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Investigating the effect of titanium atom doping on C3N monolayer
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Abstract

This article investigates the structural, electronic, optical, and thermoelectric properties of a titanium atom
doped into a CsN monolayer using the Wien2K computational code and first principles calculations
within the density functional theory framework. The study of electronic properties reveals metallic
behavior in this two-dimensional structure. Optical properties demonstrate optical anisotropy in both the x
and z directions. Analysis of the thermoelectric properties of the C3N@Ti single layer using the semi-
classical Boltzmann theory indicates that this layer not only possesses a low Seebeck coefficient but also
exhibits very small thermoelectric efficiency, limiting its thermoelectric application.

Keywords: C;N monolayer, Anisotropy, Sibeck coefficient, Optical properties

Journal of Nuclear Science, Engineering and Technology Slwn (5 ,5ld g cwdige pole alma
Vol. 46 (2), Serial Number 112, 2025, P 11-21 YAV o VP F bl Y al> oY o)l 5 090



https://orcid.org/0009-0006-0699-5071
https://orcid.org/0000-0002-5639-7719
https://orcid.org/0000-0001-5034-0810
https://orcid.org/0000-0003-4547-3525

\Y

CiN Y5 auilind o3 (Sow¥T 3l o)

plsl g-CxXNy (sassgs dlge oolsils (59, slos ynd Slalllas
039 Ll jdes 0¥ g-CelN jlislu a5 aucidl yo oyl wisls
Oezen ol ol IS YL Qi 5l s g
a8 sl JoSge Lasis glp g-CyN 4YSG a5 wisls las
Gl o seblSgzs LY el wde Ll
o 4 Sl Sb 6550 0,9] Caws @ glp 0aisS ) lgaal
aaey 2l 50 OJer 9 oS 5l ead asle lajlisle e
oLKen 5 Suidgss [VF] cudl oals 435 13 axgs 3,90
a5 35 g g wiz SlacandblSsis b sl sl x [Yol
ON) (spmsly syt o5 5 (Lt o) i slopmsly
Sl eaisS gl 5,59, SO Gl @ ) Canl el JoSis
s a3 ol el lain sla Sogll il
o5 Sl 5 G5 dadlylsl VT ol e ails
logy ] slacojomels 5 ailis slajldl wlse Lot 0y i
sob a4 we YU LI L Jeese dlge casmolis oS
5 Kol [V was oo oolinal Ladlga § Cato 4o 03,8
g-CNy Jbsle 5 oasls ol 2a¥T L YY) ol en
ges il gisd s slaole;] a4 wisls lis
il 55 0y 1 65l o Slas o yigs Ti-CyNe-) -
P> CON 4S5 auilis o3l Faw¥T pll b Lo allis
B emir e (Sl g (Sl ((Sig Sl s Lo
oY GE gl sliie sHll S mls Wl ads
Sislo b bLsyl o 1) auas i g aoo o0 &l a3l

w20 ol i 3l (S

uL.wL?u uﬂ'og) Y
b4yl &L » WienYK o5 5l solaiwl b Olaslxe
sloo,S bl b g, cnl IYAD el sass plxil JS>
1y asl e g, slad dagsl 51 SO e Glbl o8l
Ty &P 9 Jeily (&g (b S oo i 4L g0
zoe o &5 (59 gyl ey gl 5l g)ls o 5 S
osls Ja.m.a ‘JHSGA K9y ‘sal..aﬁ 05; QSLQQ)L‘U )‘ Lhu—l
o yelil a9 (95 At «Slewbre plonil 6l igd o0
Jade b bl o aml 0wl &l el (5550 4
Kinax 9 ut’u:-@L“ 0)5 U"J"‘S’?S aL&w RMT) RmrKmax=A
Sly 5 (055 lgal e oo @ Lo (610 1l oo 1o
Sl 00 oolaiw] Gmax=VY aigy ol )b 5l Jeeily Lo
Soodle slaes U5 Jouily 5 sl e IS
u...> :\.._‘>L: )\) 9 lmax'\’ c.bﬁ &l:.w L: t_i.u},o)Lb @‘9& >

Journal of Nuclear Science, Engineering and Technology

doddo .
L) B8 U925 ol ple 5 9l (5,5l8 anwgs 13 ol o
5 425 S50 4 5,5 dbml Gamgd Slse gl glyl cSle o
o &S cal aBS L3 dime g kew someaddle
Gz Y Al g IS seelocibse 3l 4 gaeadde
slaasly elgl sl Slge (ul cSle g walonil ()8 slags!
S99 laoliws (b 0 (DBl 4 e 38
Y0 Jlo s Slibss 05,8 o seke s [N s s
b m S50 (S Gamgs )bl LS as ol Ll
S IVT sl Sl s ksle oles Llsd 5l aS s ls 592
(ko GRS Ny e & Ol anss Slse ol alex
o LT 08 o)lal dg,00 5 oppind 95w (1-BN)
SISy el gl a5 (GiN) amgs oelil by (S36
sl abbos (omblie 5 (Suig Sl (Sl o))~
5 el 3,50 Ko Glaie 4 Glgoe |, CeN [5-0] el ot
> b sl a5 solge 3,5 sumlice 53,5 a4 ol 0a¥TN
D)l Al IS5 08 65 O el e sl SS el
5 CrN Glio o ol cales ax 51 IV] s o slon!
Sor el Oiores bl sz Lol oyl sszg (SIS
ol wsdes o Sapsll olss o dzy slaoslis
glee yo 63k 08 355 b sl Sy o 4 LSle
eyas 5 sl S Sladlas Al cul 05,5 oy alises
wlide Glapil b oad ©go gamgd Slse L3l ol
a oot oaw¥l 31 a5 [Vema] el s 3155 lag
CeN 5 [V ] g-CelNe ()5 sloay s a¥Ss aiile 59508
g Ole Supd sl Sy Jds 4 DY CN 5 Y]
3 ol olidss [VF] cal 00,5 Cl> 35 a1 i
(o sl s, a5 [1e10] )l sgmg CeN LYSS 5,90
wlizes glagbs, 5l eslinwl b1y (595065 5 (5,98 ¢ Sl
ol g oogdle WS o oy ilie sla Al sg,s wle
o5 BCr LS5 Sl Loles VY] o Ken 5 Y50
asdllas 3,90 |, N L oss g0 CyN Glas o6 s B L oas
5 SeorSh elss DAL Glea 5 o2 5 wislhs 13
5 6L (rzes WS wyn ) GN aYSS (Sl
w30 ON QY ()5 5 (Soig Sl ol Val o Sen
5 SisrS ple 4y mie a5 WS qwyn [, B Lo
CO HgmolownsT (58,5 Hlai o b ogdsge JyuS S (5,98
s, V-] Kes 5 oil, lawy Fe-CeN a¥s ol
3 OhSes g el bl S Gl (65950BE

laad (5)9lid 5 (owiigs cpsle alx

Vol. 46 (2), Serial Number 112, 2025, P 11-21

VAN o D lials VY ol oY o)let FF 000

v
49;‘[



Aelsly ol ( olo) o S Sl )l Gl Soz (e

'Y

CvN@Tl )L..‘>LMJ 6‘)" AW Ml.?bo JS 6)f‘ Emt ‘U] )o 45
s Ve wilioe 3955 5 505 ol 55! w5 @ Ev s Ec
o @l e i 1) 03 5 oS bl sl Ny
oaslie 45 )#uw ] 00 u.........] \ J5..\> o Ml.?bo
Sl s el cewsds hte B 0gd e
o S Sl Bl LSl pl (Sealuoge
Sl aes e olis a5 ead b W3 LSl
2iloe Sl SLalS 5 5l e a3ls W ma Lalls >

i\adl
DEI CN@Ti adgl asly Jobo 3 i
-2272.8
S 2272.9 A —_— C,N@Ti
D 270
>
oy 22731 A
S
8 2273.2
L
22733
2273.4
-2273.5 4
-2273.6 T T T T T

