PROGRESS IN
PHOTOELECTROCHEMIGAL RESEARGH 20012

& R
Photo- | l
electrode
) S e
Light hv \ o, f
\'— Pt| &
H,0 'z.. Tt EDITORS
H + OD L S H* Mohammad B. Kassim
Lorna Jeffery Minggu
\ P 4 Mohd Hafizuddin Haji Jumali

| | Akrajas Ali Umar
Siti Fairus Binti Mohd Yusoff

Farah Hannan Anuar

2 Khuzaimah Arifin




PROGRESS IN
PHOTOELECTROCHEMICAL
RESEARCH 2012

SOLAR HYDROGEN GROUP



PROGRESS IN
PHOTOELECTROCHEMICAL
RESEARCH 2012

Editors

Mohammad B. Kassim
Lorna Jeffery Minggu
Mohd Hafizuddin Haji Jumali
Akrajas Ali Umar
Siti Fairus Binti Mohd Yusoff
Farah Hannan Anuar
Khuzaimah Arifin

FUEL CELL INSTITUTE
UNIVERSITI KEBANGSAAN MALAYSIA
BANGI 2012

http://pkukmweb.ukm.my/~selfuel/

Cetakan Pertama/ First Printing, 2012

Hak cipta/ Copyright Universiti Kebangsaan Malaysia, 2012


http://pkukmweb.ukm.my/~selfuel/�

Hak cipta terpelihara. Tiada bahagian daripada terbitan ini boleh diterbitkan semula,
disimpan untuk ditukarkan ke dalam sebarang bentuk atau dengan sebarang alat juga
pun, sama ada dengan cara elektronik, gambar serta rekaman dan sebagainya tanpa
kebenaran bertulis daripada Kumpulan Penyelidikan Hidrogen Suria, Institut Sel Fuel,
UKM terlebih dahulu.

All rights reserved. No part of this publication may be reproduced or transmitted in any
form or by any means, electronic or mechanical including photocopy, recording or any
information storage and retrieval system, without permission in writing from Solar
Hydrogen Research Group, Fuel Cell Institute, UKM.

Diterbitkan di Malaysia oleh/ Published in Malaysia by
INSTITUT SEL FUEL
Kumpulan Penyelidikan Hidrogen Suria
43600 UKM Bangi, Selangor Darul Ehsan, Malaysia
Tel: 03-8921-6050
Fax: 03-8921-6024
http://pkukmweb.ukm.my/~selfuel/
Email: mbkassim@ukm.my

Dicetak di Malaysia / Printed in Malaysia

Progress In Photoelectrochemical Research 2012
ISBN 978-967-10935-2-8


http://pkukmweb.ukm.my/~selfuel/�
mailto:mbkassim@ukm.my�

Contents

Foreword

Section | - Synthesis and Pysico-Chemical Properties

Design and Synthesis of Bis-Benzoylthioureas Compounds Linked with
Azobenzene Scaffold

Chong Yan Yi, Law Kung Pui and Mohammad B. Kassim

Synthesis and Characterization of Tricarbonylrhenium(l) Complex with
1-Benzoyl- and 1-(4-Bromobenzoyl)-3-(pyridin-2-yl)-1H-pyrazole Ligands
Law Kung Pui and Mohammad B. Kassim

Synthesis, Characterization and Antibacterial Activity of (N-
Cholorobenzoyl)-1,1-dibenzylthiourea Derivatives

Mohd Faizal b. Md Nasir, Mastura bt. Mokhtar, Wan Ramli b. Wan Daud and
Mohammad b. Kassim

Section Il - PEC Characterisation and Testing

Characterization of Fe,O5/TiO, Photoelectrode
Hasmida Bt. Abdul Kadir, Lorna Jeffery Minggu and Mohammad B. Kassim

Dinuclear Molybdenum Complex as Photosensitizer in
Photoelectrochemical Cell

Mark Lee Wun Fui, Law Kung Pui, Lee Yook Heng and Mohammad B.
Kassim

Fabrication of WOs/Cu,O n-p Heterojunction Photoelectrode for Water
Splitting Reaction

Ng Kim Hang, Hasmida Abdul Kadir, Lorna Jeffery Minggu and Mohammad
Bin Kassim

vi

16

23

30

36

44



Section 111 - Molecule Design / Review

Synthesis and Characterization of Copper(ll) with 1-Benzoyl-3-(pyridin-
2-yl)-1H-pyrazole Derivative Ligand

Rosidah Bt. Shardin and Mohammad B. Kassim

Synthesis of 5,5,7,12,12,14-Hexamethyl-1,4,8,11-tetraazacyclotetradeca-
7,14-dienium, Complexation with Metals and Their Sensors Activity

Latifah Md Yusoff, Bohari M. Yamin and Siti Fairus Mohd Y usoff

Synthesis of Mesoporous Material (MCM-41) Containing Macrocylic
Compound for Catalysis Application

Ameera Ageela Sallen Huddin and Siti Fairus Mohd Yusoff

Synthesis, Self-Assembly And Applications Of PFS Block Copolymers
Siti Hajar Hairi and Siti Fairus Mohd Yusoff

54

59

65

70



Foreword

Solar Hydrogen group focuses on research and development to ehnance the
performance of heterogeneous photocatalyst and photoreactor to directly split
water to give hydrogen and oxygen gas using solar energy. The research
projects involve designing and synthesizing sensitizer molecules;
development of photoelectrode; development of photoreactor incorporating
the photoelectrode for water splitting and testing of the integrated system
under simulated or real conditions.

