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Figure S1. XRD patterns of the synthesized pure and metal ion-doped ZnO nanomaterials.
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Figure S2. Full scan XPS spectra of the undoped and doped ZnO nanomaterials.
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Figure S3. XPS spectra of Zn2p in the synthesized undoped and doped ZnO nanomaterials.
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Figure S4. High resolution XPS spectra of O1s in the synthesized doped ZnO nanomaterials.
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Figure S5. Distribution of particle size determined using a granulometric method for the doped ZnO nanomaterials.
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Figure S6. MO photolysis under UV-A and visible light
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Figure S7. Plots of ln(C0/Ct) as a function of irradiation time under UV-A and visible light in the presence of undoped and doped ZnO nanomaterials. C0(MO) = 10-5 M, mphotocatalyst = 0.5 g L-1, pH = 4.






image1.tiff
Intensity (U.A)

99

99

66

33

99

66

33

6300
4200

2100

30 40 50 60 70

T T —10% Cu-ZnO

" 1 n
— 10% Ni-ZnO

1 .
—10% Co-ZnO

30 40 50 60 70
2 theta (")




image2.tiff
CPS (AU)

HL

400 000 —

350 000 |

300 000

250 000

200 000

150 000 |

100 000

50 000

04

Nats
Zn2p
Zn2p
ZnLMMc
o1s

Zn2s
NaKLL; ZnLMMa

OKLL

P
Cis
Zn3
O%%3a

——2Zn0

——10% Mn-ZnO
——10% Co-ZnO
——10% Cu-ZnO

§ —— 10% Ni-ZnO

1200

T T
400 200 0

Bending Energy (eV)




image3.tiff
CPS (AU)

CPS (AU) CPS (AU)

CPS (AU)

45000

30000

15000

42000

28000

14000

44000

33000

22000

11000

24800

18600

12400

6200

1010

1020

1030 1040

1050

1060

T
Zn p3/2

] T T
| ——10% Cu-ZnO ]

Zn2p,,

Binding Energy (eV)

]
= —— ZnOH
1 1 . 1 . 1 . 1 . 1
1010 1020 1030 1040 1050 1060





image4.tiff
(a)tsoou—

CPS

14000
i
12000 /@

10000 4

O1s: 10% Co-ZnO Ofs: Experimental data

16000 | —— Fiing specirum
29.4 eV: 1% ting spectrum
: : ——— Fitting spectrum
(2): 530 eV: 35.3% g
(3): 5313 v:83.7% / i ey

.

i

T T T T T |
527 528 529 530 531 532 533 634 635
BE (eV)




image5.tiff
(b)

CPS

16000 -

O1s: 10% Ni-ZnO —— Ofs: Experimental data
: Fitting spectrum

o | 52850V 2 | v

@) 5302 ev: 57.7% Bk
( 31.5 eV: 34.1% b — - Envelope

12000

10000 -

8000

6000

4000

T T T T T T
527 528 529 530 531 532 533 634
BE (eV)




image6.tiff
(C) 18000

CPS

|O1s: 10% Cu-ZnO Ofs: Experimental data
Fitting spectrum
1s000| (1) 5287 ev: 1.2% —— Fitling spectrum
(2): 530 V- 66.8% —— Fitting spectrum
. V-3 / - Background
1iopo | B 931.60V:32% (1 Sl
f A
i
12000
10000 -
8000 -|
y/
1
6000 - (/V
4000

T T T T T T 1
527 528 529 530 531 532 533 6534 535




image7.tiff
\

\\\

M\\\VV\W
\\W\\\\\\\\\\\\\\

ur
n
o
)




image8.tiff
MO degradation (%)

T T T T
100 150 200 250
Irradiation time (min)

T
300

T
350

1
400




image9.tiff
Zn0

10% Co-ZnO

10% Ni-ZnO

10% Cu-ZnO

Linear fit of ZnO
- Linear fit of 10% Co-ZnO
- Linear fit of 10% Ni-ZnO

Linear fit of 10% Cu-ZnO

T T T T T
60 80 100 140 160

Irradiation time (min)

-5 Visible

10% Co-ZnO

10% Ni-ZnO

10% Cu-ZnO
- Linear fit of ZnO
- Linear fit of 10% Co-ZnO
- Linear fit of 10% Ni-ZnO
- Linear fit of 10% Cu-ZnO

[
A

T T
40 60

Irradiation time (min)





