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Abstract:
Boron doped tin oxide nanocrystals with tetragonal symmetry (space group: P42/mnm) were prepared by
sol-gel route using three different polyhydroxy alcohols like starch, glycerol and poly vinyl alcohol (PVA).
Morphological and structural properties were studied for these samples by using scanning electron microscopy,
X-ray powder diffraction, Raman spectroscopy and Fourier transform infrared spectroscopy. The morphology
of the as-prepared SnO2 sample is dependent on the polyhydroxy alcohol used for preparation in sol-gel
method and is evident from scanning electron microscopy and X-ray powder diffraction line profile analysis.
Detailed characterization for the effects of lower particle dimensions has been explored and existence of
oxygen vacancies has been observed for all the samples. Paracrystalline disorder was observed in the SnO2
sample prepared in glycerol medium. Boron is present as interstitial BO4 and BO3 unit in crystal lattice. The
anti-bacterial efficacy of the boron doped SnO2 samples is dependent on the crystallite morphology.

Keywords: Antibacterial activity; Boron ion doped SnO2 nanoparticles; FTIR; Raman spectroscopy; X-ray powder
diffraction line profile analysis

1. Introduction

Semiconductor metal oxides (MSO) have kindled much
interest amongst the researchers during the last few years
due to their intriguing properties and applications in diverse
fields. These materials exhibit significant change in their
properties on going from the bulk to the nanocrystalline
form as well as upon doping with suitable metallic or non-
metallic elements. Amongst these semiconductor metal
oxides, tin oxide has caught huge attention in recent years
for their potential application in photocatalytic activity [1–
3], gas sensing [4–7], energy storage [8], optoelectronic
applications [9, 10], photovoltaic properties [11], lithium
ion batteries [12–15], electronic devices [16], thermoelec-
tric properties [17], magnetic properties [18, 19], biological
efficacy [2, 20] etc. to mention a few.
Under ambient condition the stable phase of tin oxide is

SnO2, possessing tetragonal rutile crystal structure and is an
n-type large band gap semiconductor with a high degree of
transparency in the visible range [21–23]. Several efficient
methods have been used to synthesize SnO2 nanoparticles
in pure form and also doped SnO2 nanoparticles to govern/-
modify its microstructural and physicochemical properties.
These methods include hydrothermal method [24], poly-
meric [25], organo-metallic precursor synthesis [26], son-
ication [27], microwave [28, 29], spray pyrolysis [30, 31],
sol-gel [32, 33] etc. Amongst these methods sol-gel method
has advantages over other method methods in terms of its
simplicity, low processing temperature, flexibility of form-
ing dense monoliths and nanoparticles. In a sol-gel method
the solution is transformed into an inorganic solid by disper-
sion of colloidal particles in a liquid (sol) and conversion
of sol into rigid phase (gel) by hydrolysis and condensation
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reaction. Generally this leads to synthesis of amorphous
precipitates followed by heat treatment for re-crystallization
and different microstructure.
Investigations on boron doped SnO2 both in microcrys-
talline and nanocrystalline forms are rare. There are few
research works on structural, electrical and optical proper-
ties of boron-doped SnO2 in powder form and thin films
[34–38]. Kumar and his co-researchers [35] have synthe-
sized boron-doped SnO2 nanoparticles in crystalline rutile
phase via wet chemical method. They have showed the
ability of these nanoparticles in photocatalytic hydrogen
generation by water splitting and degradation of different
dyes due to the defect and oxygen vacancies generated by
doping of boron atom. From first-principle calculation, Yu
et.al. [39] have studied structural and electronic properties
of SnO2 when doped with non-metallic elements including
boron. They have found slight lattice expansion and modifi-
cation in energy band gap upon doping with B. This results
in increase in the conductivity of SnO2 crystal. The effect of
structural, electrical and optical properties on boron content
in tin oxide thin films prepared by sol-gel dip coating on
glass substrate were investigated and found as suitable can-
didate for transparent conducting oxide (TCO) applications
[36]. By applying the density functional theory calculations,
Fillppatos et.al. [40] have made a comparative study and
examined the impact of B and In doping on the structural,
electrical and optical properties of SnO2. They have inves-
tigated the role of dopant in the interstitial/ substitutional
site on the modification of energy band gap and concluded
their usefulness in photocatalytic applications. However till
date the present authors have not encountered any scientific
article investigating the dependence of microstructural and
morphological characteristics of B-doped SnO2 by sol-gel
method and its influence on bacterial inhibition activities.
In this paper, we have intended to report the role of poly-
hydroxy alcohols on the microstructural features and poly-
crystalline disorder of boron doped SnO2 nano-materials
and hence the effects on their antimicrobial efficacy. A
comprehensive structural, microstructural and morpholog-
ical characterization have been done by employing Scan-
ning Electron Microscopy (SEM), X-ray Powder Diffrac-
tion (XRPD), Raman Spectroscopy, and Fourier Transform
Infrared Spectroscopy (FTIR). Further we have explored
the dependence of antimicrobial efficacy of B-doped SnO2
samples prepared in different polyhydroxy alcohols having
different microstructural features against two distinct kinds
of bacteria. In this work we have chosen E. Coli and E.
Aerogens, being Gram-negative bacteria, having thin lay-
ered peptidoglycan cell walls and hence appear red under
gram staining whereas another Staphylococcus Aureus, a
Gram-positive bacteria, has thick cell wall and shows violet
colour under gram staining.

