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SI-Raman: Tin (1V) oxide crystallizes in rutile tetragonal structure with point group D1 and space group
P4,/ mnm. Since, each unit cell of SnO. consists of two Sn atoms and four O atoms (Z = 2), there are total
of 18 (= 3n, n being the number of atoms per unit cell) branches for the vibrational modes in the first
Brillouin zone. On the basis of group theory, the irreducible representation for normal lattice vibrational
modes at I'(0,0,0) point of the Brillouin zone is [1]:

I'= T (Ag) + T (Azg) + T (Byg) + T (Bzg) +4 T (Ey) + 2 'T (Azy) + 2 ' (Byy)
S Ve ) T €3 §)

Among these 18 normal modes, 15 are optic modes and three modes are acoustic. One singly degenerate
Az, and three doubly degenerate Ey modes constitutes the IR active modes, the Raman active modes are
three singly degenerate modes Aig, B1g, B2g and the doubly degenerate mode Eg. The modes, the singly
degenerate Axg and both singly degenerate By, are silent modes. The remaining — one singly degenerate
Az, and one doubly degenerate Ey modes are acoustic. The Raman active modes consist of the vibrations
of O atoms with the Sn atoms at rest. The modes A1g, B1g and Bzg correspond to the vibrations in a plane
perpendicular to the c-axis whereas the mode Eg corresponds to vibrations in the direction of ¢ axis. Both
A1g and Bayg are related to the expansion and contraction of Sn-O bonds, where, Bzg is an asymmetric
vibrational mode involving the contraction of all the six Sn-O bonds, of the Sn octahedron, coordinately
at the same time, and for the symmetric vibrational mode A1y two Sn-O bonds contract and the other four
Sn-O bonds either contract or expand in opposite ways. The B1g mode corresponds to the rotation of the
whole octahedron of O atoms around the ¢ axis and Eg mode corresponds to the translation motion of
oxygen atoms in oxygen plane [2, 3]. Classically, only the Raman active modes Aiq (at ~ 638cm™), Byg
(at ~ 782 cm™), Eq (at ~ 476 cm™) and sometimes low intensity Big (at ~ 123cm™) are found in the Raman
spectrum of bulk SnO- crystals under backscattering geometry owing to the selection rule of 4 = 0, i.e.,
only the phonons near the Brillouin zone center of an infinite periodic crystal contribute to the Raman
scattering of incident photons; where, q is the wave-vector of the phonons satisfying the scattering
conditions:
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where, photons of energy E, = >

- and momentum hk_(; are incident on the sample, and are back-scattered
p

with energy E' = ZZIE’Z and momentum hk’; qis the wave-vector, and hv is the energy of the phonons, +/-
p
sign refer to the creation or annihilation of phonons during the scattering process such that Stokes' Raman
shift corresponds to the creation of phonons; and 7 is a reciprocal lattice vector [3]. However, when ' =0
selection rule breaks down such that the phonons around the zone centre also contributes to the Raman
spectra of nanocrystals, there occurs a wave-number shift with asymmetric broadening of the Raman active
modes Aig, B2g and Eg as compared to the bulk crystals, and in some cases, forbidden modes become
Raman active along with inclusion of some surface activated modes, which are otherwise absent in their
bulk counterpart. Except the inclusion of forbidden phonon modes in Raman spectra of the SnO:
nanocrystals, phonon dynamics of the wave number shift and the asymmetric broadening of the bulk
Raman modes in the nanocrystals are best governed by the phonon dispersion curves based on the phonon

confinement model [4].

SI-FTIR: Fig. 17 (main article) shows the FTIR spectra of the present SnixCoxO2 nanocrystals and table
S4 lists the observed bands. The most prominent band observed in the region of 460 — 650 cm™
corresponds to various Sn — O vibrations [5] of SnO> crystal structure. The band at 1384 cm™ is arising
from some impurity present in KBr used for dispersion of Sni1xCoxO2 nanocrystals for recording the
spectra, which is confirmed by the most intense band at 1384 cm™ in the FTIR spectrum of the KBr used,
as shown in the inset of fig. 17 (main article). The band at 2345 cm™ is assigned to asymmetric stretching
vibrations of CO, molecules. The broad absorption band at around 3405 cm™ and the relatively less broad
band at 1634 cm™ are assigned respectively to the asymmetric stretching vibrations of hydroxyl (-OH)
groups and bending vibrations of H-O-H groups of H2O molecules adsorbed on the surface of the
nanocrystals. Since, as the Co doping concentration increases, the size of nanocrystals decreases (as
evident from XRD and TEM) and hence the surface effects emerge, the increase in strength of -OH
vibrational band at around 3405 cm™ with doping indicates more presence of hydroxyl species covering
the surface of nanocrystals ensuring completion of bonds for surface oxygen [5]. The above-mentioned
bands in the spectral range of 1384 cm™ - 3405 cm™ are also present in the FTIR spectra of the host KBr
matrix (shown in inset of fig. 17) used for recording the spectra which suggests that these bands might be
originating because of a combination of the adsorption of the corresponding molecules on the surface of
the nanocrystals and their presence in the host KBr. It can be seen that with increase in Co doping
concentration, the width as well as the wave number position of the bands remain constant, such that Co
doping have no effect on these bands, asserting the above conclusion as well as the purity of Sn1xCoxO>
nanocrystals. The band at around 1100 cm™ might be due to Sn-OH vibrations [6]. The absence of any Co
— OH bonds in the spectrum is due to limitation of instrument which might be because of very low doping
concentration of cobalt in SnixCoxO> system. The presence of such hydroxyl species make the
nanocrystals to be easily dispersed in polar solvents and the dispersions are also stable such that they can
be used in many opto-electronic applications.

