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Abstract

This study conducted a microscopic-level analysis of the adsorption behavior of
boron nitride (BN) materials in the urea oxidation reaction (UOR), focusing on defect-
rich and metal-doped linear and particulate BN materials. Density functional theory
(DFT), known for its engineering applicability, was adopted for systematic a priori
analysis. Structural stability, electronic structure, adsorption energies, and changes in
reaction free energies were calculated for B12N12, B24No4, planar h-BN, nitrogen-defect
h-BN, and Ni-doped systems.

The results reveal that planar h-BN modified with nitrogen defects demonstrates a
significant reduction in the free energy changes during reaction steps and improved
electron transport capability and intermediate adsorption stability compared to B12Ni2
and B24N24. These findings highlight defect engineering as a key strategy for enhancing
UOR performance. The urea molecule, as a crucial adsorbate in the pre-reaction stage,
exerts a significant influence on the free energy of subsequent reaction steps, depending
on its adsorption configuration and structural feasibility.

Furthermore, we examined the possibility of Ni doping at nitrogen-defect sites and
its dual effects on adsorption energy and UOR activity. Although Ni can offer stable
and symmetrical coordination structures for adsorption, its strong bonding may hinder
structural rearrangements and proton transfers of intermediates, raising the energy
barrier at the rate-determining step and reducing overall catalytic efficiency. This aligns
with literature findings that symmetric Ni—O — Ni structures exhibit undesirable
selectivity, suggesting that metal doping does not inherently guarantee improved
catalytic performance.

Planar h-BN modified via nitrogen defect engineering exhibits excellent tunability,
electron activation, and reaction kinetics, offering a novel and feasible material design
route for future applications in green energy conversion and urea pollution mitigation.
With its abundant raw materials, simple synthesis process, and environmental potential,
this material system represents a promising direction in electrocatalytic urea oxidation

research.

Keywords: urea oxidation, boron nitride, density functional theory, defect engineering,

nanomaterials, electrocatalysis
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gt

£ - fERILP-E 2E A 2 AL 2457 ¢ 45 h-BN BN~ BuNoy 2 B

Bk knh h-BN 22 BB sfap i i =i a3 S R T

11\

]41}3}: @]A— Fend B ooigit pL%;;z,_ét/#_{d- BN 2z ¥ *j-,}lr'ﬁ__,_l,kalﬁl_@ f‘?fvai‘f”ﬂﬁi’

TAR AT HEN R SRR BB PR R EES R R
gl o
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¥- % =2

2-1 BRI HIE (Density Functional Theory, DFT)

DFT & - fé45: T ARARMTEE P Hpemh b0 ks
GEFTRLITIRE n(r) LS A RABAEILEY R hF T I S
i U(ry,ry, ..., ry) ° i&— 4 %% d4 Hohenberg ¥ Kohn #7i& » B % - %
Tt ER - BRG A E AL R HAF v(r) 7 A
2R n(r) vo- Az Gl W #ceh)

nr) ->v(r)+C
mAREE R FRAES Z IR FRAAENTT HRINFR
Hohenberg-Kohn % = ZIZRA& M7 - B %A RE > T i £ LIE[n] :
E[n] =T[n] + U] ]+fv(r)n(r) dr

He T[] LT3 ®mias Un] L2 3F25 k% i $2558 3

grol3F AR s o IR |G TR RA n(r) > P E S A RAE T

d 3 EIRAIT S RT T kS 272 T3 iE* 22 % FlEt > Kohn £ Sham
Bh 1@ hE e N o @il - BEESZIIT Y K BT I RAE
B hs- Ko BANELIHMA RS

Eln] = Ty[n] + Eyln] + Ey [n] + f v()n(r) dr
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° Ts[n] % I3 iE* 7 i L) ’
. Eyln] % %54 Bi52 3 i* (Hartree energy)
E.fn] = & ffn(r)n(r’) -
Hln
. Eyc[n] ®_% 3B 555 ;£ (exchange-correlation

functional) > & 2 %73 FIR F X HEE T I HBME L TRFLEB R o
Kohn—Sham = #g;% F]pt 8 %

