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1. Transmission electron microscopy:
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Figure S1. Transmission electron micrographs of ZnO nTPs and nanocrystals obtained for various
He gas flows (a) 75 scem, (b) 150 scem and (c) 225 scem for fixed 40 W RF power with inset of
SAED pattern.



2. Optical properties
According to Tauc et. al,!? absorption coefficient “«” of a material can be related to applied
photon energy “AV” in the form of equation 1, assuming the variation of o> 10* cm™!
ahv=A(hv-Eg)" (1)

where A is a constant and also called as band tailing parameter3, Eg is the bandgap and r
represents the nature of the optical transition of the material. The latter can take values of
%, 2, 3/2 and 3 corresponding to allowed direct, allowed indirect, forbidden direct and
forbidden indirect transitions respectively.?

The absorption coefficient (&) can be estimated using equation 2 (considering the scattering

and reflection are negligible),

1 -1
a=—InT (cm™ ")
d )

where 7' is the measured light transmitted through a sample thickness d, i.e. path length, of

the quartz cuvette used during measurement for various incident wavelengths.
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Figure S2. Optical transmittance of ZnO nTPs and nanoparticles for different gas flows: (a) light
transmittance with corresponding Tauc’s plots in the inset; whereas (b) variation of estimated

bandgap observed for different He gas flows respectively.
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Figure S3. Plots showing (a) discontinuity at the band edge and (b) nature of transition

obtained from light absorption for different wavelength from ZnO nTPs and nanoparticle

obtained for different applied RF power.

The bandgap can be determined from a reported method? and equation 1 can re-writing as,
dln (ahv) T
d(hv)  (hv-Eg) (3)
In (ahv) =1n (4) + rIn (hv - Eg) @)

Equation 3, plotted as a function of &, presents a discontinuity when the energy matches the

bandgap (figure S3a). In this case the discontinuity occurs at 3.3 eV. Furthermore, the nature of
the transition in terms of » can be determined by plotting /n(ahv) vs In(hv — Eg) (figure S3b) and
by fitting the linear part reveals closest possible nature of transition; in this case this gives a value
of r=0.49, a close approximation that corresponds to a direct band transition (r = '%).

We can now corroborate this finding by using the nature of the transition in a standard Tauc
plot. We therefore use » = 0.5 to produce a Tauc plot (inset of figure 9a and S2a), which
yields a bandgap of 3.26 eV (close to that of 3.3 eV previously determined).
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Figure S4 (a-c) Deconvoluted photoluminescence characteristics of ZnO NPs, whereas (d)

variation of excitonic peak position for different He gas flows.

Table S1. List of photo emission peaks obtained from PL spectra at different He gas flows.

Interband
He gas emission, Defect emission, nm(eV)
Slows nm(eV)
(scem) Ex v b g y r
75 387.99(3.20) | 404.49(3.07) | 429.22(2.89) | 490.33(2.53) - 707.97(1.75)
150 387.8(3.20) | 404.71(3.06) | 436.65(2.84) 704.11(1.76)
225 382.5(3.24) | 401.67(3.09) | 413.98(3.00) | 543.6(2.28) | 609.74(2.03) | 706.44(1.76)




Table S2. Compilation of different emission bands and defect levels identified in PL of ZnO

nanostructures and nanoparticles reported in literature.

Ref. | Inter-band Zinc
emission or Near- deficient
band emission, or | Zn vacancy,
Free exciton (Vo)
combination (Ex) violet

4 380 - 390 nm 400 - 407 nm

s 370-390 nm ~413 nm, 3 eV

6 ~381 nm (3.26 V)

7 ~380 nm

8 384-391 nm

o ~380 nm

10 ~390 nm

1 ~379nm

12 ~385 nm ~403 nm

13 369-374 nm

Zinc rich

Oxygen deficient

Zn interstitial, Oxygen Vacancy,
(Zny) Vo)
blue green yellow
432 - 437 nm 498-501 nm, 562 - 566 nm
~421 nm
~577 nm (Vo¥*)
~520 nm
421 nm ~520 nm
(Ozn
~490 nm
~440 nm (interface
traps)
428 nm(Zn;), 450 495 nm 575 nm (Vo*)
nm(Zni") (Vo*),
~521 nm
(On)
~514 nm

(Vo)

Oxygen rich

Oxygen interstitial,
O)

orange red

~626 nm 640-650 nm
~640 nm

~600 nm

~580 nm

~535 nm



3. X-ray Photoelectron Spectroscopy (XPS):

X-ray photoelectron spectroscopy (XPS) measurements were performed using a Kratos
Axis Ultra DLD photoelectron spectrometer at = 10~ mbar base pressure. The survey and
high-resolution spectra were acquired in high vacuum using a monochromatic Al Ka X-ray
radiation at 15 kV and 10 mA with analyser pass energy of 20 eV. The XPS sample is
prepared by drop casting the colloidal samples on silicon substrates under ambient air at 60
°C. The acquired spectra are corrected for charge-shift using C 1s line at 284.6 eV.

