


Advances in Metal Oxides
and Their Composites for
Emerging Applications

Edited by

Sagar D. Delekar
Nanoscience Research Laboratory, Department
of Chemistry, Shivaji University, Kolhapur,
Maharashtra, India

Series Editor

Ghenadii Korotcenkov
Moldova State University, Chisinau, Moldova

Metal Oxides Series



Elsevier
Radarweg 29, PO Box 211, 1000 AE Amsterdam, Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom
50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

Copyright © 2022 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information storage and
retrieval system, without permission in writing from the publisher. Details on how to seek
permission, further information about the Publisher’s permissions policies and our
arrangements with organizations such as the Copyright Clearance Center and the Copyright
Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by
the Publisher (other than as may be noted herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and
experience broaden our understanding, changes in research methods, professional practices,
or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described
herein. In using such information or methods they should be mindful of their own safety
and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or
editors, assume any liability for any injury and/or damage to persons or property as a matter
of products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

ISBN: 978-0-323-85705-5

For Information on all Elsevier publications
visit our website at https://www.elsevier.com/books-and-journals

Publisher: Matthew Deans
Acquisitions Editor: Kayla Dos Santos
Editorial Project Manager: Clodagh Holland-Borosh
Production Project Manager: Surya Narayanan Jayachandran
Cover Designer: Miles Hitchen

Typeset by MPS Limited, Chennai, India

http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals


5.5.1 Nickel cobaltate (NiCo2O4) 199

5.5.2 Ferrites 200

5.6 Flexible supercapacitors 201

5.7 Futuristic scope 201

5.8 Conclusions 202

References 203

6 Nanostructured WO32x based advanced supercapacitors for

sustainable energy applications 213
Akshay V. Salkar, Sheshanath V. Bhosale and Pranay P. Morajkar

6.1 Introduction 213

6.2 Crystallographic characteristics of WO3 214

6.2.1 Role of ion intercalation in WO3 and electrochemical

charge storage 217

6.3 Designing nanostructured WO3 for supercapacitor application 218

6.4 Recent developments in WO3 composites for supercapacitor

application 224

6.5 Conclusions 231

6.6 Future prospects 232

References 232

7 Metal oxide nanomaterials for organic photovoltaic applications 239

Harshad A. Mirgane, Dinesh N. Nadimetla, Dipak J. Garole and

Sheshanath V. Bhosale

7.1 Introduction 239

7.2 Organic photovoltaic: principle, designing and mechanism 242

7.2.1 Mechanism 243

7.2.2 Commonly used organic sensitizers in organic

photovoltaics 245

7.3 Metal oxide nanomaterials 245

7.4 Properties of nanomaterials 246

7.5 Representative metal oxides used in organic photovoltaics 249

7.6 Metal oxides based organic photovoltaic studies 250

7.6.1 Photovoltaic devices applications of nanomaterials 250

7.6.2 Titanium dioxide 251

7.6.3 Zinc oxide 252

7.6.4 Molybdenum oxide 252

7.6.5 Tin oxide 252

7.6.6 Tungsten oxide 253

7.6.7 Vanadium pentaoxide 253

7.7 Concluding summary and future prospective 255

References 255

viii Contents



 

Highlight


	Front Cover
	Advances in Metal Oxides and Their Composites for Emerging Applications
	Copyright Page

