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Abstract

Dielectric properties determine by electric figldtributions play a decisive role in
energy harvesting and storage applications. Indbrgext, strontium decorated lead iodide
nanosheets (Sr:Pdlare prepared, and its vibrational and dieleqgbricperties are studied.
The bandgap changes are explained by Brustein-Mffest and renormalization process.
Raman spectral studies reveal that introducingt@nsinto Phi lattice enhance the lifetime
of LO phonon through bottleneck effect. Subseqyettie dielectric constant'’{ values of 5
wt.% Sr:Pbj are increased 20% than pure PBlhe results conclude that the vibrational
properties of Sr decorated Rlanosheets are much significant for hot carriearsokll
devices.
Keywords. Lead iodide (Pbl,); optoelectronics; Burstein-Moss effect; dielectrics; electrical
properties.
1. Introduction

Fascinating properties of various oxide and ratribased wide bandgap
semiconductors are being studied predominantly past few decades. Validating this, an
improved trend in device performances of such sentiacting materials can be observed
from plenty of reports [1-7]. On the other handterast shown on halide-based
semiconductors is comparatively low and most ofrtheoperties are yet to be discovered.
Among different halide-based semiconductors, lemtide (PB}) is a noteworthy material
due to its technological viability for various ajmaitions. Indeed, Ppis a layered compound
with alternative stacked I-Pb-I layers arrangedusetjally along vertical axis (i.ez-axis)
[8]. Resembling graphite structure, atoms in saayerks of Pkl are strongly glued together
with covalent bonding and nearby layers atoms aekly hold by Van der Waals force [9].
Precise control on Pbhumber of layers by heat treatment process anadhesponding

changes in absorption bands were examined by Gotal.€[10]. Insight on radiative



mechanism of Pblhave confirmed the existence of both bi-excitoaml exciton-exciton
collisions, which makes their emission propertiasiet] interesting [11]. Ando et al.
demonstrated that, bottleneck effect in JPpovides missing link between its anomalous
emission properties and optical phonons [12]. Theeoved bottleneck effect in Bldre
much essential to improve the performance of leaatié based perovskite solar cells [13].
Confirming this, very recently the decisive roleRifl, on the actions of perovskite solar cells
was revealed by Gujar et al. [14]. Yet, a profoamdlysis on the absorption properties of
Pbk are much needed to effectively use them in opttreleic devices like photodetectors
and photovoltaics, etc. Besides, their dielectrigpprties are also much reliable for energy
storage applications [15].

Owing to its quasi two dimensional (2D) anisotmpyered structure, Pbtan be
easily modified into novel morphologies such as thanowires, nanorods, and nanosheets,
etc [16, 17]. Though 1D materials disclose impdriamoperties like high surface to volume
ratio, its electronic properties are dubious witledominant noise arising through carrier
trapping at defect sites, also defect free nan@agenerally require expensive preparation
technique [18, 19]. But dielectric applications ugg a smooth, high density, and low
conducting material with large surface area. HeBBePblb nanosheets with larger bandgap
and reasonable dielectric consta’) &re ideal candidates for such applications.

In earlier days, considerable amount of researorksvon PBJ have focussed its
nuclear radiation detection properties due to Htgbility of lead against nuclear reactions
and its strong electron density [20, 21]. But imtemnporary days, profound knowledge on
engineering materials with cutting edge tools awdilable state of the art characterization
techniques have turned out to be a driving facdorrésearchers to unravel its nano-regime
properties. Modification in intrinsic semicondudadike (i) doping foreign atoms at different

lattice sites (or at interstitial position), (ii)aking composites with suitable compounds, and