‘ :

1200 1400 1600 1800 2000 2200 2400 2600
3

Volume [au’]

5P 0)S o drwle 4558 awy 5l colatll L e
ol ul.‘?h.v‘ -7 Ry l) f‘f u.._e).b )| o)’.;m 6LQMJL’> 6)LA|J>
S GiN@pure VS5 ol s lele ool
Sy oSl SeS BB L punbline i slilojaesd
Irv-val o)l oy cilhe L3 b5 L as el
Wl FF els a5 los,S sl Yx¥VxY olul b Jobu il
Sl el (359,50 w3V g 00 w3l FA o )] 51 eadl o
) el @l Sy g eagei Bl 1) (5955 @il S Y
aibge 18 Joleo san¥T cdalé a5 qlos S o 3Kols (alauly

Gl olgs 1Y
Wl # slawi b I35 ,lsle Sy Lalls CrN asly Jskos
VAV-PGnmm Lad 09,5 10 a5 9,8 o5l ¥V g 05
Sl oals oals flas VIS j0 a4 jeblen 09l o Helie
Sy oS oot o ¥T Ti a¥eSs adl Jlisls 355 oo onmliv
oals ooy las NV USS jo ol maws slo il A
3 Ti-C 5 C-C wign Job 3 CN@T1 & cols .ol
el 00l G Vg0

ssbobea )bl ol 4 N @il sl a0 Ti o1 Sigoo b
Sl jlo baign Job ol canlie V Jgao 0 oS
Oi9r 4 S odd 090 (ool glad jadx e 3sd o
p9> Glued slapsl b ond g0 @il Wgm Jsb wib jie
Ploz 50 Olpeis Sl JLSLe jo i (nl &5 098 00 yiden
ol S SRy omyn sshiie & 0ebioe ool (nl (Suid
w5 e ol Gl olab Sl
Gl 0als oals LS Y Sy a5 ek yles

OGS slp b 99e 5l e (Saies 655
K o el o syt il JS8 4 il S (slags]
Wb 2l lub ole @lp e (S slacusS
2 &ln (Y] o 5 gz (slas g (slos wiile solga
Of Sz @551 amlbre 4 J3lo ol Glerd )k
los cavoay Va5l as sloy oo
ESN@T _[NLEI" + N EJ#*] M)

— _ tot
B = N,.+N
C N

55 dMiot) JS' (ol 55128 (BY) oz Jsio i (B) oz Jgoo (V) Jols g2 (E) IS 6551 @, D) 4t slacab ) Jgor

Wgey Job o S dmz
Sl a (bohr) E (Ry) V (Bohr") B (Gpa) B' Mot (uB) Ec (Kj/mol) A S Job
CN@Ti SN YYVYYD SYYNA Voo YYO o YEAY Ti-c | 78
b=1AAR C-C | yyra

Journal of Nuclear Science, Engineering and Technology

Sl (6 )9lid 5 (owikis pgle Al

Vol. 46 (2), Serial Number 112, 2025, P 11-21

YA o VF-F sl VY ol Y ol FF o0

4]
4’9‘[



\F

CN 0YSs il o3l Sa¥T 5l

s lo Jlogas el o3l ol SP i) 5 it d i)
e oyl bl onls ools las b S o (g)lgs
PBE-GGA &5 jl soliwl b1, 65,50 lalgs sanl cowsay
R che 9, S9N glaclle S8z mlossl cussa,
el g Gl slajly (S pSI V> gl jho s
il yho 551 BB 5 Wl Sliges wa b (08 5l
el 8> mli b g)ly Htsle 5 ol casoty gl

Syl casllae Sals’
6 - U X i
—— Up spin : ;
_ —— Down spin ! GHaT!
=" {
()} I
& i
[ ER ;
= i
= :
0, ] L8
] i
O |
0?1
-4 T T T T T T T
-10 -8 8 4 2 0 2 4

Eneréy eV)

Ol g YU el 6l CGIN@TI o1 slocdls JBs loges ¥ Sl

9555l ¥
bl Jslge 5l s b g (mile) g slagg 2SIl (6551 @9
slawi a5 byl 51wl Glasls SguSUl plos s o
(b b le) Goy8 Jlg G ye G9ySl slacdl>
I pstde 5l e cnl slass Glo gl el 3L L
Slg oo 5,lg il cpien [YF] 095 o soliiul lacdl>
S97s b pas (oo 10 e b 5l8 ol Cumle 550 50 SleMb
Ao a3l 65,3l BB g5 g 03lail (65,3l B

ools lid ¥ USE 4o o oanVT sl oVl s
el 5 YU e Sl 13 s Sl YL oged Cansl 0
C N Jbslo Gua¥T 1o 518 Sy g 00, ahad 1) (o) el
w23 oo (LA JI3ged (ol e wed o0 Jol> milid o1 L
2 Sl 4 gl 5 wdboe publinepe bSle Gl oS
@ S 98l g Jletal g SV slaxi YU slagss
Iy (598 (638 Cunols oolo aidly (uli8l iVl 5 08 Al
U

Oeizen g ks g5 g S95SUl Ll omyn Cux
Sz Jogei gop v o logare ploge slaps! b
1555l ol @l |y sams LSis bl S5 slacdl>
ol s CN@TI 5L (6l 5,8 oanline oy oo ¥ IS5
e Olote @51 )3 g wBloe ;00 @l 9 5l i (lege

0.7 : I
— atom1-C [ — atom1-S |
— 06 1 —— atom1-N I 06 - —— atom1-P ]
> — i | atom2-S |
[(b] | - atom2-P |
B 0.5 4 | atom3-S |
| | atom3-P
2 |
E 0.4 1 |
p—
o 03
a
0.2 4
Al
0.1 -
0.0 - "ll/{/\\/\ Pl
0 5

Energy(eV) -

10 -5

CN@Ti Je3ls S5z cbcdls JEa oge F S5

Journal of Nuclear Science, Engineering and Technology

s s 5l o st e K
Sl 5515 5 (giten cpsle Az AP

Vol. 46 (2), Serial Number 112, 2025, P 11-21

VISV o AP F il VY ol oY o)les FF 050 [



Al Slmw (old) oew L Slse ) play ((Soz Gl Vo
Ti@up — —d
5N T
07{“: ————————————————— i E‘F —————EF
<
L ]
I ]
RaNuPes =
- -—\ 4
—_—~ ——
_mx . ]
|
—T
L T~ | 1
r M K r A r M K I A
Ol Ol o (s 9 YU sl 2 sl )l Sl O JSC
i Ceand (SSLial jlade e JlS L ol o GS.QH Sl plgs YUY

Stiwly )3 g 08 (oo e ulider (e Saow 4 X L) 5o
Wlgy Sz s b ams o lid a5 ail o VTP Jlaas (plZ
30 9 0l bl yous Loyds (g)l8, 2 gliwl) o oad ool o
Lol Hlasl ool 511 (o3 o 4y (6,8, X b,
Wil 00z slly po jlade aien (5398 6551 GlP
cde 4 X gliwly jo aibe VA lade b ply cdg g,
Sl (i (Srd Caond Sg(g iSUIY e0gazme U (318 )13,
YA G580 50 o anin a o)y Swil Slleg ol 51 e g
SerSles b (sogpge Cond allipe O e gy Sl
o 5550 50 Z gy ol oals sols las £ S o
e Colis o Cudte G 40 X sliwly jo 5 0 b re ke
o aile Hisls ol gl Lk, wes Glis a5 WS
& sesge ke oS Y (635 eagazme B Z sl
ol 5o Gl BB snmslis a5 cwl jhe S STl
ol Jlade cpl 65l lade (ol Lol s 00gaoe
aS Sy o0 oY 093 Llade aiy 4 FAP 6550 0 a5 by e
90 ;@ 0 bl Sl w5l sble e L8 caiaslis
S iz wald aig mSITA BT (6550 dgame ) Ll
4 2y 03 pSIA Sl g s (6515 (e SIS By oS s
5 Sk Al 5l Olgie qeedlioe SIS AalS aalh