2. Materials and methods

2.1 Sample preparation
Boron doped SnO2 was prepared by dissolving 1.140 gm
stannous chloride (SnCl2.2H2O, AR grade, Merck) in 50
mL dilute hydrochloric acid. Then 1:1 ammonium hydrox-
ide was added to it drop by drop until tin hydroxide precipi-

tates completely. The white precipitate was filtered through
Gooch crucible with sintered disc (G4) followed by washing
with warm distilled water. Then the precipitate of tin hy-
droxide was mixed with 0.251 g of boric acid (H3BO3, AR
grade, SRL). Then mixture of tin hydroxide and boric acid
was added to starch solution, which was prepared using 2 g
of starch (potato starch; extra pure, SDFCL) and 100 mL of
distilled water by boiling. The mixture was then stirred on
a magnetic stirrer for 3 hours at 80 ◦C until it was converted
from sol to gel. The gel was dried nearly to dryness. After
that, ignition of the dried mass was done by keeping it in
silica crucible and heated in a muffle furnace at 800 ◦C for
2 hours. The prepared material, hereafter, is referred to as
BTO1.
BTO2 and BTO3 are prepared by same procedure but using
glycerol (AR grade, Merck) solution (100 mL glycerol + 50
mL distilled water) and PVA (MW: 115000; Loba Chemie)
solution (2 g PVA in 100 mL distilled water) respectively
instead of starch.

2.2 Sample characterization
Field emission scanning electron microscopy (FESEM) im-
ages of the samples were recorded in M/s Carl Zeiss, Sigma
300 and the elemental distribution/mapping is revealed from
respective FESEM energy dispersive X-ray (EDX) spec-
trum. The X-ray powder diffraction patterns of the syn-
thesized boron doped SnO2 samples were taken at room
temperature in a X’Pert PRO Diffractometer (PW 3040/60,
PANanalytical) operating at 45 kV and 40 mA, using Ni
filtered CuKα radiation. Step scan with a step size of 0.02°
2θ and the counting time of 5 sec per step were recorded
within the 2θ range 20° - 120° for having good signal to
noise ratio. The instrumental profile was determined from
the diffraction pattern of Si standard [41], recorded with sim-
ilar slits system. Raman measurements were performed in
backscattering geometry using Lab RAM HR (JobinYvon)
spectrometer equipped with argon ion (Ar+) laser of wave-
length 488 nm. Raman scattering measurements for the
powder samples were performed at room temperature in
the range from 50 to 1000 cm−1. The Fourier transformed
infrared (FTIR) spectra of the samples were collected using
a IRAffinity-1S, Shimadzu, FTIR spectrophotometer in the
range (400 – 4000) cm−1 for all three of the samples.

