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Magnetron-Sputtered MoON Thin Film Electrode for
High-performance Electrochemical Energy Storage
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Abstract MoON thin films with gradient oxygen content were prepared by magnetron sputtering. The effects of
N,/O, partial pressures during the preparation process on the microstructure, crystallinity, chemical bonding,
electrical conductivity and electrochemical energy storage performance of MoON thin film electrodes were studied.
The results reveal that when the flow rate (scem) ratio of Ar/N,/O, is 240: 50: 10, the MoON thin-film electrode
exhibits the optimal energy storage performance. In a 1 mol/LL Na,SO, solution, its capacitance per unit area
increases from 134 mF/cmz(pure MoN thin-film electrode) to 211 mF/em?, with an increase of 57.5%. Moreover, it
has excellent cycle stability with no capacitance retention decay after 10000 charge and discharge cycles.
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FUBIBFSE 875 T TMNs VE R L BOPDRHIYE . G0, 1998 4F, Liu 2 WARkIE T R b2 S AR
(CVD) 7 il £ 1) Mo,N F1 MoN J# B AR A1 K}, BFFE 7R, y-Mo,N 7E 1 mol/L H,SO,, HL A i H (1) Eb L 25 m]
K172 Flg, HACRES S 548 RuO, 124, R Z MR 5t 42 I8 SR Ak 9 5 1T mT BE 9 0 FH AT
SR, S S o ARSI, MoN Zbt A S By FH I — A SR B PR - HAAS B i Ak 2R R e 7 11 (]38
AT RIS TLZ50.6 V), AR T RuO,(24 1.2 V), 30k HZH 55 i 0 i 25 2 B (14 i 2 25 3 i
%, BRI T HAE S R MR B A T A . A T 2R FF TMNs 234 k22 R BE, IF9E & M
MAEMA R Sl TEEZ i T TR . R8T 285 T, Shah 26158 13 A8 [A] i 98 44 [ MoCl, %,
Mo(NMe,), ] 52N A B T )5 y-Mo,N FI7S )5 8,-MoN.  Hirfr, 3l 3o B S 0 e T B A 5458 500 “CiE k.
3519 6,-MoN, FAE0. 5 mol/L K,SO,HLf#IK . 2 mV/s FAEHR T, FLHL A1k 275 Flg. {BAE R HR
TR R, R R R R T SR — MR RIFR , Wen 2512 SR K A AL 2
PRI E T MoN/EAB LA 880 i S A ph kL. M BHEA HLHL AR [ 1 mol/L LiPF /AR £ GTe (EC)/ik
2 W5 (DEC) JrP H B 28 55 15 422 Flg (R B 0. 05 Alg) , ELIBFR 900 YT 25 H 3 4758 80% , Ji&
BT B A RMA . Ak, T 2B H06 TMNs WA 454 S50 HAT D@ PERZ I . Chen &1 R 4
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REE M—O—N(M: &J8) 86, BEmibasimiaetE. EHl& T2, i HAR B H R
PR R TOF 25 70 F AR R DG B AR, 3 A A N AR (NL/O/ Ar) L3I T SR [ B O Mk 54k
NG . DLAh, BERS RS AR T 25 () SR R e LB S S M L AR N ) s R ES
A R T AR ARG AR e P . SR, T B AR (SU& R H) RUiR, ke Tl s
R, fo KRR R THATN B 2 2,
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I R 7 F R R B L T T LS
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JC/K CRERINER, 3Hral, =255 F k228500 BRA w5 4H (Mo) $EAISE (Cr) I, 46 99. 9%, {#M
W& TR R A FRA F 5 fE A (FL B2 0. 001~0. 005 Q-em) , Wil 7 faHFA AR 2N, . A
S0, RS (Ar), 2113 99. 999% , H GUARF AR A FRA F

