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Table S1. Crystal structure parameters obtained from the Rietveld refinements of XRD patterns 

of the synthesized bare copper oxide (CuO), Orich-CuₓOyNz (Cu200), Nrich-CuₓOyNz (Cu250), 

and Curich-CuₓOyNz (Cu350) systems. 

Parame
ters

CuO
(Oxide)

Cu200
(Orich- CuₓOyNz)

Cu250
(Nrich- CuₓOyNz)

Cu350
(Curich- CuₓOyNz)

Phase 
(%)

CuO
100

CuO 
74.7

Cu3N 
18.2

Cu 
7.1

CuO 
33.7

Cu3N 
56.9 

Cu 
9.4

CuO 
61.6

Cu3N 
22.2

Cu 
16.2

Crystal 
structure

Monocli
nic

Mon
oclin

ic
Cubic FCC Mono

clinic Cubic FCC Mono
clinic Cubic FCC

Space 
group

C2/c
(#15-1)

C2/c
(#15
-1)

Pm-
3m 

(#221
-1)

Fm-
3m

C2/c
(#15-

1)

Pm-
3m 

(#221
-1)

Fm-
3m C2/c

(#15-
1)

Pm-
3m 

(#221-
1)

Fm-
3m

a (Å) 4.68 4.69 3.81 3.61 4.67 3.81 3.61 4.68 3.81 3.62

b (Å) 3.42 3.43 3.81 3.61 3.43 3.81 3.61 3.43 3.81 3.62
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c (Å) 5.13 5.14 3.81 3.61 5.13 3.81 3.61 5.14 3.81 3.62

α (°) 90.00 90.0
0 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

β (°) 99.41 99.0
7 90.00 90.00 99.32 90.00 90.00 99.09 90.00 90.00

γ (°) 90.00 90.0
0 90.00 90.00 90.00 90.00 90.00 90.00 90.00 90.00

Volume 
(Å3) 81.09 81.7

1 55.52 47.18 80.98 55.26 47.18 81.50 54.38 47.46

R-factor 3.9 2.9 4.2 3.9 2.3 4.63 3.6 2.8 4.6 3.7

RP 4.8 4.8 4.7 6.9 4.9 4.6 7.1 4.5 5.3 7.3

RWP 6.0 6.0 5.4 8.7 5.9 5.4 8.4 5.9 5.8 9.3

χ2 1.3 1.5 1.4 1.3 1.4 1.8 1.6 1.1 1.6 1.2

Cu-Cu 
bond 
length 

(Å)

- - - 3.62 - - - - - 3.62

Cu-Cu 
bond 

angle (°)
- - - 90.00 - - - - - 90.00

Cu-O 
bond 
length 

(Å)

1.95 1.98 - - 1.93 - - 1.94 - -

Cu-N 
bond 
length 

(Å)

- - 1.91 - - 1.92 - - 1.90 -

O-Cu-O 
bond 

angle (°)
95.59 96.3

2 - - 94.67 - - 95.78 - -

Cu-N-
Cu bond 
angle (°)

- - 90.00 - - 90.00 - - 90.00 -
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Table S2. Parameters obtained from the XPS analysis of the synthesized bare copper oxide 

(CuO), Orich-CuₓOyNz (Cu200), Nrich-CuₓOyNz (Cu250), and Curich-CuₓOyNz (Cu350) systems. 

Sample Binding energy 
of Cu 2p3/2 (eV)

FWHM 
(eV)

Area 
(CPS/eV)

Atomic % 
(at%)

Formula 
determined

CuO
CuO: 934.4

Cu2O: 933.0

3.15

2.08

202062

93335

3.42

1.58
CuO

Cu200

CuO: 934.6

Cu3N: 933.7

Cu: 932.7

3.75

2.03

1.16

284567

111091

45340

3.93

1.53

0.63

CuO4.57N0.09

Cu250

CuO: 934.8

Cu3N: 933.4

Cu: 932.6

3.16

2.30

1.09

135585

158181

20948

2.09

2.44

0.32

CuO4.07N0.38

Cu350

CuO: 935.2

Cu3N: 934.4

Cu: 932.1

3.46

1.72

2.06

228767

109368

312878

1.82

0.88

2.51

CuO0.55N0.03