This book consists of a collection of short papers from Solar
Hydrogen researches at the Fuel Cell Institute and Faculty of Science and
Technology, UKM. The information reported in these papers is new and
supports the master plan and the research direction of Solar Hydrogen
research group. In addition, the research programme is also working along
the direction of the Fuel Cell and Hydrogen Technology programme for the
Renewable Energy Niche.

An appreciation goes to Dr. Mohammad Hafizuddin Jumali, Associate
Prof. Dr. Akrajas Ali Umar, Dr. Siti Fairus Binti Mohd Yusoff, Dr. Farah
Hannan Binti Anuar, Dr. Lorna Jeffery Minggu and Dr. Khuzaimah Ariffin
for evaluating the manuscripts for this book.

Mohammad B. Kassim

December 2012
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Design and Synthesis of Bis-Benzoylthioureas Compounds Linked with
Azobenzene Scaffold

Chong Yan Yi® Law Kung Pui*and Mohammad B. Kassim*”

School of Chemical Sciences and Food Technology, Faculty of Science and
Technology, Universiti Kebangsaan Malaysia, UKM 43600 Bangi, Selangor,
Malaysia.
®Fyel Cell Institute, Universiti Kebangsaan Malaysia, UKM 43600 Bangi, Selangor,
Malaysia.

Abstract

A series of azo-benzoylthioureido compounds were successfully synthesized through
the reaction between 2,2’-diaminoazo-benzene (DAAB) with benzoyl
isothiocyanate, 4-chlorobenzoyl isothiocyanate and p-toluoylisothiocyanate. The
compounds were characterized by infrared (IR) and UV/Vis spectroscopy and
CHNS microelemental analysis. The seazo-benzoylthioureido compounds maybe
further applied as anions detector.

Keywords: Azo-benzoylthioureidocompounds, 2,2’-diaminoazo-benzene (DAAB),
anions detector

Introduction

Azo compounds are the oldest and largest class of synthesized organic dyes due to
their versatile application in various fields, such as dyeing textile fiber, biomedical
studies, advanced application in organic synthesis and high technology areas such as
laser, liquid crystalline displays, electro-optical devices and ink-jet printers (Gur et
al. 2007) The main azo dyes used all over the world is the monoazo compounds,
which has the common structure unit of the azochromophore, -N=N-, linking two
aromatic systems. The azo compounds are mainly being used as dyestuffs in the
textile industry. Although some azo dyes have been reported to be toxic, dozens of
additional monoazo dyes are permitted in drugs and cosmetics. The pharmaceutical
importance of the compounds including an arylazo group has been extensively
reported in the literature (Albayrak et al. 2009).

On the other hand, the study of thiourea derivatives has drawn the attention
of researchers due to their importance in chemistry and biology fields. One of the
specific uses of thiourea, which is due to its strong antifungal activities, is used to
control plant pathogenic fungi (Campo et al. 2002; Campo et al. 2004; Criado et al.
1998; Rodriguez-Fernandez et al. 2005;Truong et al. 2004; Weiqun et al. 2005). In
addition, thiourea derivatives are promising antitumor agents (Faidallah et al. 2007).
Other thiourea derivatives such as benzoylthiourea have high tendency to form
complexes with transition elements through their Ph-CO-NH-CS-N chelating group.
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	Figure 1. Pyridyl-pyrazole ligands with benzoyl substituent and tricarbonylrhenium(I) complexes
	Experimental
	All reactions were carried out under inert condition with the aid of standard Schlenk technique. Tetrahydrofuran and toluene were dried prior of use. Benzoyl chloride and 4-bromobenzoyl chloride were bought from Sigma-Aldrich while 3-(2-pyridyl)pyrazo...
	Synthesis ofBzPyPz and 4BrPyPz
	3-(2-pyridyl)pyrazole (0.728 g, 5.0 mmol) was stirred with NaHin THF (30 mL) at room temperature. After 2 hours of continuous stirring, benzoyl chloride (0.702 g, 5.0 mmol) was added and the mixture was brought to reflux for 4 hours. The solvent was r...
	The 4BrPyPz compound was synthesized using the same approach with benzoyl chloride replaced by 4-bromobenzoyl chloride. Product was obtained as yellowish powder. Yield: 68%.
	Synthesis of Re(BzPyPz)(CO)3Cl and Re(4BrPyPz)(CO)3Cl
	A mixture of Re(CO)5Cl (0.05 g, 0.14 mmol) and BzPyPz(0.042 g, 0.16 mmol) in toluene was refluxed for 5 hours. After removal of 2/3 solvent, the yellow slurry mixture was filtered through Buchner and Re(BzPyPz)(CO)3Cl was collected as yellow solid. Yi...
	Results and discussions
	Both of the ligands were synthesized in good yield through reaction between of 3-(2-pyridyl)pyrazole and relevant benzoyl chloride with 1:1.2 ratio. The NaH acted as reducing agent which deprotonated 3-(2-pyridyl)pyrazole by stirring in THF. Recrystal...
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	All compounds have been synthesized with the percentage yield of close to 70% and were satisfactorily characterized by elemental analyses, ESI-MS and infrared spectroscopy (IR).  Overall the percentages of C, H and N elements for all compounds agree w...
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	Figure 2. ORTEP diagram of BzPyPz with atom labeling scheme showing 50% thermal ellipsoids probability
	Figure 3. ORTEP diagram of 4BrPyPz with atom labeling scheme showing 50% thermal ellipsoids probability
	Figure 4. ORTEP diagram of Re(4BrPyPz)(CO)3Cl with atom labeling scheme showing 50% thermal ellipsoids probability
	The crystal of Re(4BrPyPz)(CO)3Cl was also successfully obtained and the structure was determined by X-ray crystallography with R1 = 0.03 (Figure 4). The crystal adopts a monoclinic system with P21/n space group. The structure features a distorted oct...
	Conclusion
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