[—%VZ +v(r) + vp(r) + v (M) | (1) = £;0;(r)

et
T

. vy(r) &_ Hartree ic ;

S8Exc[n
sn(r)

%L*i E g Al A

® vxc( ) =

. @;(r) & Kohn-Sham #u# » %A d v P2

N
n() = ) loi)P
i=1
LIRS AR R R Bt LM LS By n] (558 o F Ey b

FEA5N 0 Pl IR MM A o B ¢ o B AT o

2-2 RIVHm BRI~ B BB R TS
BB L3037 5 H %% &R 1T 02 (Local Density Approximation, LDA) > %A

p *%_% ¥¥ 5 LSDA (Local Spin-Density Approximation) > T 3K % $&—h# 55 it
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%AET * 353§ 5 F (Uniform Electron Gas) % % k304 it :
B = [ 00 W0 (nr) dr
Ho g (n) L hp53 T3 F enW-MEL T pTE -

B2 LDA GEMES S AT 50 REATEE &

W
&

g L

F_k

PR (Aol B4UrH s F Rl 23 F ) BFi ﬁ_ﬁ", o ¥ IR R AR

BOLIRIBE AR BB IR &R 1702 (Generalized Gradient

Approximation, GGA) » H 2 4f—B i RIg > R R B H R
B = [ ). @D ar

GGA ¥ ¥ 7 BHIRRIE AT Rl % 2 5]+ 4c PBE ~ BLYP 2
Foo H T iogh iR LMt LDA ¥ i B REFIRFAEFIET A -

Ma > GGA ME - fELX BB A U LR h BT I M
oo AEE I 4 (AR ) cBEARIT T RAT T R BIRL ok
510 25 R4 GGA 2)58 ¢ S L FHef 3 Iv% chi i 4 o

-

# K=
J}L K lj._/;f);'? AL R

ek

CF ORI R B4R kAL (4o d 42 ~ m-w stacking)

heS

GGA 7 5 B ¥ "L o o 42 KalR A 7 {2 F4oiR & 4.5 (hybrid functionals)

214 7t (dr Grimme D3) 3 B

2-3 MR & Z& (Hybrid Functionals)

® 0 iE- B DFT & Fg® ¢ cnlbrgld > L afRlatsi
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@;

BREF i RELT >0 > 28 578 445 (hybrid functionals) o iz#f >

2 e LB A #-3% 4 Hartree—Fock (HF) #Fx 2 a4t 87 DFT 230 ¢ e 3%

&
o
34
W

~

g GGA LS R iT* b i R A o
LA S IR g Ry R Op AT R B 8 A i % (Adiabatic Connection)
GOSN KE AR I EET A=0) MR2IEFHET A=1)

T R gE-M T b

Eye = ]f = n(r) xc(r r') drdr’

Ho i fE-MBF hye PERAEWMEREREA
1
Ry (r, ") =f h2.(r,r") dA
0
EA=0 F o LFEGEREE ¥ GGA £ £ RigfiiE o 7
R LEmE B HF Frs s ES 9o » 258 40T R £ 2550 ¢
Ehybrid

— DFT t DFT
xc =Exc + aO(EJerac —Ex )

B gy EARAE HF 20 ploissk Giic, ¥ LE9 5 020(%

=4

20% HF 2 3%) o p3p=> 2k Fecdl 7 GGA BB &H ~ 5 L~ % €42

K

FREGam £ 5 anfid o REAPB TR 508 3¢

— B3LYP: % & 7 Becke ¢ 3 %#c R 4%38 ¥ Lee-Yang-Parr R 5552 3 »
RN S

— PBEO: # 25%HF < #5350 » PBE i£3° o

—  CAM-B3LYP -~ @B97X : it~ # BT £ 422 4% % It ch%fd o
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2-4 ¢ #g2 ¢ (Dispersion Corrections) : Grimme D3(BJ)
R AL R T e GGA F R F TR > R IR p R4 i
4o =fg 3L 4 (vander Waals, vdW) ~m —m 32 fp2733 4 45 L g2t 8 § 7% > 3

Fla st ipEAnI F Y R RS ERERART g 0 B G Pz B .

