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April 2007

Assalamualaikum dan Selamat Sejahtera.

Saya ingin mengambil kesempatan ini untuk 
mengucapkan terima kasih dan penghargaan 
yang tidak terhingga kepada Jawatankuasa Kerja  
yang telah mengusahakan keluaran terulung 
buku ‘Graduating Class 2007’. Syabas saya 
ucapkan.  Penerbitan buku ini adalah bertujuan 
untuk menyediakan satu himpunan penulisan 
oleh para pelajar yang bakal menerima ijazah 
mereka pada Konvokesyen 2007.  Penulisan yang 
merangkumi abstrak projek tahun akhir dan esei 
adalah diharapkan dapat memberikan kenangan 
manis semasa di USM, khususnya di PPS Kimia.  
Walaupun pihak PPS Kimia memulakan inisiatif 
ini dan akan meneruskannya untuk beberapa 
tahun lagi, adalah menjadi harapan kami supaya 
projek ini dapat diambil alih sepenuhnya oleh para 
pelajar di PPS Kimia.  Di sini juga saya mengambil 
kesempatan untuk mengucapkan ribuan terima 
kasih kepada semua penyunting dan pensyarah 
yang telah menyemak penulisan yang dipamerkan 
di dalam buku ini.  Kepada para pelajar yang akan 
berijazah, semoga penerbitan ini akan menjadi satu 
cenderahati yang dapat dimanafaatkan bersama 
pada masa hadapan.  Sekian dan Selamat Maju Jaya 
kepada bakal graduan. Wassalam.

Assalamualaikum and Greetings.

It gives me great pleasure to offer my heartiest 
congratulations to the members of the Working 
Committee towards the ýrst publication of 
‘Graduating Class 2007’. This publication was 
intended to provide a collection of articles by 
the students who will graduate in 2007.  These 
articles comprise of the abstracts of their ýnal 
year projects and essay which will reþect 
their memories while matriculating at USM, 
speciýcally at the School of Chemical Sciences.  
While the School has taken this initiative and 
will continue for a few more years, it is our hope 
that the student body will takeover and continue 
this Publication.  I would also like to take this 
opportunity to say my heartfelt gratitude to the 
editors and lecturers/project supervisors who 
have taken their time to edit the writings in this 
Publication.  To the Graduating Class of 2007, I 
do hope that this book will present as a memento 
and of value to you in the future.  Thank you and 
Godspeed.

Foreward

Prof. Madya Wan Ahmad Kamil Mahmood
Dekan Dean

Pusat Pengajian Sains Kimia School of Chemical Sciences
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Dr. Aýdah Abdul Rahim
Timb.Dekan Deputy Dean

(Academic & Student Affairs)
Pusat Pengajian Sains Kimia School of Chemical Sciences

This book is being published for the ýrst time in 
recognition of the research projects done by the 
students for the course KUE 309. A total of 69 
students undertook various research projects under 
the supervision and guidance of lecturers who are 
experts in their ýeld of research.

The students had the opportunity to explore a wide 
selection of projects ranging from the fundamentals 
to the applications of chemistry. They were exposed 
to the laboratory skills and handling of several 
specialised equipments and I’m sure it has been an 
enjoyable, interesting and meaningful experience.

This book also contains the particulars of ýnal year 
students which would enable them to keep in touch 
with one another for years to come and to reminisce 
on their trials and tribulations as Chemistry 
students. Finally, congratulations to the Graduating 
Class of 2007.

From the Deputy Dean
ii
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The effect of p-chlorophenol in synthetic wastewater on the activated sludge microorganisms and sequencing 
batch reactor (SBR) treatment process were investigated. The SBR system was operated with FILL, REACT 
(NITRIFICATION and DENITRIFICATION), SETTLE, DRAW and IDLE modes in a time ratio of 1: 12: 1: 2: 8 for 
a cycle time of 24 hours. The performance of the reactor was evaluated by monitoring the concentrations 
of ammoniacal nitrogen (AN), nitrite nitrogen (NO2

--N), nitrate nitrogen (NO3
--N), dissolved oxygen (DO), 

pH and the kinetic rate constant, k for AN during NITRIFICATION and DENITRIFICATION. The addition of p-
chlorophenol has an inhibitory effect on the bioactivity of microorganisms and this had caused the inefþciency 
in the removal of nitrogen by the SBR system. Before the addition of p-chlorophenol, the removal efþciency 
of AN was 100%. Addition of 25 mg L-1 p-chlorophenol decrease the removal efþciency of AN to 97.6% while 
the addition of 50 mg L-1  p-chlorophenol decrease the removal efþciency to 84.4%. The kinetic study showed 
that the rate of AN removal can be described by a þrst-order kinetic. The rate constant for AN removal was 
0.1085 min-1 before the addition of p-chlorophenol and decreased to 0.0101 min-1 and 0.0027 min-1, respectively 
after the addition of 25 mg L-1 and 50 mg L-1 p-chlorophenol. Increasing the p-chlorophenol concentration had 
resulted in a reduction of the AN removal rate constant.

Adrian Khoo Wen Chiang

825-E, Jln Paya Terubong
Relau, 11900 Bayan Lepas
Pulau Pinang. MALAYSIA

kwcadriankhoo@yahoo.com

Supervisor
Assoc.Prof. Seng  Chye Eng

The effect of p-chlorophenol on the removal of nitrogen in a sequencing batch reactor

The complexes of 4-pyridinecarboxylatotributyltin(IV), 1 and 4-pyridinecarboxylatotriphenyltin(IV),
2 have been successfully synthesised. These complexes were obtained by condensation between 
bis[tributyltin(IV)] oxide, (Bu3Sn)2O or triphenyltin(IV) hydroxide,  Ph3SnOH with 4-pyridinecarboxylic acid, 
H4Nc. The complexes obtained were characterised quantitavely using CHNS/O and Sn elemental analysis as 
well as spectroscopic methods such as infrared (FTIR) and nuclear magnetic resonance (1H,13C & 119Sn NMR). Results 
from the elemental analysis showed that the complexes obtained were in agreement with the predicted 
formula. The infrared spectra of both complexes showed that the Ʈ(COO)as were shifted to lower wavenumbers 
compared to the free acid. Besides the occurrence of Ʈ(Sn-O) and the disappearance of Ʈ(OH), the infrared 
spectra of the complexes indicated that the oxygen atom coordinated to the tin atom  upon complexation. 
The occurrence of Ʈ(Sn-N) for both complexes indicated that the complexes exist in the form of long-chained 
polymers. The 13C NMR showed that the Ɵ(COO-) of the complexes were found to be shifted to lower þeld 
compared to free acid upon complexation. The Ɵ(13C)ipso of the phenyl group for complex 1  indicated that 
the tin atom in both complexes were four - coordinated. The 119Sn NMR spectra of complexes 1 and 2 
also showed that the tin atoms in both complexes were four-coordinated. As a result, the complexes 1 and 
2 obtained exhibited tetrahedral geometry in the solution form whereas the tin atoms in both complexes 
occurred as trigonal bipyramid geometry and are þve-coordinated in the solid form.

Ang Lay Hooi

20, Lorong Bintang Dua
11200 Tanjung Bungah
Pulau Pinang.MALAYSIA

Alhooi84@yahoo.com

Supervisor
Prof. Teoh Siang Guan

Synthesis and characterisation of triorganotin (IV) complexes

The hydroxyl group in ferulic acid was protected by indirect benzylation method.  First methylation was done to 
form an ester with the carboxylic group by reÿuxing ferulic acid in methanol with concentrated sulphuric acid in 
catalytic amount  The product was immediately benzylated with benzyl bromide and K2CO3 as a base medium, 
tetrabutyl ammonium iodide (TBAI) as a catalyst and acetone as solvent. The puriþed product was found to be 
0.43 % with a melting point of 66-68 ěC and was characterised using NMR spectroscopy.

Antonia Lim Fang-Lin

80, SS7/30, Tmn-Kelana Indah,
Kelana Jaya
47301 Petaling Jaya
Selangor. MALAYSIA

Antonia_84@hotmail.com

Supervisor
Dr. Hasnah Osman

Esteriþcation studies on ferulic acid: protection of hydroxyl group

pure science section

pure science section
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The synthesis and characterisation of liquid crystalline properties of 4õ-substituted-7-(4õõ-decyloxybenzoyloxy)-
4H-1-benzopyran-4-one esters were reported. Preparation of these liquid crystals involved four steps of reaction: 
(1) Alkylation of 4-hydroxybenzoic acid with 1-bromodecane, which yielded 4-n-decyloxyphenylacetic acid; (2) 
Friedel Craft acylation, where 4-substituted phenylacetic acid was reacted with resorcinol in boron triÿuoride 
to produce 1-(4, 2-dihydroxyphenyl)-2-(4’-substitutedphenyl) ethanone under nitrogen atmosphere; (3) 1-(4, 
2-dihydroxyphenyl)-2- (4’-substitutedphenyl)-ethanone, in dry DMF was treated cautiously with 4 equivalent 
of boron triÿuoride for cyclisation and (4) A direct room temperature esteriþcation method as described by 
Hassner and Alexanian was used to synthesise the title compounds. All intermediates and title compounds were 
puriþed via recrystallisation from methanol and chloroform. The physical properties as well as the chemical 
formulations of these compounds were derived from microanalysis and spectroscopic methods (FTIR, 1H NMR 
and 13C NMR). Phase transition temperatures and thermal parameters of the title compounds were obtained 
from differential scanning calorimetry whilst texture observation was performed under a polarised optical 
microscope. The thermal data indicated that all title compounds were thermotropic, exhibiting monomorphism 
or variants of polymorphism. Crystal paramorphism was also observed for some of the title compounds. The 
variation in transition temperatures as a consequence of structural changes and the polarisability of the title 
compounds were discussed. 

pure science section

pure science section

The objective of this research is to investigate the effect of p-chlorophenol (PCP) on chemical oxygen demand 
(COD) removal in a sequencing batch reactor (SBR). The SBR was fed with a synthetic wastewater and operated 
with FILL, REACT, SETTLE, DRAW and IDLE periods in a time ratio of 1 :12 :1 :2 :8 for a cycle time of 24 h 
until steady state was achieved. The performance of the reactor was evaluated by monitoring the suspended 
solids (SS), COD concentration, settled sludge volume (SV30), mixed liquor suspended solids (sMLSS) and sludge 
volume index (SVI). The reactor was then added with p-chlorophenol in increasing concentrations of 25, 50 
and 100 mg L-1 PCP. It was observed that the removal efþciencies of COD deteriorated progressively from 96.1 % 
before the addition of p-chlorophenol to 88.0 % on the addition of 25 mg L-1 PCP, and to 94.3 % and 93.3 %, 
respectively on the addition of 50 mg L-1 PCP and 100 mg L-1 PCP. The kinetic study showed that  the  rate  of  
COD  removal can  be  described by the þrst-order kinetics. The addition of 100 mg L-1 PCP had not resulted in 
a signiþcant inhibitory effect on the activity of the microorganisms. 