2.3 Anti-microbial activity
Agar disc diffusion method ([20] and references there in)
was used to explore the antibacterial activities of the boron
doped tin oxide samples in vitro against two Gram-negative
bacteria Escherichia Coli (MCC2413), Enterobacter Aero-
gens (MCC3092) and one Gram-positive bacteria Staphylo-
coccus Aureus strains by NCCLS (National Committee for
Clinical Laboratory Standards, 1997, India). The nutrient
agar (Hi-Media Laboratories Limited, Mumbai, India), was
autoclaved at 121 ◦C at 1 atmosphere pressure for 15−20
minutes. The sterile-nutrient media was kept at 45 - 50 ◦C.
Then 100 µL of bacterial suspension containing 108 colony
forming units (CFU)/mL were mixed with sterile liquid nu-
trient agar and poured into the sterile petri dishes. Upon
solidification of the media, filter disc (5 mm diameter) was
individually soaked with concentration of 500 µg/mL of
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each compound and placed on the nutrient agar media plates.
The plates were incubated for 24 h at 37 ◦C. The diameter
of the zone of inhibition (including disc diameter of 5 mm)
was measured. Each experiment was performed in triplicate
to minimize errors and the mean values were accepted.

3. Results and discussion

3.1 EDX and FESEM study
Energy dispersive X-ray spectroscopy spectrum of the syn-
thesized doped BTO samples BTO1 and BTO3 are shown
in Fig. 1. Similar spectrum have been observed for BTO2
sample (not shown for brevity). EDX spectrum for all the
three B doped SnO2 confirmed the presence of the elements
Sn and O. For BTO1, the weight and atomic percentage of
Sn:O are 90.18:9.82 and 56.98:43.02, whereas for BTO3,
these ratios are 83.14:16.86 and 40.41:59.59 respectively.
However as evident from Fig. 1, the presence of boron could
not be established from the EDX spectrum. This might be
due to lower peak intensity for low production of X-rays
and large self-absorption for the lighter element boron.
The particle dimensions and morphologies are shown in
field emission electron microscopy images (in Fig. 2). From
Fig. 2 it appears that the particle morphologies for the sam-
ples BTO1 and BTO2 are isotropic i.e. almost spherical in
shape. However for the boron doped sample BTO3, par-
ticle morphologies are anisotropic in nature. Particle size
distributions for the three samples are shown in the inset.
The mean particle sizes thus obtained from the distribution
for BTO1 and BTO2 are 16 nm and 34 nm respectively,
whereas for BTO3, though anisotropic in nature, is around
49 nm.

3.2 X-ray powder diffraction analysis
The X-ray powder diffraction (XRPD) line profile can be
described as a convolution of ‘true’ specimen and the instru-
mental broadening. Mathematically, it can be expressed as
[42]

Yc(2θ) = [B∗ (IS ∗ IA)](2θ)+Bkg (1)

where the ‘true’ sample broadening function, represented
by B.IS and IA corresponds to the symmetric and anti-
symmetric part of the instrumental broadening function,

present in the incident beam for mainly the slit systems used.
The background function Bkg is modeled using polynomial
of degree 4 to take care of the fluctuation at the non-Bragg
positions [43]. The X-ray powder diffraction patterns in the
range 20 – 120° 2θ for three boron doped tin oxide samples
synthesized in different polyhydroxy alcohols are shown
the Fig. 3. The diffraction patterns in all cases show the
reflections of SnO2 with tetragonal symmetry having space
group P42/mnm (JCPDS file number 41-1445). No traces
of boron and/ or boron oxide could be identified from the
diffraction pattern and hence it can be concluded that the
dopant atom B has occupied interstitial/substitutional sites
in the tetragonal lattice of SnO2. However, small presence
of boron oxide as vitreous state cannot be completely ruled
out.
As a part of preliminary investigation, the individual reflec-
tions of each diffraction pattern were fitted with a pseudo-
Voigt function [44]. The peak position, intensity, FWHM
and pseudo-Voigt mixing parameter were held as refinable
parameters. The integral breadth β of each diffraction line
profile were calculated from the refined values of profile fit-
ting parameters. Fig. 4 shows the classical Williamson–Hall
plot (WH plot) of total integral breadth β ∗(= β cosθ/λ ) as
a function of d∗(= 2sinθ/λ ) for the all the specimen. From
the visual inspection of the extent of broadening in the WH
plot, it is clear that the sample BTO1, having larger broad-
ening, has the smallest coherent domain size amongst the
three, in contrast with the doped SnO2 sample BTO3. The
most significant finding from Fig. 4 is that although the pro-
gression of the profile broadening with the diffraction vector
is almost linear for samples BTO1 and BTO2, but β ∗ shows
scattered and global dependence on d∗ for BTO3. This
immediately reflects isotropic size-strain broadening for the
samples BTO1 and BTO2. The crystallite morphology is
anisotropic for the doped SnO2 sample BTO3 prepared in
PVA. Further the nature of linear variation of β ∗ vs d∗ for
BTO2 and BTO1 indicates that the microstructural broad-
ening is predominantly due to smaller isotropic crystallites.
To elucidate these different microstructural characteristics
a detail structural and microstructural analysis have been
done using modified Rietveld method for the three boron