(i) tuning its morphology to provide high surfatmevolume ratio could results in interesting
properties [22, 23]. Various reports have demortedréhe importance of dopant elements in
both n-type and p-type semiconductors. For examplepxide-based semiconductors,
presence of oxygen defects play a positive rolghiotocatalysis via inducing redox reaction.
However, same defects act as a recombination giteexcitonic carrier and degrade the
performance of photovoltaic devices. Hence, dependipon application purpose, defects
should be tuned with suitable dopant atoms at aptincomposition. Similarly, halide
semiconductors with different dopants can providgroved performance with enriched
properties. Our previous works on noble metal nanapes decorated Phdheets exhibits
improved photo-detecting performance by virtue offace plasmon resonance (SPR) of
metallic nanoparticles in near infrared region [24lso, we examined optoelectronic and
improved dielectric properties of neodymium (lamiildl@ group) doped Pphanorods [25].
However, to the best of our facts there is no esiekireport to monitor the optical, phonon,
and dielectric properties of alkaline metal deaedlaPbj nanosheets. To fill this void, we
prepared strontium decorated Pbanosheets (Sr:PHlwith microwave assisted technique
and analysed its structural and optoelectronic gntogs for hot carrier solar cells. In the final
section, the impact of Sr atoms on the dielectrapprties of Phlare studied.
2. Experimental procedures
Fabrication and investigational details

For the preparation of pure Rland Sr:Phisamples, we initially procured high grade
lead acetate (LA), sodium iodide (Nal), strontiuitrate (SN), cetyl trimethylammonium
bromide (CTAB), and acetic acid (AA) from Sigma allta Aesar Pvt. Ltd. Com. In the first
step, solutions of 0.5M LA and 1M Nal were dissol\szparately in 50 ml of DDW at 60 °C
and respective solutions were named A and B. Feltbby that, 50 ml of CTAB solution

from a stock of CTAB (30g/1000 ml) was added taaAd stirred for 15 min. Then, 50 ml of



AA was added to same solution to catalyst the i@actNext, solution B was poured into
solution A under same temperature and stirring itimmd. Subsequently, a yellow colour
precipitate appears while pouring first drop of Naelf, clearly indicates the formation of
aimed PbJ. Later, the solution was collected in cylindriflalsk and placed in indigenously
modified microwave system of 700 W power and iradetil for 15 min. Finally, the solution
was cool down to room temperature and the pretgpimeas collected after washing with
DDW several times. Finally, the precipitate is drigt 80 °C in an oven for 24 h. Similar
process is followed to prepare Sr:Pehmples with additional solution of 1 wt.%, 3 wia¥td

5 wt.% of SN into the LA solution. The synthesrsqedure is represented in Fig.1.

Lead Acetate Sodium Iodide )
(precursor solution O % (precursor solution) microwave

with capping agents) heating

®  Strontiumions ’ Pure Pbl, , Pbl, nanosheets

Fig. 1. Schematic of the synthesis procedure aedféhmation of pure Pbland Sr:Ph
samples

All these prepared samples were inspected by L&BOX XRD system for phase
identifications [Culk;, A=1.54056 A; operating conditions- 40kV/30A; scatera 2 °/min;
scan range - 5 to 70°]. Additionally, Rietveld nefiment process was carried out through
MAUD version 2.33 of Rietveld [L. Lutterotti: progm Maud (version 2.33), city)] and real-

time refinement of structure was done by a leastsgp refinement progression. Optical



absorption analysis performed with JASCO V570 systeas used to analyse the impact of
Sr atoms on the band structure of £ihe surface morphology, elemental composition and
homogeneity in final products were recorded by JETAM6360 SEM/EDX system. For
vibrational modes identifications, a high-precisDXR FT-Raman setup with 532 nm laser
operated at 0.2 mW power was used. The dielectopgrties were measured from 4200-SC
setup and prior to measurements all samples wereed®d into a pellet of dimensions 10
mm diameter and 0.70 mm of thickness by applyimgn5of pressure with a pelletizer.
3. Outcomes and discussion
3.1. Phase identification