I¥e] s 0 p0 sl g0 cnl 5o (Setl s 5l (bl s

Journal of Nuclear Science, Engineering and Technology

slaSiy ole $lr bl 0 e iz S 38Ul g0 &
Olwe & okl Gy o o5 cwl wile S (S
Dobro b o5 wamo e s |y (©) el by upblisag S
ie(@) o1 o a5 [¥o] 04 o ol e(@)=¢)(0)tHier(®)
ol SIS B i i €(0) 5 (asge i
Sily om NS 9 Gl Gaye eyl eem shls &b
Slolisle 1o (gloy condl )lg 00 IS a5 wil o
Sy &l sogpge 5 iz Ceand s Jladiay (o5l
Ol oS 8 @ 4 g b casl ool ooyl £ S o
O SlS Y 5 X (sl g0 0 o Sl (BTl oS S
S8 s 1 X by ks slajloged Gl sl g oo
Sglae ;50 Ll 9o Lz sluwly jo (Sl L) Ll pps oo
15 el el 0dd asede S 5 45 jsbolen bl
S oo plis ) el (60, Nlueal Z g X sliwl) ba)logel
@ Samsd gz onl 5o 63959 laggB ln sk LS,
b > Cond &5 (e )0 g el ples S0,
O reS Edlid o yicg LSl cul B gl S Sl
A ool |y Sasle, g 0>
cde 4 09 oo ST CN sl 0 Ti o5l a5 i
@ S T @31 092 S350 9 bl (6551 o yo glis
bole G plgrs @3l I CoN LS L 5o 59555 5 00 o
S9dos 5P 3l (SR 28l o g 005 Joo (SIS
S 4 bape 55 slaald 5l 03 Koo S eer @

Sl (6 )9lid 5 (owikis pgle Al

Vol. 46 (2), Serial Number 112, 2025, P 11-21

YA o VF-F sl VY ol Y ol FF o0

va
4’9‘[



CiN Y5 auilind o3 (Sow¥T 3l o)

3.0

Ti X- direction Z-direction — Ti
15 1 2.8 4
-
‘=10 2.6 1
o |
-E' 5 24 4
S 22 {
E 5 2.0
o 18
q',‘m 8
0:.15 1.6 1
14
20 T r T r T T T v v r T T
0 1 2 3 4 5 6 / 8 0 2 4 6 8 10 12
Energy €V)
25 — 06
Ti X- direction Ti Z- direction
=20 e
—
c
= 04 1
0 15 1
—
© 0.3 1
> 10
% 0.2 1
i
&= 0.1
0 v 0.0 " T T T
0 2 4 6 8 10 0 2 4 6 8 10

Energy V)

CN sl gl Z 5 X slinl,y 1o S oSUlies ali ogpge Coomd by i 57 5 X sbiol) o S iSUliss i i Coand Yl g 5 S50

S g 0,10 09z g (658 AW is g e S Y LY
28 GSL ol e bt i lg e W]
a celosls 7,7 slly jo S Sy b ads Ceod
oges 10 0gd o BN al Coand jo sloald yowl S5
3l 3529 BB (S0 95 03995 ;0 Z Sl (sogmge i
WS o a1 7 bl s B Jlogas i3, ol pl as
Vo B0 65yl oS o VL slagssfl o aS sy sleals
Z sl 1o yrg iU+ B 80 5 X sl o sl
ol TG (59 2SIl Sgonidly sloals 2 bgyye 950 0033
B &b 50 (e A o8 (2925 9,0 RS DGl &S
5 olee Z slwly o syl LAl jgas o (655
355 W olsie & Loy l58 51 5wl slogals 3
AR WS e )18, 5 s @ o 5 YL L
aS g g0 Ll Sgendy Sy lgie 4 BT A o al8
S ol ol 3 s SN S e Sy Sy
3 9 Sape ST (655l edgaze 3 slaald X buul, o
oLl sloals Sy 2SI Ve (655l dguze 3 Z sl
4>l yo by 99 52 )0 (Sl aly (n e g oo oalive
il S ) i gl sl &S joboles il e IR
oAl Gl b el agbice eael i ad o5 ailial
155 shol sloals alolss vl il 508 s

Journal of Nuclear Science, Engineering and Technology

230 (LS 1) (65l ez (Sanlbsl Jloged VS
SeSlgs ol i Coond a5 (g5l 45 laasl o
5 w3 ee ol | jlade op i (Sl aibes ke
i Sl oy Z g X liul) jo oS o cdalin
b oeizmen 5 lion job (60, S0lonl e & (pl 5 9S00
I Slade oy yieS Sl copo b cpl o A JSS @ asg
el (> Cwnd 0 &5 (2l Sk 5l aese plas
3 CanSl o g ] diin Z 9 X slinly jo SO Slgs
9SSl G po L8, S jsb oo ) 095 jlade o i
Gy Solial S Sles b wlalie S Sles ol
5 <ol jlade (0l Z bl slp eizren 1 -YO X sl
X bl jo an; tele ool lp sl VYOl p
Cdgoyg SN < #Y Z gliwl) jo adn, o V BYE VAL als
A8 cod Gy (6398 )95 4 S 5 &S 2l
058 S5 e 03Il 655 B B s
b ol ool SIS 0 Z 9 X bl gl 60959
So sl 557 9 X bl 93 sln G955 51 S
b slaspl o X bl (o 0eb o g9y Sgys Sl
Sel il 4 ab cpl o5 cad co) Sy A S
s ol iy BT gl a5 claggd il 45 95 0 by pe

S5l sgamme ;o (G Sl 5 Sl aneS ()l (e Jla]

[FEIVPIAIT o ool abne K
et (5 )9lid 5 (sl cpsle alz lﬁ;’

Vol. 46 (2), Serial Number 112, 2025, P 11-21

VISV o O F Gl VY als Y ojled FF 0j50 ()



Aelsly ol ( olo) o S Sl )l Gl Soz (e

VY

Ssos S 5210 6551 )0 i 4 Z 9 X by o Sl
Cd b (L8 ey 0 (Sl 60,5kl alosls £
495 4l odgasme (o slaald X liwl, jo all o Sgpaie

g sad oddlie glald Sie jei 4l 07z liul) jo

s
o

it foged 3 ol slaald b elie sl o i
B oolazl )3@ Le n.b}.ws‘o @‘5 AS.’;..S.”&.) (:»La (PR
GVY 0g0) Sy e 4l 0 a5 sleald ool slaos )l
S10ged iy oo 53 Az 3550 Wsd oo &Bly (Sdgye i SIIY
ad Ll oals eols Hlas Ve S 0 o cope 4 bgige

0.14

Ti x- direction

y [@arb.unit)

o
'S
|

Regectivit

0.12 1

0.10 1

0.08 -

0.06 1

0.04 1

— T}

0.02 ____/\/__\,_/\/J

Z- direction

o
o
o
N A
5
o
o©

0.00
10 0

Energy V)

Z § X sbwly 10 655 e (Sanbsl Jloges ¥ JSCo

w
o

16

— i X-direction

N w £
o o o

Refraction(Arb. Unit)

1.4 4
1.2 4
1.0 1
0.8 4
0.6 1
0.4 4

0.2 4

e |

z-direction

0.0

i

25 0

Energy(eV)

10 15 20 25

Z g X bty 10 655 ez canSl Jloges A JSSH

20

X- direction

-
3]

ELF [arb.unit)

o
n

0.0 T T T T

—Ti |0.301

0.25 |

0.20 -

0.15 |

0.10 4

0.05

m— Ti

Z- direction

0.00

12 0

2

Energy €V)