ETRN

HEP LS AFT L PR P AFREE RN F BSR40 52

H ¢ 12 Grimme 74 2157 D2~D3~D3(BJ) & D4 SHAE L F * o Dl

Z

e

Sk e it BT By o 00 DFT $14 40045 363 B0 @ 0

24T
D3(BJ
Eiota = Eppr + Edlsé )
H+¥¢ D3BJ) % D3 = j2aurc2ik4A > 4~ Becke-Johnson e S > 14

Pl et RSB ERRD o D3 REMEEFL G T AR A Y

'”1@: RU é@:"ﬁﬂ&ﬁﬁ'%ﬁ’ fdamp

cy
-3 T
P lJ ot fdamp(RL])

i,j n=6,8

a il
=
=
B

oo Rz @ i GGA 2R LS hFRT o R o s S
Rensbs fidpT o7 (74 0 FHFRAPE LI BRI ST R B
o D3B) T HREEF LR F A - AP EBSOFIEE Y S
B e RFHA TR EN AT A AT EY IR 2 2N A p AL

F R AR B AT o R R e b S g A ERIEY EERE -
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2-5 FEaELsE

ET

TAEE AR TR L F A AR SRR~ £ 3 %48 UOR £

47 0 A F 0B R LS IZE (Density Functional Theory, DFT) i® 5 i &

om0 £ 5% Gaussian 16 Hifllde MR RERE - FAMBHEL S B2 £
FICERGRSG > AP AR EA TS S T B e i R AR

BRERE LALLM AT

2-5-1 Gaussian 16
AT FH* Gaussian 16 i iT 5 A B en®F IV EIE T L0 UHGES
Pifdc it A E AR B R R Y B¢ RHEERL D

oA e

N

oL 3% § 4 H -0 B4 S (Exchange-Correlation
Functionals) & e e & > E 3 3 FmAR BRI |2 Ll * 3 iggs + &

B 2 R 3R RF RS -

~

ARG AT BHEE 0 BILYP R A S A A FhEFE S D

‘3\

Grimme D3(BJ) ¢ $ci3 & » m 4= A s 53408 kAP hillpp it o 2 A4
# (40 BN 2344 ~ T o h-BN 2 Harpngdp) fah 3 (whh ) 2
THREEeE L eSS R B RE A A

T 5 F @ﬁﬁ# | 23 i ik 1 5e 3| YTz II\JB%\ °

2-5-2 Multiwfn

Multiwfn 3 - £ 5 # A B 173500 0 L B ¥ 0 AR T 2 (S AR A 17 0
16



FIHTFIRAE S A F B PR AR (Projected Density of States, pDOS )
HOMO—-LUMO i fga® ~ T3 R R A FTET mes s 47 (242 @ * Mulliken
A0 ) Fpd Multiwhh #ri 2 § R EW 0 ¥ FE > iR g escge S
Bz R+ 23 %% » TARE M aly £ i) 0 12 i3 7 b S dr i i i
Pt EE cF S

L AT RENEET I S LR EH O AR FERL
WHEEF BANEA T 0 REE LUMO e @S i dan®i o 97 i hih

FREEEE Z B ApES 40 s o 'FWBWIF)‘%Jg'{EWmE&?{ZE °

2-5-3 Matlab

SR BERERSVFHEEEM o AT Y Matlab e FHcE
FHROGREFTR® > o 3Epd F BEER ~ S B~ A B (Band
Structure ) ~ pDOS % - Matlab & &% % BB & @i # it > 7 7 »c% & 2 Hdx
BARL AR RAFROT FETRC LR BRI  N IR &S

EMh > B2 P S
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=¥ R

3-1 PRSP X ST

RS

TR E PR AR RS F R R i oA A kA
Faeim o B gdpdd it 0 @45 BioNi > BaNog ~ h-BN 2 H 4k fza5 3¢ (h-BN
defect) c izl A w £ 2 R0 (2 AFAHEE2 LX) ~ T BRI i

UERTIEE S P EU TS O B E VI (RS T

\\\

255 o

B
et o 308 F SHE R S Bt i - R Rl B 3] B R R R T R
Belren@ Bed > h-BN RéoH B En FRHRB G FHRAZIRFBT S