Figure 1. EDX spectrum of BTO1 and BTO3 samples.
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Figure 2. The FESEM images of the synthesized SnO2 samples (a) BTO1 (b) BTO2 and (c) BTO3.

doped tin oxide samples.
The prerequisite for whole profile fitting Rietveld analysis
is to identify the phase and start with reasonably close val-
ues of cell parameters, atomic positions followed by choice
of microstructural model apt for the material concerned.
In modified Rietveld analysis the microstructural features
are also included as refinable parameters to evaluate the
profile shape parameters theoretically along with the other
adjustable structural parameters like unit cell parameters,
atomic positions etc. All these structural and microstruc-
tural refinement features have been incorporated in several
useful softwares. Here, one such software MAUD [42] has
been used as it also allows modeling the anisotropic mi-
crostructure by using the most amenable approach given
by Popa [45], where for different Laue classes, the aver-
age radii of the anisotropic crystallites along different (hkl)
directions are treated as convergent series of spherical har-
monics. In MAUD the whole diffraction pattern is fitted
simultaneously with pseudo-Voigt type profile shape func-
tion. Here a fourth order polynomial was considered to
account for the background diffraction patterns of BTO2

and BTO3, however a fifth order polynomial was chosen
to describe the relatively larger fluctuating background of
XRPD pattern for the sample BTO1. As obtained from pre-
liminary investigation, two different microstructural models
were assumed for the boron doped nanocrystalline tin ox-
ide samples, the isotropic size-strain model for BTO1 and
BTO2 but for BTO3 the size-strain model considered was
anisotropic following Popa rule. Refined values of structural
parameters, size-strain values and other microstructural fea-
tures as obtained from Rietveld analysis are presented in
Table 1. As also indicated from the individual line profile
analysis (WH plot), Rietveld analysis shows that BTO1 has
the smallest particle size of ∼ 12 nm and BTO2 has the
largest strain ∼ 17×10−4. For BTO3 it has been observed
that the fitted pattern represents the observed pattern more
closely when the anisotropic microstructural model was
taken. The standard deviations of different refined param-
eters, reliability parameters and hence the goodness-of-fit
(Gof) are lowered in comparison to that obtained by consid-
ering isotropic size-strain model as taken in case of BTO1
and BTO2. The size-strain values for BTO3 along differ-
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Figure 3. Rietveld fitted X-ray powder diffraction pattern
of the three boron doped tin oxide samples along with the
residuals.

ent (hkl) directions are given in Table 1. The microstrain
values of BTO3 samples are the lowest. Further to estimate
the presence of oxygen vacancies in these nanocrystalline
BTO samples, the occupancy of O atom was refined inde-
pendently. Amongst the three boron doped SnO2 samples
the occupancy became least for the smallest BTO1 and the
value refined to ∼ 0.92. For the other two samples the oc-
cupancy factor was refined to ∼ 0.97 from unity. Hence,
these nanocrystalline boron ion doped SnO2 samples have
oxygen deficiency which might have arisen due to surface
effect and also for the incorporation of boron (B3+) in the
lattice in place of the host cation (Sn4+).
It has been shown recently [46] that the lattice disorders in
nanocrystalline samples are paracrystalline in nature. The
nanoparticles are generally atomic clusters with different

Figure 4. Williamson-Hall plot of B doped SnO2 samples
revealing their different microstructural features.

sizes and different degree of disorder. In general there can
be slight changes of lattice parameter. In the present case
the refined values of the lattice parameter are slightly higher
than that of pristine SnO2. In order to investigate the nature
of lattice disorder present in the doped SnO2 samples it is
required to analyze at least three orders of a given hkl reflec-
tion. It has been shown by Hoseman [47] that a distinction
between the lattice disorder of first kind (viz. microstrain)
and lattice disorder of second kind (viz. paracrystallinity)
can be made by plotting the integral breadth as a function
of the order number n of the hkl reflection. If the β ∗ ver-
sus n plot is linear then microstrains are present. If on
the other hand the plot between β ∗ and n2 is linear then
paracrystalline distortion is present. The crystallite size
and the percentage paracrystalline disorder coefficient g are

Table 1. Structural and microstructural parameters obtained from the Rietveld analysis of X-ray powder diffraction pattern
for the synthesized BTO samples.