Z 5 X bl 1o @il oy BT fogas A JSS

Journal of Nuclear Science, Engineering and Technology

s s 5l o pste e K
et (5 )9lid 5 (sl psle alz 4&;‘"

Vol. 46 (2), Serial Number 112, 2025, P 11-21

YA o VF-F sl VY ol Y ol FF o0



100 - 120
T ] Z- direction
- e T
— 100 -
= 80 1
=
> 80 -
0 60
© 60
£ w0
0 40 -
8
< 201 20
0 0

0 1 2 38 4 &5 6 7 8 8 10 N

0 2 4 6 8 10 12 14 16 18 20

Energy V)

Z 5X db-”‘b 5 ng).il [ ] ol )‘»)5.0.; AR J&w

L ogd oo oapline a5 jabiylon 000 oo lid ((pslS Aee b
99,1 (2Bl (G, S pS (S Ve Lo 1
aalol ;o a0 VP UV/K 4y ol Fev Loo (gl 4y g azsls
SO B s S o po a5 sals oo oli8l L
bl a0 wilbe Voo VK 5l 2eS Jlade sl
oniliy, DS @4 S>68 Loy DS Lo ¢lp 5SS
Sl @l S (Sails; 5 (Sl (Sasls; o)l S5
Ol 4 (S5 )WY S 5o i bes 5l (b s
S il el sall les il b ax ST .cwl ool anslds
Voo Gloo b (SO uSUl ole)S (Sasle) qeuims (S S
b wesee Gl Js3 oNg) G 5 GRIBI GuslS
ol 1) GN@TL 4V o5yl oy a5 >V S
s A b lade 4y pelS P e sles 0 ZT aiy wans o
e smoin CIN@TL VS 3 cools o) oo
o9 jleslatnl b (S sl g ole S (Sawle, )0 bagyg ,uSI
ol ZT 5226 e 5 I35 (slyy ol - oy (529
059> ;o YT pl 05 og Sgume Slo conds

RETRE e

Journal of Nuclear Science, Engineering and Technology

0505 4 ewl 00l oy b sgelS oo VY S o
S35 50 O (Sail ol Sl laald (LBgals oy
osle yo (Solu & (qurbliseg 58Ul zgo ST adlioo Jlio)50
WS g (S 4 ST SoS (Shsels curd wiS ek
D9l po Ald s S wales Sy (LAeelS oS
AL VY G5l e X glialy jo e s asl 4 Sy
Jisl Sl 3 )l o RS 5l b Wil e 45 25 o
il Bl lg s e JUsl Sl 4y (o8 515 5 oad
lopygisd 5l (o2 oole b (quablineg xS e 3,555 5o
@ Sl Glee Wedoe U3k 25 5 L3> 6938
Syle Ky shgels g TSl ol

5 Slge 5 olgs F.Y

ol woyf oeie ol ala leslinul b Lxul o
4 Gly Sl 5l esel caws 4 Sledbl g ol ulalg
CN@Ti samgs VS5 (SySlgay olos (o)
033l el 0a ools LI VY S j0 aS gl o0 aSlo
29,5 oo ol ¥V dbal) Lawgs G iSlge 5 olge

S'oT
K

ZT = M

Sl (@boS ly Sk woip 4 T 3 K 0§ s
Y S8 anibe Lo 5 olof (Fasle, o SiS)

Vol. 46 (2), Serial Number 112, 2025, P 11-21

laad (5)9lid 5 (owiigs cpsle alx ‘ﬁ,
VISV o AP F il VY ol oY o)les FF 050 [



Aelsly ol ( olo) o S Sl )l Gl Soz (e

25 = 07
Ti x-direction — Tj z-direction
:). 05 4
0 45
[ 0.4 4
o
-
O 10 %3
£
'S 0.2 4
X 5|
1N 0.1 -
0 4 T T T 0.0 T T T T
0 5 10 15 20 25 5 10 15 20 25
Energy(eV)
Z 4 X sty 10 655 oz (D50 oo logas V) S
3 30
SC »
=[] (<)
=
=
: —
A L
Qo 2 =
E E
O 241 !
5 S
(3] b
[}
o 224
[ 1]
%
20 T T T 0.25 T T T
200 400 600 800 200 400 600 800
Temperature( K) Temperaturek)
0.22
=
e 0.25 3
-+ = ()
0.20
o 0.18
= N
g —] 045
=3
[
X g4 0.10 -
0.12 T T F 0.05 T T v
200 400 600 800 200 400 600 800

Temperature(K)

Temperature( K)

RS & S g (nl )0 69955 laogB sl sk
Ol 50 (SNSigo Casls jgp 4 e S 09 wales plae
a2l o bl 50 5 50 (Sel Gl o e d9des SLS S
cays p ode Vb eajl b 5 iSTlse 5 sole bl e IR
Wil o oV oSt Sasle, @l al YU Saems
e GN@TI 4S5 (S 28lge 5 sloyial )l (o) 2
ey s WY ol e a8 ols ol oo el
oS sl oS ssbe Ve BV e S
4 e Jolge onl a8 0)ls als guis) Les Gl L 5 o

A0 5 Y pl gl o) 5l S (ZT) o35, oy

Journal of Nuclear Science, Engineering and Technology

& aoeis ¥
00V ON Jlisle J8a i gy ol S ol 4o
I dols b 65 5 aallls ay5e Ti ol b o
O N ol Gl 4 Ti ol Ko b airs o ol Slowlxe
laige Jsb ot odnlice | Jsaz ;0 a5 eblen sl ol
4 Samd 00l 090 (ool Elad judiz ja 398 o0 Dl et s
slal b ool oo @l Wen Job wll i 039
el HESle jo ki Gol 5 S9diee Sl pgd wlea
o ,log0i jo Dglas 09l oo 0ole () (S8 olem jo &l s
B (g weose ol 1) ek 0 Sl 7 5 X sl

Vol. 46 (2), Serial Number 112, 2025, P 11-21

s (g,5l8 o pste e K
et (5 )9lid 5 (sl psle alz ‘&zp

YA o VF-F sl VY ol Y ol FF o0



CiN Y5 auilind o3 (Sow¥T 3l o)

1. Fiori G, Bonaccorso F, Iannaccone G, Palacios T,
Neumaier D, Seabaugh A, Banerjee S.K, Colombo L.
Electronics based on two dimensional materials.
Nature nanotechnology. 2014;9.

2. Zhang S, Zhou J, Wang Q, Chen X, Kawazoe Y, Jena
P. Penta-graphene: A  newcarbon allotrope.
Proceedings of the National Academy of Sciences.
2015;112.

3. Mir6 P, Marth A, Thomas H. An atlas oftwo-
dimensional materials. Chemical Society Reviews.
2014;43.

4. Behzad S. Calculation of band structure, dielectric
function and electron energy lossspectrum of bilayer
h-BN under biaxial strain. Journal of Research on
Many-body Systems. 2019;9.

5. Geim A.K, Grigorieva LV. Van der Waals
heterostructures. Nature. 2013;499.

6. Deng D, Novoselov K.S, Fu Q, Zheng N, Tian Z, Bao
X. Catalysis with two-dimensional materials and
their heterostructures. Nature Nanotech. 2016;11.

7. Che W, Cheng W, Yao T, Tang F, Liu W, Su H,
Huang Y, Liu Q, Liu J, Hu F, Pan Z, Sun Z, Wei Sh.
Fast Photoelectron Transfer in (Cring)-C3;N4 Plane
Heterostructural Nanosheets for Overall Water
Splitting. J. Am. Soc. 2017;139.

8. Novoselovet K.S, Geim A.K, Morozov S.V, Jiang D,
Zhang Y, Dubonos S.V, Grigorieva 1.V, Firsov A.A.
Electric Field Effect in Atomically Thin Carbon
Films. Science. 2004;306.