WA T SE M T AR T I MR R - HEH R

SR i ¥ B R T RBEDTRAR

3-1-1  Fivmi ik { kslenpipla

WARE AR R E Y R Y LB o AP AR R
B g PR TS AT R AR B T R
Plc e 2@ BF ARENRHEMFE B2 aPd ¥ i A k) f 8
BN 2 BousNos o S8t 7 W8 B 8 P SR BHP I 5
T e REAF AR E SR D e R BB T 8 F RE

AHG B A e A
3-1-1-1 B12N12 rﬁ%‘-ﬁ-_&: fu
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FOBoNp B it enigfpatrv oo 322K 4d 6 e ~7hE 8 B2 ~5k

B (B S £F2-B 14 588 H - 23 BEAM - 273 B-N 4L 4
i P

3 1.43—1.49A 2 B > BT 2 WL RAORUE G ETLE F A

o A AT A AR o 3T A 53 B 2 s R (Cohesive Energy, Ecop) £

% —162.32 kcal/mol -

1
N(Enanocage —xEp — yEN)a N=x+y Eq. 1

»

Econ =

O@NUB

B S.BuNp % 4 fehd 084 BArim ks v o R4 B2 ATken

B o o

3-1-1-2 B24N24 ﬁ’h&%’}#ﬁ. %

A Sk # e B2t s 73] BuNoyg E’ﬁ“é"f#lﬂ 6 Fr Ik ~12 B~
By 6 B~ ;‘“Iﬁ,féf'_’%\;(@6>’qj$‘ fﬁiﬂ'f)‘lﬂiqjé’f‘lg \i’?ﬂ‘f#i‘{]"#ﬁﬁi*? Bi2Ni2»
BNy £ 3 { S HhenB e EafkiE1 { AL s Effo L 7Kg

BRI o F A G PN A S bk G ORISR RS g o4 Eql 34

HRER 9 —166.64 kcal/mol > taf BN § L e e -
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7 L Fé ; t -
R Ak

O@NJIB
Bl 6.BosNos 25K chd ik it B4 » B~ 23k 3

Pl AR 4 B TR
4 Bow ABAIH B o

@
e
N
=

SIE IR A A RS LR

FORREREG R TI R E LR T RERIEEAE EHBR SR
TR Y R EE - 26 RGBS PAREH SR

fig— HAtT maka2 h-BN 2EH - ps

1 (N #Ka B #1) 2T
GO BRI B PRE APY IR R

AR R R R R U

BRIPTARLARE > XL R ot 4 gy

3-1-2-1 % & h-BN i i it

A F AT 0 h-BN B384 19 B B R &2 N R fp s i 4
st (B7) FHERE RS- b

GHBR S G RS A RS

1\3

A

MERGER AL TS o AMBIEY 5

72 BRF (B N &% H) o :

-

HE v kS 7 2 @2 R ix 2 (Non-Periodic Boundary Condition) - i

fgxiﬁéff#}i LRI ﬁ’!vl“irfléi’ﬁ f@;f"f‘; o pL AN & 4 4w

LT e d 250 Eq2 3 E

MR E K —131.16 kcal/mol -
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1
Econ =+ (En-pn — XEp — yEy — 2Ep,/2), N=x+y +z Eq.2

3-1-2-2 T § # K h-BN e s it i

HEFEDET G hBN SR LT AR AT T S R R L R

AP ELAREL L A AR R F NG B A 10(H 8)E N &4 Ka(H9)
@ h-BN Sif o SR # LB BB LY w2 AR FRESD-F B & N h3 74

2o aF A e g feak L SHREENF
S A S GEER R L T SRR R 2y RN R R R

47%0

Beit L3 BT 0 B S AR R R 9 5 —127.92kcal/mol 5 @ N 4

Falg e e 9 5 —128.04 kcal/mol -
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ONIB

ke ik 1R

B 9. T& B#KohBN HEZAH 5 s i o
3-2 LS B TP g B s S
R HEFER I RSN EF R Y R A SRR
A R A G AR TS TR AT o S R G F R chE & W
Bay S B Al R R R T S F e M F R R

