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Abstract

Vanadium pentoxide (V20s), a transition metal oxide has shown its great potential due to its
specific physical and chemical properties. It is a promising material or metal oxide due to its
semiconducting nature, optical, electrical and magnetic properties with thermal and chemical
stability. Among the all transition metal oxides, V205 has gained huge research interest due to its
layered structure, environment friendly nature, and cost effectiveness. In the present time, air
pollution is the global problem for human being due to its abrupt increase because of its vast
industrialization and fuel vehicle transportation. For controlling or monitoring the air pollutants,
low cost and smart sensors are needed, as well as which can be operated at low working
temperature. For this purpose, V2Os shows the interesting results in the field of gas sensing. We
set our first aim to find out the physical characteristics such as electrical and magnetic properties
of hydrothermally synthesized microstructures to determine its charge carrier dynamics. After this
work, we set our second aim to investigate the gas sensing application of V205 metal oxide with
specified morphology such as micro flowers. Next, we compare the different morphology, micro

flowers and nanoparticles to find out the best response for NO> gas sensing applications.

In the beginning of work, vanadium pentoxide V2Os is successfully synthesized by
hydrothermal method. The structural study explained the growth of prepared V20Os sample in
orthorhombic phase. The Raman study revealed the layered structure of V2Os sample. Further, the
morphological analysis of prepared V205 sample showed the flower like microstructures self-
assembled by nanorods with diameter ~ 3um. The crystalline nature of the microstructures was
confirmed by SAED pattern. The electrical transport measurement confirmed the semiconducting
nature of the V2Os microstructure with activation energy 185 meV in the high temperature range

285 K to 380 K. whereas, the variable range hopping conduction is found in the low temperature



range 200-285 K. The experimentally observed behavior of V20Os microstructure has been
discussed in this work. It is evident from the M H plot that system shows the paramagnetic behavior
along with small component of ferromagnetic behavior due to presence of V' oxidation state of
vanadium. The magnetic characteristics of V205 system also showed its anomalous behavior in

narrow temperature range 45-65 K, where the magnetic ground state is antiferromagnetic.

Subsequently, we prepared the V205 metal oxide sample by hydrothermal method with
specific morphology for the gas sensing application, which is well known topic in the field of
research in the recent time. The morphological analysis confirmed the flower like structures (micro
flowers self-assembled by nanoplates). The structural study showed the orthorhombic phase and
layered structure of V20s micro flowers. In addition, SAED pattern further confirms the poly
crystalline nature of the micro flowers. The electrical transport analysis of micro flowers showed
the semiconducting nature in the whole temperature range (170 - 380 K) with the activation energy
103 meV. In the gas sensing application part of V20s micro flowers, it illustrates the sharp
increment in the resistance when the gas flow is switched on and reaches to the saturation value
over 10 minute NO» gas exposure time. The sensing result also shows the better selectivity and

sensitivity for the trace amount of the NO; gas at optimum operating temperature.

In the next part of the work, first we optimized the morphology of V205 metal oxide by
hydrothermal synthesis method at different synthesis temperatures such as 150, 170, 190 °C (using
the same synthesis precursors) to obtained the nanoparticle morphology of V>Os. The structural
characterization of all the optimized samples showed the orthorhombic phase formation of V205
sample with the layered structure. The morphological study confirmed the formation of
nanoparticles at the temperature 190 °C with dimension of ~ 100 nm. The electrical transport study

confirmed the semiconducting nature of the nanoparticles in the temperature regime 170 - 380 K



with activation energy 100 meV. In the subsequent part of this work, both morphology V205 micro
flowers and nanoparticles morphologies were compared in terms of their crystal structure, surface
area, activation energy and further for NO; gas sensing applications. The sensing measurements
were performed for 10 ppm NO; gas at 50 to 250 °C for 5 minute gas exposure time. The result
showed the better response for micro flowers morphology as compared to nanoparticles and the
reason was explained on the basis of morphology, the high surface area of V205 micro flowers
(9.12 m?/g) as compared to nanoparticles (2.19 m?/g), calculated by BET analysis. Hence, our
finding suggest that the V205 micro flowers is the promising candidate for high response NO- gas

