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An Extensive analysis of the Janus Si;XY (X, Y=P, As, Sb, Bi): Optical and
biaxial strain dependent electronic properties
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1. Introducibon

T diseriabanal (201 materials are gaining s Lot of stpestbon due 1o
thetr dlatinctive gpioclectronle propertie over sinee the experiment in
2000 that swoesfully polished graphene [1] Newly developed 2D
matenialy with sncommon clectronie and optical charctensios mclude
graphene |2, 1], silicone | 4-o] phosphorene [7.5], horon nitride nana-
whieets [9-11], antimonene [12,0 9], and the monolayens of treositon
metal dichalevgenides (TMDCR) have supenior electronie sad optical
characteristies [14-20]. These 200 matrrials are used 1o cresir the
thrat generation electronic deviers and sre unlibe graphiens in thal they
e ¢losnified an semicond o,

Now a days, the 21 Janus materials are mare beneficial dee 1o their
unbgque electronie charscieristies and atreetures. Growp IVV material
monolayers with AzBzmonolayer stitures and unigue electrons
charmcteristios had been developed [20-20], Hisang ot al. evalusied the
solid state chemistry of SLP, (1 < yoa) unlizsing 3 structure analyus
methos) anad fownsd that the %08 Tvpe monalayer (phm2 space greup) o
alsey dynambcally suable [290 XY type V-V monalayen (X« €50 Ge,
En, Ph; Y=N, P, Ax, 5b, Di) were vudied for theoretical sability snd

ehertremis propertes [0 7]
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aulv antages offesed by thiese 20 Janus systems in the field of elestronics,
Oker Jansin matetials, incliding monolayers of GegPAs, 5i:PAs, and
SncPAs, abvo hold promive | 595, 00), Hecent discoveries have revealed
Lvarable plesoclectric properties amd robwst thermal stability in these
matcriaty, offering poteniial benefios in multifunctional sensing appli-
catons. Additionally, Yo et al, demonstrated that optical characteristies
ol Janus monolayer GaSeTe can be significantly enhanced under strain
116, Atter applying a sirain, the Al5Se Janus monalayer's optics] and
electrieal properties were also modificd |41, But wniil now, the SiXY
manelayer's aptoclectronic propertics have mot been sysiemutically
intestigated, The study of the influence of strain on the bandgaps of the
Janus $1,XY monolayers are vory signifieant for a baske theoretical hased
sty of 1hese monolayers. 18 follows that theee 14 a clear reason 1o look
intor the optical properties of manolayer Janos SEXY (X, Y=, A, 5h,
andd Bi) and s potential for use seress numemus electronic deviee
applications,

In this study, we conduct a comprehensive analysis of the erystal
Mructure, electrmnic properties, strain effects, and aptical characteristics
of Janus SLXY (X, Y=P, As, §b, Bi) menclayers. Additionally, we
investigate the siruetural stability ot amblent temperature using the NVT
ensemble with an ab initio molecolar dynomics [AIMD) approach. The
analyred properiies inelude electronie density of states [[M)5), band
structute, optical absorption spectea, effects of bizxial strain on the
bandgap, and molecular dynamics behavior, Our calculations reveal
that employing the HSEDS parameter results In an expanded handgap
compared o the POE parameter for afl systems studied. Furthermors,
biaxial strain is found to enbance the electronic propertics of Janus
SiaXY monolayers and enables tuning of the bandgap. With a Nexible
bandgap manging from 0896 ¢V 1o 1.291 ¢V, these monolayers exhibit
enhanced optical absorption in the visible specirum, sopeesting (heir
potential suitability for optoclectronic devices.

1. Computational methodalogy

Here, the First Principles analysis to analyee the varfous character-
isuies of sysiems using the Projector-Augmented Wave (PAW) appraach,
whith was employed in the Vienna Ab initio Simolation Package
(VASF), and via the First Principles Approach [12- 449]. When evaluating
the warious characteristics of 20 Janus S:XY monalayers, we imple-
miefited the generalized gradient approximation (GGA) that is provided
by Terdew-Burke-Emigerhol (PRE} functionzl and as well as hybrid
HSEGS spanning exchange-correlation potential [45-47], the energy
and foree parameters of 10 " eVand 10 " eV/A are used to optimize the
monalayer, respectively, The 20 A vacuum zone is wsed to fnhibit in-
teractlons in the conventlonal direction (Z-axis), For AIMD simulaticn
the VT ensemble with Andersen thermaostat b5 nsed with 5 = 5 x 1
wupercell of all systems at ambient temperature using tine S pu and 1 6

