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1. Introduction:

Room temperature ferromagnetism (RTFM) in oxide based materials due to the action of certain structural
and electronic defects such as cationic vacancies [1] and oxygen vacancies [2] is an important field of
research. This is classified as “defect ferromagnetism” in the field of magnetism [3]. It is being
recognized as an intriguing new area of magnetism where the ferromagnetism does not originate in parent
materials but is generated by certain defects [4] that affect the electronic and magnetic properties at room
temperature. The materials are expected to have applications in the field of spintronics if the role of
defects can be understood and controlled finely. For this purpose ZnO is a promising material due to its
multiferroic behavior. In this study one-dimensional (1-D) nanostructures [5, 6] of ZnO will be prepared
and doped with non-magnetic dopants such as carbon and characterized for their structural, optical,
electronic and magnetic properties.

During the last decades nanomaterials have received a lot of attention due to their high surface to
volume ratio, quantum confinement effects and high surface energies which have opened up possibilities
of exciting breakthroughs in science and technology [7]. Size and dimension play a vital role in
determining material properties at the nanoscale. The study of low-dimensional systems (i.e. with
characteristic dimensions of 1-100 nm) has become one of the most important and exciting fields of
physics [7, 8]. Quantum confinement [8] in low dimensional semiconductors has led to exciting new
properties, resulting from dramatic changes in the density of states. If the motion of electrons is confined
predominantly in one dimension, the nanostructure is considered to be one dimensional (1D) for example
nanobelts, nanorods and nanowires [9, 10]

Zinc oxide (ZnO) belongs to the II-VI group in the periodic table is a wide and direct band gap

semiconductor energy of ~3.34 eV at room temperature [11] with a high efficiency of UV emission. ZnO is a
compound semiconductor whose ionicity resides at the borderline between covalent and ionic semiconductor
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[12]. ZnO structures found in two structures, one is hexagonal wurtzite[13, 14] and other is cubic
Zincblende[15]. Wurtzite structure found common and most stable form due to surrounding conditions
although Zincblende structure is only stable when a cubic structure on a substrate. In both cases, the zinc and
oxide focuses are tetrahedral. Hexagonal and Zincblende polymorphs have no reversal symmetry. At ambient
conditions, the thermodynamically stable phase is wurtzite. The wurtzite structure has a hexagonal unit cell
with two lattice parameters, a and ¢, in the ratio of ¢/a=1.633. [12]. This material finds a host of applications
in widely used in production of blue, green and white LEDs and laser diodes. The advantage it has over
comparable materials e.g. GaN (another wide band gap semiconductor) is its large exciton binding energy
(~60 meV) more than twice the room temperature energy of 25meV[16, 17]. The transparency of ZnO in the
visible range is maintained even at very high carrier concentrations, making ZnO a promising material to be
used as a transparent conductor. ZnO is one of the most important materials used in material research for a
variety of applications such as electroluminescent devices, solar cells, optoelectronics, transparent electronics,
and spintronics devices. ZnO has a tendency to grow in interesting morphology not only due to different
surface energies but also due to surface polarity or chemical activity. Most of the group-1I-VI binary
compound semiconductors crystallize in either cubic zinc-blend or hexagonal wurtzite structure where each
anion is surrounded by four cations at the corners of a tetrahedron, and vice versa. The tetrahedral
coordination in ZnO results in a non-central symmetric structure and consequently piezoelectricity and
pyroelectricity [12]. ZnO has the type of bonding which is to great extent (Zn'>--O) ionic with the relating
radii of 0.074nm for Zn*" and 0.140nm for O ionic states[18].
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Fig.1S: SEM image of (a) pure silicon substrate, (b) 1-layer seeded Si, (c) 3-layers seeded Si,
and (d) 7-layers seeded Si.
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Fig.2S: XRD pattern of Zn;.,C,0 (0.00 = y < 0.10) nanorods (a) 20 shifting of (100),
(002), and (101) planes at ordinary intensity for entire series of samples, (b)
variation of unit cell volume against C content.
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Fig.3S: Low resolution (i.e. at 50um scale) SEM images of (a) pure, (b) 2%, (c) 4%, (d) 6%,
(e) 8%, and (f) 10% C doped ZnO nanorods samples on seeded Si substrate.
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Fig.4S: Low resolution XPS Survey spectra of a series Zn;,C,0 (0.00 < y < 0.10) nanorods on
seeded Si substrate.