Structural properties of all samples are inspeétech XRD profiles. As shown in
Fig. 2(a), peaks obtained for pure Pbahd Sr:Phl are exactly matching with its standard
diffraction values [JCPDS 7-0235]. The lack of diddial phases and well defined sharp
peaks decline the presence of impurities duringvtiroprocess and the same results are

further confirmed with EDX/Raman measurements.
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Fig. 2: (a) XRD pattern of pure Pband Sr:Phl. (b) Magnified view of (001) peak. (c-f)

Rietveld refinement data for pure RPlhd Sr:Phi



Pbbkis an iso-structural material with over 50 differ@olytypes have been displayed
so far, and the corresponding space groups arentlatel by number of symmetry elements
exist in the structure [26]. Majority (i.e. > 95%f) Pbb compound possess a smaller number
of symmetry element and leads to the formationtHPBm1 space group as reported in this
article. The term 2H represent that Pb layers t@eked between two hexagonal honeycombs
shaped I layers with different stacking orientataanshown in Fig. 4.

Further, changes in crystallite si@) of preparedamples are calculated by Scherrer

0.91
B cosf

formula: D = , Where 4, 8, § represent the wavelength of the Cy-Kadiation

(1.5406A), diffraction angle and the full width hahaximum (FWHM), one-to-one. As
shown in table 1, the crystallite size is founddexrease with increasing Sr wt.%, whereas
the lattice constants increases. Such phenomerntemigd asize-induced negative pressure
effect. It's a commonly occurring process in covalent memductors to maintain the
symmetry to a long range. Such observation has pemnously reported in other transition
semiconductors like F®; CuO and CeO systems [26].

Also, the lattice constants,c are calculated by standard equations through
POWDERX software, see Table 1. The ratio betwe¢n are approximately 1.53, which
exactly matches with the previously reported valRé]. The similar dopant dependent
variations in the structural parameters are alsdfitned by Rietveld refinement process
[Fig. 2 (c-f)]. The error in the refinement paraerstare minimized to about + 0.001 A by

carefully performing the experiments and repeagéiciements.



Table 1: Calculated structural parameters for all samplesnfPOWDERX software and

Rietveld refinement processes.

Sample POWDERX software Rietveld refinement D 0101 €101
parameters wac” ac

Pb., Skl a(h) c(A) V (A3 a(Ad) | c(A | VAY (nm) (nn?)

x=0.0wt. % | 4.55636| 6.97999 125.49349 4.55b6 6.9756 125.3754.2766| 3.158 2.757

x=1.0wt. % | 455628 6.98211 125.52738 4.5548 6.9766 125.3460.6587| 4.403 3.257

x=3.0wt. % | 4.55711| 6.98233 125.5770R 4.5565 6.9773 125.3951.0382| 3.693 2.982

x=5.0wt. % | 4.55897 6.9829‘4 125.68798 4.5550 @&97425.3554| 52.913] 3.572 2.93%

The influence of dopant atoms on preferential ghodirection of Pk is monitored
from intensities of different diffraction peaks.tibugh there are no significant changes has
been observed in intensities of most of the peidiese is a slight increase can be noticed in
(102) plane of the 1 wt.% and 3 wt.% Sr:Pd¥dmples. In addition, there is a considerable
amount of reduction has been observed in the ittes®f (001) plane of all Sr:Phlalong
with a small shift towards lower diffraction angléhis decrement in the (001) plane intensity
suggest that, growth of nanorods are highly rdstlievith the presence of Sr dopants and the
same fact has been confirmed from SEM image. Tilgidhe lower angle shifts in the XRD
peaks are mainly attributed to the biaxial tenstless induced inside the Plttice due to
the dopant atoms (see Fig. 2(b)) [28]. These olsiers imply that the ratio of dopant to the
parent concentration plays a fair role on the pesfeal growth directions. As the
experimental conditions for all samples are simitae dopant atoms introduced into £bl
structure should be the only reason for inducimgsst and influence the growth directions.
The increased lattice parameter consequently isesed#he values of calculated unit cell
volume (see Table 1). Insight on the broadening00fl) plane and increased intensity in