Chan Kah Siong

218, Kg. Baru Mambau
70300 Seremban
Negeri Sembilan. MALAYSIA

jiaxiang84@yahoo.com

Supervisor
Assoc. Prof. Dr Seng Chye Eng

The effect of p – chlorophenol on chemical oxygen demand removal in a sequencing 
batch reactor

Chang Wen Sheng

TB 1544 Tmn Sea View
Jln. Apas Batu 2-5
91000 Tawau
Sabah. MALAYSIA

Supervisor
Prof. Yeap Guan Yeow

Synthesis and characterisation of mesogenic esters with para – substituted heterocyclic 
moiety : 4õ ð substituted ð 7 ð (4ó ð decyloxybenzoyloxy) ð 4H ð 1 benzopyran ð 4 ð one 

Nanoparticles of mixed oxides of SnO2 and CeO2 with different weight ratio of Sn to Ce (9:1 and 1:9), pH and 
calcination temperatures were prepared via a sol-gel process. The pH of the mixture was adjusted by adding 
NH3 solution and the  calcinations were carried out at 400, 500 and 600 0C. Nanoparticles formed were 
characterised by Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM). XRD analysis from the resulting mixed metal 
oxides shows that the resultant structure of CeO2 particles was determined as face-centered cubic while SnO2 
adopted a tetragonal structure. From the TEM analysis, nanoparticles synthesised with SnO2 as the major phase, 
(CeO2/SnO2) gives a mean diameter in the range of 9.00 ð 15.00 nm. Meanwhile, samples with CeO2 as the 
dominant phase shows a mean diameter in the range of 20.00 ð 30.00 nm. The smallest particle size obtained is 
9.44 nm with the standard deviation of Ñ 2.28 nm as  a  result of mixing 10 (wt. %) CeO2  with 90 (wt. %) SnO2 
at pH 7.

Chiew Mei Shuet

No-109, Taman Setia
28000 Temerloh
Pahang. MALAYSIA

mcmeishuet@yahoo.com

Supervisor
Dr. Rohana Adnan

Synthesis and characterisation of nanoparticles  of mixed metal oxides of cerium and tin 
(CeO2/SnO2)
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Three different series of compounds have been synthesised. Series I consists of  2,2’-[4-(alkyloxy)-1,3-
phenylene]bis[1-(4-chlorophenyl)diazene] or APCl-Cn where n= 10, 14 and 22. Series II consists of 2,2’-[4-
(decyloxy)-1,3-phenylene]bis[(1-(X-phenyl)diazene] or AX-C10 where X= 4-Cl, 4-Br  and  3-Cl. The  þnal  series  
consists  of  4-X-N-[4-(decyloxy)benzylidene]benzenamine  or IPX-C10 where X= Cl and Br. In the þrst and 
second series, the azo compounds were obtained through diazotisation and  coupling  reactions. The  azo 
compounds  were  then alkylated  with 1-bromodecane, 1-bromotetradecane and 1-bromodocosane. In the 
third series, Schiff base compounds were obtained via two steps. The þrst step involved the  condensation 
reaction  between  aniline (4-chloroaniline or 4-bromoaniline) with 4-hydroxybenzaldehyde. The second 
step involved the alkylation reaction between the intermediate and 1-bromodecane. Characterisation of 
all the title compounds were carried out via determination of melting points, Fourier transform infrared 
(FTIR) spectroscopy and 1H and 13C nuclear magnetic resonance (1H and 13C NMR) spectroscopy. Polarised 
optical microscopy (POM) was conducted to observe the texture of the compound. Through the microscopic 
observation, the azo compounds were not mesogenic. Therefore, no liquid crystalline phase was observed. 
However, the Schiff base compounds exhibit the smectic A phase.

Chong Hooi Min

51, Lorong Kota Permai 5
Taman Kota Permai
14000 Bukit Mertajam
Pulau Pinang. MALAYSIA

jcmouse_99@yahoo.com

Supervisor
Prof. Yeap Guan Yeow

Synthesis and characterisation of azobenzene and schiff base compounds

This project reports the synthesis of complexes from metal hexaaqua chromium(III) chloride with the ligands DL-
Ɲ-phenylalanine and 2-picolinic acid. Both complexes were characterised by FT-IR spectroscopy, microanalysis, 
CHN, atomic adsorption spectrometry (AAS), solid state and solution UV-VIS, cyclic voltammetry (CV), 
conductivity and melting point. It was found that the DL-Ɲ-phenylalanine acts as a bidentate ligand while 
2-picolinic acid as a monodentate ligand towards the central chromium atom. Cr : ligand stoichiometry is 1 : 3 
for C1 complexes and C2 complexes have Cr : ligand stoichiometry of 1 : 2. Based on the UV-VIS spectra, it was 
found that the oxidation state of Cr is +3 for C1 and C2 complexes. Based on the CV analysis, C1 complexes are 
reduced, meanwhile C2 complexes can either be reduced or oxidised. The E1/2 of C2 complexes is -853 mV.

Choong Pit Lin

No. 728, Tmn Bukit Kaya
70200 Seremban
Negeri Sembilan. MALAYSIA

valyn623@hotmail.com

Supervisor
Prof. Teoh Siang Guan

Synthesis and characterisation of chromium complexes with DL-ß-phenylalaline and
2-picolinic acid ligands

The objective of this research is to synthesise nickel complexes, by reacting nickel chloride hexahydrate, NiCl2.6H2O 
with ligands such as 4-aminobenzoic acid, NH2C6H4COOH and pyridine-2,5-dicarboxylic acid, C5H3N(COOH)2. The 
resulting two nickel complexes diaquabis(4-aminobenzoato)nickel(II) complex, C1 and sodium diaquabis(pyridine-
2,5-dicarboxylato)nickel(II) hexahydrate complex, C2 were characterised by the melting point, conductivity, FT-
IR spectroscopy, CHN  microanalysis, atomic absorption spectroscopy (AAS), solid and liqiud UV-Vis spectroscopy 
and cyclic voltammetry (CV). According to the characterisation results, both C1 and C2 complexes possess same 
mole ratio of nickel metal : ligand of 1 :2. Both of the 4-aminobenzoic acid and pyridine-2,5-dicarboxylic acid 
ligands act as bidentate ligand towards nickel in  the complexes. C1 complex is a neutral complex. However, C2 
is an ionic complex which forms 3 ions when dissolved in distilled water. From the UV-Vis analysis, nickel in both 
of the C1 and C2 complexes have d8 conþguration with a +2 oxidation state. The CV analysis shows that both of 
the complexes C1 and C2 can undergo redox reactions (can be reduced and oxidised). Both of the C1 and C2 
complexes exhibited an E1/2 (Ni2+/ Ni+) value of 5.5 mV and -352.5 mV, respectively.

Choong Wai Leng

No. B2-2, Tmn Kampar
31900 Kampar
Perak. MALAYSIA

wyntercwaileng@yahoo.com

Supervisor
Prof. Teoh Siang Guan

Synthesis and characterisation of nickel complexes with 4 ð aminobenzoic acid and 
pyridine – 2, 5 – dicarboxylic acid ligands

pure science section

pure science section
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The purpose of this research is to determine the effect of polyethyleneglycol and di-(3-aminopropyl) ether 
in the reaction between epoxy resin and an industrial amine hardener. Samples were characterised using 
Fourier transform infrared (FTIR), differential scanning calorimeter (DSC), thermal gravimetric analysis (TGA) 
and tensile strength. Results showed that the interactions of epoxy resin, industrial amine hardener and di-
(3-aminopropyl) ether had occurred. This interaction was determined by the appearance of a new peak at 
3587 cm-1 representing the O-H group and the disappearance of amine peaks at 3345 cm-1 and 3269 cm-1 and 
an epoxy ring peak at 915 cm-1. The presence of polyethyleneglycol in the system shows that the interaction 
between the O-H group from polyethyleneglycol or amine group from the industrial amine hardener with epoxy 
molecule was unjustiþed in the infrared analysis. Results also indicated that the addition of polyethyleneglycol 
in the epoxy composites had higher degree of crosslinking compared to di-(3-aminopropyl) ether. This was 
supported by the results from the mechanical tests which showed higher ultimate tensile strength and 
Young Modulus values for samples cured with polyethyleneglycol than with di-(3-aminopropyl) ether. In 
the TGA and DSC analyses however, no signiþcant trend was observed.

pure science section

pure science section

The purpose of this research is to investigate the effect of introducing different number of functional 
groups in amine as a curing agent in the formation of epoxy composites. Trietylenatetramine (TETA) and 
tetraetylenepentamine (AETETA) was used as a curing agent at different ratios to industrial amine. Samples 
were characterised using various techniques such as Fourier transform infrared (FTIR), differential scanning 
calorimeter (DSC), thermal gravimetric Aaalysis (TGA) and tensile strength testing. The results indicated 
that a higher crosslink level was achieved using the curing agent AETETA with industrial amine compared to 
the sample cured with TETA with industrial amine at a similar ratio. This þnding was supported by higher 
values of ultimate tensile strength and Young Modulus followed by lower value of elongation at break for 
sample cured with AETETA compared to TETA. From the DSC analysis, it showed that curing process was 
insufþcient resulting from the different glass transition values in the þrst and second heating cycles. The TGA 
analysis indicated that introducing AETETA or TETA into the system produced different components with the 
unmodiþed epoxy composites. FTIR results showed that the epoxy molecules reacted with amine hardener 
either from the curing agent or the industrial amine. This was observed as the peaks at 915 cm-1 attributed to 
the epoxy ring and peaks at 3345 cm-1, and 3269 cm-1 attributed to the amine hardener disappeared and the 
appearance of a new peak at 3421 cm-1 attributed to the OH group.

Farah Hani Shahari

No-29, Jln Perdana 2/24
Pandan Perdana
55300 Kuala Lumpur. MALAYSIA

mieya_belle@hotmail.com

Supervisor
Dr. Coswald Stephen Sipaut @ 
Mohd Nasri

The effect of introducing different number of functional groups in amine as a curing agent 
in the formation of epoxy composites

Firda Zahila Zakaria

Bt. 211/2 Km Pengkalan Balak
78300 Masjid Tanah
Melaka. MALAYSIA

þrda_reds@yahoo.com

Supervisor
Dr. Coswald Stephen Sipaut @ 
Mohd Nasri

Effect of di-(3-aminopropyl) ether and polyethyleneglycol in the reaction between epoxy 
resin and industrial amine hardener

The objective of this research is to synthesise zinc complexes by reacting zinc sulphate, ZnSO4 with ligands such 
as pyridine-2,5-dicarboxylic acid, C5H3N(COOH)2 and pyrazole-3,5-dicarboxylic acid monohydrate, C5H4N2O4. H2O 
in basic conditions. The two zinc complexes synthesised were sodium diaquabis(pyridine-2,5-dicarboxylato)zinc(II
)dihydratecomplex, Na2[Zn(C7H3O4N)2(H2O)2].2H2O (C1) and sodium diaquabis(pyrazole-3,5-dicarboxylato) zinc(II) 
dihydrate complex, Na2[Zn(C5H2N2O4)2(H2O)2].8H2O (C2). Both products were characterised via conductivity 
analysis, melting point, infrared spectroscopy (IR), CHN microanalysis, atomic absorption spectroscopy (AAS), 
solid and liquid UV-Vis spectroscopy and cyclic voltammetry (CV). According to the characterisation results, both 
C1 and C2 complexes exhibited charged properties and the mole ratio of zinc:ligand is 1:2. Both ligands act as 
bidentate ligands towards zinc in the complexes. The oxidation state of zinc in both complexes is +2. The cyclic 
voltammetry analysis showed that both of the complexes C1 and C2 are able to undergo redox reactions (can be 
reduced or oxidized). The E½ value for zinc sulphate is 108 mV.