(a)

Colldl S Conmmaunicanions V90 (0240 11549

1] k-point mesh 1o
timistep [49,49), We used a larger (15 = Il_i "

achieve o sienificant outcome for the electrical ;I:mprﬂh.'s. Here, &
visualization tool called Viesta s employed to visualized relax structure
150},

3. Mesults and discussions
3.1, Structurel properties

In this study, we performed striucturs) analyses of 2D SipXY Janus
monolayers, as lustroted in Fig. 1. The covalent bonding between wo
Si atoms and group-¥ atoms ls evident in the side view, as deplcted in
Fig 1b). The hexagonal lallies structure i€ apparent from the top view,
where pach group-V atom forms bonds with three 5i atoms., Structiiral
parameters, barnd gap, and cohesive energy of this compound were
computed and are presented in Tahle 1. Motably, unlike compounds
comtaining N atoms (SiaNY; Y=P, As, §b, Bi), which exhibit instabillty
anied Tl 0o satisty the conditions for Bom stability, the SLXY monnolayers
demaonstrate stabiliry. These investigations demanstrate an increase in
the band gap value when employing the HSEOS method, as compared to
previous studies conducted an Si;XY systems [51]. The table presents
the lattice constant values for smable soructures, revealing thart the latice
conztant is smallest for the Si;PAs monclayer and increases propor-
tionally with the atomic radius, SiXY monolayers exhibit Iattice eon-
stants that fall within the range observed for SiX and 5iY compounds
[52). In this case, the lattice constants for SIP and SiAs fall within the
range of 3.521-3.552 A and 368 w3701 A, respectively. The similar
classes of CIF, CAs, C5h, and CBi have a simitar hexagenal structure with
a lattice constant range from 2.901 to 3601 A [53]. The caleulaed
lattice constant for SigPAs is 3610 A, which lies berween the lattice
constants of 5iAs and Si* monolayers. To assess the stability of the 20
iKY monalnyer, the cohesive energy is determined using equation.
Ejp = M’%;E‘ﬂm {13

Expur - Ex - By -
S 2 (2)

Here (eq, (1)), the letters Eg , Ep, and Ex; stand for the energies of Si, P,
and As, as well as Ex, po, indicates total energy of the system per unitocll,
The SizPAs menolayer delivers the highest value of cohesive energy. It
implies that the Si, P, and As atoms have a strung bonding, Cobwsive
energy values play a erueinl role in assessing the ssabiticy of 2 system and
provide insights into whether a process is exothermic or endothermie, as
indicated by negative and pusitive cobesive energy values, respectively
[54]. The SizPAs are more dynamically stable than other compounds in
groups IV and V. Compared 1o 5i% (X = N, P, As, Sh, Bi) system scries

(b)

Fig. 1. 5i.XY monotayen are dinplayed in ta) 1op and (h) stide view poines, the oolors of the Si. X, ond ¥ aloma are blue, grey, and groen. (For interprecinion of the
"“m‘mmr int this figure begend, the reader i relerred io the Web version of this article.)
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T obbesive envengy b vmnge of 85 eV o o 50 eV Aatom wiih 1KY
wlves sliilar stalibe vange 10590, The esabmated cobiesive ewergles ane
Towwet commparesd e P eV o ol graplene amd highes comgaed o
grpleene i g S0 anad Sl (2 00 eVdatmm) has shmilar stosctune Jike
S ] Vo e 020 the Uy bs Tonmation energy of S5XY sysem,
Plag,vr Deemersy of poistioe SEEY systeo, m 18 mamber of alomes b systens,
P Ky aml By aie eneogy per atom of S5 X amd ¥ atom o etk foen,
espes ively. Acconding to the estaliished definllbon, a pegative fonma
ton eocrgy inbivaies that the system by dynamibcally stable, while a
pesdiben Bormntion eoergy signtfies dynantloal lnstabiling. D the case of
SN, whvers the omution eonergy slightly exceeds 0oV ol beeoines
Pt i, 1 bndiwates mo wistabie state for the system |59, the all systeins
eveepl S ave dymanmbeally stalibe [Uabde L3 This was vonfiomed by
the phsinisn dispersion speviimm of the SEXY systems, wiilch imnlicistes
that the 5P system 1 bess dynamically stable compared 1o ather
kXY sy steins, s puevioindy peported inthe contest of (he Mashha eflect
L], Tl AW stnabation proebded fostghis bt the thernal stabiliy
amid dynamic behavior of the 20 material. The canonbeal (NVT)
rveemble with Andersen theumostal was emplioyed 1o oblals the resulls
o U ATSILY, T asness the thenmoddynanie stabdility of thise pondslayees
Al voom temperature, a5 s 5w 1 spereell was wtilized, comisient with
prcvlans studies oo 210 sysieons fiik e A], employing & 5 g siilation
duratiof wiili a1 &t step, The energy convergence aver thine 15
(rstrared i b 2 The S1XY systens were all set up to operate ai 300
K. Dver (i, te total eneigy of vacl system varied m within a smail 1
¥ enietgy tonge of the neal alter a 8 ps tme interval. Alier the simu-
Tatfon, mintmal aliesatbons or aegligihle deformation and no sign of o
pmid vk were ulmerveld in e sirecteral elements of S1XY systems,
(nvchisdling S1PPHL Thiks analysls demansirates e dynameical sabiliny of
all S1sXY systems at amblent pemperatane, vt ihe 5 s slmalatlon