(102) plane is done by calculating the lattice ist(a) and dislocation densitys) with



respective formulass = w and § = %, wheref and 6 corresponds to the FWHM

and the corresponding diffraction angle respecdtivéhe calculated values afandé are
given in Table 1. It can be observed that dopaminatauses an increasednd$ values.
Vegard’s law suggests that variations in the uell dimensions are linked to ionic radii of
dopant atom and provide a pathway to reveal thetdgeation of dopant atom. As the ionic
radii of SF* are almost equal to Ptions, it can be speculated that increase in unitrue is
due to the replacement of Sr atoms with the Pb stt@ut it is not possible due to the strong
electronegativity values of Pb(2.33) compared to $r(1.00). Therefore, the increments in
the unit cell dimensions are only due to the irias occupancy of Sr atoms and caused the
observed stress.
3.2. Optical absorption spectrum analysis

Modifications in band structure of Bith interstitial Sr atoms could be ascertained
by optical absorption spectra. The recorded absorppectra are shown in Fig. S1 (see

supplementary information). For precise calculabbband gagE,) we adopted Tauc'’s plot
approach instead of energy-wavelength relatijn= %). Since Phbi is a direct bandgap

semiconductorf, values are measured by extrapolating linear seatfo(ahv)? curve to

intersect the horizontal axis bf vs (ahv)? graph, wherex is absorption coefficient of Phl
andhv is the energy of incident photon. The intersecpognt of extrapolating line ohv
axis (i.e.(ahv)? = 0) gives accurate band gap. For calculation purpdseyalue of a is
obtained by Beer- lamberts law; = 2.303A/d whereA is absorbance value addis path
length (i.e. thickness of the cuvette, 10 mm). Asven in Fig. 3, bandgap of pure Rbl
wt.%, 3 wt.% and 5 wt.% Sr:Phdre calculated as 3.26 eV, 3.29 eV, 3.28 eV, a@fl 8V
respectively. Zhang et al. reported that, bandgaplbd, will decrease with the increasing

concentration of iodine concentration when JPisl sandwiched between two perovskite



layers. The decrease may be attributed to thergatExchange/ interactions between bl
and the perovskites [29]. However in our case, @ to pure Pbl widening ofE; of
about 0.03 eV is observed in 1wt.% Srkihd followed by a narrowing down Bf occurs

for 3 wt.% and 5 wt.% Sr:Phl

1 wt.% Sr:Pbl,

Pure Pbl,

T T T T T T T T
5 20 25 30 35 40 15 20 25 30 s 40

\ |5wt.%Sr:Pbl,

(chvy’ (a.u.)

286 3.28
15 20 28 30 38 40 15 20 28 30 35 40

E (eV) E;(eV)

Fig. 3: Tauc’s plots for pure Ppand Sr:PhJ, corresponding bandgap values are marked.

Renormalization
in 3, 5 wt.% Sr:Pbl,

Pure PbI; BM shiftin 1

wt.% Sr:Pbl,

Fig. 4: Schematic representation of bandgap widening amtbweng by Burstein-Moss
mechanism and renormalization process. (lodinerk ddue and cyan blue, Pb- pink, Sr-