Florence Kiu Chiao Ling

Lot 6172, Tmn. Permyjaya,
Desa Pujut, 98100 Miri
Sarawak. MALAYSIA

þshypolen84@yahoo.com

Supervisor
Prof. Teoh Siang Guan

Synthesis and characterisation of zinc complexes with pyridine ð 1, 5 ð dicarboxylic acid 
and pyrazole ð 3, 5 ð dicarboxylic acid ligands
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The objective of this research is to investigate the adsorption of p-chlorophenol onto rice husk and biomass 
and to þnd an alternative for powder activated carbon as adsorbent for the adsorption of  p-chlorophenol. 
The inÿuence of different experimental parameters such as pH, contact time, amount or dosage of adsorbent 
and initial concentration of p-chlorophenol was evaluated. It was observed that the sorption equilibrium data 
for activated carbon þts the Langmuir model better (R2 > 0.99) than the Freundlich model (R2 å 0.93). For the 
rice husk and biomass, the sorption equilibrium data fits the Freundlich model well with R2 > 0.98 
and R2 > 0.99, respectively. The maximum sorption capacity of p-chlorophenol was observed for activated 
carbon (238.10 mg g-1), followed by biomass (8.26 mg g-1) and then rice husk (5.20 mg g-1).

Jacqueline Ng Lee Ying

5-3-8 Mawar Apartment
Taman Sri Nibong
Jalan Bukit Kecil 1
11900 Bayan Lepas
Pulau Pinang. MALAYSIA

jacqueline_nly@gmail.com

Supervisor
Assoc. Prof. Seng Chye Eng

Absorption of p-chlorophenol onto low cost adsorbents : rice husk and biomass

Two copper(II) complexes bis((S)-2-amino-3-[(4-hydroxyphenyl)propionate]copper(II) (Cu[C6H4(OH)CH2.
CH(NH2)COO]2) (complex A) and aquabis(3-amino-4-chlorobenzoato)copper(II) (Cu[C6H4(C1)(NH2)COO]2.H2O) 
(complex B) were synthesised. Complex A was synthesised from the reaction of copper sulfate pentahydrate 
(CuS04.5H2O) with ligand (S)-2-amino-3-(4-hydroxyphenyl) propionic acid at pH 8 under reÿux at 60ÁC. While 
complex B was synthesised from the reaction of copper sulfate pentahydrate (CuS04.5H2O) with the ligand 3-
amino-4-chlorobenzoic acid at pH 5 under reÿux at 60ÁC. The complexes were characterised by using FT-IR, 
AAS, CHN, UV-VIS spectroscopy, cyclic voltammetry (CV), and physical properties. The yield obtained from 
complex A was 68.83 % whereas complex B was 61.06 %. The FT-IR spectra indicated that the ligand (S)-2-amino-
3-(4-hydroxyphenyl) propionic acid acted as a monodentate ligand towards copper through the carboxylase ion 
COO- whereas ligand 3-amino-4-chlorobenzoic acid acted as a bidentate ligand. Complex A was very soluble in 
distilled water whereas complex B was only sparingly soluble. Complex A and complex B decompose at 248ÁC and 
284ÁC, respectively. From the CHN microanalysis, both complexes gave results that agree with the theoretical 
values.  UV-VIS spectra showed that copper in both complexes belonged to the d9 group with an oxidation 
state of +2. CV analysis showed that both complexes possess redox properties; Ea(Cu+/Cu2+) is -133mV whereas 
Ec(Cu2+/Cu+) is -464mV. On the other hand, for complex B the Ea(Cu0/Cu+) , Ea(Cu+/Cu2+) and Ec(Cu2+/Cu0) are -212 
mV , -87 mV , and -459 mV, respectively. Based on the various analyses, the structure of complex A is tetrahedral 
or square planar whereas complex B is trigonal bipyramid or square pyramid .
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Synthesis and characterisation of Cu(II) complexes with (S)-2-amino-3-(4-hydroxyphenyl) 
propionic acid and 3-amino-4-chlorobenzoic acid ligands

The rate of reaction of hexachlorocyclotriphosphazene (N3P3Cl6) with aryl alcohols such as phenols and naphthols, 
to the best of our knowledge, has not been reported in the literature. The reason is N3P3Cl6 is believed and 
known to undergo hydrolysis concurrently, which may complicate the detection and quantiþcation of the desired 
products. However, we found that when anhydrous sodium carbonate (Na2CO3) is introduced in the reaction 
vessel, N3P3Cl6 did not undergo hydrolysis. As such, the rate of reaction of N3P3Cl6  with 1-naphthol, 2-naphthol, 
and phenol in the presence of anhydrous Na2CO3 in 1, 4-dioxane has been investigated using 31P NMR under two 
different reaction conditions: (i) in separated reaction vessels, and (ii) in one reaction vessel. In both conditions, 
the order of the rate of the reaction is as follows: phenol > 2-naphthol > 1-naphthol. That means that phenol is 
more reactive than 2-naphthol which in turn is more reactive than 1-naphthol towards N3P3Cl6 . Furthermore, in 
the one-pot reaction (i.e., latter reaction condition) we are able to establish that 2-naphthol is at least 2 times 
more reactive towards N3P3Cl6 than 1-naphthol. 

Lee Su Yee

21, Jln. Cenderawasih 1
Taman Segar
85000 Segamat
Johor. MALAYSIA

lsyee84@yahoo.com

Supervisor
Assoc. Prof.  Mas Rosemal Hakim 
Mas Haris

Determination of the rate of reaction of hexachlorocyclotriphosphazene with 1-naphthol 
and 2-naphthol in the presence of sodium carbonate using nuclear magnetic rosonance 
spectroscopy 31P
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RH-Silica, RH-Ag, and RH-Ag (5 % amine) [4-(methyl amino) acid benzoic] were synthesised via solvent 
extraction and sol-gel techniques. RH-Ag and RH-Ag (5 % amine) are heterogeneous catalysts. SEM micrographs 
of RH-Ag and RH-Ag (5 % amine) showed that the lighter spots was silver whereas  SEM micrographs of RH-
Silica showed smooth surfaces. The EDX analysis of RH-Ag (5 % amine) indicates the presence of nitrogen 
which originated from amine. The results of TEM showed that silver was not homogenously incorporated in the 
matrix of silica. The XRD analysis showed that RH-silica sample consisted of an amorphous phase whereas both 
RH-Ag and RH-Ag (5 % amine) samples were in amorphous phase and crystalline phase. From the BET analysis, 
the speciþc surface area of  RH-Silica  was found to be 388 m2 g-1 higher than RH-Ag and RH-Ag (5 % amine) 
with 293 m2 g-1 and 236 m2 g-1, respectively. The oxidation of phenylmethanol using RH-Ag and RH-Ag (5 % 
amine) as a catalyst in open air gave the product, benzaldehyde. However oxidation reaction conducted using 
pure oxygen supply gave two products, benzaldehyde and dibenzyl ether. The optimum weight of catalyst 
RH-Ag and RH-Ag (5 % amine) was 0.3 g. The optimum time of reaction using RH-Ag as catalyst was three hours 
whereas the RH-Ag (5 % amine) was four hours to give the highest percentage conversion. Overall, RH-Ag (5 % 
amine) was found to be a better catalyst and more effective in the oxidation of phenylmethanol.
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The objective of this research was to evaluate the effect of hexavalent chromium on phosphorus removal in 
two different sequencing batch reactors (SBRs). The SBRs were operated with FILL, REACT (Aerobic, Anoxic), 
SETTLE, DRAW and IDLE in the ratio of 1: 6 (4İ: 1İ):1 :Ĳ: 3ı for a cycle time of 24 h. Reactor R1 was fed 
with base mix containing organic carbonaceous substrates whereas R2 was fed with base mix without organic 
carbonaceous substrates. Both reactors were operated in three phases, namely without Cr(VI) addition (Phase 
I), with the addition of 5 mg L-1 and 1 mg L-1 of Cr(VI) to R1 and R2, respectively, (Phase II) and with the addition 
of 8 mg L-1 and 5 mg L-1 of Cr(VI) to R1 and R2, respectively, (Phase III). The results show that the average 
ortho-phosphate removal efþciency in R1 and R2 for the three phases were 24, 17 and 22 % and, 21, 15 and 6 %, 
respectively. The trend of phosphorus uptake by biomass was compatible with the trend of ortho-phosphate 
removal in the mixed liquor for both reactors. This shows that the ortho-phosphate removal in the mixed liquor 
was removed by the biomass during the aerobic period. Kinetic study conducted for the REACT period showed 
that the pseudo-þrst-order rate constant of ortho-phosphate removal for R1 varied from 3.00 x 10-4 min-1 in 
Phase I to 3.00 x 10-4 min-1 in Phase II and 4.00 x 10-4 min-1 in Phase III. This indicates that Cr (VI) addition up 
to 8 mg L-1 did not have any observable effect on the phosphorus removal. There was no phosphorus removal 
during the aerobic stage of the REACT period in R2 due to the absence of organic substrates. 

Lim Yi Shin

7, Lintang Mak Mandin 2
Taman Sukaria Mak Mandin
13400 Butterworth
Pulau Pinang. MALAYSIA

ralphlimyishin@yahoo.com

Supervisor
Prof. Lim Poh Eng

Effect of hexavalent chromium on the removal of phosphorus in sequencing batch reactors
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Oxidation of phenylmethanol using RH-Ag and RH-Ag (5 % amine) as catalyst