9. Eshkalak K.E, Sadeghzadeh S, Molaei F. Interfacial
Thermal  Resistance =~ Mechanism  for  the
Polyaniline(C3N)-Graphene Heterostructure. The
Journal of Physical Chemistry C. 2020;124.

10. Cholaki E, Nia B.A, Rezaee S, Parsamehr S.
Calculation of structural, electronic, magnetic and
optical properties of C3N monolayer substituted with
magnesium. Eur. Phys. J. Appl. Phys. 2024;99.

11. Vilé G, Albani D, Nachtegaal M, Chen Z, Dontsova
D, Antonietti M, Lopez N, Pérez-Ramirez J. A Stable
Single-Site Palladium Catalyst for Hydrogenations.
Angew. Chem. Int. Ed. 2015;54.

12. He B.L, Shen J.S, Tian Z.X. Iron-embedded CoN
monolayer: a promising low-cost and high-activity
single-atom catalyst for CO oxidation. Phys. Chem.
Chem. Phys. 2016;18.

13. Zhou X, Feng W, Guan S, Fu B, Su W, Yao Y.
Computational characterization omonolayer C3N: a
two-dimensional nitrogen-graphene crystal. J. Mater.
2017;32.

14. Mahmood J, Lee E.K, Jung M, Shin D, Jeon LY,
Jung S.M, Choi H.J, Seo J.M, Bae S.Y, Sohn S.D,
Park N, Oh J.H, Shin H.J, Baek J.B. Nitrogenated
holey two-dimensional structures. Nature
communications. 2015;6.

15. Zhu G, Li K, Sun Q, Kawazoe Y, Jena P. Lithium-
doped triazine-based graphitic Cs3N4 sheet for
hydrogen storage at ambient temperature.
Computational materials science. 2014;81.

Journal of Nuclear Science, Engineering and Technology

&=y

16. Cholaki E, Arghavani Nia B, Sahafi M.H.
Investigation of Thermoelectric, Dynamical, Electron
and Optical Properties of CsN Monolayer Using First
Principles Calculations. Iranian Journal of Applied
Physics. 2024;14.

17. Molaei F, Eshkalak K.E, Sadeghzadeh S, Siavoshi H.
Assessing mechanical properties of single-layer B-
doped C3N and N-doped BC; nanosheets and their
hybrid. Computational Materials Science. 2021;192.

18. Chen Z, Wang H, Li Z.J. First-principles study of
two dimensional C3N and its derivatives. RSC
advances. 2020;10.

19. Bafekry A, Nguyen C, Obeid M, Ghergherehchi M.
Modulating the electro-optical properties of doped
C3N  monolayers and graphene bilayers via
mechanical strain and pressure. New J. Chem.
2020;44.

20. Rao X, Si Q, Shi T, Han X, Ma S. Fe-doped CsN
monolayer as a promising SAC for CO oxidation

with low temperature and high reactivity.
Computational and  Theoretical Chemistry.
2021;1194.

21. Deshpande S, Deshpande M, Hussain T, Ahuja R.
Binding and optical characteristicsof polycyclic
aromatic hydrocarbons and their nitroderivatives
adsorbed on the CsN monolayer. New Journal of
Chemistry. 2022;46.

22. Panigrahi P, Sajjad M, Singh D, Hussain T, Larsson
JA, Ahuja R, Singh N. Two-dimensional
Nitrogenated Holey Graphene (C;N) monolayer
based glucose sensor for diabetes Mellitus. Applied
Surface Science. 2022;573.

23. Kim J, Kim H, Kim J, Bae H, Singh A, Hussain T,
Lee H. Calcium-Decorated Polygon-Graphenes for
Hydrogen Storage. ACS Applied Energy Materials.
2023;6.

24. Niu X, Zhang X, Shi A, Sun D, Guan R, Shan W,
Chi F, Li Sh, Wang B, Zhang X. The regulating
effect of twisted angle on the photocatalytic overall
water splitting for C3N/CsB heterojunction. Applied
Physics Letters. 2023;122.

25.Yu F, Yu Z, Xu Z, Xiong J, Fan Q, Feng X, Tao Y,
Hua J, Luo F. Heteroatom engineering of polymeric
carbon nitride heterojunctions for  boosting
photocatalytic reduction of hexavalent uranium.
Molecular Systems Design & Engineering. 2020;4.

26. Huang L, Zhou D, Yuan J, Li C, Hong D. Influences
of different temperatures on the mechanical
properties and wear resistance against TiscAl4sV of Ti
doped diamond-like carbon deposited on cemented
carbide. Vacuum. 2021;189.

27. Wang T, Xin J, Li Z, Fan Y, Wang Y. Application of
single-atom Ti-doped gC 3 N 4 in photocatalytic
H 2 O 2 production. Materials Advances. 2023;22.

28. Schwarz K, Blaha P, Madsen G.K.H. Electronic
structure calculations of solids using the WIEN2k
package for material sciences. Computer physics
communications. 2002;147.