green).
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The band gap widening is commonly attributed tbedent mechanisms such as (i)
Burstein-Moss (BM) shift, (i) quantum confinemeetfect, or (iii) excitation dependent
absorption widening, etc. [30, 31]. But the mechani(ii) and (iii) will be effective only
when particle size is curtailed to the Bohr radiieaneter and the surface to volume ratio of
the samples are very high. Therefore, those mesimencan be deliberately excluded as no
such OD or 1D morphology is observed from SEM imagence the only pathway for
widening of E; can be the Burstein-Moss (BM) shift. Though widaenin E;, by BM shift
has been reported in surplus of n-type of matertalshe best our knowledge this is one of
the infant observations in a direct p-type matektdwever, to understand the increaséjn
of p-type material by BM shift mechanism, it isrsficant to recall the same mechanism in
n-type material [32]. With the Fermi level near tmnduction band edge, carrier
concentration of n-type semiconductors will be @ased with electron donor dopant atoms.
Owing to filled density of states near the conduttband edge, Fermi level will shift into
conduction band with an upward transition Afz,, (Brustein Moss shift). Consequently,
absorption takes places between the top of val&acel edge to the Fermi level inside
conduction band. Hence, band gap is apparentlgased toE; + AEg,, ) rather than the
actual band gapE,). On the other hand, introducing hole dopants 8kento Pbj (p-type
semiconductors), where Fermi level located nearvélence band edge, the added holes
recombine with the electrons near the upper @pidirstates of valence band [33]. Thus, the
Fermi level makes a downward transition and leadmtincreased band gap as shown in Fig
4. Therefore, with the addition of 1 wt.% Sr dopahtincreases the band gap of Pby
injecting holes into the parent semiconductor. Hasvewith the higher concentration of Sr
dopant atoms, the band gap shrinks due to a refiaati@n process which generally results
from phenomena like (i) carrier-carrier thermaliaaf (ii) carrier- ionic impurity interactions,

and (iii) carrier- optical phonon interactions eBtich renormalization process downshift the
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bottom edge of conduction band and reduce the lzgndfithe sample [34, 35]. Theoretical
modelling of such shift has been reported by Zhal.eh pure CdO films [35]. But due to the
difficulties in developing such unequivocal thedoyconneck,; values of Plwith Sr wt.%,
we analysed the bandgap variations by numericahodst TheE, values correspond to
different Sr concentrations are obtained by cuplme plot analysis (see supplementary Fig.
S2), and it is clear that thi& values starts to decrease at 1.58 wt.% of Sr dogaraddition,
linear curve fit methods show that observed vamatin E;, can be related with the

supplementary equation 1 (see supporting data).

3.3. Morphological and EDX analysis

l:: 30 pm
Fig. 5: (a)EDX profile (b-e) SEM-mapping images for Pb (blukefgreen), Sr (red) and the

overlay of Pb, I, Sr for 3.0 wt.% Sr:RBbl
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Elemental compositional analysis and morphologioaging were performed with
EDX/SEM elemental mapping (e-mapping) and SEM imggrespectively. The peaks in
EDX spectra [Fig. 5(a)], confirm the presence of Rband low weight percentage of Sr
atoms respectively. Further, SEM e-mapping enddhse homogenous distribution of
crystallites without any agglomerations, even iwt36 Sr:Pb} [Fig.5 (b-e)]. Then, surface
morphologies of pure Ppbhnd Sr:Phl are recorded with different SEM resolutions (se&g F

6).

1wt.% Sr:Pbl, 1wt.% Sr:Phl, 3 wt.% Sr:Phl, d - 5wt.% Sr:Pbl,

Fig. 6: SEM micrographs of pure Bnd Sr:Phl. The corresponding sheet thickness
variations are shown below in the respective sasaple

It can be observed that, pure Pbbnsists of mixed spherical nanoparticles with few
protruding nanorods of thickness 04 and width 0.574um, which indicates that particles
tend to grow along-axis for given experimental conditions. Howevemrphology of 1
wt.% Sr:Pbj spreads into two dimensional (2D) nanosheets ofhaid13um and thickness
of 0.354um. This observation implies, growth alomepxis is highly restricted in 1 wt.%
Sr:Pb} and similar observation is evidenced from XRD gsigl The same trend has been

observed with increase in Sr dopant concentratiwh ta understand such morphological
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changes, a possible growth process is much neededtiie formation of Pbkeed layers as
provided by following equation,
Pb(CHCOO), + 2Nal— Pbk + 2NaCHCOO.