Landþll leachate is a major source of contaminants to the ground waters and surface waters. Six constructed 
wetland reactors with sub-surface system design were employed to treat landþll leachate samples from Pulau 
Burung Sanitary Landþll, Penang. The parameters that were observed for removal were chemical oxygen demand 
(COD), total reactive phosphorus, soluble reactive phosphorus and suspended reactive phosphorus. The reactors 
were divided evenly into two speciþc groups: (1) Indoor and non-vegetated constructed wetland reactor and; (2) 
Outdoor and vegetated constructed wetland reactor. All reactors have different media types and þxed hydraulic 
retention time of 7 days. The indoor reactors: Reactor I (Charcoal), reactor II (Gravel) and reactor III (Granite) 
were sited in a laboratory without any vegetation and the ÿow rate of 6.4 ml 10 min-1. The outdoor reactors: 
Reactor A (Gravel:Charcoal-1:2), reactor B (Gravel:Charcoal-1:1) and reactor C (Gravel) were placed in the open 
air with Cattail (Typha sp.) plants planted in each of them. The ÿow rate for reactor A and C is 7.5 mL min-1; and 
the ÿow rate for reactor B is 4.0 mL min-1. Raw leachate samples were diluted with sewage in the ratio 1:1 and 
were introduced into all reactors via peristaltic pump. The inÿuent and efÿuent samples from each reactor were 
collected and analysed. Satisfactory results were obtained where, for the indoor reactors, reactor III (granite) 
shows the highest efþciency for total reactive phosphorus (TRP) and soluble reactive phosphorus (SRP) removal 
and reactor I (charcoal) for COD; while for the outdoor reactors, reactor B shows the highest removal for all 
three parameters.
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Landþll leachate treatment: The implementation of constructed wetland reactors in the 
removal of total and soluble reactive phosphorus and chemical oxygen demand
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The objective of this research is to determine the removal efþciencies of ammonia, nitrate and nitrite in 
six types of reactors representing different constructed wetland units of various types of media. Three non-
vegetated units, namely A (charcoal), B (gravel) and C (granite), were placed in the laboratory. The other 
three vegetated (cattails) units, namely D (gravel), E (gravel: charcoal in 1:1 ratio) and F (gravel: charcoal 
in 1:2 ratio) were placed outdoors. There were two sampling points at the end of each unit which were 
located at 15 and 30 cm of the depth of the media. Hydraulic retention time of seven days was chosen. The 
results show that the percentages and standard deviations for the removal of ammonia in reactors A, B and 
C were 57.42 Ñ 1.41, 32.12 Ñ 1.48 and 43.24 Ñ 1.67, respectively. In reactors D, E and F, the percentages of 
ammonia removal at the þrst and second sampling points were 63.83 Ñ 0.21 and 18.62 Ñ 0.39, respectively, for 
reactor D, 72.35 Ñ 0.45 and 28.17 Ñ 0.54, respectively, for reactor E and 87.33 Ñ 0.39 as well as 31.29 Ñ 0.38, 
respectively, for reactor F. The percentages and standard deviations for nitrate removal in reactors A, B and 
C were 58.36 Ñ 2.33, 36.14 Ñ 0.45 and 47.36 Ñ 0.53, respectively. In reactors D, E and F, the percentages and 
standard deviations for nitrate removal at the þrst and second sampling points were 57.52 Ñ 0.82 and 22.58 Ñ 
0.91, respectively, for reactor D, 66.30 Ñ 1.69 and 33.03 Ñ 0.68, respectively, for reactor E and 77.18 Ñ 0.79 as 
well as 58.62 Ñ 0.96, respectively, for reactor F. The percentages and standard deviations for nitrite removal 
in reactors A, B and C were 89.46 Ñ 0.68, 80.68 Ñ 0.90, 86.49 Ñ 1.25, respectively. In reactors D, E and F, the 
percentages and the standard deviations for nitrite removal at the þrst and second sampling points were 74.94 
Ñ 0.60 and 73.19 Ñ 1.00, respectively, for reactor D, 80.48 Ñ 1.10 and 74.15 Ñ 1.27, respectively, for reactor E 
and 86.93 Ñ 0.86 as well as 69.46 Ñ 0.79, respectively, for reactor F. Based on the results shown above, it can 
be concluded that reactor F consisting of gravel and granular charcoal in 1:2 ratio as media and planted with 
cattails at 15 cm depth was the most efþcient for removing ammonia, nitrate and nitrite compared to the 
other reactors.
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Use of charcoal, gravel and granite as the media in the vegetated and non-vegetated constructed 
wetlands for removing ammonia, nitrate and nitrite from water of shrimp aquaculture pond

The main objective of this study is to determine the removal of biochemical oxygen demand (BOD) from water 
of aquaculture shrimp pond using six different constructed wetlands system. The other objectives are to 
determine the role of cattails and also to determine the most efþcient media to remove BOD from the water of 
aquaculture shrimp pond. These constructed wetlands were divided into vegetated and un-vegetated systems. 
Three vegetated reactors (with cattails) were þlled with different media, namely gravel (A), granular charcoal 
and gravel in 1:1 ratio (B) and granular charcoal and gravel in 1:2 ratio (C). All these reactors were placed 
outdoors to be exposed to the natural environment. The three un-vegetated reactors containing charcoal (D), 
gravel (E) and granite (F) as media, respectively, were placed inside the laboratory. Hydraulic retention time of 
seven days was chosen. Test samples were collected from the end of the reactors. However, for the vegetated 
rectors, the test samples were collected from two different depths, i.e. 15 cm (aerobic) and 30 cm (anaerobic). 
The results show that the percentages of BOD removal for reactors A, B and C under aerobic condition were 
54.11 %, 67.78 % and 74.56 %, respectively, and those under the anaerobic condition were 44.11 %, 54.44 % and 
62.44 %, respectively. For the unvegetated reactors, the percentages of BOD removal for reactors D, E and F 
were 53.90 %, 37.00 % and 42.5 %, respectively. Thus, reactor C which contained granular charcoal and gravel 
in 2:1 ratio with cattails and the un-vegetated reactor D which contained granular charcoal had the highest 
percentages of BOD removal from the water of aquaculture shrimp pond.
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Use of charcoal, gravel and granite as media of vegetated and non-vegetated constructed 
wetlands for removing BOD from water of aquaculture shrimp pond

The objective of this research was to evaluate the effect of hexavalent chromium [Cr (VI)] on nitrogen removal 
in sequencing batch reactor (SBR). Two laboratory-scale SBRs were set up. One was fed with base mix containing 
peptone, sucrose and nutrients (R1) whereas the other was fed with nutrients only (R2). The SBRs were operated 
with FILL, REACT (aerobic + anoxic), SETTLE, DRAW and IDLE periods in the ratio of 2:12 (9:3):2:1.5:6.5 for a 
cycle time of 24 h. Both reactors were operated in three phases, namely without Cr (VI) addition (Phase I), 
addition of 5 mg L-1 and 1 mg L-1 Cr (VI) to R1 and R2, respectively, (Phase II) and addition of 8 mg L-1 and 5 mg L-1 
Cr (VI) to R1 and R2, respectively, (Phase III). The results showed that the ammoniacal nitrogen (AN) removal 
deteriorated from 99 % to 18 % for R1 and from 100 % to 73 % for R2 from Phases I to III. The results of the kinetic 
study show that the pseudo-þrst-order rate constant for AN removal decreased from 0.0139 min-1 and 0.0204 
min-1 (Phase I) to 0.0009 min-1 and 0.0089 min-1 (Phase II), and 0.0005  min-1 and 0.0017 min-1 (Phase III) for R1 and 
R2, respectively. This indicates that the bioactivity of the nitrifying bacteria was inhibited due to the addition 
of Cr (VI).
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Effect of chromium (VI) on nitrogen removal in sequencing batch reactor
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Balau (Shorea.sp) wood as a durable hardwood was used in the extraction process. The wood samples used 
were in a powder form and solids of three different dimensional sizes. The samples were dried in the oven at 
105 oC. The wood sample was extracted using a sequence of mixture of ethanol and toluene (1 : 2), ethanol 
and þnally with hot distillated water. The extractives with three different concentrations were impregnated 
into the Jelutong wood (Dyera costulata Hook F) and exposed to subterraneam termites. The extractives were 
separated using thin layer chromatography (TLC) and high perfomance liquid chromatography (HPLC). 
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The fruit of Garcinia atroviridis or ‘asam gelugor’ is used as a food additive. The objective of this study is 
to determine the percentages of antioxidant in the fresh and dried fruits. The dried fruit is also known as 
‘asam keping’. The percentage of antioxidant was calculated from the absorbance value of the ultra-violet 
spectrum (UV spectrum) at the wavelength of 450 nm. The results show that dried fruits had higher 
percentage of antioxidant than fresh fruits. The structure of vitamin E was studied by using 1H NMR, 13C NMR 
dan 2D NMR. Ocimum basilicum is a herbal plant which is eaten by the local people as ‘ulam’. An essential oil 
was extracted from this plant by hydro distillation. Volatile compounds present in this plant were identiþed 
using gas chromatography (GC) and gas chromatography-mass spectrometry (GCMS).
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Studies of antioxidant in Garcinia atroviridis plant and essential oil in Ocimum basilicum 
plant
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A study on the extraction of balau wood and the effect of the extractives on the termites

The purpose of this research is to investigate the inÿuence of activated carbon and polyurethane as þller in the 
formation of epoxy composites. The properties of the activated carbon and polyurethane as þller in the epoxy 
composite were characterised by Fourier transform infrared spectroscopy (FTIR), thermogravimetry analysis 
(TGA), differential scanning calorimetry (DSC), scanning electron microscopy (SEM) and tensile testing. The FTIR 
results showed that epoxy resin and amine molecules had reacted to form a three dimensional network. This 
behaviour was indicated by the disappearance of a peak at 915 cm-1 attributed to the epoxy ring group and peaks 
at 3359 cm-1 and 3291 cm-1 attributed to the primary amine functional group and the formation of new a peak 
at 3429 cm-1 attributed to the OH functional group. The results also show that activated carbon or polyurethane 
þller may have reacted with the matrix component as the peak at 1557 cm-1 assigned to C=C bonding for activated 
carbon and peak at 1050 cm-1 assigned to C-O bonding for polyurethane had disappeared. From the TGA and DSC 
analysis, no signiþcant trend was observed as the activated carbon or polyurethane loading increased. However, 
at any similar concentration of þller, polyurethane gave a higher glass transition temperature, Tg value compared 
to the activated carbon. SEM analysis indicated that activated carbon þller was well dispersed compared to 
the polyurethane þller in the epoxy composite. The polyurethane þller tends to form agglomeration at higher 
concentrations in the composite matrix. Mechanical properties show that the epoxy composite with the addition 
of activated carbon gave higher modulus and ultimate tensile strength and a signiþcantly lower elongation at 
break compared to the addition of the polyurethane þller. In addition, increasing the þller loading, the modulus 
and ultimate tensile strength increased and was followed by a decrease in elongation at break for both samples 
either with activated carbon or polyurethane þller.
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A comparison between activated carbon and polyurethane as þller in epoxy composites
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The þrst part involved the study of the antioxidant activities of the methanol extracts of Paederia 
foetida dan Syzygium aqueum (fresh and dried samples) using Ɲ-carotene bleaching and 2,2õ-azinobis(3-
ethilbenzothiazoline-6-sulfonic acid) radical cation (ABTS) assays where quercetin and Ɯ-tocopherol were 
taken as controls.  The percentage of antioxidant activity for Ɯ-tocopherol and quercetin were 79.69 % and 
42.37 %, respectively. The percentage antioxidant activities for all extract samples using both assays were 
in the range of 58 %ð80 %. The fresh samples for both plants showed good antioxidant activities, while the 
dried samples showed low antioxidant activities. The results of the Ɲ carotene bleaching assay showed a 
good correlation with the ABTS assay.  The second part consisted of studying the structure of quercetin using 
1D and 2D NMR spectroscopy. The third part of the research is to identify the bioactive compounds such as 
tannins, ÿavonoids, alkaloids, terpenoids and steroids in both plant extracts.  The results showed that both 
plant extracts contain all the þve bioactive compounds. 
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Antioxidant studies on Paederia foetida and Syzygium aqueum plants

The purpose of this research is to study the comparison and the effect of carbon black and silica þller in epoxy 
composites. Epoxy composite samples at a ratio 1:1 (epoxy resin to amine hardener) were prepared by introducing 
the carbon black and silica þller at different loading capacities. All samples were characterised by Fourier 
transform infared (FTIR), differential scanning calorimetry (DSC), thermal gravimetry analysis (TGA), scanning 
electron microscope (SEM) and tensile strength.  FTIR analysis shows no signiþcant difference in the spectra of 
with or without the presence of carbon black þller in the epoxy composite. However, a broad peak was observed 
at 1106 cm-1 attributed to the OH group of silica þller in the epoxy composite. In the DSC analysis, it shows that 
the glass transition, Tg value for the reference sample is higher compared to the sample in the presence of þller. 
Furthermore, increasing the þller loading either carbon black or silica þller in the epoxy composite shows no 
signiþcant trend in the glass transition temperature. From the TGA analysis, the results show that increasing 
the þller content, increased the decomposition temperature of the sample. An uneven surface of sample was 
observed in the SEM analysis as well as bubbles are formed in some parts of the sample. For the mechanical 
properties, increasing the percentages of þller (either carbon black or silica) in the epoxy composite higher 
Youngõs Modulus and lower elongation at break were obtained. However, no signiþcant trend was observed 
for the ultimate tensile strength values.
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Comparison between carbon black and silica as þller in epoxy composites