sensing application.
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RIS

ST USTRIZS (V205), Th YHHUT U TS s = 30 TRy 1ifaes sik ramafiies ot & wrRur 3ot
e & TS B | 3 srefarae Uefa, ura ik Iamafie fRRdr & 9y sifded, fiegd ik Jesig
T & HRUT g Ueh TSI Tl a1 o1 STz s g | Guft Tehur 4rg sragst &, V205 7 3o Wik
TR, JHTaRUT & IR Upiel 3R ANT THTARITAdT 3 BRUT HRT 2 By U b1 8 | aeiA T o, arg
TGN 3 fammret SfeifianRur SiR e a1 URag & HRUT 3G Jig & HRUI AMG & T afijes
U1 8 | IR UG ! FAafd o3 a1 FAR 6539 & o & arTd 31k T1E WIR &) SHTIRIhdl 811 3,
1Y B HH HIH HRA dTal arqa WR H Farferd foan o wedi 8 | 39 Wi & fag, V205 T Hdgd & &3
¥ e crere TRomT faTdT §1 g0 ST UB el Ted STegutic URAfid Argshiedr ¥ faggd ik e
o7 S Hifae faRiwarstt o1 ud TR & fere Fefiya fvar 8 aifes suo ot ares nifasfiadr & fufia
a1 o 9 | 39 B & 918, 89 Y& Tl ok MY SRS & Y V205 U1 SRS S & 19 JRAT
VAT B ST e A & forg oo gy Iea Fuffa foram | 59 a1e, 09 NO, 71 SRiT Siwin & forg
T Ufafehan &1 uar e & forg faftrer sirepTiest, ged weil 3R A1 0N &) o a g

HTH B! LIATT H, IfSTH YARES V,0s B sRsIyHd fafY gRT Iwadde Seafid fear s g1
WREED 3T A SRIRIED TR0 H TR V205 TR B1 Il BT SRS 1 | I ST A V205
UfeReT o1 TR T T G fohan | ST ST, daR fhT 1T V,05 UfeRed & FUTeHd faeawor = ~
3um TN & Y RIS §RT W-3hs BT T AIShReaR oY Td foam| Arsshiear &t fheda
UHTa &1 g SAED Ues gRT &1 113 2ft| fagga ufkag A 3 3= s 39 285 K & 380 K o Tfehaor
Sl 185 meV & 1 V205 ARDRETR DI SeATad UPHid i gP St | Safs, aRTad Is1 GITUT ara
S AITHM 31 200-285 K H GRT ST 81 S B | V205 AHRETER & TaNES U 9 ¢ 7T IR
R Tl B ¢ 1 TH UE Wie J I8 WY § 6 Ren Ffsga & V + 4 Siiefiorur sawy ot Sufufa &
HRU TRTACH TAER & BIC Ueh & AIY-T1Y IRECH TR Pl g=Midl g1 V205 TUTTe Bt gabia
fararatt 3 Taptof aramm ¥ 45-65 K & o oo faww suagR foxamn, set gawia urds &t fufa
RIS B

TP S8, B9 719 AR Ui e o fore fafiy et & Ty greg e fafdl gRT V1,05 U1 siass
T JR {3, 5T 51a & THa § ST & & H URig fawa 8 | S uTeres faeryor 3 g orft TRersit
(J&H ol W3PS “HIwied gRY) 31 I B | TRETHD LT 5 V205 Y& Bl 3 ATIRIS =TR0T 3R
AR TR B fE@raT| S9% fardal, SAED Yo Q&H Gl &1 ulell foreaiia Udfa o gfY vl 81 ged
Tl & faggd URag fa=aNur 4 103 meV Afhaol 3ol & 1Y T ATYHM <61 (170 - 380 K) H 3reiarads




TS B G/ V205 J&H Bl o 19 SRIT TRIHRH Ui H, I8 Uferkiy § oo g &1 exifar g, oia
T4TE T 81l 8 3R 10 e NO, 1 ToquioR Iwg ¥ $1fie Tty Jeu deb Ugd ol § | Ydg ulkoum
SR SHTRIET ATHAM W NO, 9 &1 ¢ A1 & T gk Il 3R Hdg-=iadm &l o g=ifar
gl

HIH P AT YT H, U8d §HA V205 & AT d ST &l U &4 & 1w 150, 170, 190 °C (9
TRATOT 3RId! BT FUANT Hch) oI A T=eoor aroe= IR g iydd Ixawor fafyh gRT V205 o1g
RIS B MHTd A B g ird fhar| Tt srIefed T & WReTES A&01 9u = TRd SR
& T V205 T & HTIRITETE TROT T3 D G/ | FUTHS S99+ = 190 °C ATHAFA TR ~ 100 nm &
3{TATH & 1Y A1 & o bt gfY o1 fagyga ufikas sreaaa = 170 - 380 K . & arqd 39 & A0
DI SfaTeE UPTA B S B fha0 o1l & WY 100 meV | I BT & &G &b HFTH, ST ATHTRSDT V205
GEH e 3R I AT Bl o1 S feheed TR, Jdg &, Wihaur SHoll 31k NO, T Tded
SIERNT & forg &t 71 oY1 5 e & A waioR 95 & o 50 ¥ 250 °C W 10 Hidied NO, 719 & fag
R AT T T o011 R A Al B o B G§H Bal & TSRS & g dgaR wfdfosan fawrs
3R THHT HRUN SHIND! & TR TR JHSIT T AT, A1 (2,19 H 2/4TH) B ga1 H V,05 ged Bl
(9.12 1t 2/7TH) BT 3= Tdg &7, BET fazawur gR1 R ferd 8 | 39fiE, g9R @I T ydl Iadn & fb V2,05
g&A Bt I Ufafshar NO, 1 AR el & fre seimeies SEiear 7|
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