pretionl, the materinl peaintaloed its structural integrty without any signs
nl slgnificant degradation or phase transformation. This indicates the
Teanibility of conducting expesiments on appropriate rmaterial substrates
fiar symiliesla

A2 Mectronic properties

Vur the elettraale characteristic af BiyXy cambination systems the
P and hiybrld 15E06 methos are used to determine the electronie
Hariad stricture using KIMK path that are displayed in Fre 3, Except for
S0 and SixAsBi, which are metallic and direct bandgap semi-
randisciors af £point (T 16e1), all the examined sysiems are indirect
by defanll, respectively. The anticipated energy gap values for SisXY
wystem, a4 determined using the PRE methad, are presented in Tabie .
These values align well with provious thearetical investigations [17).

The arrangement of bonds and the resulting electronic stricire
cantribute te the formation of energy bands, The energy gap between
{lie valence and conductinon bands arlies due o differences in energy
levels af the malecular arbitals formed by the S4-X, Si-¥, and Si-Si
bemds, The speelfie armangement of bonds and the resulting electronic
sirerure determine the size and nature of the band gap in the SiXY
hexagenal structures. It i intriguing to note that these binary com-
pends exhibin conduction band minima (CAM) at the M-paint, except
for SigPui, where It s observed at the T-point, coinciding with Uhe
lecation of the valenee band maxima (VBM) In Fig. Sak SigPAs dem-
anstrates o higher energy band gap of 2.009 eV with the HSEDG
ompared 1o 1291 ¢V using the PIE, 1.308 ¢V by SDC [ 37] and remalng
isichleeet, while In g Hed, the initially reetallic SizP8i transitions to 2
seimiconducting state with A 0.478 eV energy band gap by imple-
mentation of the HSEOG Tunctional. This opening of the band gap by

“T PPy i (T = | 1o} =
i o =
el L e
il .
. il -
. M o e L . o e %
i Ead i 4
E_W-W ~Ww
: W ] [ —apan | g |10 — e
A and R
A "- o
* E 2
- " - 1
- pies . | = N .
o |!H i b b
- i H H i 1 i v B .

Pig. L (N

Tive chirge (n poery of sysiens welily et o e pa) of SEXY with fimal map

ahit o stuiciure at amblenl fempemaiuie
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Fig. 1 Using the FAE and 1S5 s hnigoe, the sheytrme bl siristos of G 07 syrtess 112 0 s 0 mtabiioh the Fermal beveld

hybrid HSFOA is a ranpeseparated hybnd funcoonal thar combines
semilocal exchange with a fraction of Fock exchange (1], Furtherssons,
Fig Medillustrates that Sig AP maintains 8 dovet hand gap nature o (fe
I-point with an energy gap of (616 ¢V, and an increase 0 band gop
valises iy obierved in the remaining systems wilh the tramaitiie i it
PBE 10 the HSED functional