BY 100 R @45 S PE BRI, 1L T I FE A A R A 5 FEI Nova 430 BV HL 7 B 58 (SEM) , 22 [
FEI/AT]; D8 Advance Y X ST (XRD) , 72 Bruker /A1l 5 Escalab 250 Xi % X S8 6HL T RETE (X
(XPS), EEFEBR KRB ABRA R ; CHI 760E #YHL A2 TR, F IR A A .
1.2 LEfE
1.2.1  MoN # MoON # & A% 6 % & SR RGNS 38 REALZE T R RE AT IR TR AR MR . 1%
VAT A IS AL B, AR VR B4 THR L Ve (I L JG/K L BE I 2588 FoKAH75 10 min) , FF R4 &R T,
B e A RO, EAT Av S5 B AR Z 0 (UK 1 Pa, fi/E-800 V, IHA] 10 min), LAZ< B TH {5 YL
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Y. FEDURR AR, (= 2 N, 0 O, 1 R SO SR, A SAE I A, O 5 1 D seem (1 scem=
1X10° L/min) F 2 A F R AT . 0 7RO AEEZE & 47, SR Cr B 7E ] IS T 300~400 nm JEL ()
CrN b P 2, BiiJ5 R Mo #EiE4T MoN 5% MoON J AR A TTAL . MoN F RSl 25 B Ar/N, AR 5t H 43 51K
60:60, 120:60, 180:60, 240:60, 300:60, XL FE L 435 1C A M1, M2, M3, M4 FIM5. MoON i 7
B3 S E Ar/N,JO, SR I HE A 240:60: 0, 240:55:5, 240:50: 10, 240:45:15, 240:40:20 K 7T
L, XEREE SR iE S M4, M6, M7, M8 £l MO.

122 e RN R A TR 7RSI T 3 T i AL BB, 7E 1 mol/L Na,SO, %
Wb, 435 MoN 5% MoON i P44 8 TAEHA , Ag/AgCl MHruE B, Pty XTI, SEATHRERIR 2
(CV) . TEAF A (GCD) AL AE~A BB (EIS) M. CV #5535 [l 10~500 mV /s, f8 HL I 78 i L HL
UL BE R 0. 5~8. 0 mA/em?, EIS R7ETF ¥ B A7 N U647, 3835 I 0. 01 Hz~100 kHz, TR H L2
(C,, mF/em? )i N5

C. = (IA1)/(SAU) (1)
o I(mA) B LR Ae(s) AEIHE] ; AUV ) NHLERE 15 S(em?) y TARE R A2 1aFH .

2 #FHR5iE

2.1 N,5[EXT MoN & RERI U 45 # B B2 M

21, BUFIE 2505 s TR N, 53 T il 45 11 Mo JH IR ) S AR 2 50RO 2544 . 1
B LA, T DURRAS MoN B R TH 4 5345 2 . Jo AR . B N, o3 FEREAR (AN, LU BIRE R, A
FATES AT R ARCAR (A/N, I 5 FE 601 60) 2 81 A8 S — B HEIR (AN, Jii it tE 180:60) , I 2 ILHi A
ZALFHELE 1(A)~(C) 1. #RIATER B, AEAH RIS B BT, MoN J8ERBE A% JEE R B N, <040 R A R A1 if
BRI 2(A)~(E) ], JEETET Ar S50 R ER mg i 1 55 2R Ar 0 r R B, TR 8 Pl 2
K, TR SRR S AR NN . BEAh, PR o EARAE A, SRR BE N, 53 R BRI 41
b, TR R LIS 22 . X FIHDRE 2L 45 A0 A ) 1 55 85 B0 2 TS PR AR AN AL e, AT HG s HLA

Table 1 Deposition parameters of MoN

Sample  Bias voltage/V Temperature/ C Working pressure/Pa Target current/A Time/min Ar/N, flow rate ratio
M1 100 300 0.8 5 60 60:60
M2 100 300 0.8 5 60 120:60
M3 100 300 0.8 5 60 180:60
M4 100 300 0.8 5 60 240:60
M5 100 300 0.8 5 60 300:60

- 250.nin

Fig.1 SEM images(surface) of MoN thin film under different N> partial pressures
Ar/N, flow rate ratio: (A) 60:60; (B) 120:60; (C) 180:60; (D) 240:60; (E) 300: 60.