Vol. 46 (2), Serial Number 112, 2025, P 11-21

laad (5)9lid 5 (owiigs cpsle alx ";é,
VISV o AP F il VY ol oY o)les FF 050 [


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Fiori+G%2C+Bonaccorso+F%2C+Iannaccone+G%2C+Palacios+T%2C+Neumaier+D%2C+Seabaugh+A%2C+Banerjee+S.K%2C+Colombo+L.+Electronics+based+on+two+dimensional+materials.+Naturenanotechnology.+2014%3B9.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Zhang+S%2C+Zhou+J%2C+Wang+Q%2C+Chen+X%2C+Kawazoe+Y%2C+Jena+P.+Penta-graphene%3A+A+newcarbon+allotrope.+Proceedings+of+the+National+Academy+of+Sciences.+2015%3B112.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Mir%C3%B3+P%2C+Marth+A%2C+Thomas+H.+An+atlas+oftwo-dimensional+materials.+Chemical+Society+Reviews.+2014%3B43.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4+Behzad+S.+Calculation+of+band+structure%2C+dielectric+function+and+electron+energy+lossspectrum+of+bilayer+h-BN+under+biaxial+strain.+Journal+of+Research+on+Many-body+Systems.+2019%3B9.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4+Behzad+S.+Calculation+of+band+structure%2C+dielectric+function+and+electron+energy+lossspectrum+of+bilayer+h-BN+under+biaxial+strain.+Journal+of+Research+on+Many-body+Systems.+2019%3B9.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Geim+A.K%2C+Grigorieva+I.V.+Van+der+Waals+heterostructures.+Nature.+2013%3B499.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Deng+D%2C+Novoselov+K.S%2C+Fu+Q%2C+Zheng+N%2C+Tian+Z%2C+Bao+X.+Catalysis+with+two-dimensional+materials+and+their+heterostructures.+Nature+Nanotech.+2016%3B11.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Che+W%2C+Cheng+W%2C+Yao+T%2C+Tang+F%2C+Liu+W%2C+Su+H%2C+Huang+Y%2C+Liu+Q%2C+Liu+J%2C+Hu+F%2C+Pan+Z%2C+Sun+Z%2C+Wei+Sh.+Fast+Photoelectron+Transfer+in+%28Cring%29%E2%80%93C3N4+Plane+Heterostructural+Nanosheets+for+Overall+Water+Splitting.+J.+Am.+Soc.+2017%3B139.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Novoselovet+K.S%2C+Geim+A.K%2C+Morozov+S.V%2C+Jiang+D%2C+Zhang+Y%2C+Dubonos+S.V%2C+Grigorieva+I.V%2C+Firsov+A.A.+Electric+Field+Effect+in+Atomically+Thin+Carbon+Films.+Science.+2004%3B306.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Eshkalak+K.E%2C+Sadeghzadeh+S%2C+Molaei+F.+Interfacial+Thermal+Resistance+Mechanism+for+the+Polyaniline%28C3N%29%E2%80%93Graphene+Heterostructure.+The+Journal+of+Physical+Chemistry+C.+2020%3B124.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Eshkalak+K.E%2C+Sadeghzadeh+S%2C+Molaei+F.+Interfacial+Thermal+Resistance+Mechanism+for+the+Polyaniline%28C3N%29%E2%80%93Graphene+Heterostructure.+The+Journal+of+Physical+Chemistry+C.+2020%3B124.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Cholaki+E%2C+Nia+B.A%2C+Rezaee+S%2C+Parsamehr+S.+Calculation+of+structural%2C+electronic%2C+magnetic+and+optical+properties+of+C3N+monolayer+substituted+with+magnesium.+Eur.+Phys.+J.+Appl.+Phys.+2024%3B99.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Vil%C3%A9+G%2C+Albani+D%2C+Nachtegaal+M%2C+Chen+Z%2C+Dontsova+D%2C+Antonietti+M%2C+L%C3%B3pez+N%2C+P%C3%A9rez-Ram%C3%ADrez+J.+A+Stable+Single-Site+Palladium+Catalyst+for+Hydrogenations.+Angew.+Chem.+Int.+Ed.+2015%3B54.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+He+B.L%2C+Shen+J.S%2C+Tian+Z.X.+Iron-embedded+C2N+monolayer%3A+a+promising+low-cost+and+high-activity+single-atom+catalyst+for+CO+oxidation.+Phys.+Chem.+Chem.+Phys.+2016%3B18.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+He+B.L%2C+Shen+J.S%2C+Tian+Z.X.+Iron-embedded+C2N+monolayer%3A+a+promising+low-cost+and+high-activity+single-atom+catalyst+for+CO+oxidation.+Phys.+Chem.+Chem.+Phys.+2016%3B18.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+Zhou+X%2C+Feng+W%2C+Guan+S%2C+Fu+B%2C+Su+W%2C+Yao+Y.+Computational+characterization+omonolayer+C3N%3A+a+two-dimensional+nitrogen-graphene+crystal.+J.+Mater.+2017%3B32.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Mahmood+J%2C+Lee+E.K%2C+Jung+M%2C+Shin+D%2C+Jeon+I.Y%2C+Jung+S.M%2C+Choi+H.J%2C+Seo+J.M%2C+Bae+S.Y%2C+Sohn+S.D%2C+Park+N%2C+Oh+J.H%2C+Shin+H.J%2C+Baek+J.B.+Nitrogenated+holey+two-dimensional+structures.+Nature+communications.+2015%3B6.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Mahmood+J%2C+Lee+E.K%2C+Jung+M%2C+Shin+D%2C+Jeon+I.Y%2C+Jung+S.M%2C+Choi+H.J%2C+Seo+J.M%2C+Bae+S.Y%2C+Sohn+S.D%2C+Park+N%2C+Oh+J.H%2C+Shin+H.J%2C+Baek+J.B.+Nitrogenated+holey+two-dimensional+structures.+Nature+communications.+2015%3B6.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Zhu+G%2C+L%C3%BC+K%2C+Sun+Q%2C+Kawazoe+Y%2C+Jena+P.+Lithium-doped+triazine-based+graphitic+C3N4+sheet+for+hydrogen+storage+at+ambient+temperature.+Computational+materials+science.+2014%3B81.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Cholaki+E%2C+Arghavani+Nia+B%2C+Sahafi+M.H.+Investigation+of+Thermoelectric%2C+Dynamical%2C+Electron+and+Optical+Properties+of+C3N+Monolayer+Using+First+Principles+Calculations.+Iranian+Journal+of+Applied+Physics.+2024%3B14.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Cholaki+E%2C+Arghavani+Nia+B%2C+Sahafi+M.H.+Investigation+of+Thermoelectric%2C+Dynamical%2C+Electron+and+Optical+Properties+of+C3N+Monolayer+Using+First+Principles+Calculations.+Iranian+Journal+of+Applied+Physics.+2024%3B14.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Molaei+F%2C+Eshkalak+K.E%2C+Sadeghzadeh+S%2C+Siavoshi+H.+Assessing+mechanical+properties+of+single-layer+B-doped+C3N+and+N-doped+BC3+nanosheets+and+their+hybrid.+Computational+Materials+Science.+2021%3B192.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Chen+Z%2C+Wang+H%2C+Li+Z.J.+First-principles+study+of+two+dimensional+C3N+and+its+derivatives.+RSC+advances.+2020%3B10.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Chen+Z%2C+Wang+H%2C+Li+Z.J.+First-principles+study+of+two+dimensional+C3N+and+its+derivatives.+RSC+advances.+2020%3B10.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Bafekry+A%2C+Nguyen+C%2C+Obeid+M%2C+Ghergherehchi+M.+Modulating+the+electro-optical+properties+of+doped+C3N+monolayers+and+graphene+bilayers+via+mechanical+strain+and+pressure.+New+J.+Chem.+2020%3B44.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+Bafekry+A%2C+Nguyen+C%2C+Obeid+M%2C+Ghergherehchi+M.+Modulating+the+electro-optical+properties+of+doped+C3N+monolayers+and+graphene+bilayers+via+mechanical+strain+and+pressure.+New+J.+Chem.+2020%3B44.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Rao+X%2C+Si+Q%2C+Shi+T%2C+Han+X%2C+Ma+S.+Fe-doped+C3N+monolayer+as+a+promising+SAC+for+CO+oxidation+with+low+temperature+and+high+reactivity.+Computational+and+Theoretical+Chemistry.+2021%3B1194.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Rao+X%2C+Si+Q%2C+Shi+T%2C+Han+X%2C+Ma+S.+Fe-doped+C3N+monolayer+as+a+promising+SAC+for+CO+oxidation+with+low+temperature+and+high+reactivity.+Computational+and+Theoretical+Chemistry.+2021%3B1194.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Deshpande+S%2C+Deshpande+M%2C+Hussain+T%2C+Ahuja+R.+Binding+and+optical+characteristicsof+polycyclic+aromatic+hydrocarbons+and+their+nitroderivatives+adsorbed+on+the+C3N+monolayer.+NewJournal+of+Chemistry.+2022%3B46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.+Deshpande+S%2C+Deshpande+M%2C+Hussain+T%2C+Ahuja+R.+Binding+and+optical+characteristicsof+polycyclic+aromatic+hydrocarbons+and+their+nitroderivatives+adsorbed+on+the+C3N+monolayer.+NewJournal+of+Chemistry.+2022%3B46.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Panigrahi+P%2C+Sajjad+M%2C+Singh+D%2C+Hussain+T%2C+Larsson+J.A%2C+Ahuja+R%2C+Singh+N.+Two-dimensional+Nitrogenated+Holey+Graphene+%28C2N%29+monolayer+based+glucose+sensor+for+diabetes+Mellitus.+Applied+Surface+Science.+2022%3B573.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Panigrahi+P%2C+Sajjad+M%2C+Singh+D%2C+Hussain+T%2C+Larsson+J.A%2C+Ahuja+R%2C+Singh+N.+Two-dimensional+Nitrogenated+Holey+Graphene+%28C2N%29+monolayer+based+glucose+sensor+for+diabetes+Mellitus.+Applied+Surface+Science.+2022%3B573.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Kim+J%2C+Kim+H%2C+Kim+J%2C+Bae+H%2C+Singh+A%2C+Hussain+T%2C+Lee+H.+Calcium-Decorated+Polygon-Graphenes+for+Hydrogen+Storage.+ACS+Applied+Energy+Materials.+2023%3B6.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Niu+X%2C+Zhang+X%2C+Shi+A%2C+Sun+D%2C+Guan+R%2C+Shan+W%2C+Chi+F%2C+Li+Sh%2C+Wang+B%2C+Zhang+X.+The+regulating+effect+of+twisted+angle+on+the+photocatalytic+overall+water+splitting+for+C3N%2FC3B+heterojunction.+Applied+Physics+Letters.+2023%3B122.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Niu+X%2C+Zhang+X%2C+Shi+A%2C+Sun+D%2C+Guan+R%2C+Shan+W%2C+Chi+F%2C+Li+Sh%2C+Wang+B%2C+Zhang+X.+The+regulating+effect+of+twisted+angle+on+the+photocatalytic+overall+water+splitting+for+C3N%2FC3B+heterojunction.+Applied+Physics+Letters.+2023%3B122.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Yu+F%2C+Yu+Z%2C+Xu+Z%2C+Xiong+J%2C+Fan+Q%2C+Feng+X%2C+Tao+Y%2C+Hua+J%2C+Luo+F.+Heteroatom+engineering+of+polymeric+carbon+nitride+heterojunctions+for+boosting+photocatalytic+reduction+of+hexavalent+uranium.+Molecular+Systems+Design+%26+Engineering.+2020%3B4.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.+Huang+L%2C+Zhou+D%2C+Yuan+J%2C+Li+C%2C+Hong+D.+Influences+of+different+temperatures+on+the+mechanical+properties+and+wear+resistance+against+Ti6Al4V+of+Ti+doped+diamond-like+carbon+deposited+on+cemented+carbide.+Vacuum.+2021%3B189.%E2%80%8F&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.+Wang+T%2C+Xin+J%2C+Li+Z%2C+Fan+Y%2C+Wang+Y.+Application+of+single-atom+Ti-doped+gC+3+N+4+in+photocatalytic++H+2+O+2+production.+Materials+Advances.+2023%3B22.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Schwarz+K%2C+Blaha+P%2C+Madsen+G.K.H.+Electronic+structure+calculations+of+solids+using+the+WIEN2k+package+for+material+sciences.+Computer+physics+communications.+2002%3B147.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Schwarz+K%2C+Blaha+P%2C+Madsen+G.K.H.+Electronic+structure+calculations+of+solids+using+the+WIEN2k+package+for+material+sciences.+Computer+physics+communications.+2002%3B147.+&btnG=