SI-UV-Visible:
Determination of optical band gap from Tauc’s plot: The optical band gap (Eg) of the present Sn1.xCoxO>
nanocrystals have been determined experimentally by Tauc's plot using eqn. (S2):

F(R)hv = B(hv — Eg)" oo i et e (S2)
where, F(R) is the Kubelka-Munk function as described in egn. (S3) and is proportional to the absorption
coefficient (a):
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hv is the incident photon energy, B is a constant and n = % 3 2 or 3 depending upon the nature of electronic

transition responsible for the absorption. For the determination of the optical band gap (Eg), (F(R)hv)'"
from eqn. (S2) is plotted as ordinate against the photon energy hv (in eV) as abscissa and the most linear
region of the obtained curve is extrapolated to F(R) = 0. The point where the extrapolated line cuts the x-
axis corresponding to F(R) = 0 yields the optical band gap of the semiconductor.

Determination of Urbach’s energy: The Urbach type absorption is represented by:

E

a(E) = agexp (E—> v een eee e e e e s (S4)

u
where, a(E) is the absorption coefficient of the material at incident photon energy E, o is a coefficient
which depends upon the material and Ey is the Urbach energy. Since, F(R), given by eqgn. (S3), is
proportional to a(E), egn. (S4) has been modified to egn. (S5) for the determination of the Urbach energy
of the present Sn1.xCoxO2 nanoparticles:

E
F(R) = oy exp (E—) cev eee ee vee e e een eee = (S5)
Hence,
E
In(F(R)) = In(ap) + G e e (S6)

u

In (F(R)) has been plotted as ordinate against the incident photon energy E as abscissa and the inverse of
the slope of the linear fitting of the most linear portion of the graph directly gives the Urbach energy E, of
the semiconductors.
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Table S1: Results from the Sn3d, O1s and Co2p core level X-ray photoemission spectroscopy (XPS) of
the Sn1xCox0O2 (x = 0.00, 0.02 and 0.04) nanocrystals.
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Table S2: Rietveld refinement parameters and important results of the Sni.xCoxO2 nanocrystals.
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Table S3: Observed modes in Raman spectra of the Sn1.xCoxO2 nanocrystals.

Mode Raman Shift
S/No. | Identification : 9 Mode Description
- (incm™)
asin fig. 10
01. Ay 633.32 — 631.84 (red shift) A classical first order Raman mode (I';*)
02. Big 188.28 — 182.16 (red shift) A classical first order Raman mode (I's*)
03. Bog 776.59 — 758.96 (red shift) A classical first order Raman mode (I'4*)
04. Eq 452.52 — 460.09 (blue shift) A classical first order Raman mode (*I's")
05. S1 249.59 — 243.60 (red shift) A Disorder Activated Raman Mode (°I's*(1) TO)
06. S2 267.33 — 260.89 (red shift) A Disorder Activated Raman Mode (*T's*(1) LO)
07. S3 316.87 — 299.68 (red shift) A Disorder Activated Raman Mode (°I's*(2) TO)
08. S4 332.95 — 317.55 (red shift) A Disorder Activated Raman Mode (*T's*(2) LO)
09. S5 359.29 — 355.90 (red shift) A Second_Orde_r Raman Mode correspolnding to
classical first order Raman mode 'I's

10. S6 606.27 — 603.10 (red shift) A Disorder Activated Raman Mode (°I's*(3) TO)
11. S7 715.07 — 723.19 (blue shift) A Disorder Activated Raman Mode (*I';” LO)

Table S4: Observed Bands in the FTIR spectra of the Sn1.xCoxO2 nanocrystals.

S/No. Wave nur_rllber Band Description
(incm™)
e - T -
0L 627.62 — 620.16 (red shift) Classically IR actlve_TO _F5 (:_%) (EE‘(3)) mode (SnO asymmetric
stretching vibrations in (xy0)-plane)

- - T -

02. 480.96 — 474.74 (red shift) Classically IR active TO_ I'; _(Azu) mode (Sr)O asymmetric
stretching vibrations along z-axis)

- - — -

03. 529.95 — 522.16 (red shift) Disorder actl\{ated IR 'T'4(2) (B1u(2)) _mode (Atomic
displacements along z axis)
04. ~ 1100 cm™ Sn-OH asymmetric stretching vibrations
05. ~ 1384 cm™ Impurities in host KBr
06. ~ 1634 cm™ Bending vibrations of surface adsorbed H-O-H group
07, ~ 345 o Asymmetric stretching vibrations of surface adsorbed CO;
molecules
08. ~ 3405 emt Asymmetric stretching vibrations of surface adsorbed hydroxyl
(-OH) group

Table S5: Band Gap, Hump energy and Urbach energy of the Sn1.xCoxO> nanocrystals.

Co Doping Band Gap (Es*") Band Gap (E4™") Urbach Energy (E.)
Concentration (x) (ineVv) (ineV) (ineVv)
0.000 3.69121 3.09632 0.25562
0.005 3.56065 2.8611 0.34344
0.020 3.53165 2.67604 0.39414
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Table S6: Room temperature PL peaks of the Sn1.xCoxO2 nanocrystals along with their possible origin.
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Fig. S1: Deconvoluted spectra of Sn3ds/2 for Coz.00 (X = 0.02) and Coa4.00 (X = 0.04) nanocrystals.
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Fig. S2: Size-strain plots of the Sn1.xCoxO2 nanocrystals to estimate the average crystallite size Ds.s and

average lattice strain Es.s.
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