Sample BTO1 BTO2 BTO3
a: 4.7393(6) 4.7394(2) 4.7391(7)

Cell (Å)c: 3.1837(5) 3.1878(1) 3.1868(7)

Size (nm) 12(1) 24(1) 31(110), 30(101), 26(200),
35(211), 31(220), 30(310)

Strain (×104) 7.0(0.3) 17.2(0.3) 2.0(110), 1.3(101), 2.6(200),
1.3(211), 2.0(220), 2.4(310)

Ox 0.2981(11) 0.2992(6) 0.2972(6)
BisoSn 0.373(11) 0.160(13) 0.369(14)
Biso O 0.373 0.160 0.369

Ooccupancy 0.923(18) 0.972(8) 0.966(9)
Cell vol. (Å3) 71.509 71.603 71.573

(c/a) ratio 0.672 0.673 0.672
Rwp 6.637 5.630 5.937
Rb 5.158 4.443 4.415
Gof 1.440 1.200 1.345
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obtained from the following equation [47]

β =
1
D
+

(πgn)2

Dhkl
(2)

Fig. 5 shows the plot of between β ∗ and n2 for the 110
planes for BTO2 sample. It may be mentioned here that in
the present paper we have taken n = (h2 + k2+ l2)1/2. The
plot is linear in nature indicating the presence of paracrys-
talline disorder in BTO2 sample. The calculated value of
paracrystalline disorder along 110 is obtained to be 2%.
The corresponding microstrain for the BTO2 sample is only
0.1% as evident from Table 1. For other two samples the
slope the paracrystalline disorder is either absent or negli-
gible. It is thus clear that glycerol medium produces slight
paracrystalline disorder in the SnO2 samples at least in the
[110] direction. For the other two samples paracrystalline
disorder could not established conclusively due to uncer-
tainty of the profile parameters for the third order of the 110
reflection.

3.3 Raman and FTIR spectroscopy study
In the rutile structure of SnO2 having P42/mnm symmetry
group, there are two tin atoms and four oxygen atoms in
the unit cell. According to group theory, this six-atom
unit cell gives rise to a total of 18 vibrational modes
in the first Brillouin zone [48] which can be expressed
as Γ = A1g + A2g + B1g + B2g + Eg + 2A2u + 2B2u + 4Eu.
Amongst these phonon modes, A1g, B1g, B2g and Eg are
Raman active whereas A2u and Eu vibration modes are ac-
tive in the infrared region. The other modes A2g and B1u
are silent and remaining A2u and Eu modes are acoustic. In
Raman active modes, the oxygen atoms vibrate and the tin
atoms remain stationary. It has been reported that for SnO2
single crystal in tetragonal rutile structure the Raman modes
appear at 634 cm−1 (A1g), 123 cm−1 (B1g), 773 cm−1 (B2g)
and 473 cm−1 (Eg) [49]. The position of peaks of both
Raman and IR spectra also depends on particle size of SnO2
due to interaction of electromagnetic radiation with the
shape and state of aggregation dependent size of nanoparti-

Figure 5. Plot of integral breadth β ∗ with n2 for BTO2
sample for the 110 planes with linear fit.

cles. It has been reported that for SnO2 particle size of less
than 7 nm, appears in the region of 50−100 cm−1 belongs
to B1g mode of vibration [50], whereas classical vibration
modes Eg, A1g and B2g appear in the high frequency region
(450−775) cm−1, for large sized particles. Fig. 6 shows the
Raman spectra for the boron doped nanoparticles with dif-
ferent morphologies. The appearance of the phonon modes
at 629 cm−1, 771 cm−1 and 471 cm−1 corresponds to A1g,
B2g and Eg respectively whereas the Raman band in the
lower frequency region at 89 cm−1 is assigned as B1g mode
of vibration. Existence of these Raman bands ensures the
formation of tetragonal rutile structure of the doped SnO2
nanoparticles. Intensity of the Raman peaks decreases and
the peaks are also broadened with the reduction in particle
size due to phonon confinement [51]. The strongest vibra-
tional mode A1g and also the phonon band B2g are related to
in-plane asymmetric vibration of Sn-O bonds [49]. Shifting
of bonds and presence of the Raman active mode at 89 cm−1