We conducted a detailed caaminanon of the projevend demaity of
states (PDOS) ra eaplore varous orbital contributions and riocidaie the
electronic structures of 513 X7 based system employing the FRE meshot
As depicted in Fig 4, the electron density of porbitaly origanating from
55, X, and ¥ elements predominates im both the conduction and valrmce
hand regions, with lamited involverment of the sortaeal from proupe ¥

riemenen Notably, Sybradization Serween the U 1 and p oebitale and
the poeabicaty of group¥ cesent i sbwerred, eoeerteting m e
phectromie afrecture. Specifeally, n e S PAS wstem (Fep ST
rvertappmng of 5 N # 7. snd As4p crbitaly mear the Fermi level resuin
it g speming Smilarty, for 8P g 0N, eweriappng of
o st G ety reat the e bewel i e vileoer S (el o
i B v of 3 emall bt gap Comversely. G PM echibin metallr
Brbrsed (1 g 4ie 1] e v e comupaney of S P, asud B sfemem srineal
el ot e Froe= beasl 12 S dh ther pevrlaspeng =f 16 Tp el U
Sp orhitals crnsribeten tn 0 el Samd prp, atile in W0 the sbwrier
of vileraw ievtrons m B4 or Bfp orbeal reanit = eeTapeed
sisten i thw Frimi bevel, leatisg o & weirowcburtor satyre (Tl W,

() 5iy AxSh

Fig- 4. The prejected densiry of stares of rlectron for wll praperTive, SRY syte (a1
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#1). The averlap’s strong hybridization indicates at the formation of
covalem bands, Additionally, 5i-3p orbitals play a significant part in the
fermatien of SisPAs valence band, wherens 5i-3p orbitals play on
eszentinl part in the generation of the conduction band, along with P-3p,
As-dp, and 5i-Js arbitals, This exemplifies the process of orbital hy-
bridizatian. The electrostatic profite is defined by the work function of 2
rystem, denoted by g, (s defined as g = V' - EF [65], here, V denates the
electrastatie poteatial in the vacuum near the wrface, and Ep signifies
the Formi tevel within the material, The work function represents the
minimuwn energy needed for an electron to ransition from the Fermi
Tevel o the vacuum level, elucidating its capability 1o escape the ma-
tenal surface. The calculated work function and patential difference
{AV) values for each respective 5iaXY system are shown in Fig 5, witha
vacuum level and Fermi-level indication and value (7.0 1), From the
Figure, it is cvident that the AV arises due to the dipale moment slong
the asymmetry in the Z direction between the upper and boattom surfaces
in Janus Si;XY [65). This phenomenon is described by the Helmholts
model [67], where the dipole momient is lincarly propartional to Y,
which wae noticed in BEXY Janus systems [08], Additionally, AV in-
ercases with the atomic size of X relative to ¥, or vice versa, Specifically,
in the SizPAs to SipPSh systems, AV increases from 0,269 eV 1o 0.559 eV,
respectively. A similar trond is observed in other SiaXY syatema, In this
vantext, it i observed that certain systems exhibit a minor potential
difference, which may artse as a result of the pasitive charge distribution
along the boundory of X and ¥ atoms within the SisXY system [6%-71 ).
The SizPAs have a higher band gap than other iKY systems; the elec-
ron  requires more energy 1o transition  from  Fermi-level 1o
vacuum-level (Fig. S{al)

3.3 Swain englnecring

To evaluate the durability of the electrical bandgap and 10 investi-
gate the effects of tensile and eompressive smrain, we applied biaxial
siraln to the Si;XY systema. Mantpulating the clectronic propertics of
nanomaterials by strain engineering bs reganded o8 & uselul method,

To explore the deformation effects, the binxial strain is applied o the
bexngonal SiaXY systems up to about 10 % with change of « 2 % by
altering the lattice constanl. We observed a transition in the electronic
band energy gap upon the application of biaxial strain, as depicted in
Fig. 6. The impact of sotrople biaxial straing 8 expressed m &

Lol Shutw Comynipmemtion: ¥ AN | PV

(=~ o)/ an[73], where aq and a are the respective latnive parameters fo
the unstrained and stroined instanced. Here, in sl heragonal Lo
witema (o = b), the strain i3 inroduced by adjusting the lathce pa
rameters within a range of apprasimately 2 5. We inspected the sirsin
Eneryy per unlt atom using the squation, B, = (Eued = Esciraed |7 0
order 1o validate that the employed biamal strans are i the elaanhe
domain, where n denotes how many atoms make up s unit eell. o0 2fa)
illustrates a strain range of approcimately 10 % acro all systems
which remains within the clastic limit as indicated by the strain energy
curve, The curve exhibits a quadratie trend, suggestive af reveruble
behavior. The SizPAs offers more of an energy difference than Si;P5b,
Si7P04, SipAasSh, SipgAsBi, and Sis5bE systema. The non-monotonic fen-
dency nerurs by the high electro-negative N atoms as compared wilh P,
Ax, b, and Ri. Comparing SigPAs to other yystems under strain, SipAali
exhibits lower encrgy band gap values, whereas SigPAs exhibit higher
energy bandgap valuesof 1.377 eV. i 12 44 b depicts the alteration of the
handgap under varicd applied biaxial strains. This might spark interest
in using it in Aexible elecironic devices in the future.