The cationic exchange model suggests that fornaadarystals tend to elongate into
1D nanorods with the presence of surfactant likeABTThough various parameters can
influence preferential growth direction such as piemature, nature of surfactant, and pH
values of the reaction media, the resultant Bahosheets are quite surprising because of the
similar experimental conditions for all samplesnEke, the big picture of such observation is
that, “dopant Sr atom must be the cause for thengdan morphologies of Sr:Bbl In
general, planes normal to preferred growth direcfimssess minimum surface area and
eventually sample morphologies are determined éathailable formation energy along each
direction. Hence a time resolved growth mechanisith ihe presence of Sr atoms is
necessary to unfold the evolution process. To stilt, the formation energy of pure Rbl
along c-axis must be initially higher to kinetically favad its growth along (001) plane.
However, with the addition of Sr atoms 1D nanoreggerience high reactivity at the ridges
which is the main reason for the spreading of nlaeets [36, 37]. Moreover, as evidenced
from XRD analysis, incorporating Sr atoms into Pwlll create defects along (001) plane
which further decreases the formation energy al®dd) plane and facilitates growth along
different direction other thanraxis. Thus, in a binary step growth process, gnoaongc-
axis is initially hindered and then favours the wto along (102) plane to achieve a thin
nanosheets. Such observation has been noticeapsyin the Fe doped ZnO lattice [38].
3.4. Vibrational analysis:

Raman spectroscopy is a significant charactedmat analyse the number of layers
in 2D structured materials. The relative intensityanges, frequency shift, and broadening in

Raman bands could provide information about phoridetime and carrier-phonon
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interactions in the semiconductor. The recorded &aspectra are shown in supplementary
Fig. S3 (see supporting information) and in-oradeextensively analyse the system, we de-
convolute the bands and presented in Fig. 7. Authiecell in 2H-PbJ consists of 3 atoms,
the possible 3N vibrational modes are represenied lirreducible phonon mode$: =

Ay g+ 2A 5, +2E, + E,. Hence, the peaks obtained at 7383 cm?, 110 cm*, 167 cm™,
and 216 cit corresponds toE,(TO), A,,(TO), A,,(LO), and the overtone modes,
respectively. Yagmurcukardes et al. has reportegdsition ofA,,(TO) mode, for different
layer of Pbj[39]. According to their report, our nanosheet dtiquossess less than 5 layers.
The vibrational properties of absorbent layer plkaycrucial role in determining the
performance of perovskite hot carrier solar celispecially the phonon bottleneck effect
arising as a result of weak carrier-phonon intéoactacilitates the confinement of incident

light energy inside the system.
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Pure Pbl,
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Fig. 7: Fitted Raman data after base line corrections é&md de-convoluted peaks are

differentiated with different colours.

Table 2: FWHM and Phonon lifetime 8, (TO) and A, (LO) modes

Samples A (TO) Az (LO)
Peak FWHM | Phonon Peak FWHM Phonon
Position life time | Position life time
(cm™) (ps) (cm™) (ps)
Pure- Pb 93.63 8.29 0.6402 107.90 16.74 0.31
1 wt.% Sr- Phi 93.96 7.85 0.6761 108.53 15.17 0.35
3 wt.% Sr- Pbj 94.2 8.32 0.6379 108.63 15.26 0.34
5 wt.% Sr- P4 93.98 8.53 0.6222 108.26 15.41 0.34