Al Slmw (old) oew L Slse ) play ((Soz Gl A

29. Agrawal S, Kaushal G, Srivastava A. Electron 34. Diakite Y.I, Traore S.D, Malozovsky Y, Khamala B,
transport in CsN monolayer: DFT analysis of volatile Franklin L, Bagayoko D. Accurate Electronic,
organic compound sensing. Chemical Physics Transport, and Bulk Properties of Gallium Arsenide
Letters. 2021;762. (GaAs). arXiv preprint arXiv. 2016;4.

30. Wang X, Li Q, Wang H, Gao Y, Hou J, Shao J. 35. Hazarika R, Kalita B. Site selective behaviour of B,
Anisotropic carrier mobility in single-and bi-layer C and N doping in MgO monolayers towards
CsN sheets. Physica B: Condensed Matter. 2018;537. spintronic and optoelectronic applications. Materials

31. Babar V, Sharma S, Schwingenschlogl U. Highly Science in Semiconductor Processing. 2023;162.
sensitive sensing of NO and NO, gases by monolayer 36. Anjami A, Boochani A, Elahi S.M, Akbari H. Ab-
Cs3N. Advanced Theory and Simulations. 2018;1. initio study of mechanical, half-metallic and optical

32. Vanithakumari S.C, Nanda K.K. A universal relation properties of MnxZrX (X= Ge, Si) compounds.
for the cohesive energy of nanoparticles. Physics Results in physics. 2017;7.

Letters A. 2008;372.

33. Gao Y, Wang H, Sun M, Ding Y, Zhang L, Li Q,
Zhang J. First-principles study of phononic thermal
transport in monolayer C3N: a comparison with
graphene. arXiv: Materials Science. 2017;107.

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,

as long as the original authors and source are cited. No permission is required from the authors or the publishers.

Ao ol 4 obcew!

VNN ONY cglian 6,55 5 siige pole dlme CN aVeSs s il o3l (ST 51 oy €O FF) ol eyl ly oymms essly sl el silo )| ey o Ss
Url: https://jonsat.nstri.ir/article 1669.html .DOI: https://doi.org/10.24200/nst.2024.1568.2018

Journal of Nuclear Science, Engineering and Technology Slaian (6 53ld g cwdige pgle alme 4{‘6’
Vol. 46 (2), Serial Number 112, 2025, P 11-21 YA o O FF Ll DY ol o o)les FF 050 "‘



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Agrawal+S%2C+Kaushal+G%2C+Srivastava+A.+Electron+transport+in+C3N+monolayer%3A+DFT+analysis+of+volatile+organic+compound+sensing.+Chemical+Physics+Letters.+2021%3B762.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Agrawal+S%2C+Kaushal+G%2C+Srivastava+A.+Electron+transport+in+C3N+monolayer%3A+DFT+analysis+of+volatile+organic+compound+sensing.+Chemical+Physics+Letters.+2021%3B762.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.+Wang+X%2C+Li+Q%2C+Wang+H%2C+Gao+Y%2C+Hou+J%2C+Shao+J.+Anisotropic+carrier+mobility+in+single-and+bi-layer+C3N+sheets.+Physica+B%3A+Condensed+Matter.+2018%3B537.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Babar+V%2C+Sharma+S%2C+Schwingenschl%C3%B6gl+U.+Highly+sensitive+sensing+of+NO+and+NO2+gases+by+monolayer+C3N.+Advanced+Theory+and+Simulations.+2018%3B1.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Vanithakumari+S.C%2C+Nanda+K.K.+A+universal+relation+for+the+cohesive+energy+of+nanoparticles.+Physics+Letters+A.+2008%3B372.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Vanithakumari+S.C%2C+Nanda+K.K.+A+universal+relation+for+the+cohesive+energy+of+nanoparticles.+Physics+Letters+A.+2008%3B372.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.+Gao+Y%2C+Wang+H%2C+Sun+M%2C+Ding+Y%2C+Zhang+L%2C+Li+Q%2C+Zhang+J.+First-principles+study+of+phononic+thermal+transport+in+monolayer+C3N%3A+a+comparison+with+graphene.+arXiv%3A+Materials+Science.+2017%3B107.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.+Diakite+Y.I%2C+Traore+S.D%2C+Malozovsky+Y%2C+Khamala+B%2C+Franklin+L%2C+Bagayoko+D.+Accurate+Electronic%2C+Transport%2C+and+Bulk+Properties+of+Gallium+Arsenide+%28GaAs%29.+arXiv+preprint+arXiv.+2016%3B4.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Hazarika+R%2C+Kalita+B.+Site+selective+behaviour+of+B%2C+C+and+N+doping+in+MgO+monolayers+towards+spintronic+and+optoelectronic+applications.+Materials+Science+in+Semiconductor+Processing.+2023%3B162.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.+Hazarika+R%2C+Kalita+B.+Site+selective+behaviour+of+B%2C+C+and+N+doping+in+MgO+monolayers+towards+spintronic+and+optoelectronic+applications.+Materials+Science+in+Semiconductor+Processing.+2023%3B162.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.+Anjami+A%2C+Boochani+A%2C+Elahi+S.M%2C+Akbari+H.+Ab-initio+study+of+mechanical%2C+half-metallic+and+optical+properties+of+Mn2ZrX+%28X%3D+Ge%2C+Si%29+compounds.+Results+in+physics.+2017%3B7.&btnG=
https://doi.org/10.24200/nst.2024.1568.2018
https://jonsat.nstri.ir/article_1669.html