Chem. J. Chinese Universities, 2025, 46(12), 20250220 20250220(90/96)



. P4 s Hg g R

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

Fig.2 SEM images(cross-section) of MoN thin film under different N2 partial pressures
Ar/N, flow rate ratio: (A) 60:60; (B) 120:60; (C) 180:60; (D) 240:60; (E) 300: 60.
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Fig.3 XRD patterns(A) and resistivity(B) of MoN films prepared under different N, partial pressures

2.2 NS4 EXT MoN &R R A AL B L AR A M

FL4CA)FI(B) 4345 H T RTINS0 FE A5 T MoN B A RHEF 5 1850 100 mV/s B CV 2R
LT EE M 1.0 mA/em?1) GCD 2k . BB AT, 7E 1 mol/L Na,SO, HLfF Bl , A Al iy CV ety
SIEHETE , GCD X EXFR =ML, FRUILLE P M b RE LT IR 245 h 32, Hizfitise
HLIFIAS DR N, 53 e i A8 Ak = 2B g 2 sg ) . ARHE X (D) TS L % R 1. 0 mA/em?B ) THIFR EE L
2. EAC) IR, B NS00 R B RAR , MoN 8 AR F B A T B LL F 25 S 238 KR s/ N i 34 . 24
Ar/N, it 1 2R 6060 (18 N, 40 FRD B, HEHL 2508 56 mF/em?, B N, S50 FEREAIR 2 Av/N, it 5t LU oy
240:60 B, HLHLZSIREIE(E, 2978 134 mF/em?, HE—2PFEAKN, 50 2 Av/N, i i LR 300: 60 B, LU HL
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Fig. 4 Cyclic voltammetry(CV)(A), galvanostatic charge-discharge(GCD)(B) of MoN electrode materials at
scan rate of 100 mV/s and current density of 1. 0 mA/cm? and corresponded capacitance with different
N, partial pressures(C), CV(D) and GCD curves(E) of the M4 electrode at scan rate of 10—500 mV/s,
current density of 0. 5—8. 0 mA/cm?, the relationship between the specific capacitance value of MoN

electrode materials and current density(F)

SEMZ5RPIR , B N, 53 HA AR i MoN HL AR AA 62 TR A0 £h [T SR J0R i) — W B R A% AR, RIEHATR b
AL PSRRI £, A5 R R R R 114 b T RRURITYG T A7 o S AR T, 0 e A VA5 ) O /5
B, AT HL 28 KR4 T 5 (2) XRD SR B ZE R, N, JEFR AR T 30 N 25 (v 38 im . HRLBEL R A
34,0 pQ-em 2RI FFEZE 2.0 wQ-em. BFAFHERE T o FAE AR N R DLk 56 RS , AR
TORCHEL 2 LA A RO . R N R R (AN, Tt FE A 300:60) , FUHEZR(ELZ T AL T T R, HAR
TRAE T Rt B 25U A . FLIE PR AU T 800 T i AR kAR, Lk o i 3=
TG 78 0 R, de 2 DR 7/ 1A i 2 B S50 2 T RERAIR

o T 2T HERE S 0 M4 (AN E LR 2400 60) AR M RBH 254 HRE , STEET T 2480
HL AL RAE . K 4(D)~(F) 4351 3% B AR 7E 10~500 mV/s 394 8 230 [l N 19 CV 126 . 0. 5~8. 0 mA/em?
FEL A %% S 1B PN 119 GCD 28 DA RO [ L e 4 5 T B TR AR EL FRL S . 7 1T mol/L Na,SO, FELFBIR T, 2 HL I
B0, 5 mA/em?A, B LA 1A 153 mF/em?.