35| (a) o
3.0 / \
[ve] N [
_m 2.5 /
—
3 :
2.0
—_ o !
e \ '
1.5 ’ ‘. .
J/ \ /
1.0 /) " .
o o-._J/
0.5 ®
0.00 0.02 0.04 0.06 0.08 0.10
C concentration (%)
I 1 ' | ' I ' 1 : 1
3.35 - -
4 (b) _____———"I
3.30 |
—
> J
D 325 ]
g J
5 3204 -
8 | WP
Q 3154 -
fu l
B 3.10- —
n_ J
5 3.05 - -
u -
3.00 i
2.95 ' T l T 'I T [ T l T 'l
0.00 0.02 0.04 0.06 0.08 0.10

C concentration(y)

Fig. 5S. (a) Ratio of variation in PL intensity versus C percentage (b) FX peaks position
as a function of C concentration for the series of Zn;.,C,0O (0.00<y<0.10)
nanorods.



Table-1S: d-values, Lattice parameters and crystallite sizes of series of Zn;.,C,0 (0.00<y<0.10)

72 D N N . Unit
= _ - = Lattice | Crystallite
z = 2 &lduw | deo | d Cell
.= @ @ ga | Aaoo) | Ao2) | Ac1o1) ] ¢
e o o 3 . . .. | Parameters Size
2 & 2@ Aa) @ 0 Volume
e (A") (nm)
(AY°
(100) | (002) | (101)
a=3.268
y=0.00 | 31.51 | 34.26 | 36.05 | 2.830 | 2.614 | 2.488 | b=3.268 38 48.35
c=5.228
a=3.252
y=0.02 | 31.73 | 34.55 | 36.23 | 2.816 | 2.593 | 2.476 | b=3.252 46 47.49
c=5.186
a=3.240
y=0.04 | 31.85 | 34.61 | 36.29 | 2.806 | 2.588 | 2.473 | b=3.240 34 47.05
c=5.176
a=3.246
y=0.06 | 31.79 | 34.49 | 36.29 | 2.811 | 2.597 | 2.473 | b=3.246 46 47.39
c=5.194
a=3.238
y=0.08 | 31.86 | 34.62 | 36.42 | 2.805 | 2.588 | 2.464 | b=3.238 26 47.00
c=5.176
a=3.242
y=0.10 | 31.82 | 34.58 | 36.34 | 2.808 | 2.591 | 2.469 | b=3.242 30 47.17

c=5.182




Table-2S: The wave numbers (cm™) of first and second ordered Raman spectra were measured

for entire series of Zn;,,C,0 (0.00< y < 0.10) nanorods samples.

Modes y=000 | y=002 | y=004 | y=006 | y=0.08 | y=0.10
E;on 436 436 436 436 436 436
Si 520 520 520 520 520 520

A«(LO) 579 579 579 - i -
TA+TO : : : 620 620 620
TA+LO 671 671 671 682 682 682
TA+LO 851 851 851 837 837 837
2o - 983 983 983 983 983
(multiphonons)

2L0 1140 1140 1140 1137 1137 1137




Table-3S: Peak positions of deconvoluted data of the broad band PL spectra of
Zn;.,C,0 (0.00<y<0.10) samples on seeded Si substrate.

Peaks
y=0.02 | y=0.02 | y=0.04 | y=0.06 | y=0.08 | y=0.10

(nm)
a 531 505 524 546 539 531
b 563 539 535 599 584 579
C 607 593 578 642 639 638
d 673 667 642 701 730 744
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