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Abstract

The structure of C2N is similar to graphene, mainly composed of sp, hybridized carbon atoms. But
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unlike graphene, there are periodic pores in the C;N plane, and the boundary of the pores is com-
posed of nitrogen atoms, resulting in a material where electrons are enriched in nitrogen atoms.
Because C:N has the advantages of high surface area, good crystallinity and fast ion transmission,
it has a wide range of energy and environmental applications in the fields of catalysis, nanoelec-
tronic sensors, gas storage, and batteries. C2N materials are currently a research hotspot, and
supported transition metals or metal-free elements have received extensive attention as possible
catalytically active sites. In recent years, great progress has been made in the synthesis and appli-
cation of C:N materials. However, the geometric structure, electronic properties and formation
mechanism of metal nanoparticles in the materials are still unclear. In addition, there is a lack of
in-depth understanding of the microscopic mechanism of catalytic reactions. This article reviews
the geometry and stability of the C;N system, analysis of the electronic structure, and selects ap-
propriate theoretical calculation methods to explore the catalytic performance of the metal atom
system anchored to C;N. It provides us with important information on the structure and perfor-
mance. It provides reference and guidance for the design of better performance catalysts.
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SRR IR E T TR 5 R T T R R T I A b L R e TR AN B B A S . R
Ui, FRAE M EAR B IR U M B B RN Ay B IR AR KL T, (R HE R B R, s e . B
R JUARD R B 7 25 44 1Y) — 4R (D) MR B AT G £ AT [ 1] JE4ESR, CoN MRIZ R T 2 16T,
ZRMEAFNEA KRR, A E TR EERT Limelad VB2 mMEEa S AT RN T M
B JE A B R, DR AT B T e AL S SR, g — 6 (1 R SR A B
HER, ORR Fll NRR %z . H1[2]. FRATTHIIE IR A 5206 F1 BN 1E & @ i+ 1P g 2 8 72 [3],
H HIRATR I 8 i T X L g A R MR 5§ BRI BESE, @ A A BRATTR I 51 N 23 6 AN FL AT AR vk
)RR, E R LE RS 82 F ook f e 221 25 A AN AL AR IR . 2015 4, —FRBiB 2D o JE Mk, X b
MEE =N B 4N & 4 [4], BT HA RARMALLEH, C,N-h2D 1T PA7e 4 ik L 4 L R 71
ERITIDE=2 %N

AT, G RCT 7 HUE CoN-h2D L) Ru 49K RTRL I & & ¥)(RU@C,N), X HER HA R RH#HEL
TEVE[S]. UbAh, CoN BARBT ARG, HApraiRE 70 1/3 Ptk z58 TR, X33 CN
HAM “Wbare” gy, sl e, BARKBN T, F 12 MNET. SEVEER FIERERIR
(1) CN MR 2 FLES I TER IR = 2E T — AN K n HF, JRFE N R B4 7 R I s P23 . 8 N R
T HI N Sm A% AT SR BR AR PR RS, Bl b s A EER e M, REA AL, LB R AR E TEL6] [7] [8],
A BT S A, A B T B UAR B AR AH LA FH 9] [10]. CoN AT RS T 8 7V 4%, LG 7R,
BT B A B (A2, HALBE, DG MRRINTERT e R A8 IR N RV R BGE i T
FUN) 2D SR SERIRITE L, XA B A BR YT KB S04 N 1 #AE K P [11] [12]
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AUARIIORL T A7 BAE CoN FIRALAL T, X CoN B RIUFAOHEALIRIE[13]. A, FEseieh tm AMTE
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BRI T TM R F4 58 19 CoN 2 B LR AR ARG E 1 6 T 54> TM R 4 € 1 CoN HRLJZ,
R T =AAREMIEE AL A, W 1 FTR[]: 0) TM R AL F AL Ao (B 1(a)); i) TM R 54 N
JRFHEA (B 1(b)): 8 iii) TM 55 =4 N JE- 784 (18 1(c)). X T2/ TM 5 (Mn, Co, Ni,
Cu, Ru Ml Pd), fFEMAERE TM R TS5 N R #4000 (0 E i), MELENEm, &
SE IO 250K B SO A e X TR AR R K Au AT Ag R, AN i R AR E I, ot 1(a) BT
4584

(e) <

Figure 1. Three possible anchoring sites for single TM atoms: (a) at the center
of the holes, (b) bonding with two N atoms, and (c) bonding with three N atoms.
Two possible anchoring sites for double TM atoms: (d) and () [1]

B 1 84 TMERTH=ATEEMNEEMS: (@QELBFL, 05BN
EFH#EE, URCSE=ZNNETFEE, d)FE)M TM [RETFHIFEN AT EER
WENMA[L]

2.2. BFEHISTHT

L AR VA AL P RE RO B R bR . LA A H 3 R AT PR 2 HER A1 OER H R 47 HLATHE A%
b, P 2 Fros[L], SRR CoN AT TM,@C,N FRIREHT 45 #4 A T L5 5 T AR A % 2 (PDOS) 87 »
Mt B R (VBM) A /N (CBM) ¥ i 24k Cp A Np IRZS 24500 R BB AN T F A A S5 1) FL i
o (HiE, fEE TM IR T )5, JLTIE TM@CN HJZ(RU@C,N FRAM AR & @ rEae . FATEE 2
Hrée )@ Cu B E fE CoN Bk b, BATE AR ANF -
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Figure 2. Structures and projected density of states (PDOS) of the C,N monolayer calculated
at the HSEO6 level. The Fermi level is set to zero [1]

