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Abstract

Water pollution caused by heavy metal ions (HMIs) and metal-oxoanions remains a major public health challenge due to their toxicity, persistence, and bioaccumulation.
Various functional materials, including metal oxides, carbon-based nanomaterials, porous frameworks, polymers, and biopolymers, have been investigated for HMI sensing
and removal. Their performance is governed primarily by the chemical identity, accessibility, and spatial organization of donor groups such as —C=0, —COOH, —-NH,, and
—SH, which mediate coordination, electrostatic, and hydrogen bonding (HB) interactions with target analytes. However, most reported systems remain single-purpose
platforms focused either on sensing or adsorption, predominantly targeting metal cationic species under idealized laboratory conditions. Direct comparison of sensing and
adsorption performance across studies is further complicated by inconsistent reporting units, variations in sample matrices, preconcentration procedures, pH conditions,
and limited validation in real-water environments. In this context, sulfur-and nitrogen-containing moieties, particularly thiourea derivatives, are attractive due to their dual
donor characteristics. The —C=S group enables strong coordination with soft and borderline metal cations in accordance with Pearson’s HSAB principle, whereas the -NH
group may potentially participate in directional HB with oxoanions. However, the practical significance of thiourea—-NH-mediated oxoanion recognition in aqueous media
remains insufficiently validated because strong solvent competition and oxoanion hydration weaken HB interactions. This review provides a critical and chemistry-based
evaluation of thiourea-functionalized materials, including metal oxides, carbon-based materials, porous frameworks, and polymeric systems, focusing on how coordination
chemistry, HB, hydration effects, charge transfer, and material architecture influence sensing and adsorption performance. Particular attention is given to the effects of
competing ions, sample matrices, and experimental conditions on reported detection limits and adsorption capacities. In addition, this review discusses material stability,
regeneration, ligand leaching, and environmental safety, highlighting the limited number of studies that evaluate real-water performance, interference resistance, and long-
term reusability. Future strategies are proposed based on polymer-supported and solid-state thiourea architectures, preorganized multivalent HB arrays, electron-
withdrawing group modulation, and integrated sensing—adsorption platforms capable of operating under realistic environmental conditions. Overall, this review establishes
a rational framework for the development of robust, multifunctional thiourea-based materials for sustainable water monitoring and remediation applications aligned with
Sustainable Development Goals (SDG) 6 (Clean Water and Sanitation) and 3 (Good Health and Well-Being). © 2026, Malaysian Institute of Chemistry. All rights reserved.

Author keywords

adsorption; functional materials; Heavy metal ions; hydrogen bonding; sensing; thiourea derivatives

Reaxys Chemistry database information

Reaxys is designed to support chemistry researchers at every stage with the ability to investigated chemistry related research topics in peer-reviewed literature, patents
and substance databases. Reaxys retrieves substances, substance properties, reaction and synthesis data.

Substances View all substances (11)

g . o o H
- 18 ! | noon s N
3 ~
4\0*{% = @( \n/ Y - 9
s
. N 7 NH
< VS | 2
Q T H,C CH, cH,

View details View details View details View details View details View details


https://www.scopus.com/pages/publications/iium.edu.my
https://www.scopus.com/pages/home#
https://www.scopus.com/pages/home#
https://www.scopus.com/pages/home
mailto:nurziana@iium.edu.my

Powered by Reaxys

Funding details

Details about financial support for research, including funding sources and grant numbers as provided in academic publications.

Funding sponsor Funding number Acronym

Ministry of Higher Education, Malaysia FRGS/1/2023/STGO5/UIAM/02/1 MOHE
See opportunities by MOHE A

Funding text
The authors would like to thank the Malaysian Ministry of Higher Education for financially supporting this research through Fundamental Research Grant Scheme
FRGS/1/2023/STG05/UIAM/02/1. The authors also acknowledge Kulliyyah of Science, International Islamic University Malaysia, for providing the research facilities.

Corresponding authors

Corresponding N. Ngah
author
Affiliation Department of Chemistry, Kulliyyah of Science, International Islamic University Malaysia, Centre for Natural & Health Sciences, Jalan Sultan

Ahmad Shah, Pahang, Kuantan, 25200, Malaysia

Email address nurziana@iium.edu.my

(© Copyright 2026 Elsevier B.V., All rights reserved.

Abstract

Author keywords

Reaxys Chemistry database information
Funding details

Corresponding authors

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

BAGERERTY S
BEEERFIHRE
ERZREPIURAE

[MpocMoTp BEpcUM Ha PyCCKOM si3blke

Customer Service

Help
Tutorials

Contact us



https://www.reaxys.com/?origin=Scopus
https://www.fundinginstitutional.com/funders/501100003093
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

ELSEVIER

Terms and conditions 7 Privacy policy 72 Cookies settings

All content on this site: Copyright © 2026 Elsevier B.V. 7, its licensors, and contributors. All rights are reserved, including those for text
and data mining, Al training, and similar technologies. For all open access content, the relevant licensing terms apply.

& RELX™


https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
http://www.relx.com/