This research was carried out to determine the effectiveness of the‘Balau’ extracts against White Rot 
Fungi (Phanerochaete chrysosporium). The wood samples (Dipterocarpaceae sp.) which were cut into three 
different dimensions and also in the form of powder were dried in the oven at 105 0C. The wood samples were 
extracted by a series of solvents i.e. mixture of ethanol : toulene (2:1), ethanol and þnally with hot water. 
The extractives obtained were then distilled to remove the solvent. The amount of extractives obtained 
were 3.27 % by ethanol : toluene, 1.64 %  by ethanol and 0.76 % by hot water. Thin layer chromatography 
(TLC) and high performance liquid chromatography (HPLC) were used to isolate the compounds present in 
the extractives. The extractives were applied onto the fungus medium to determine its effectiveness.
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A study of the effectiveness of the wood extractives against white rot fungi 
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Rust converters are chemical formulations that can be applied to corroded surfaces. After coating, the rust 
converters can cause rust passivation and impede further rusts formation. Tannins extracted from mangrove 
and quebracho (both are condensed tannins) barks as rust converters were evaluated. The pre-rusted samples 
were prepared by immersing the samples in 3.5 % NaCl solution for 55 days. The rust components on 
the pre-rusted samples were mainly lepidocrocite (ƞ-FeOOH) and magnetite (Fe3O4) and the distribution of 
the rust components was found to be dependent on the sample preparations. The pre-rusted samples were 
immersed in 5 g L-1 tannin solutions and the phase transformations were analysed via FTIR, XRD, TGA and SEM. 
The effectiveness of tannins as rust converters has also been studied based on mass, pH and time. From the 
analyses, it was found that partial phase transformations into ferric-tannates occurred after the pre-rusted 
samples were immersed in both mangrove and quebracho tannins. The degree of phase transformations was 
found to be dependent on the mass of pre-rusted samples, pH of tannin solution and immersion time.
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The purpose of this research is to investigate the effect of two different þllers in the formation of epoxy 
composites. Two types of þllers with different loading were studied in this research namely lignin and fumed 
silica. The epoxy composite consisted of epoxy resin and amine hardener. All samples were characterised 
by infrared (IR) analysis, thermal gravimetry analysis (TGA), differential scanning calorimeter (DSC), scanning 
electron microscope (SEM) and tensile testing. The best suggested ratio for amine to epoxy resin is 1:1. From 
the FTIR results, it shows that the formation of crosslinking between epoxy and amine hardener had occurred 
with the disappearance of epoxy ring and amine peaks at 915 cm-1 and 3300 cm-1 ð 3200 cm-1, respectively and 
the appearance of a new peak at 3360 cm-1 attributed to the O-H group formation. From the TGA analysis, the 
reference sample (epoxy and amine only) shows three decomposition steps, however the presence of þllers 
in the system produced lower glass transition temperature values compared to the epoxy composite alone. 
The introduction of either lignin or silica into the system produced uneven dispersion of the þller in the epoxy 
composite. From the tensile test, it shows that increasing the lignin loading in the epoxy composite 
produced higher Young Modulus and lower elongation at break compared to the epoxy composite alone 
and with the addition of silica filler.
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The effect of lignin and silica as þller in epoxy composite formations
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The efþciency of mangrove and quebracho tannins as rust converters

The objective of this research is to synthesise vanadium complexes by reacting vanadium pentoxide (V2O5) with 
ligands such as pyridine 2,6-dicarboxylic acid  monohydrate (C7H5NO4.H2O) and 2,6-dihydroxybenzoic acid  
(C7H6O4). Two vanadium complexes which were successfully synthesised were potassium  peroxo(pyridine2,6-
dicarboxylato)oxovanadium trihydrate complex, K[C7H3NO4(O2)VO].3H2O (C1) and potassium bis(2,6-
dihydroxybenzoato) complex, K[(C7H5O4)2VO2] (C2). Both products were characterised by using several physical 
methods such as melting point, conductivity, infrared spectroscopy (IR), CHN microanalysis, atomic absorption 
spectroscopy (AAS), solid and liquid UV-VIS spectroscopy and cyclic voltammetry (CV). Results indicated that the 
carboxylic group of pyridine 2,6-dicarboxylic  acid monohydrate acts as a monodentate ligand and pyridine 2,6-
dicarboxylic acid  monohydrate acts as a tridentate ligand. Complex C1 has a stoichiometry ratio of vanadium: 
ligand equal to 1:1, while the acid 2,6-dihydroxybenzoic  which possesses the of O,O-donor group acted as a 
bidentate ligand. Complex C2 has a stoichiometry ratio of vanadium:  ligand equal to 1:2. The oxidation 
state of vanadium in both complexes C1 and C2 has been proven by UV-VIS analysis to be +5. CV results 
showed that both complexes C1 and C2 have reversible potentials which exhibited E1/2 (V5+ �Ƃ V4+) -
0.4435 mV for complex C1 and E1/2 (V

5+ƂV4+) -0.4075 mV for complex C2.
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Synthesis and characterisation of vanadium complexes with pyridine 2, 6-dicarboxylic 
acid and 2, 6-dihydroxybenzoic acid ligands
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Hydrogenation reactions of unsaturated compounds were conducted to evaluate the reactivity and selectivity 
of noble metal catalysts. Homogeneous metal catalysts studied were palladium (II) acetylacetonate, rhodium 
(III) acetylacetonate, and ruthenium (III) acetylacetonate while the substrates chosen for the reactions were 
styrene, crotonaldehyde and crotonic acid. All the metal catalysts catalysed the addition of hydrogens only 
at the double bond of the oleþns without interference of the other functional groups. It was found that 
the reactivity of the catalysts decreased in the order of Pd > Rh > Ru while crotonaldehyde underwent the 
reaction more easily compared to styrene and crotonic acid. The IR and  1H-NMR analysis of each hydrogenation 
product indicated that the structure was consistent with the structure predicted for each reaction. 
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A comparison of the hydrogenation reactions of alkenes using homogeneous catalysts 
palladium (II), rhodium (III) and ruthenium (III)

This study was done to evaluate the efþciency of mimosa and chestnut tannins that were used as rust converters 
on mild steel. The efþciency by mixing equal amount of both tannins was also studied. The rust samples were 
alternatively immersed in 3.5 % (w/v) NaCl solution and dried for 49 days. The rust samples were then immersed 
in 5 g L-1 tannin solution. The rust weight and the immersion time in tannin solution were the parameters used 
in this study. Rust samples were analysed using infrared spectroscopy (FT-IR), scanning electron microscope 
(SEM), X-Ray diffraction (XRD) and thermogravimetry analysis (TGA). These analyses showed that there were 
complexations between rust and tannins to form ferric-tannates. However, only partial phase transformations 
occurred. The FT-IR analysis showed that the increase in immersion time increased the ferric-tannate formation. 
This analysis also showed that the efþciency of tannins as rust converters is as follows:
chestnut tannin å mixed tannin > mimosa tanninRozieyanie Roslan
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The phase transformations of rust in the presence of chestnut and mimosa tannins

This study involved the use of charcoal, granite and gravel as media þltration in constructed wetland with 
and without vegetation to treat water from a shrimp aquaculture pond. The objective of this study was to 
investigate the potential use of charcoal, granite and gravel as media þltration and also the effect of plants, 
weather and media composition to remove phosphorus and total solid. Three reactors without vegetation; 
A (gravel), B (charcoal) and C (granite) were used in this study. The results of phosphorus removal (Total 
Reactive Phosphorus, TRP and Soluble Reactive Phosphorus, SRP) and total solid (Total Suspended Solid, 
TSS and Total Dissolved Solid, TDS) were as follows; reactor A; TRP (20.35 %), SRP (25.65 %), TSS (34.16 %) 
and TDS (24.59 %), reactor B; TRP (66.34 %), SRP (70.80 %), TSS (77.17 %) and TDS (25.85 %) and reactor C; 
TRP (48.34 %), SRP (46.53 %), TSS (36.08 %) and TDS (24.74 %). For the reactors with vegetation AT, BT and 
CT, the results for reactor AT (granite only); TRP (55.47 %), SRP (78.25 %), TSS (24.94 %) and TDS (16.82 %), 
reactor BT (charcoal and gravel with ratio 1:1) were TRP (60.18 %), SRP (80.01 %), TSS (38.82 %) and TDS (15.35 
%) while reactor CT (charcoal and gravel with ratio 2:1) were TRP (60.27 %), SRP (80.66 %), TSS (45.60 %) and 
TDS (21.10 %). For the reactor with vegetation, reactor CT was most effective in removing phosphorus and 
total solid, followed by reactor BT and reactor AT while the reactor without vegetation, reactor B was more 
efþcient than reactor A and reactor C.
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Removal of phosphorus and total solid from the shrimp aquaculture pond using charcoal, 
granite and gravel as medium in constructed wetland with and without vegetation.
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The objective of this study was to evaluate the removal efþciency of Cr (VI) in two sequencing batch reactors 
(SBR), one of which contained a mixed culture of autotrophic and heterotrophic micro-organisms (R1) and 
the other a purely autotrophic culture (R2). The effect of Cr (VI) addition on the removal of COD was also 
investigated. The SBRs were operated with FILL, REACT (aerobic), REACT (anoxic), SETTLE, DRAW and IDLE 
periods in the ratio of 2:9:3:2:1.5:6.5 for a cycle time of 24 h. The reactors were operated for three different 
phases throughout the study period with Phase I considered as the steady state without Cr (VI) addition. 
Reactor 1 was added with 5 mg L-1 of Cr (VI) for 71 days (Phase II) and 8 mg L-1 of Cr (VI) for 80 days (Phase III), 
whereas R2 was operated with the addition of 1 and 5 mg L-1 of Cr (VI) for 54 (Phase II) and 55 days (Phase III), 
respectively. The results showed that the removal of Cr (VI) took place through the bio-reduction process in 
which Cr (VI) was reduced to Cr (III). This process was only favourable at low dissolved oxygen concentrations 
and in the presence of organic substrate. As the reactors operated between pH 7-8, the Cr (III) produced was 
easily precipitated as Cr(OH)3, thus removing the amount of chromium present.  Removal efþciency of Cr (VI) 
in Reactor 1 was more than  90 % for both Phases II and III of the chromium addition. In contrast, Reactor 2 
was only capable of removing 51.8 % and 66.3 % of Cr (VI) in Phases II and II, respectively. For Reactor 1, COD 
removal efþciency was 95, 90 and 83 % for each phase. Acclimatisation of the biomass helped to improve the 
removal efþciency in Phase III to 87 %. The kinetic study showed that the kinetics of COD removal can be 
described by the pseudo-þrst-order model. The COD removal rate constant, kCOD, before the addition of Cr (VI) 
was 3.69 x 102 min-1. Addition of chromium reduced the removal rate but after acclimatisation, the removal 
rates improved once again to 2.92 x 102 min-1 and 2.53 x 102 min-1 in Phases II and III, respectively.  
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Constructed wetlands have been gaining in popularity as a reduced cost and low maintenance technology 
for treating wastewater. The objectives of this study were (i) to assess the role of macrophyte (Typa spp.) 
and (ii) to evaluate the performance of gravel, charcoal, and granite as media in the removal of COD in the 
aquaculture shrimp water. Six reactors which contained different types of media were studied. Three of them 
which were planted with cattails were A (gravel), B (gravel: charcoal at the ratio 1:1) and C (gravel: charcoal, 
ratio 1:2) were placed outside in the open environment. While the other three reactors, without plants, which 
were placed in the laboratory were D (gravel), E (granular charcoal) and F (granite). The type of system was 
subsurface ÿow constructed wetland, (SSF). The percentages removal for reactors with plants at sampling 
points 15 cm and 30 cm depth are listed as follows:  Reactor A are 30.86 Ñ 16.75 and 34.73 Ñ 11.6. Reactor B are 
38.50 Ñ12.78 and 42.22 Ñ 14.16 and reactor C are 49.73 Ñ 21.45 and 49.83 Ñ 14.54 respectively for þve days of 
hydraulic retention time (HRT). For seven days HRT, the results are 43.02 Ñ 11.00 and 43.45 Ñ 12.88 for reactor 
A, 49.37 Ñ 8.63 and 49.35 Ñ10.88 in reactor B. 53.83 Ñ 9.14 and 53.66 Ñ12.36 in reactor C, respectively. The 
results, in the percentage of COD removal, are given as follows: Reactor without plant D, E, F with values of 
28.05 Ñ 2.74, 34.84 Ñ 5.34, 25.32 Ñ 9.70, respectively for þve days HRT. At seven days HRT, reactor D, E, F show 
39.32Ñ 3.76, 44.65 Ñ 4.87 and 36.02 Ñ 7.27. It seems that seven days HRT gave the highest percentages removal 
of COD. The cattails played no signiþcant role in removing COD. Based on the results obtained, Reactor E and 
C gave the highest percentage removal compared to the other reactors. It can be concluded that charcoal is 
the best media for COD removal in constructed wetland system.
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Chemical oxygen demand (COD) removal from water of aquaculture shrimp pond using 
gravel, charcoal and granite as a media in constructed wetland system with and without 
vegetation
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Removal of chromium (VI) by activated sludge in sequencing batch reactor