R

FARR o Tt o AP A WA 4T AR R BioNi2 » BaaNoa» T i h-BN &2 74415

h-BN b e biin ~ v F 10 28 3 e 2§50 155 (8 F BB SR 3 ik

}t)%o
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3-2-1 Bi2N12 &% ¥ &

3-2-1-1 e Wiy A 45

B BN dstd > ARt A% P h o odigdl s - 3 N #Y
SOt (B 10-1)> ThA s BE R3FRe At fiaad 225 O =
A (R 10-2) > TREFDHRAF hF TR EI I LG o

SEHR G0 Al v 9 5 —20.82 kcal/mol » @ N

#2952 —14.72kcal/mol > B O w'fHEdl L § = it T (B0

Wi

Bp )0 B8 BB SR o B R AT O SRR e L G R

RE&FEY BoNp 2 FRE g gy i o

(1) )
9

3/,)
9 "

ﬁ#NlelAt 4

AP

QCOOONIB

B 10. BN z 4 smpid b v B4 (DN sogenssgii d] - (2)0
SRR o

BE O SR AR S R DRE R Re AN HRES
CE R E - ¢ o TR B E R N s AR EF &
BALHHY 75 o o 2B AR F 1 {1 A A R T
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B2 R AR Er R &R EPRP o SRR T A

WRAF CHFRE R O RAHEA T - BT F B AHEE o e

3-2-1-2 Bt Bk W 18 A ¥ A 45

Lacd A47¢ CBoNp 2 EMPE AL L5 Fad FH (X 687eV) &
THLLAGGM e R EA TR E LGS LG PR BT (T
Ex%ﬂ‘?;%’]‘% FAZ N E o8 E 11 ¥ E%ZI)>HOMO £ LUMO i
Feewiiee Bae 2w b HEBESR | c SHRDEH £ 7 3118 F Haite §

FRIBLTLOTRANLSIABEHEL G BT LT (T

~—\

"

‘m‘L
)L;_
= »
[y

- LT FAREN 0 FERERF BHFDT B

THROT F B E A Y 2R & (orbital hybridization) % 3 B o AT
SO E RS RN RIS AV A AT ST E RV R
- HERERA DT RS F B R A S G4 BoNn B Lk
BT R AR F a4 o T ARSI TSR R R R

s
Rt - E’

\m&
(g
&~
o
o
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Before
/ After
- HOMO
- —=LUMO
= HOMO

—LUMO

LUMO: -0.17 eV

Energy (eV)

HOMO: -7.04 eV

R S —

HOMO: -7.72 eV

-10 ' ‘
0 0.1 0.2 0.3 0.4 0.5

DOS

B 11.BioNi 3 F s & # (6 hfi & (Density of States, DOS) - 2 41 3

T

B Fta enih Ak B B (Total Density of States, TDOS) 5 2. ¢ & 8 5 #% Ff
HOMO—-LUMO ; =& 5 xS enfh iR B 5 S d B3 5 i
HOMO-LUMO -

3213 P FERRFHT I3 &2

PR R A SRR 156 BT 0 B A R T i s 8
TR OT F B SIS T F BRI AT Rt g e F 2 B ahiud
IR S AFE AFTIRMEERY AR p MUEBERPLE R R (projected

Density of States, pDOS) - /& B] 12 # ¥ B% 3 > & HOMO 7 it J‘EF%[%] o
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PN RFERAASFRRNP AT B GRASREE LA TR

U LT F oo g E 0t X 2hg 4 2 HOMO fRafai b 0 v F AL S AR B

AR TR NGO EA RS A LB - TREDTF I AT o
5 L
TDOS
urea
all N atom
all B atom
/ N atom

Energy (eV)

Bl 12BN 34 RFLEARPETR - TR BERR S AL KE
A,\.;-rnp PERPLEDRRE R E BN ?%ﬁi% N B3hp m IS
R %¢AMEAEREAINTE BN 2 N B3 p e RFESA &