ZEANTR] N, A1 il 5 Y Mo J IS FEL AR AR M REXT EL , 24 Aw/N, 37t 2 b 240: 60 Bf, MoN
WA e RO ORZE A AR A2 A PERE . T I, TSR AE b S EA M N Uk T HA B B 4R 2 i F R )
Tl 4%, IR 0, ST ROZEAL | A | b S AR RE A LA, AR ELA FefE
e RN =
23 0,55 EXF MoON SRR £5 ¥ B 221

2. BISHE 64357 T AR 0,53 5T il 25 9 MoON T8I (14 B AR 2 550R 2 T /4B TRT OV 25 7
BIS /R T HABEE O f & 1) MoON IR LS . 25 RKH, 0 LRSI AR E SR T M 2 m
TESR, th =B HER A Sy AR A ORI . [RIE, SR ARG T, AR B B BRI, DA
(AR TETE S0 (&1 6) FTAT, O JG F X B A K R i R B 8, AN O F i i IR BE X 76 3. 0~
3.5 pm B . EBAR 0,50 H (A1 Ar/N/O, i i 1 240:55:5) F , dRbi R pA AR ARRAE , (H25 0,
AT RS R (AN Ar/NL/O, 3 2 1 24050 10) B, HRtR b A KAHIETE 2%, FLEABAA ) 2L A5 2815 5
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Table 2 Deposition parameters of MoON with gradient O content

Sample Bias voltage/V Temperature/ C Working pressure/Pa Target current/A Time/min Ar/N, flow rate ratio
M4 100 300 0.8 5 120 240:60:0
M6 100 300 0.8 5 120 240:55:5
M7 100 300 0.8 5 120 240:50:10
M8 100 300 0.8 5 120 240:45:15
M9 100 300 0.8 5 120 240:40:20

Fig. 5 SEM images(surface) of MoON thin film under different O, partial pressures
Ar/N,/0, flow rate ratio: (A) 240:60:0; (B) 240:55:5; (C) 240:50: 10; (D) 240:45:15; (E) 240:40:20.
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Fig. 6 SEM images(cross-section) of MoON thin film under different O, partial pressures
Ar/N,/0, flow rate ratio: (A) 240:60:0; (B) 240:55:5; (C) 240:50: 10; (D) 240:45: 15; (E) 240:40:20.

% . SEMWZEESFAEN] T O TR B ASRZITH T AR ) 2R 4, R BE 19 O Jit -t 1] T 0 SR 7
Rl AL, BERS T Al A A I ] A A (XS0 A B 28 4 A VRIS R B AR i ) DG B R ), 3
FER SRR G, DR, =R HE 00 A R A0 S BT 14 5 (g 1) A= =, AT J B /) . T 2R g At
RLARF

P 775 H T MoN J AN [ 48, & fiF MoON B (14 XRD 3% [ F1 i B 20 W4 50 . I 7(A) AT L, 5
45 Ak FLUE B MoN M HL , 488 A 5 B AIR T MoON S 58 i 45 M | 7E 441K 0,350 HE (Av/N/O, 3t it LE
240:55:5)F , MoON (111) ity T A7 5 WA ol 1o o ) 5 AR . 3O/ P T390 O st U T MoN A i N
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Fig.7 XRD patterns(A) and resistivity(B) of MoON films prepared under different O, partial pressures
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T 5 | RO AS ] /55 # AR RS . B % i — B34 (Ar/NY/O, it it 11 240:45:15) , @42 XRD 276
AN B B S ) B S0, R C S B AR ARG . A, O B4R A S SR Ha BH A SR
B 7(B)T, M MoN Y2 wQ+em FFE 2 MoON [ 6x10°~7x10° wQ+cm, MR T 243 MBS . HFHAR
T PARARS i RE T4 - (0O X B (N) IR RS LT SR A HE Bk, DAITTRICZE T MoN Y HL 45
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A A CV AR R A , GCD fIZe 4 X PR =B, RBIHARRETT AT OB HL 2 HL 25
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Fig.8 CV curves(A), GCD curves(B) and specific capacitance values(C) of MoN and MoON electrode materials

under different O, partial pressures at scan rate of 100 mV/s, current density of 1. 0 mA/cm*
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JUEERHAS B . bR, e R LRI N T OOV R, (BB T AR A R i SR AR, Had R
AR SEFRR S T AR T AR Z L. BN, 7E 1 mol/L Na,SO, HHEHL#I 1, MoON Hi
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Fig. 9 CV curves(scan rate: 10—100 mV/s)(A), GCD curves(B) and specific capacitance values(C) at
different current densities, cycling stability(D) of the M7 sample
(D) The inset shows the GCD curves from the 10000th to 10005th cycles.
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