	مجله علوم، مهندسی و فناوری هستهای، دوره 46، شماره 2، جلد 112، تابستان 1404
	1. Fiori G, Bonaccorso F, Iannaccone G, Palacios T, Neumaier D, Seabaugh A, Banerjee S.K, Colombo L. Electronics based on two dimensional materials. Nature nanotechnology. 2014;9.
	2. Zhang S, Zhou J, Wang Q, Chen X, Kawazoe Y, Jena P. Penta-graphene: A newcarbon allotrope. Proceedings of the National Academy of Sciences. 2015;112.
	3. Miró P, Marth A, Thomas H. An atlas oftwo-dimensional materials. Chemical Society Reviews. 2014;43.
	4. Behzad S. Calculation of band structure, dielectric function and electron energy lossspectrum of bilayer h-BN under biaxial strain. Journal of Research on Many-body Systems. 2019;9.
	5. Geim A.K, Grigorieva I.V. Van der Waals heterostructures. Nature. 2013;499.
	6. Deng D, Novoselov K.S, Fu Q, Zheng N, Tian Z, Bao X. Catalysis with two-dimensional materials and their heterostructures. Nature Nanotech. 2016;11.
	7. Che W, Cheng W, Yao T, Tang F, Liu W, Su H, Huang Y, Liu Q, Liu J, Hu F, Pan Z, Sun Z, Wei Sh. Fast Photoelectron Transfer in (Cring)–C3N4 Plane Heterostructural Nanosheets for Overall Water Splitting. J. Am. Soc. 2017;139.
	8. Novoselovet K.S, Geim A.K, Morozov S.V, Jiang D, Zhang Y, Dubonos S.V, Grigorieva I.V, Firsov A.A. Electric Field Effect in Atomically Thin Carbon Films. Science. 2004;306.
	9. Eshkalak K.E, Sadeghzadeh S, Molaei F. Interfacial Thermal Resistance Mechanism for the Polyaniline(C3N)–Graphene Heterostructure. The Journal of Physical Chemistry C. 2020;124.
	10. Cholaki E, Nia B.A, Rezaee S, Parsamehr S. Calculation of structural, electronic, magnetic and optical properties of C3N monolayer substituted with magnesium. Eur. Phys. J. Appl. Phys. 2024;99.
	11. Vilé G, Albani D, Nachtegaal M, Chen Z, Dontsova D, Antonietti M, López N, Pérez-Ramírez J. A Stable Single-Site Palladium Catalyst for Hydrogenations. Angew. Chem. Int. Ed. 2015;54.
	12. He B.L, Shen J.S, Tian Z.X. Iron-embedded C2N monolayer: a promising low-cost and high-activity single-atom catalyst for CO oxidation. Phys. Chem. Chem. Phys. 2016;18.
	13. Zhou X, Feng W, Guan S, Fu B, Su W, Yao Y. Computational characterization omonolayer C3N: a two-dimensional nitrogen-graphene crystal. J. Mater. 2017;32.
	14. Mahmood J, Lee E.K, Jung M, Shin D, Jeon I.Y, Jung S.M, Choi H.J, Seo J.M, Bae S.Y, Sohn S.D, Park N, Oh J.H, Shin H.J, Baek J.B. Nitrogenated holey two-dimensional structures. Nature communications. 2015;6.
	15. Zhu G, Lü K, Sun Q, Kawazoe Y, Jena P. Lithium-doped triazine-based graphitic C3N4 sheet for hydrogen storage at ambient temperature. Computational materials science. 2014;81.
	16. Cholaki E, Arghavani Nia B, Sahafi M.H. Investigation of Thermoelectric, Dynamical, Electron and Optical Properties of C3N Monolayer Using First Principles Calculations. Iranian Journal of Applied Physics. 2024;14.
	17. Molaei F, Eshkalak K.E, Sadeghzadeh S, Siavoshi H. Assessing mechanical properties of single-layer B-doped C3N and N-doped BC3 nanosheets and their hybrid. Computational Materials Science. 2021;192.
	18. Chen Z, Wang H, Li Z.J. First-principles study of two dimensional C3N and its derivatives. RSC advances. 2020;10.
	19. Bafekry A, Nguyen C, Obeid M, Ghergherehchi M. Modulating the electro-optical properties of doped C3N monolayers and graphene bilayers via mechanical strain and pressure. New J. Chem. 2020;44.
	20. Rao X, Si Q, Shi T, Han X, Ma S. Fe-doped C3N monolayer as a promising SAC for CO oxidation with low temperature and high reactivity. Computational and Theoretical Chemistry. 2021;1194.
	21. Deshpande S, Deshpande M, Hussain T, Ahuja R. Binding and optical characteristicsof polycyclic aromatic hydrocarbons and their nitroderivatives adsorbed on the C3N monolayer. New Journal of Chemistry. 2022;46.
	22. Panigrahi P, Sajjad M, Singh D, Hussain T, Larsson J.A, Ahuja R, Singh N. Two-dimensional Nitrogenated Holey Graphene (C2N) monolayer based glucose sensor for diabetes Mellitus. Applied Surface Science. 2022;573.
	23. Kim J, Kim H, Kim J, Bae H, Singh A, Hussain T, Lee H. Calcium-Decorated Polygon-Graphenes for Hydrogen Storage. ACS Applied Energy Materials. 2023;6.
	24. Niu X, Zhang X, Shi A, Sun D, Guan R, Shan W, Chi F, Li Sh, Wang B, Zhang X. The regulating effect of twisted angle on the photocatalytic overall water splitting for C3N/C3B heterojunction. Applied Physics Letters. 2023;122.
	25. Yu F, Yu Z, Xu Z, Xiong J, Fan Q, Feng X, Tao Y, Hua J, Luo F. Heteroatom engineering of polymeric carbon nitride heterojunctions for boosting photocatalytic reduction of hexavalent uranium. Molecular Systems Design & Engineering. 2020;4.
	26. Huang L, Zhou D, Yuan J, Li C, Hong D. Influences of different temperatures on the mechanical properties and wear resistance against Ti6Al4V of Ti doped diamond-like carbon deposited on cemented carbide. Vacuum. 2021;189.‏
	27. Wang T, Xin J, Li Z, Fan Y, Wang Y. Application of single-atom Ti-doped gC 3 N 4 in photocatalytic  H 2 O 2 production. Materials Advances. 2023;22.
	28. Schwarz K, Blaha P, Madsen G.K.H. Electronic structure calculations of solids using the WIEN2k package for material sciences. Computer physics communications. 2002;147.
	29. Agrawal S, Kaushal G, Srivastava A. Electron transport in C3N monolayer: DFT analysis of volatile organic compound sensing. Chemical Physics Letters. 2021;762.
	30. Wang X, Li Q, Wang H, Gao Y, Hou J, Shao J. Anisotropic carrier mobility in single-and bi-layer C3N sheets. Physica B: Condensed Matter. 2018;537.
	31. Babar V, Sharma S, Schwingenschlögl U. Highly sensitive sensing of NO and NO2 gases by monolayer C3N. Advanced Theory and Simulations. 2018;1.
	32. Vanithakumari S.C, Nanda K.K. A universal relation for the cohesive energy of nanoparticles. Physics Letters A. 2008;372.
	33. Gao Y, Wang H, Sun M, Ding Y, Zhang L, Li Q, Zhang J. First-principles study of phononic thermal transport in monolayer C3N: a comparison with graphene. arXiv: Materials Science. 2017;107.
	34. Diakite Y.I, Traore S.D, Malozovsky Y, Khamala B, Franklin L, Bagayoko D. Accurate Electronic, Transport, and Bulk Properties of Gallium Arsenide (GaAs). arXiv preprint arXiv. 2016;4.
	35. Hazarika R, Kalita B. Site selective behaviour of B, C and N doping in MgO monolayers towards spintronic and optoelectronic applications. Materials Science in Semiconductor Processing. 2023;162.
	36. Anjami A, Boochani A, Elahi S.M, Akbari H. Ab-initio study of mechanical, half-metallic and optical properties of Mn2ZrX (X= Ge, Si) compounds. Results in physics. 2017;7.