Mi BN 24 B hdhp R PARAE 2¢ a5
HOMO-LUMO -

3-2-2 B24N24 e Mg &

3-2-2-1 s wpin A 45
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B BoaNog v > AR R E A N SofdEd] (B B RS b prgdgst
HAL) & O =i d] (BRAF H o) dmiig i i o i i b SR T o
O = 4l hex it 5 —1279kcal/mol > P & %> N 7 # 3 o
—7.74 kcal/mol » &g O =rittedl B 5 { B Tt o

FEHBAET %> O S al? ik i RS H 46 13 £ 1.89 A

i G BT s ARSI (R et S AR & BN b sugpt

S AR - RO R AS F B R A RE R SRR
BV AERAR DT LEET S RIS E G M1 R RN T A

B4 B b I Fd & 2 N SOHHEARE 7R BB A T 0 ApBAT L TR

‘F_k

AR O A5

(1) )

QCOOONIB

Bl 13.BaaNog 2 5F 80tk end it 1 54 > (DN s 3] > (2) O
134 ’T’f f#@] o

3-2-2-2 B fd 15 ehis F A 44
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BoaNos 26475 2 Bt A () 649eV) > A= i HwgE 1 6.41

eV e HOMO £ LUMO s MIMEH » F o gEiRai fF P 2823 32

Hhresk 3 FUIFBEDREAT < > HXHE 5 OFRTAPHFES -

Before
After

- HOMO
- —=LUMO
= HOMO
- —LUMO

LUMO: -0.60 eV

I - - — — o — — — e o o - = = — -

S
2
)
o0
(]
=
0
Sk _
0:--7.01 eV
HOMO: -7.41 eV
-10 1 | 1
0 0.2 0.4 0.6 0.8 1
DOS
Bl 14. BNy 2 5f # e “ﬁfjl',% TSR R o TR LR i A (Total

Density of States, TDOS) ; 2. ¢ 4 5 &%t HOMO—LUMO ; (=4 5 B 5fis en
BEDR S 2 BAREBHE HOMO-LUMO -

3223 HEMEHAREHEI 23 &7

1 p fuE A ¥ BioNp

e
[
b}

KB 15 P VLT s BayNoy i 3t VJL“IT/T\
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- 1y

A SAp I o 2 HOMO ™ F spifehicfg e Bp > Heh N R+ B2 E L+ 5
TV NS EEE SN A N R i
FRT G AALT AR LT TT e H LTS A G LA FERHEL
it ogr BN (% - 3R > BuNo4 B RN HT + 2 3 4% > F phytsg

AAFHE A TN EF - PR IR

TDOS
urea

all N atom
all B atom

|

Energy (eV)

Bl 15.BoaNos Z K XM FBARPERR - TRIEBRHR S LG RF
A p MUBPRFEDRR D EMAE BuNy 248 N 3 p B R P LB
E/‘\“

BER: BuNu 24888 B A3 p MBHRFLEDRR 24 mR:
HOMO-LUMO -
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323 T& h-BN ek ok

3-2-3-1 w3 i A 44
FEOT W F AT BN 2 BuNag B30 TG h-BN e fod e i
FRbFrAlaie i@y o E A+ T FHAIZIT h-BN £ 6 & 73
HREEP AR g B A T s e R R R kG
—3.25 kcal/mol » BRI 55 B P AR K3t H 8 = A 4k el s B o 45 h-BN 8
HH A F i 4§ e
PERTEEES P AL B A G o S 358 R
(van der Waals, vdW) & m—m i¥% 4 F3 £ F EE%%’E* R G B (4

GIrghpn) - hutHETIAI Y > BASEREY Lo

T h T QCOO0OONIB
Bl 16. T o h-BN srfikenb it gt B9 NERZF RF S R

}ﬁ*’lﬁ%ﬂi[‘;"

3-2-3-2 Wit Bk W 15 il ¥ A4

T e h-BN ksud » gesgm s+ B A % 5 647e¢V & 6.51eV>

ER

Bor g isae vE 3 4~ > HOMO £ LUMO ¢ % MR H M % > LR
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H3E -0.04eV o d gt bn 35 iFr (ded g8 vdW 4 ) kA g A
PEONSFEPETFIEAT LR AR 17w F 217 REEF B R