Table 2 shows the phonon lifetime) (of longitudinal optical phonon,,(LO) and

transverse optical phonay,, (TO) calculated by the equatiOPir:z 2ncl’, wherec, T are the
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velocity of light and the FWHM of corresponding blaifhe lifetime ofA,, (LO) is found to
be slightly increased for 1 wt.% Sr:Rbin general, the properties of LO phonon is very
significant, because, when the incident light phetoreate excitons immediately its energy is
transferred into LO phonon and finally dissipateshaat via acoustic phonon. However, if
the carrier concentration is very high, it formbatleneck like structure to escape into LO
phonon, consequently the lifetime of excitonic marand LO phonon will be increased.
Thus, the increased lifetime oA, ,(LO) is attributed to bottleneck effect induced by &arg
carrier density inside Sr:PbISuch phonon bottleneck effect in Phlith enormous carrier
density has previously confirmed with photolumireste studies by Ando et al [12].
Contrarily, at higher doping concentration, largarrier-carrier interaction results in
renormalization process as discussed in absorptiaties. Also, the intensity of the Raman
band atA,,(TO) at 96 cm® is highly enhanced in 1 wt.% Sr:Rbdamples due to the
improved crystalline quality. A similar observatibas been revealed by Baibarac et al. due
to the exciton-phonon coupling in Bblyet a lower temperature analysis is required to
intuitively study such changes [40]. These obs@mathave revealed that, role of Sr dopant
in Pbk could play a crucial role on the efficiency of hlgotovoltaic devices.
3.5. Dielectric studies

Owing to the dependency of charge storage ahilityits dielectric properties, its
associated parameters such as dielectric consggntdfelectric loss (tand), and AC
conductivity gains attention as it directly infeigout the feasibility of Pbto apply in energy
storage devices. The dielectric studies are caraetd by metal-insulator-metal (MIM)
technique, where samples are initially made intbefgeand then sandwiched between Cu
electrodes on both sides of pellets. Later, theired bias voltage is applied across metallic

electrodes to provide electric field across the @amin generalg’ is a complex quantity
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where its real part signifies degree of polarizafiice. stored electrical energy) and imaginary
part reveal the dissipated energy.

Fig. 8(a,b) show the values efand tand of pure Pbj and Sr:Pkl samples over a
wide frequency range. All dielectric parameter gkltons were performed as from our
previous report [25]. A 10% and 20% increase’inas been observed for 3 wt.% and 5 wt.%
Sr:Pbp samples, meanwhileg’ values of 1 wt.% Sr:Pbland pure Pbilsamples are almost
overlapping. Except for a small hump at low frequenegion, the values &f are almost
constant in entire frequency range. The variatiend in€’ values insists that the dielectric
mechanism is same for all sample at a given frecpuerhe derivative of’ values are shown
in Fig. 8c. Thus, unravelling reason for increasuadues ofe’ at high sr wt.% and small
hump at low frequency region are much needed. Taenstand the dielectric behaviour of
sample, insight on the conduction mechanism isiarwechich generally involves (i) hopping
conduction, (ii) space charge induced conductiai), Poole-Frenkel emission, and (iv)
Ohmic conduction [41]. Due to the large bandgapPbf,, current could not increase
significantly for small bias voltage. Hence the G&wieonduction might not be the reason for
downward trend ire’ value after the small hump in low frequency regi&milarly, the
Poole-Frenkel conduction, often called intrinsic h&tky conduction require high
temperature for inducing sufficient carriers; hertcean also be conveniently omitted as all
experiments are carried out in room temperatur@cklethe observed hump in low frequency
region can be only due to core intrinsic polar@atproperties and not due to experimental
parameters and external conditions. Maxwell-Wagmatlel suggest that, lattice is composed

of different grain separated by walls/boundaries.
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Fig. 8: Plots for (a}'vs. In@), (b) tand vs. In@), (¢c) €” vs. In@), (d) g, Vvs. In®) of0 wt.%

1 wt.%, 3 wt.% and 5 wt.% Sr decorated Flainosheets.