The composition of the ZnO nTP crystal for 40 W, 110 sccm were analysed using XPS. Figure
S4(a) shows the core-level spectra of zinc (Zn 2p) presents narrow doublets at 1021.1 eV and
1044.1 eV. The peaks were deconvoluted using an asymmetric Lorentzian function reveals Zn(Il)
in zinc oxide component at 1021.3 eV (reported at 1021.7 eV!4) along with a minor component
contributing for Zn (0) metallic zinc at 1020.9 eV. This can be presence of interstitial zinc atoms
was also confirmed by XRD and photoluminescence emission. The broad O /s core-level (figure
S4(b)) was deconvoluted into two peaks. The first is at 529.7 eV, which is close to the reported
value of 530.21° and relates to lattice oxygen of zinc oxide. The second at 531.6 eV can be ascribed
to oxygen vacancies (reported at 531.416) or due to chemisorbed oxygen or hydroxyl or water

molecule usually observed at further higher binding energy around 532 eV'7.
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Figure S5. Core level spectra of (a) Zn 2p, and (b) O Is.
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Figure S6. TEM micrograph of ZnO calcined at different temperature (a) as prepared nTP ZnO
(b) 300 °C, (c) 500 °C and (d) 700 °C
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Figure S7. X-ray diffraction pattern of ZnO calcined at different temperature (a) as prepared
nTP ZnO (b) 300 °C, (c) 500 °C and (d) 700 °C
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Figure S8. Transmittance measured by uv-vis spectroscopy of calcined ZnO at different
temperature (a) as prepared nTP ZnO (b) 300 °C, (c) 500 °C and (d) 700 °C
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Figure S9. Variation of bandgap as calculated by Tauc plot for different calcination temperature.
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Figure S10. Photoluminescence emission spectra at 330 nm excitation of colloidal ZnO particle
in ethanol (a) as prepared nTP ZnO (b) 300 °C, (c) 500 °C and (d) 700 °C
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Figure S11. Survey scan spectra of ZnO nanoparticles on Si substrate for various calcination
temperature (a) as prepared nTP ZnO (b) 300 °C, (c¢) 500 °C and (d) 700 °C
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Figure S12. O 1s spectra of ZnO nanoparticles for various calcination temperature (a) as
prepared nTP ZnO (b) 300 °C, (c) 500 °C and (d) 700 °C.



5. Comparison with other plasma processes:

Table S3. Compilation of different plasma synthesis of nanoscale ZnO morphologies including their process parameter reported in

literature.

Reference
This work

18

20

21
22

23

24,25
26
27
28
29
30

31

32

33

Plasma Setup

Microplasma

DC carbon arc
Plasma

Thermal plasma
CVD

Microwave plasma

Plasma enhanced
CVD

Plasma assisted
MBE

Plasma pyrolysis

Solution plasma
process
DC plasma jet

Soft jet plasma
RF thermal plasma
DC thermal plasma

DC thermal plasma
reactor
Atmospheric
pressure glow
discharge

Solution precursor
plasma spray

Spray atomisation-
assisted inductively
coupled plasma

Operating Pressure
760 Torr (Ambient)

10 - 760 Torr
130 Torr

~4 Torr
0.37-0.75 Torr

~0.7 uTorr

~760 Torr
(Atmospheric)
~760 Torr
(Atmospheric)
~760 Torr
(Atmospheric)
~760 Torr
(Atmospheric)
~760 Torr
(Atmospheric)
~760 Torr (Ambient)

~760 Torr (ambient)

~760 Torr (Ambient)

Plasma Source/Parameter
13.56 MHz Radio Frequency,
30-50W
DC power, 10 - 200A
13.56 MHz Radio Frequency

2.45 MHz Microwave, 400W
Radio Frequency, 20W

13.56 MHz Radio Frequency,

High frequency electric
Pulsed DC, 450 V, 12 kHz

DC power, 7.5 kW

HV-AC power

Radio Frequency, 30 kW, 4
MHz

DC power, 70 kW

DC power, 200 - 400 A
13.56 MHz Radio Frequency,

Arc current 600 A, 31.2 or 34.4
kW

13.56 MHz Radio frequency

Gas
He
Air
Ar and O2
H2, Ar, O2
Ar and O2
02
Air

CO2, Ar, and O2
Air

Ar, N2

Air, Ar, and N2
Ar and O2

He

Ar, H2

Ar, 02

Precursor

Zn wire
Zn ingot
Zn solid

Zn powder

Organometallic Zinc
Zn metal

Zn salts

Zn salts

Zn powder

Zn salts

Zn, ZnO powder
Zn powder

Zn powder

Organometallic Zinc

Organometallic Zinc

Zn salt

Morphology/Size

Nanotetrapods, Nanoparticles
Nanoparticles, ~84 nm
Nanocrystalline film

Nanotubes, Nanowires, Nanocables

1D-Nano-assemblies
Nanotubes array

Nanoparticles, ~20 nm

Nanospheres, ~17 nm
Nanoparticles, Nanotetrapods (Rod
diameter = 20 ~100 nm)
Nanomaterials

Nanorods, ~50 nm

Nanorods, D~30 nm, L~100-200 nm

Nanowires and Nanorods

Nanocrystals, 4-15 nm

Nanostructure film

Nanoparticles, 17 - 26 nm



6. Additional electron microscopy images:

Figure S13. High magnification electron micrograph obtained using TEM for different He gas
flows (a) 75 sccm, (b-d)110 sccm and (e)150 sccm at constant 40 W applied RF power.
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