(B1g), for the as-prepared samples, with particle size larger
than 7 nm, signifies doping of boron into SnO2 lattice [52].
Other than these typical Raman bands, presence of various
other bands both in the lower wave number region as well as
within 450−700 cm−1 have been observed for all the doped
SnO2 nanoparticles. Several authors have identified these
vibrational modes in pure and doped SnO2 nanoparticles
as a consequence of size effect, local disorder and surface
defects like oxygen vacancies [53–57]. Dieguez et.al. [48]
predicted existence of non stoichiometric SnOx at the sur-
face is responsible for the bands at 486− 542 cm−1 and
568−576 cm−1 in nanocrystalline tin oxide. These phonon
modes are labeled M1 and M2 in Fig. 6 (inset). The weak
band appeared at 691 cm−1 for BTO3 is attributed to IR
active and Raman forbidden mode activated by disorder and
surface defects present in the doped sample in nanometric
form [48, 49]. It may be noted here that the Raman spectra
of the BTO2 sample is distinctly different from the other
two spectra. The spectrum of BTO2 is characterized by
broad diffuse spectra. From the earlier section of XRD it is
clear that BTO2 sample is characterized by paracrystalline

Figure 6. Raman spectra of the synthesized three BTO
samples with different microstructure.
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disorder. The broad and diffuse spectrum of BTO2 is con-
sistent with such finding.
The functional groups present in the synthesized doped
SnO2 particles have been investigated by infrared spectra.
Fig. 7 shows the room temperature FTIR spectra of the
boron doped tin oxide nanocrystalline samples. The broad
band, observed for all the samples in the wave number range
(3116−3726) cm−1, is attributed to stretching and bending
vibration of surface –OH group due to the absorbed wa-
ter during sample preparation [33, 49]. The sharp bands,
appeared for all the doped SnO2-nanoparticles at around
1620 cm−1 and 1420 cm−1, originate from the vibrational
phonon modes Eu and A2u respectively. Two other peaks,
centered at 480 and 617 cm−1, are the characteristic in-
frared absorption band for doped SnO2 structure arising
due to Sn–O and Sn–O–Sn vibrations respectively [2].The
broadness of the band at around 558 cm−1 indicates the
higher extent of surface defects in the crystal lattice [58]
for all the samples BTO1, BTO2 and BTO3. As reported,
the peaks at (600−660) cm−1 correspond to the stretching
mode of Sn-O-Sn [35]. The appearance of the peak in the
range (1200− 1500) cm−1 is assigned to the asymmetric
stretching of B-O-B bond in trigonal BO3 units. The B-O
stretching frequency in tetrahedral BO4 units gives peaks
in the range (800−1200) cm−1. The bending vibration of
bridging oxygen (B-O-B) between BO3 and BO4 units are
active and observed in the range of (600−800) cm−1 [59].
Accordingly, small peak near 1026 cm−1 corresponds to
interstitial boron and stretching vibration of B-O bonds [35].
Small peak at 1319 cm−1 is observed in accordance with
the presence of BO3 units. Peak at 1103 cm−1 is attributed
for BO4 unit for BOT2 and BOT3. The broad peak at 1080
cm−1 is attributed as red shift of the peak for BO4 unit
present in BOT1 [59].
The FTIR spectra suggests that (i) the vibrational and bend-
ing frequencies for B-O bonds are overlapped with the trans-
mission of tin oxide and (ii) boron ions are supposed to
occupy in the interstitial sites of SnO2 crystal lattice as bo-
rate structures (BO3 and BO4) rather than in boroxol rings
(B2O3). The higher oxygen deficiency caused by interstitial
boron in BTO1, finds correlation with the decrease in vibra-

Figure 7. FTIR spectra of the synthesized three boron doped
tin oxide samples.

tional frequency in accordance with the harmonic oscillator
model [60]. This is also consistent with the XRPD studies
(as in Table 1). Finally, the relative intensity of peaks at
1080 cm−1, 1103 cm−1 and 1319 cm−1 in the three FTIR
spectra supports that BOT1 possesses highest proportion of
BO4 unit than BO3 units as compared to BOT2 and BOT3.