With the exception of SipFBl, all systema that are indirect bandgap
semiconductors matntain their indirect character dunng tenale strun,
the WiM at -point and the CEM ar M.paint. Furthermore, the
compressive deain preserves ity inadvertent form, and CHM does ot
change for all systems fram the M to K point At strain levels of 4 % and
6 W for Si;PSh, the material exkhibiii 5 transition o 8 direct bandgap
semiconductor with energy band gap values of 0487 eV and 0899 ¢V
near the Mpaoing, respectively, while at 8 % strain, it reverts to an in-
direct bandgap semiconductor with an energy band gap value of 0384
eV under tensile strain (Frg 110 Similarly. for Si;As50, the matenal
undergoes a transition to direct handgap behavior at 2 % and 4 % strain,
with emergy band gap values of 0.755 eV and 0.664 eV near the [ point,
respectively, and at & % strain, it reverts to an indirect bandgap semi-
conductor with an energy band pap value of D.441 &V (Fig 7).
Conversely, all systems cxhibit indicect  bandgap  semiconductor
behavior under compressive strain. Si;PRi exhibits a ransition from
metallic to vemicanduciing behavier within the strain range of 2 -8 %,
with a direct bandgap of 0.246 «V observed a1 10 % strain near the
Mpoint (Fig B). S:5b81 demonstrates. direct bandgap behaviar with
energy band gap values of 0.822 ¢V and 0.656 e at 2 % and 4 % strain,
respectively (Fig 12} SiaAsB exhibits direct bandgap behavior at 3 &
strain with an energy band gap value of 0.074 eV, tramsitioning to

=

-

— LN —m

"

R

Electrostatic potential (eV)

araamal T

—m

Z

(A)

Fig: 5. The elecorostatie profile of SipXY seaem (a-1), respectvely,
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metallic behavior a1 4 % and & % straim, and reverting o somiconducting
pehavior at 8 % amd 10 % strain with (adirecs bandgap values wl 0%
eV and 0.119 ¥, respectively (01 ) The 51,0As broome indireet uneler
compressive strain bt remain direct band gags at tensile strain (1 190
From these atraln englocering characterislics, we £an customie the
encrgy of the material s well a3 the electranie siechanism o seml:
conducting nature in terms of the energy bamd gap of Si;XY bhased
ylims.

4. Optical propertica

Additsonally, we looked into the 5iXY systems's aptical properties
When examining the characterintics and potential uses of novel 20
materials, the dielectrie function (s essential. The optical characteristiss
of the syviem are characterized by fts frequency dependent comples
dielectric function. DIT with independent partiche approximation (IPA}
was wsed 0 determine the diclectine function's real amd imaginary
components, absomtion apeetra, refractive index, rellettivity, and
electron eacrgy losy spectroscopy (FELS) for the materials 5P As,
SigPsh, SizPHi, SIZAS, Sighsii, and SSHRG 1720 0] The dielectric
function is referred to as the linear response of any material to electm
magnetic radiations and is denoted by the formula,

Elw} = By (] + 1E; (w) (R

Here, the complen diclectrie funtilon's real and imaginary parts are
denoted by £, (w] and B (w), respectively (1) 7). It is posible to
determine the imaginary part by adding up the electrome states The
Kramers-Krening relationship indicates that there bu a dgmificant rely
tiomship between the real and imaginary part (74 "ol Fig 1l the
optical spectrum is conducted in the (E |[X] plane 1o enhance the elfects
as the 2D material possesses a large surface area-iovolume ratio. The
real component of erte) provides the statie dielectrie constant valus st
pera energy. The static dicleciric constanis for Si;PAs, SiPsh, S1PHI
Si3As5h, SigAsBi, and SixShBi systems along the (E [|X) direcion are
5213, 6.197, 13.987, 6,192, 8.053, and 7.517, respectively. In the (E ||
%) direction, negative values observed in the real component of all
systems indicate their metallic behavior within the encrgy range of 2-5
&V, ranging from - 0.7 to - 3.2 The real part values stalulire uniformly
beyond 15 eV, The plod of the imaginary component exhibits numerous
spikes attributed to interband transitions between the VUM and CIM.
The prominent spikes observed dlong the (E || X) direction for the Si;PAs,
SisPSh, Si;PBi, SigAsSh, SipAshi, and Si;5hBi sysems are as follows:
24.10, 17.451, 16,125 20434, 18811, and 22914, respectively.
ocourring within the photon energy range of 2.5-4 eV (i 1(B)). The

ot Tl YR ¢ cmmprminiful ke o i) A

pelloctivity M) anid enengy fuss apectra of electrnn L) evaluatinn

EEpressldng are presstiled as,

TRl nii 'i" o k') (4}

Riw) imima)n §)° # Ko ra)