#2235 h-BN Benfps (e% Bt A ufheide e > 0 B4 Angts 2 o

Before
After

- HOMO
- —=LUMO
= HOMO
- —LUMO

LUMO: -0.06

Energy (eV)

HOMO: -6.58 eV

-10 I 1 I 1
0 0.2 0.4 0.6 0.8 1 1.2

DOS
Bl 17. T5 h-BN s'gfx w6 g R - 2R3 gw DR E TR (Total

Density of States, TDOS) ; 2. ¢ 4% 5 & fifm HOMO—LUMO ; (=4 5 s %fis en
WERA A d BRSHE HOMO—LUMO -

3-2-33 KAREHAFHE 23 (67

T h-BN k¢ pDOS A 4947 fud A+ Lt HOMO i i I

e

PIRFAT TR AATFIIEAGORY LT AL B AR
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SR+ E AL W

=

it PR ok BB T AL Ak

Mg ERS
R RST AP R o B 18 #Ton ot

IR 8 S ﬁ.tﬁ‘ﬁ'\%é\—kmN
R p fud (%4

AR R AT PR iR (2 HOMO T i

Fe)
0 2 & HOMO % th3s B A4 i - 8@ 2 > T 5 h-BN 43
MBI T F I a4 o R E A MFILIEY A HREE K

l
TDOS

urea

all N atoms
all B atoms
single N atom

LUMO: -0.07 eV

W 18. T & h-BN wiffi# i en

%
& BT,

LR LRIBETE S afs"z:%fyﬁ%é\
i p MEBHRELERAE S $RLZTe h-BN 0 N B+ p
% @ﬁiﬁf]\%@ﬂ»ml h-BN 2

PREBR
N R+ p P E’ﬁ@t -
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Te h-BN v B R+ p B PLETR S 24 mR 5 HOMO-LUMO -
3-2-4 T G 4 f; h-BN  eiex o &
AT G h-BN iiemssargFd DRALHRFOT I I HHEL N

SR BAE R BT 5 4 al R L R -

3-2-4-1 ¥ ii A 45

B2 N &1 B #1a he-BN B9 o ok v i B A 34k fai
BReRR o 4 N dkFai i > O s3] e sit & —29.20 keal/mol > @ N
Al 5 —11.66 kcal/mol - ZFEREF > BT A E ldF O R+ it ak s

-

B TR FRAER RS < AR N R

TL

9 P MR 3 0 B
# F AL 5 —6.60 keal /mol > B m 2 AR F e iR T AR L o
AR o R e T R R G AT (E R o & PR B R gD

<19 .

TF IR

gk
\:n

3% Bl B e ’H#"?‘“f\% SRR AR M FR[E A N B RaY TR
RGN A TR M A IE T RS E S R

x> 1

FH &9 Eiwidh o

¢
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(1) )

YOy Y vy YOy Y oy
T Y Y Y ¥ Yy Y Y Y 7
)
YY\#;YYY Y Yf
B -
NON 0% v oy e Y
BBy v
N o Y Y Y
Y Y 7 R S ¢

QCOOONIB

B 19. T& N 4 K5 h-BN =% ,]ij"\—% g £ 1 J’f?— (1)N 34 f—j&fw};n;ﬁ#gl ,
(2)0 “;*Kfff’]‘#ﬂ' o H ¢ Hifsﬁlm;s B+ ifﬂ.i——f-‘ﬂmw})—?’* ’ lﬁﬂ‘ 2ad R o

QCOOONIB

B 20. Tw B 4 5 h-BN = ;Tf];%m&; L*g-f#_oﬂﬂqjit%ﬂé‘i}g,; D
ERLIMRET  HERLE RS

3-2-4-2 Bt R WIS R F A

H- N #KaTd h-BN SHon F FH G5 297 eV o o] ¥ & 4 Ko
6.47eV > BEmak kg bk 1 HE G AT RAETH LB MRS E
2- o BIHAE (S LM (+0.01eV) HOMO £ LUMO it F§ & v ik
Lo B s A g e F AR FH T T BHEDARTR T A
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