3.4 Antibacterial performance

The antibacterial activity of the boron doped tin ox-
ide nanoparticles were investigated by Agar disc diffu-
sion method against the Gram negative bacteria E. Coli
(MCC2413), E. Aerogenes (MCC3092) and one Gram pos-
itive bacteria S. Aures. The antimicrobial performances
of the doped SnO2 nanocrystals are shown in Fig. 8. It
is, in general difficult to isolate the exact mechanism for
differences in antibacterial effects for nanoparticles. Sev-
eral authors [60–63] have identified reactive oxygen species
generated oxidative stress and/ or metal ion toxicity from
the dissolved nanoparticles as the primary cause for antibac-
terial dissimilar activities. From the measured diameter of
inhibition zones (in mm) as shown in Fig. 8, it is apparent
that the samples BTO1 and BTO3 show enhanced antibac-
terial effects in both water and DMSO media. The B doped
SnO2 nanoparticles, BTO3, has a significant activity against
both the Gram negative bacteria E. Coli and E. Aerogenes,
whereas for BTO1, prepared in starch, has more influence
on E. Coli and S. Aures. In the earlier section, it has been
shown from X-ray powder diffraction analysis that BTO1
has the smallest average crystallite size of ∼ 12 nm and for
BTO3, though having larger particle size, has anisotropic
morphology. For the sample BTO2, the particle size is
∼ 24 nm and have enhanced strain compared to BTO1 and
BTO3. Earlier it has been shown that smaller particles,
surface texture and morphology have stronger effects on
the antibacterial activity for various nanoparticles [64–68].
Moreover, as the oxygen vacancy in the boron doped SnO2
synthesized in glycerol medium BTO2 being smallest, more
borate ions should be available in presence of water for
BTO1 and BTO3, which goes in harmony with the obser-
vations from room temperature FTIR spectra as discussed
in the earlier section. This in turn might further enhance
their antimicrobial activity. Thus the observed differences
in antibacterial response for these prepared boron doped
tin oxide nanoparticles in different solvent may be due to
smaller crystallite size, anisotropic microstructure and for

Figure 8. Histogram for the measured inhibition zone of
BTO1, BTO2 and BTO3 samples in both water and DMSO
media in presence of various pathogenic bacteria.
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the presence of different oxygen vacancies in the material.
Lattice disorder (first/second kind) does not have significant
effect on the antibacterial activity.

4. Conclusion
Boron doped tin oxide nanocrystalline particles were
synthesized by chemical route using sol-gel method.
Three such doped samples were prepared using three
different polyhydroxy alcohols starch, glycerol and
PVA. Purity of the samples was confirmed by elemental
analysis from EDX. Both scanning electron microscopy
and X-ray powder diffraction profile revealed dissimilar
microstructure in the as-prepared samples especially in the
sample BTO3 prepared in PVA. The classical WH plot
obtained from individual line profile analysis showed that
the sample BTO3 has anisotropic microstructure, whereas it
is isotropic for BTO1 and BTO2. For an in depth structural
and microstructural study, whole profile fitting Rietveld
analysis was carried out. Rietveld analysis confirmed
formation of rutile structure for all the as-prepared samples
with average coherent domain sizes 12 nm and 24 nm
for BTO1 and BTO2 respectively. For BTO3 having
anisotropic morphology, particle sizes are different along
different directions ranging from 25 nm to 35 nm. BTO2
has the largest microstrain amongst the three ∼ 17×10−4.
BTO2 samples are further characterized by lattice disorder
of second kind (paracrystalline disorder). Moreover XRPD
analysis explored that due to boron incorporation in the
SnO2 lattice and smaller dimensions all three doped
samples have oxygen deficiencies as corroborate from
Raman and FTIR study. The antibacterial efficacies against
some Gram-Positive and Gram-Negative bacteria for
all these B-doped SnO2 samples were different. This
efficacy showed dependency on lower dimensions and
anisotropic morphology of the nano-structured boron
doped SnO2 samples. This prepared boron ion doped tin
dioxide nanoparticles may find applications in the field of
photocatalytic activity.
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