A series of four dimeric liquid crystals has been synthesised and characterised.  The synthetic path consists 
of four steps: (1) acid catalysed esteriþcation between 4-(4-hydroxyphenyl) benzoic acid and (S)-(-)-2-
methyl-1-butanol with catalytic amount of concentrated sulfuric acid; (2) condensation reaction between 4-
hydroxybenzaldehyde and a series of anilines (aniline, 4-ÿuoroaniline, 4-chloroaniline and 4-bromoaniline); (3) 
alkylation by 1,6-dibromohexane with the presence of anhydrous potassium carbonate; (4) (4-benzylidene-
substituted-aniline-4õ-oxy)-6-bromohexanes thus obtained were reacted respectively with 2-methylbutyl-4õ-(4ó-
hydroxyphenyl)benzoate to yield the desired Ɯ-(4-benzylidene-substituted-aniline-4õ-oxy)-Ʋ-[2-methylbutyl-
4õ-(4ó-phenyl)benzoateoxy]hexanes. Characterisation on the four title compounds were carried out via 
determination of melting points, infrared spectroscopy (FT-IR), nuclear magnetic resonance spectroscopy (1H-
NMR), differential scanning calorimetry (DSC) and polarising optical microscopy (POM). All four dimeric liquid 
crystals exhibited liquid crystallinity with predominant chiral nematic phase. The dimer without any halogen 
was purely nematogenic in nature. The ÿuorinated dimer on the other hand also exhibited the monotropic 
smectic A phase upon supercooling below its melting point in addition to the chiral nematic phase. For dimers 
with chlorine and bromine atoms enantiotropic chiral nematic and smectic A phases were observed under the 
polarising light. The mesomorphic characteristics of the dimers were attributed to the molecular polarisability 
and the shape anisotropy of the structures. 
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Synthesis and characterisation of asymmetric dimeric liquid crystals: Ȁ-(4-benzyldene-
substituted-aniline-4õ-OXY)-Ș-[2-methylbutyl- 4õ-(4ó-phenyl)benzoateoxy]hexanes
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In this study, three vegetated and three non-vegetated laboratory scales subsurface-ÿow constructed wetland 
systems were employed to treat the Pulau Burung Sanitary Landþll leachate. Varied media consisting of 
gravel, granite and charcoal were mixed and used. Vegetated reactor A consists of 100 % gravel, reactor B 
consists of a mixture of gravel and granular charcoal in 1:1 ratio and 1:2 ratio for reactor C. The non- vegetated 
system was employed as control and was conducted indoors. Reactor I for non- vegetated reactor consists of 
100 % charcoal and reactor II consists of 100 % granite and reactor III consists of 100 % gravel. There were 4 
and 7 batches of samples treated with vegetated and non- vegetated reactor systems, respectively. This study 
evaluated the ammonia removal rate for three different media, two different retention times, aerobic and 
anaerobic conditions in ammonia removal, and the different efþciency between vegetated and non- vegetated 
reactors. The ammonia removal rate for vegetated reactors A, B and C is 21.95+5.45 %, 39.35 +6.45% and 
46.60+4.40 %, respectively. On the other hand, for non- vegetated constructed wetland, the ammonia removal 
rate is 54.6+3.1, 25.0+3.3, and 24.7+5.1 for reactor I, II and III, respectively. The performance of granite and 
gravel as a þlter bed is quite similar with just 0.3 % difference in ammonia removal rate. The removal rate for 
15 cm sampling point and 30 cm sampling point is 36.80 % and 36.15 %, respectively. The ammonia removal 
rate is 33.4 % and 43.4 % for 5th day and 7th day retention time, respectively. So, longer retention time gave 
better ammonia removal rate and granular charcoal is a very effective þlter media for ammonia removal. 
Reactor I and reactor C showed the most effective ammonia removal performance in this study. 
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The feasibility study of applying constructed wetlands for nitrogen removal from sanitary 
landþll leachate

The contact times to achieve equilibrium for the sorption of Reactive Black 5 and Bromothymol Blue by 
ethylenediamine ð modiþed rice husk (MRH) were determined and were found to be four and two hours, 
respectively. For the equilibrium isotherm, the results showed that the Langmuir model was better than the 
Freundlich model in þtting the experimental data with R2 > 0.95 against R2 > 0.87 for both dyes in the pH range 
of 4 to 7. For the binary system, the interaction between the two dyes was found to be antagonistic at pH 4 
and 5 but non-interactive at pH 3. The results of the kinetic study showed that the pseudo second-order kinetic 
model was able to þt the experimental data very well (R2 >0.98) for both dyes.
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Bio-sorption of reactive black 5 and bromothymol blue dyes from aqueous solutions by 
ethylenediamine-modiþed rice husk 

Two new compounds were synthesised from the reaction of manganese sulphate tetrahydrate with 
ligands 4-aminobenzoic acid and (4-pyridylthio)acetic acid.  The first compound was diaquabis(4-
aminobenzoato)manganese(II) which was obtained in a crystal form. The second compound was 
diaquabis(4-pyridylthio)acetatomanganese(II). The ligands were found to act as  bidentate  ligands 
towards Mn(II) ion.  The  mole  ratio  of metal ion to the ligand 4-aminobenzoic acid was 1:2. Further 
evidence for the formation of the complex was provided by UV-Vis spectrometry. There was no d-d 
transition which indicates that the first complex was a d5, with the oxidation state of manganese in 
the first complex as +2. On the other hand, the mole ratio of Mn:ligand in the second complex was 1:2 
and the oxidation state of  manganese had been proven by UV-Vis analysis to be +2 with no allowed d-d 
transitions. The molar conductivity indicated that these compounds were neutral. CV results showed that 
both complexes had redox properties. The E1/2 (Mn2+Mn / Mn Mn2+) for the first complex was 0.2205 V and 
0.0465 V for the second complex.
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Synthesis and characterisation of manganese complexes with  4-aminobenzoic acid 
and (4-pyridylthio) acetic acid ligands 

pure science section

pure science section

14

School of Chemical Sciences



The removal of a diazo dye, Reactive Black 5, from aqueous solution by adsorption on powdered activated 
carbon (PAC) was studied using two different procedures. One of the procedures involved the use of multiple 
identical samples and the other the use of a single large sample. The adsorption equilibrium data obtained from 
both procedures were found to be well þtted to the Langmuir and Freundlich models. The adsorption kinetic 
data obtained from both procedures were found to be well þtted to the pseudo-second-order kinetic model. 
Both procedures yield comparable results and require almost the same amount of time and chemicals.
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Analyses of 20 organochlorine pesticide (OCP) using gas chromatography-electron capture detector (GC-ECD) 
were carried out to determine the level of OCP contamination in liquid milk. A method was developed to 
extract OCP in milk using solid phase extraction techniques. Spike recovery experiments were conducted to 
validate the method. However the recoveries of the 20 OCP compounds were not consistent, ranging from 
not detectable to 321 %.
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Development of a method for the determination the concentration of organochlorine 
pesticide in milk

Yam Ing Yee

132, Lorong 14
Lagenda Hieght
08000 Sungai Petani
Kedah.MALAYSIA

yamingyee@yahoo.com

Supervisor
Prof. Lim Poh Eng

Comparative studies of the adsorption of reactive black 5 dye on powdered activated 
carbon (PAC) using two different procedures

Two complexes were synthesised from the reaction of ammonium ferric chloride with 2-picolinic acid and 
ammonium iron(ll) sulphate hexahydrate with antharanilic acid, respectively. Complex C1 has a stoichiometry 
ratio of Fe :ligand equal to 1 : 3 , while complex C2 has a stoichiometry ratio of 1 : 2. Both complexes were 
neutral. Both ligands acted as bidentate ligands towards iron in the complex. Antharanilic acid was bonded to 
the metal by its COO moiety (acting as a bidentate). Both C1 and C2 complexes have d5 and d6 conþgurations 
with +2 and +3 oxidation states. Cyclic voltammetry (CV) results showed that both the C1 and C2 complexes have 
reversible potentials. Complex C1 has two E1/2 at 340.5 mV and the other at 515 mV. Complex C2 exhibited the 
value E1/2 of 232.5 mV only. 
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Synthesis and characterisation of iron complexes with 2-picolinic acid and antharanilic 
acid ligands
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The sorptions of Cr (VI) and Cd (II) by ethylenediamine - modiþed rice husk (MRH) from single and binary 
metal ion solutions were evaluated under various experimental conditions. The sorption was found to be pH 
dependent. The optimum Cr (VI) and Cd (II) removal from single metal ion solutions occurred at pH 2.0 and 
4.0, respectively. The suitability of the Langmuir and Freundlich isotherms was evaluated and their constants 
determined. Results indicated that the Freundlich model þtted better for the sorption equilibrium data of the 
single system whereas the Langmuir model þtted better for data of the binary system. The kinetics for both 
metal ions sorption þtted the pseudo-second order kinetic model with the coefþcients R2 ranging from 0.971 
to 0.999 for the single system and from 0.863 to 0.998 for the binary system. It was suggested that the main 
mechanism of sorption was the electrostatic interaction between the metal ions and the functional groups 
on the surface of the MRH.Yeo Hui Teng
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Bio-sorption of Cr (VI) and Cd (II) by ethylenediamine-modiþed rice husk

