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Defect Notation

Kroger-Vink notation is used to write simple equations to describe the formation of point defects and their

c
interaction. The necessary explanation of the notation Summary for, Sp.

S: Species
P: Position in the crystal
c: Charge relative to the perfect crystal
Charge notation:
e Positive: point (7)

e Negative: dash ()
e Neutral: x



Structural Information

Table S1: Rietveld analysis of pristine CuO, CuO-a, CuO-b and CuO-c samples.

Sample CuO CuO-a CuO-b CuO-c
Constituent phases CuO CuO CuO Cu CuO Cu
Space group C2/¢(15) C2/c(15) C2/¢c(15) Fm-3m(225) C2/¢c(15) Fm-3m(225)
a=4.6853 A a=4.6887 A a=4.6916 A a=4.6887 A
b=3.4240 A b=3.42 A b=3.4211A b=3.4221A
Unit cell a=3.6062 A a=3.6195 A
c=5.1317A c=5.1295 A c=5.1326 A c=5.1292 A
parameter
B =99.402° B =99515° B=99.471° B =99.456°
V =81.219 A3 V=81.121 A3 V =81.256 A3 V=46898A3 | V=81.181 A3 | V=47418 A3
R, =5.845 Reyp = 5.360 Ry =7.011 Rep = 6.464
R, =6.19956 R,=6.25719 R, = 6.6287 R, =6.77898
Rietveld factors
Ry, = 8.92747 R,, = 8.34275 Ry, =8.91337 R, =9.00301
GoF =2.33 GoF =2.42 GoF = 1.62 GoF = 1.94
Cu-O Bond length 1.95943 A 1.96091 A 1.96148 A 1.96018 A
Average Cu-O-Cu
104.017° 103.946° 103.942° 103.953°
Bond angle
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Fig. S1 Monoclinic C2/c structure of CuO NCs.

XPS analysis
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Fig. S2 High-resolution spectrum of the Zn auger peak for CuO-c NCs.

Elemental analysis




Fig. S3 EDX Spectra of (a) Pristine CuO (b) CuQO-a (c) CuO-b, and (d) CuO-c NCs.
Optical properties

Using electronegativity, the geometric mean of the electronegativity of the component atoms, the edges of

the conduction and valence bands of semiconductors were determined.

b
) =N s

Where N is the total number of elements in the compound, Xn is the electronegativity of specific element,
and v is the mole fraction'. The electronegativity of a specific element is the mean of the ionization potential

(TP) and atomic electron affinity (EA)*:

Table S2: Calculated values of IP, EA, and electronegativity for Cu and O atoms.

Ip EA Electronegativity, An
Elements ’
(eV) (V) (eV)
Cu 7.72 1.23 4.48
0] 13.62 1.46 7.54

Hence, the electronegativity of CuO NCs using equation S1:

Xewo 2[(448) (7585 =581

Magnetic properties

Magnetization (M) — Temperature (T) curves in zero field cooling (ZFC) mode were measured to further
investigate the materials' magnetic characteristics at low temperatures (Fig. S4). ZFC magnetization is a
metastable condition from a physical perspective, meaning that the relaxation time of the particle moment

is often larger than the magnetic measurement time scale?. For ZFC mode, the sample was cooled from 400



K to 5 K in the absence of any fields. Magnetization was monitored as temperatures rose from 5 K by
applying a small magnetic field of 100 Oe. ZFC curves display a peak-like feature (as shown by the orange
arrow in Fig. S4) at around 200, 110.02, 40.1, and 110.02 K for pristine CuO, CuO-a, CuO-b, and CuO-c,

respectively, after which the magnetic moments have gained enough thermal energy to flip randomly*.
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Fig. S4 Thermomagnetization (M-T) curves in ZFC mode

Thus, this peak temperature suggests an initiation of paramagnetism in the inner grains from the
antiferromagnetic ordering of the bulk Cu-O-Cu chain®. With increasing particle size, the peak in ZFC
becomes broader, which explains the broad nature of the pristine CuO peak noticed in ZFC curves®. A small
amount of negative magnetization is observed at the low-temperature ZFC curve for CuO-c, which can be
assigned to remnant magnetization present in the NCs that is not compensated by the 100 Oe field or the

trapping of a small negative field in the NCs.
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