombination. Therefore, interfacial
charge transfer occurs and there may be a chance of the formation of singlet exciton states in the composite
system. These states decay radiatively to the ground state resulting in the observed enhanced PL in the
system [50,51].

Previous studies have demonstrated that PANI-2D material composites significantly enhance electrical,
optical, and electrochemical properties due to strong interfacial interactions and synergistic effects between
the components [52-54]. Studies on PANI-based composites have demonstrated that the inclusion of carbon
nanostructures significantly influences electrical and optical properties. For example, polyaniline composites
with carbon nanotubes (PANI/CNT) have been reported to exhibit electrical conductivity values that are
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markedly higher than pristine PANT due to the formation of conducting networks; in one study the electrical
conductivity of crosslinked CNT/PANI composites reached up to ~12 S/cm at appropriate CNT loadings,
significantly higher than typical PANI alone and attributed to effective charge transport pathways introduced
by the CNT component [55].

Similarly, composites of PANI with graphene quantum dots (GQDs) and carbon quantum dots (CQDs)
have been investigated for their optical and electronic properties. In CQDs/PANI composites designed for
sensing applications, the quantum dots exhibited a fluorescence quantum yield of ~17% and significant
quenching effects upon composite formation, indicating strong interaction between the dot and polymer
components [56]. Limited reports also exist on GQD/PANI hybrids, where TEM and UV-vis analyses
indicate effective interaction and changes in optical transitions due to charge transfer between GQDs and
PANI chains, although detailed photoluminescence quantum yield data are often not the focus of these
studies [43].

In contrast to these materials, our silicon-PANI composites are positioned as an exploratory class of
2D-silicon-based hybrid systems, with fundamental optical and structural characterization. While direct
numerical comparisons of electrical conductivity or photoluminescence quantum yield with every type of
PANT hybrid are limited by differences in measurement conditions and material form factors across studies,
the existing literature establishes that:

«  PANI/CNT composites typically show enhanced electrical conductivity relative to pure PANI due to
CNT bridging effects and percolation networks [55].

« PANI/CQD or PANI/GQD composites exhibit optoelectronic interactions (such as fluorescence
quenching and altered absorption features) arising from strong coupling between quantum dots and
polymer chains, which can also influence photoluminescence behaviour [56].

Table 1 represents the values of electrical conductivity and photoluminescence quantum yield of the
existing literatures compared with this work.

Table 1: Values of Electrical conductivity and photoluminescence Quantum yield of PANI based composites compared
with the results of this work.

Composite Nanofiller Key Reported Typical Val- Representative
System Type Properties ues/Observations References
Stejskal, Pure
Electrical ~107-10"" Scm™! ’
PANI (pristine) - conilflgicjit (doping de enc(ielnt) Appl. Chem.,
Y ping dep 2002 [57]
Electrical
1D carbon conflflz‘iicjit Up to ~10-12§ cm™ Zhang,
PANI/CNT Y . at optimal CNT Nanomaterials,
nanotubes enhancement via . _
. loading 2015 [58]
percolation networks
I d ~1-10 S cm™" (vari
PANI/Graphene 2D graphene condrlrllf‘:i?i,te and with CrrI:l h(e‘:; = Sunkovichet al,
P sheets Y grap Nature, 2006 [59]
charge transport content)

(Continued)
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Table 1 (continued)

Composite Nanofiller Key Reported Typical Val- Representative
System Type Properties ues/Observations References
CQD QY
Carbon Strong PL interaction, ~10%-20%; PL Wang et al., Sens.
PANI/CQD quantum fluorescence quenching after Actuators B,
dots (0D) quenching composite 2021 [60]
formation
PANI/Si Quasi-2D Structural 1nte'gr1ty, Systematic PL and
. tunable optical absolute QY .
nanosheets silicon _ ) . This work
(this work) nanosheets absorption, PL reported; dispersion
modulation confirmed by TEM

4 Conclusion

In summary, we successfully prepared quasi 2D Si sheets by exfoliation of layered silicide and suc-
cessfully combined them with a conducting polymer, PANI, to form nanocomposites containing different
percentages of Si nanosheets. Structural investigations revealed the formation of a network of quasi 2D Siina
PANI matrix that itself consisted of a mixture of rods and sheets. Formation of the conducting emeraldine salt
form of PANT and its presence in the nanocomposite samples were confirmed by spectroscopic investigations.
Importantly, the Si nanosheets, as well as all the nanocomposite samples, were found to exhibit bright room
temperature PL. We noted that the addition of Si nanosheets to PANI improved the PL QY. The properties of
this nanocomposite material can be tuned easily by varying the concentration of quasi 2D Si, which in turn
opens up scope for further research on this remarkable material.
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