This study involved the analysis of the organic pollutant, polychlorinated biphenyls (PCB), in liquid milk. 
The main objective was to develop a suitable method for determining the concentration of PCB in milk. The 
method of extraction used was solid phase extraction technique using C-18 absorbent tubes. The PCB were 
successfully separated from organochlorine pesticides (OCP) using the ÿorisil column in the clean up process. 
An external calibration method using 12 PCB congeners standards were used to quantitate PCB concentration 
in gas chromatographic analyses. The þve points calibration of each congener gave linear curves with good 
correlation coefþcients ranging from 0.93 to 0.99. Validation of the method using a standard spiked recovery 
gave inconsistent results for the 12 PCB congeners. The average recoveries of these spiked congeners were in 
the range of 1.14 % to 306.28 %.
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Development of a method for thr determination of polychlorinated biphenyls (PCB) in 
dairy products
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There is a new idea which fundamentally changed the way students work in the laboratory. That idea is 
microscale science. The approach, microscale—an environmental friendly approach, differs from the 
traditional laboratory courses because nearly all of the experiments use very small amounts of chemicals but 
still achieved similar results. In microscale experiments, only the minimum of materials are used. Typical solid 
chemical amounts are 0.5 g or less while liquid volumes range from 0.5 mL to 2 mL. There are two main reasons 
to convert macroscale chemistry to microscale chemistry; save costs for chemicals and safety. Microchemistry 
may be deþned as the branch of chemical science which deals with the principles and methods for using 
the minimum quantity of materials to obtain the desired chemical information. So, microscale chemistry 
decreases the amount of chemical waste generated during laboratory experiments. By using small amounts 
of chemicals, safety in handling potentially hazardous substances can be ensured. Since drastically smaller 
amounts of chemicals are used, the margin of safety is increased proportionately. Microscale chemistry in the 
laboratory reduces hazardous chemicals released to the environment especially to the air and water. Large 
volume of solvents that may affect the environment and quality of air and water are reduced drastically. As a 
bonus, the time required to perform experiments is also reduced.
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The separation of vanillin from soda lignin which was extracted from black liquor oil palm empty fruit bunches 
(EFB) using 20 % hydrochloric acid (v/v) is presented in this preliminary study. The degradation of soda lignin using 
alkaline nitrobenzene oxidation was carried out at 165 oC for 3 hours in 2 M NaOH and nitrobenzene solution. The 
vacuum distillation process was used as a method to separate vanillin from other compounds. The condensed 
distillate composed of vanillin, vanilic acid, ferulic acid, 4-hydroxybenzaldehyde, 4-hydroxybenzoic acid, 
syringaldehid, syringic acid dan p-coumaric acid. The condensed distillate was analysed using high performance 
liquid chromatography (HPLC), gas chromatography (GC) and gas chromatography-mass spectroscopy (GC-MS). 
The results of the characterisation studies proved that the isolated compound was vanillin. The percentage of 
vanillin obtained from every 1.000 g of lignin was 0.3557 %. The distilled vanillin was then used as the main 
component in the formulation of vanillin perfume. The perfume was analysed using infra red (IR) spectroscopy 
and the results showed that the perfume was a homogenised mixture.
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Separation of vanillin from lignin extracted from palm oil empty fruit bunches and the pro-
duction of vanillin perfume

The transesteriþcation of palm olein oils with high content of free fatty acids (FFAs) and peroxide values (PVs) 
by using alkali and acid catalysts was investigated in this study. Transesteriþcation reaction conditions that 
inÿuenced the yield of methyl esters were found to be molar ratio of methanol to oil, catalyst concentration, 
reaction temperature and reaction time. At 100:1 molar ratio of methanol to oil, 10 wt % KOH as a catalyst and 
reaction temperature of 60 + 2 ÜC, the conversion of 15 % FFA of oil was the highest, which was 97.2 % with 
a reaction time of 15 minutes. The oxidised palm olein oil in which PV is 28 meq kg-1 without FFA reached 
the lowest conversion of 89.8 % within nine minutes. For the oils which contained both high FFA and PV, the 
completion time of reaction were between 12 ð 18 minutes, with 90 % ð 92 % acyl conversion. There was no 
methyl esters formed from the acid-catalysed transesteriþcation because of its slow reaction rate. Foo Yoong Chih
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Transesteriþcation of palm olein with different levels of free fatty acids and peroxide values
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Methyl esters, or typically known as biodiesel were formed by alkali-catalysed transesteriþcation of oil in 
chicken fat with an excess amount of methanol in the presence of KOH as a catalyst.  The characteristic of 
oil in chicken fat and its conversion into methyl esters were studied. The effect of catalyst concentration on 
transesteriþcation was studied with several constant parameters which were methanol to oil ratio of 100:1 and 
a reaction temperature of 60 ÜC + 0.5 ÜC. A 10 % (weight of the oil in chicken fat) of KOH  gave the most optimum 
conversion of methyl esters of 84.6 % + 2.2 %.
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Ethyl POSS was prepared, based on the starting material ethyl trichlorosilane. The synthesis route to obtain 
ethyl POSS was through a hydrolytic condensation process. Pyridine was used as a reagent to separate the 
POSS and the incompletely condensed silsesquioxanes. Fully condensed ethyl POSS was obtained through 
soxhlet extraction by using diethyl ether. FTIR analysis was performed to investigate the formation of Si-O-Si 
bonds in the POSS structures. This was shown by two very strong infrared bands at 1103 cm-1 and 1015 cm-1. 
The presence of a single peak in the GC analysis proved that the separation of ethyl POSS was successful. GCMS 
give the structure of ethyl POSS with M+ = 589. 1H NMR analysis shows the chemical shift of the ethyl group 
at 0.6 ppm and proved the presence of the ethyl group in the POSS structure. 29 Si NMR analysis conþrmed 
that only one type of silicon group exists in the structure of ethyl POSS and it was free from the silanol group. 
Percentage of weight loss for ethyl POSS through the TGA analysis was 99.9 % with a 0.1 % residue.
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Synthesis and characterisation of ethyl polyhedral oligomeric silsequioxane (ethyl POSS)
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Characteristic of chicken fat and its transesteriþcation to methylesters

A HPLC method for the determination of propionic acid in bread was developed. The sample was 
extracted using water, centrifuged, filtered and injected into a HPLC column. The isocratic elution 
was performed using a reversed-phase C18 column [Supelco 516 (10 ım), 250 mm x 4.6 mm]. The mobile 
phase was H2SO4 : CH3OH (60 : 40 v/v) and the flow rate was 1 mL min-1. The UV detector was set at 
210 nm. The analytical characteristics of the method such as the linearity, inter-day repeatability and 
limit of detection (LOD) were studied. The calibration curve was found to be linear from 20 ppm ð 4960 
ppm with correlation coefficient, r2, greater than 0.99. Inter-day repeatability was satisfactory as the 
relative standard deviation (RSD) values were less than 10 %. The LOD was 5.51 ppm. Average recovery 
was 73.02 % for samples spiked with standard propionic acid. Five bread samples obtained from local 
supermarkets were analysed and the concentration of propionic acid was found to be below the legal 
limit of 2000 ppm.
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Determination of propionic acid in bread using HPLC
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Chitosan, an organic polymer was combined with TiO2 to increase the rate of removal of cibacran brilliant red 
(CBR) dye. In this study, the effectiveness in the photocatalytic removal of CBR in an aqueous solution of TiO2-
chitosan system was evaluated. The combination of chitosan and TiO2 generated a photocatalyst-adsorption 
system. The photocatalyst-adsorption system utilised a glass plate as the support. Before immobilising 
chitosan and TiO2, epoxidised natural rubber (ENR)-50 was brushed on the plate as the þrst layer. Chitosan 
and TiO2 were then immobilised on the plate using a dip- coating method. The layer of TiO2 from the system 
had the tendency to be stripped from the plate. Thus, SiO2 was added into the system in order to give a better 
adhesion for the TiO2 layer. The preparation method of the system was evaluated via its strength of coatings 
while the effectiveness of the system was evaluated by studying the rate of CBR dye removal. SiO2 was found 
to give a better strength than the TiO2 layer by itself. A poor performance of the removal of CBR dye was also 
detected due to the high amount of TiO2 coated on the chitosan.
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In this project, a batch adsorption system was applied to study the adsorption of olive oil onto rice husk and 
pyrolysed rice husk.  The pyrolysed rice husks were prepared by burning it in the furnace. The method used to 
analyse the oil was the partition-gravimetric method. The oil compound in the wastewater was adsorbed onto 
rice husk and pyrolysed rice husk. The residual oil was extracted from the wastewater by using an extracting 
solvent such as n-hexane. In addition, infrared spectroscopic analysis as well as pore size and surface analysis 
were done to characterise the rice husk and pyrolysed rice husk.
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Adsorption of olive oil onto rice husk and pyrolysed rice husk

In this preliminary study, an effort was made to introduce hydrocarbon degrading bacteria, Pseudomonas 
aeruginosa, into conventional crude oil fractional distillation process.  The nature of the bacteria that can 
degrade hydrocarbon and be used as a carbon source and nutrient can be manipulated to reduce the amount of 
heat and time taken to collect crude oil distillate. Preliminary studies on microbial activity in the biomodiþcation 
of crude oil have shown very convincing results. Decreasing the surface tension of crude oil resulted in signiþcant 
reduction of distillation time compared to conventional distillation method. Taguchi Robust Design Technique 
was used to design the experiments. Factors used were crude oil temperature (25 ÜC, 35 ÜC and 45 ÜC), inoculum 
size (0 mL, 10 mL and 30 mL) and shaking time (0 day, 2 days, 5 days). The conditions were chosen based on 
the nature of bacteria to survive in the crude oil and to determine degradation effectiveness. The response 
(time taken) was analysed using signal to noise ratio (S/N) and analysis of variance (ANOVA). The optimum 
conditions were crude oil temperature, 35 ÜC, inoculum size, 10 mL and shaking time, 0 day. A time of 37 min was 
required to distill crude oil using conventional distillation method while only 7 min was required using bacteria. 
From the gas chromatography-mass spectrometry analysis, n-hexane, cyclohexane, 1-methylnaphthalene, 2-
ethylnaphthalene, 1,7-dimethylnaphthalene, 1,4-dimethylnaphthalene and decahydronaphthalene were found 
in the crude oil distillate.
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Application of Pseudomonas aeruginosa bacteriain crude oil fractional distillation process
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Evaluation of the effectiveness of TiO2-chitosan system in the photocatalytic removal of 
cibacran brilliant red (CBR) dye in aqueous solution