[5)

¥yl

Liwik

I
r,lulll N AL

Fig 1% I I probable 1o determine tow incident light rezponds with
4 material @ it pases through 18 by using the fregueney dopendent
dieleetric function. In light of this, the light abeoafpriom roelficient s

PRt 4“.““{*“"“' dewcribed s 11

o dinr

i) 2 I-{’r."luﬁ P T J.nm.]. - (1-1]

The figuee cleafy ilustrates the dependence all the dielectric Tune
tiom an the pelarizatien direction of 1ght acrss the six syssemns, A higher
dislectrie constant value eeflects greater polaruratialiry within the @4
temy In ihe yeal companent of the dielertric fumcnion, the Iorm
frequency  limit, particularly  significant, Fepresents the electronie
cumiribatiin tn the siatie dielecine constant, This peal enmprnent (s

inversely proporional te the bandgap (15) snd is expreved 21 €00
[

v (2)

fie 1a), which shows thar the dictectne conatant v high, sugzests
that il 5i9XY systems b highly polansable. The elevtrnmagnenic pee
trum s negative portions sheaw & metallic pamern ¢line 1n the ultravicles
feginn. In Fip 170h), there are several praks, which emenge frmm the
electronic tramsition hepween the conduction and valeacs Hanada

Al 0 eV photen energy. the refractive indes of 5i XY sy1ems ranges
from 2.281 o 3772 Notably, SPAs and 53081 exhubic higher
refractive indicres ol 4110 and 4. 127, rexpectively, within energy ranges
af TIT eV and 25 eV, aa degicted (n Vg | W{a) The refractive index
decreases in UV range for all mpvtema. For 56;PAs voterm, the masrmn
reflectisety for boih the divection of electric leld of 55 % pcours at 397
&% ween fram Vi | ) (Eq 2)

The initisl absorption starts from the matertal s ropective ereeyy
band gap; foe the 51:PR wystem, there is no band gap (Vi lig]) by the
PHE method; similarly, the optical absorption spectra of Si:Fli st
from O eV photon energy (1n 1 5a)), while In other systerma, the ab-
worption slarts from theif fespective band gaps (1 0. 18 e 1708, the
initial absorption commences at the fintpeakof 1 « 107 cm "2 06 eV
encrgy within the nfrared (IR} range. Notably, a hgh absomption

9. The
Fig. electronic band stractures ol S AR with wsing stradn freem 4 2% to 4 1N %, respeeiaely
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Fig. 10. The electronic band stroctures of SigPAs with using strain from ¢ 2 % to & 10 %, respectively.
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Fig. 11. The clrcoronie hand stroctares of SiPSb weth wing versin from £ 2 % 1o & 10 %, respectively

-

Fig. 12, The cleceronke band structures of Si,508E with wing strain from = 2 % o+ 10 %, respecnively
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Flg. 15, (a) Atmowption coefficieat as the Tuniction of photon enesgy (b EELS of 514X sysiems

coelficient of 265 & 10% cm ™ s abasrved In the UV range at 4,2 ¢V
phetan energy for the S1As system bt s less than § ey phaton energy;
I absouption in geeater than 5 eV, it will give beiter UV ahsorpiion. In
P Vb, we present the eleviiog eniergy loss funetion spectra (FELS)
W 5 elucidating the mechanism of encryy loss in electrons as they
taverse the substance, with the peaks in the los spectrum indicative of
chacteristics assoctated with the plasma [requency. It illosrates the

bl e manimum pesonant energy boss, occurring at 11.08 8V for the

SiaAsBi systemn. In the IR, vicible, and UV regions, the plot displiys small
peaks.

4. Conclusions
The dynarmical stability of Si;XY (X, Y=P, As, Sh, Bi)

estimnted, and we found tha these compounds are stable
of an indirect bandgap in these materials (s shivwn by the

MATEMSE was
The existence
Incations of the
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