The carrier can freely move only inside the votumf given grain and cannot
percolate into grain boundaries. Thus, a polawratvill induce across the grain boundary for
an applied electric field. On the other hand, &'sell-established fact that at low frequency
region thee’ and tand values are highly dominated by space charge sefwlin commonly
observed lattice vacancy and possibly some dandimyls. Further the hopping carriers
trapped inside grain could deteriorate the condactnd results in small hump at low
frequency region. Also, the presence of sr atomsigh concentration could possibly
increases the existing ionic vacancies. Hence l|&genterstitials significantly improve
oriental polarization values due to the differeiitelectronegativities in tand PB*[42)].

Consequently, the’ values are increased for 3 wt.% and 5 wt.% Sg:Rbdwever, in high
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frequency region, the’ values are almost constant, suggesting that fh&leddoes not obey

the applied field in that region. In fact, largengang of dipoles results in slight downward
trend in thee’ values at higher frequencies. Desirably the digtetosses are very low in all

cases as shown in Fig. 8(b).

Further, the AC conductivityo,) of pure Pbd and Sr:Pklsamples are calculated
and corresponding values are plotted in Fig. 8(tBspective of dopant concentration, all the
samples show improves,c values at high frequencies. Such increase cattiieuéed to the
enhanced drift mobility of the carrier as a resilhopping conduction [43]. As shown in
inset of Fig. 8(d), there is a slight increase amauctivity of 3 wt.% and 5 wt.% Sr:Rbl
samples. This can be explained by the large nuwibgarriers induced by S interstitial atoms
and the obtained results are consistent with tedediic values. Further, the frequency
dependento, conductivity is analyzed by the standard Jonssheguationic,c (o) =
opc + Ao®, whereop is the DC conductivity (i.eg at ws,) ands, A are the frequency
exponent and a constant respectively. The value isfobtained by fitting the slope f
oyc VS INn w as reported in our previous work [24, 25]. As shawrsupplementary Fig. S4
(see supporting informationy, value initially increases and then slowly decréasehigh Sr
wt.%. The average value gfis around unity and in general it's a temperatiependent
guantity. Hence a detailed work on the temperatiefgendent analysis ef is required. The

schematic diagram shown in Fig.9. illustrates tharge separation phenomena in Sr;Pbl
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Fig. 9: Schematic representation of charge stomagehanism in Pblnanosheets with
applied electric field (shown by lightning).
4. Conclusions:

In summary, Sr:Pblwere prepared by microwave assisted synthesisepsoXRD
analysis suggest that, Sr atoms suppress the teynadérpure Phlto grow along the (001)
plane, rather it favours the (102) plane as pretekgrowth directions. Based on the stress
induced on PBl structure by Sr atoms as confirmed by structuralysis, a possible
mechanism has furnished for the spreading of naseish Compared to pure Bbthe
bandgap values are found to be increased of 0.0atelvt.% Sr:Pbl however the trend
starts decreasing at higher wt.% of Sr atoms. Tlasservations are explained by the
Burstein-Moss shift and the renormalization processpectively. The dielectric constant
values are found to be increased for the 3 and.% wt Sr dopants Ppland the observed
increases is attributed to the hopping conductimhthe space charge region developed at the
Pbk surface. The outcomes signify that the fabric&e®bp are useful in optoelectronic &
PV applications.
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1)

2)

3)

4)

5)

Resear ch highlights

Facile one pot microwave synthesis of Sr@Pbl, nanosheets was achieved.

XRD, Vibrational studies revealed monophasic Pbl, synthesisat all Sr contents, EDX
spectra and SEM e-mapping studies reveals Sr content and its regular dispersal in the
final products.

SEM study confirms the formation of well-defined nanosheets (NSs) and the optical
band gap was varied between 3.26 to 3.29 eV.

Dielectric constant and electrical conductivity values are found to be enriched at 3 and
5 wt.% Sr doping.

Sr atoms enhance the lifetime of LO phonon by inducing bottleneck effect with
enormous charge carriers and such phenomenais very significant for hot carrier solar
cell devices.
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