2. HSE06 7k Fi+ HHI CN BREHIFIRFASEE (PDOS), BREERIREAE([1]

A AL A, B4 @ B A Tl 5 N AT NQ)JE TH AN CoN L2 I, X 5%
BT 9E— 2, RIS % (DOS) 7 #r, Wil 3(b) AT [1], 54 C,N A, Cu@C,N 9% K B 4% )
H#HNEN LUMO $LIE , X I 5 A A0 7R AR 25 5 52 52 Wi o BEANRATTIE 23 B 7 W4 8 Cu #7871 CoN
SR B Cu,@CoN FRATTIH5E Cu,@C,N R fE Hr 45 44 A1 43 25 %% B2 (PDOS) (] 4), FFFEmlfe & 1
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Figure 3. (a) The top view of the Cu-C,N monolayer. The gray, blue and orange spheres represent the C, N and
Cu atoms, respectively. (b) The DOS of the C,N and Cu-C,N monolayers [1]

3. () Cu-CoN BB ERRILE . Rt EE @ AE ATk KT C N F1 Cu J&RF. (b) C,N F1 Cu-C,N
B2 DOS[1]
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Figure 4. (a) Optimized structure, (b) band structure, and (c) partial density of states (PDOS) of a Cu dimer
supported on a porous C,N layer. The Fermi level was set at 0 [1]

4. QALEYEER, (b)REHEEHE, F(C)EESZ L CN B LM Cu ZREFRESTSEE(PDOS), 2K
RERIR A 0 [1]

3. ERMINEBHR
M@C,N {4 HCOOH S & M H I8

SCE A SR T A TME T (Co™, Ni®FI Cu™)TE/ME CoN BIRLEE ERUIRL. X Fh CN-TM
REMERIEF e, KERAN TM 8- 55 MEK N 1.99~2.18 A N R Z m M4 4 4. iH5EH
M4iETE CoN B Co™, NiZ*fl CU™ I & REI R T 14 eV (3 1), RMUFAMRBMMHE . RIWEE A
AL B AN R B A7 5 38R 05— AN A7 B A 22 0.07 eV, XERIIE 45 5 iRE TALAEF .
fE, MW—FLALRIFIAR LA I B3A 22 ik 3.91 eV, FHH TM 5502 8] f 58 AH HAE I BILIE T TMH)
Table 1. Computed binding energies of TM** on C,N, adsorption energies of the HCOOH molecule on C,N-TM**, charges
extracted from C,N to TM** (C,N—TM**) in the hybrid systems, and charges extracted from HCOOH to C,N-TM** in the
adsorption configuration
= 1. 3 TMYFE CN EHIZEARE . HCOOH £ F7E CN-TM*_EEIIRFEE SR A B Gh M CoN $2BLE) TM* (C,N—TM*")
ROERTer, LARTEIRPHECE M HCOOH $2ERZ C,N TM* B fE7[17]

Ep.tm* (V) Eads-Hcoon (V) C,N—TM** charge (e-) HCOOH—C2N-TM** charge (e-)
C,N-Co* 15.16 0.83 -1.11 -0.07
C,N-Cu? 16.14 0.48 -1.12 -0.02
C,N-Ni** 14.64 1.15 -1.08 0.01

HHAERAMAEJE T ARSI R BTG, il — DR T &8 E TR REnm
WikEA .

SRIG, AL T HCOOH £ CoN-TM* b f g MR RRAS[17],  LARZR LA M T e R BL& 4. 1
K 5(a) i, HCOOH g B M si 5 CN-TM b4 &: HiAE O A T TM B FRITIE, 1 OH JE
Hf# H 5 CN B N R FIR s E S, (HoRERS] TM™, HCOOH KWL I Ay 0.48~1.15 eV, KBk 4R
BR(# 1), WF N CoN-Ni** > C,N-Co* > C,N-Cu*. Wit J&, W5 CN-TM“E:4, U O-H #HK ¥
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Figure 5. (a) Configuration of HCOOH adsorbed on C,N-TM*". (b) Electron density difference for HCOOH

adsorbed on C,N-Co?* [17]
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Figure 6. Calculated potential energy profile of the HCOOH dehydrogenation reaction on C,N-Co?* with the optimized
geometries of intermediates and transition states involved in the reaction. The relative free energies are given in eV. The

distances are in A [17]
[ 6. C,N-Co* £ HCOOH BiE R R BT B# e, Hba & RN PRMMFEEFITESHLARK. BxEH
BELl eV A . BEESLL A EAGI[17]

A, WIFHE T AR SR CoN MR X BRI E N, 48 Cu 48 Ni i, 4

N R

DOI: 10.12677/amc.2021.93009 76 MORMEZE R


https://doi.org/10.12677/amc.2021.93009

LR, AR

29 0 0
H C 0 N Cu
<
r E—
AL ’
< ' y
) ‘119 1.91'\‘ {
ey ;
TS 0.13
000 ____.--- L —
— - 0.10 18
17
p— .
2 )\ - < )
it Aot { Y
LA >
\ 4 === 5 (
1.03% 160 4
2 1.67 \ g ;og \
—\IL < \\ _/ - \
-

o 7
/157 © 0
.‘i 1,60
NI e /
-~
.~ 2257
N Yy
{\— -
¥ <
TS19.20
0.93
L 024
I
20
Yl
P 5k
= {
R < =t s 3 '
> - 59
{ 4 [ T )
¢ - X
¢ - 152 >
¢ - -
. N—
/~ R \yexzef

Figure 7. Calculated potential energy profile of the HCOOH dehydrogenation reaction on C,N-Cu?* with the optimized
geometries of intermediates and transition states involved in the reaction. The relative free energies are given in eV. The

distances are in A [17]
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Figure 8. Calculated potential energy profile of the HCOOH dehydrogenation reaction on C,N-Ni?" with the optimized
geometries of intermediates and transition states involved in the reaction. The relative free energies are given in eV. The

distances are in A [17]
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