School of Chemical Sciences



The photodegradation of methylene blue (MB) in aqueous solution using a combination of adsorption and 
photocatalysis system was studied. TiO2 and SiO2 were immobilised on glass plates using a dip-coating technique 
with epoxidised natural rubber (ENR) as adhesives. The capacity of SiO2 as adsorbent was described by adsorption 
isotherms, namely Langmuir and Freundlich adsorption isotherms. The maximum adsorption capacity of SiO2 
was 9.533 mg g-1 and the n value (2.215) obtained indicated a good adsorption of MB onto SiO2. Efþciency of 
photodegradation was affected by the various amounts of ENR. The optimum amount of ENR for SiO2/ ENR 
formulation was 4 g whereas the optimum amount of ENR for TiO2/ENR formulation was 5 g. Experiments were 
carried out using glass coated SiO2/ENR, TiO2/ENR and the combination of SiO2/ENR and TiO2/ENR immobilised 
on glass plates. MB removal efþciency was evaluated and compared using UV-vis spectrophotometer. The total 
removal of MB by each glass coated formulation after a session of 90 minutes was as follows: SiO2/ENR 
(96.71 %), TiO2/ENR (95.63 %) and combination of SiO2/ENR and TiO2/ENR (98.10 %). Sustainability test on glass 
coated SiO2/ENR later revealed that the photocatalytic efþciency effect was due to the presence of ENR. As 
compared to glass coated TiO2/ENR and glass coated combination of SiO2/ENR and TiO2/ENR, the sustainability 
of glass coated SiO2/ENR was low. After 8 times of continuous treatment (1 time equivalent to a session of 90 
minutes) under illumination of 45 watts visible light, the removal of MB by glass coated SiO2/ENR was 16.96 % 
whereas for glass coated TiO2/ENR and glass coated combination of SiO2/ENR and TiO2/ENR , the removal of MB 
were 69.54 % and 97.61 %, respectively.  Photocatalytic activities obeyed þrst order kinetics. The rate constant 
of pseudo þrst order, k, of each glass coated formulation after 10 sessions of 90 minutes each was as follows: 
SiO2/ENR (0.0027 min£ĭ), TiO2/ENR (0.0086 min£ĭ) and combination of SiO2/ENR and TiO2/ENR (0.0271 min£ĭ). 
Combination of adsorbent and photocatalyst proved to be more photocatalytically effective and efþcient than 
pure photocatalyst.
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The adsorption of parafþn oil, which exhibits pollutant behaviour in industrial wastewater, from synthetic 
oily wastewater by sugarcane bagasse (HTM) and it’s carbonisation product, char (AHT) were studied. 
Sugarcane bagasse is a solid waste which is a kind of natural þber and is biodegradable. The physical and 
chemical characteristics of the HTM and AHT were analysed using SEM and FTIR techniques. Batch studies 
were performed to evaluate the effects of various adsorption parameters such as initial pH, adsorbent 
dosage, mixing time, mixing rate and adsorbate concentration. The direct analytical method used for the 
determination of oil concentration was partition-gravimetric method. The optimum values of the parameters 
were obtained and it was found that the maximum adsorption for both HTM and AHT occurred with the 
adsorbent weight of 7.5 g L-1 and mixing rate of 100 rpm for 40 min at pH 6.  Adsorption equilibrium was also 
studied by applying the Langmuir and Freundlich adsorption models to the experimental data obtained. It was 
found that the adsorption of parafþn oil on the HTM and AHT þts the Langmuir isotherm model. Besides that, 
the pseudo þrst-order and pseudo second-order kinetic models were applied to the experimental data. The 
results indicated that the oil uptake process followed the pseudo second-order rate expression. Overall results 
of this research indicated that HTM and AHT are the potential oil adsorbents for parafþn oil adsorption.
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Adsorption of parafþn oil on sugarcane bagasse and sugarcane char
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The effect of silica dioxide on the photocatalytic efþciency of titanium dioxide-silica 
dioxide bilayer system in the degradation of methylene blue in aqueous solution under 
irradiation of visible light

A study for a better understanding of the coordination chemistry of lanthanide elements with 
N-(2,4 dinitrophenyl)acetohydrazide via sol-gel method was carried out. Sol-gel material containing 
an encapsulated N-(2,4-dinitrophenyl)acetohydrazide ligand was prepared. The competitive sorption 
characteristics of eight lanthanide metal ions, namely lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, using batch method with ligand trapped in sol-gel 
matrices was studied spectrophotometrically. The extraction of lanthanides was optimised for key 
parameters such as pH, contact time, ligand concentration, particle size and lanthanide concentration. 
The optimum pH for the extraction was pH 8 with 3 hours of contact time. The concentration of the 
ligand used was 5×10-5 mol L-1. Under the optimised conditions, the immobilized N-(2,4-dinitropheny
l)acetohydrazide exhibited highest selectivity towards La3+ (99.04 %), with lesser response over Nd3+ 
(3.81 %). The sorbents can be repeatedly used two times. For environmentally friendly application, this 
method which uses N-(2,4-dinitrophenyl)acetohydrazide is preferred compared to the reported liquid-
liquid extraction method.
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The solid phase extraction of lanthanide ion using N-((2, 4- dinitrophenyl) acetohydrazide 
immobilised in sol-gel matrix
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Microscale chemistry is an environmentally friendly and pollution preventive method of performing 
chemical processes using small quantities of chemicals without compromising the quality and standard of 
chemical applications in education and industry. Microscale chemistry experiments have been developed 
at the School of Chemical Sciences, Universiti Sains Malaysia for the undergraduate þrst year laboratories. 
Microscale chemistry experiments reduced the amount of chemicals necessary to perform undergraduate 
chemistry experiments to a fraction of what was conventionally used. In addition to decreasing the quantities 
of chemicals purchased and amount of chemical wastes generated, microscale techniques have proven to 
be safer and more cost effective than traditional experiments. This paper reports on selected microscale 
experiments in its undergraduate þrst year laboratories. There are about 10 experiments carried out which 
are based on the topics of the undergraduate þrst year syllabus. The following microscale techniques were 
applied within two semesters: microscale in organic chemistry, microscale in inorganic chemistry, microscale 
in physical chemistry, and microscale in analytical chemistry. The experiments were performed to compare 
traditional and micro chemistry techniques. Work was carried out to determine the feasibility of microscale 
techniques. The microscale experimental techniques offer numerous beneþts of cost savings, time savings, 
more adaptability of equipment, safety and are environmentally friendly without compromising the quality 
and standard of results.
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A study on the potential use of lignin extracted from empty fruit bunch (EFB) as an alternative to phenol in the 
formulation of wood adhesives is presented. Five ratios of resin (lignin:phenol) were prepared and they were 
1:1.00, 1:0.50, 1:0.33, 1:0.25 and 1:0.20. Physical and chemical properties were compared between the newly 
formulated lignin phenol formaldehyde (LPF) resin and the commercial phenol formaldehyde (CPF) resin. From 
the infrared spectroscopy (IR) results, there were similarities between the functional groups in LPF and CPF 
resins. Thermogravimetric analysis (TGA) showed that LPF resin has three components while CPF resin has four 
components. The physical strength of the resins via the adhesive testing showed that LPF resin is 1.07 % stronger 
than CPF resin. Furthermore, viscosity analysis obtained showed that LPF resin (1:0.20) has a lower viscosity 
compared to the CPF resin. This ratio is chosen since it has the lowest ratio of formaldehyde : phenol. SEM 
analysis was performed in order to study the penetration and dispersion pattern between LPF resin (1:0.20) and 
CPF resin. The pH value of the LPF resin (1:0.20) is close to neutral while the CPF resin is more basic.
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A study on the potential of lignin as an alternative to phenol in the formulation of wood 
adhesives

Raw glutinous rice (RG) and pyrolysed glutinous rice (PG) were used to study the adsorption of malachite green 
(MG) in an aqueous solution.  The effects of pH, contact time, concentration of MG and adsorbent percentage on 
the adsorption of the samples were investigated. The results revealed that, the optimum pH and contact time 
for samples were found to be 4 and 30 minutes, respectively. At these conditions, 1.0 g RG was able to adsorb 
~60 % of 10 ppm MG. It was found that the adsorption of both RG and PG followed the second-order kinetic 
model. Only PG followed both the Langmuir and Freundlich adsorption isotherms.
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The adsorption characteristic of malachite green on glutinous rice

applied science section

applied science section

22

Microscale chemistry in undergraduate  þrst year chemistry laboratories

School of Chemical Sciences



Photocatalytic degradation of cibacron brilliant red dye (CBR) using TiO2 alone under visible light irradiation 
was essentially non-effective. In order to overcome this problem, both photcatalytic and adsorption processes 
were combined into a single unit whereby these two processes operate concurrently together. This combination 
of two processes is termed as hybrid system. In this research, fabricated hybrid system was made up of TiO2 
as the photocatalyst and powdered activated carbon (PAC) as the adsorbent. This system was tested for the 
removal of CBR under 45 watts ÿuorescent lamp visible light irradiation under constant aeration. The fabrication 
of TiO2 ð AC was done by immobilising PAC þrst on 4.5 cm X 6.0 cm glass plate as the underlayer to be followed 
with immobilised TiO2 the upper layer. The immobilisation process involved coating formulation consisting of 
either TiO2 or PAC suspended in organic solvent such as toluene or acetone with epoxidised natural rubber (ENR) 
added as adhesive. Each immobilised layer was prepared via a dip-coating technique. It was observed that PAC 
layer was a good adsorbent for CNR dye but did not function as a photocatalyst. Therefore PAC layer could 
not sustain itself under repeated runs. Immobilised TiO2 layer was essentially non-effective both as adsorbent 
and photocatalyst in the removal of CBR dye. However the TiO2-PAC bilayer system worked relatively better 
in terms of the rate of removal of CBR dye and sustainability. It was also observed that formulation prepared 
with toluene as the solvent worked better than the one prepared with acetone as the solvent. The efþciency of 
CBR dye removal also depended on the mass of immobilised TiO2 layer as well as the PAC layer. When the mass 
ratio of TiO2-PAC was low, the adsorption process dominated the CBR dye removal while photocatalytic process 
dominated at high ratio. Another important factor was the amount of ENR additive within the immobilised layer. 
The optimum amount was determined to be between 9-10 %. ENR content higher than 10 % would give a slower 
dye removal while lower than 9 % would result in leaching of TiO2 into the treated solution.
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The preparation of silica particles via a sol-gel process using tetraethylortosilicate (TEOS) has been carried 
out. The synthesis was conducted in basic conditions using tartaric acid as a template at room temperature. 
Spherical silica particles were formed with an average diameter of 240 nm in the absence of tartaric acid. The 
use of tartaric acid as a template produced two types of mesoporous nanotubes. For the smaller nanotubes, 
the outer diameter was ~ 42 nm and the inner diameter was ~ 16 nm. For the bigger tubes, the outer diameter 
was ~ 282 nm and the inner diameter was ~ 154 nm. The optimum percentage template used was 15 % 
tartaric acid. The presence of 15 % tartaric acid produced the formation of pores on the silica sample with a 
surface area of 22.03 m2 g-1, pore volume of 0.0019 cm3 g-1 and a pore diameter of ~ 117 nm. The silica yield 
obtained was 76 %. The use of the primary, secondary and tertiary amines to dissolve the tartaric acid was 
also carried out to observe the effects of the formation of silica particles. For the 15 % tartaric acid that has 
been dissolved in the primary amine, the surface area was 40.89 m2 g-1 and the average diameter obtained 
was 140 nm, for the secondary amine was 215.96 m2 g-1 and 350 nm while the tertiary amine was 3.39 m2 g-1 
and 305 nm.
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Preparation of silica nanoparticles via sol-gel in the presence of tartaric acid as template
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Fabrication of immobilised TiO2 – Activated carbon bilayer system on 
glass plate for the photocatalytic degradation of Cibacron Brilliant Red 
dye using visible light irradiation

The ion discriminating ability of azacrown ethers for the selective separation of lanthanide metal ions 
was investigated. The off-line solid phase extraction (SPE) by passing the lanthanide ion solution through 
a florisil column that was coated with dibenzyl-diaza-18-crown-6 crown ether was applied. The effect 
of several key extraction parameters such as pH, ligand and metal ion concentrations, contact time/
flow rate, reusability, striping agent and selectivity were examined. Under the respective optimised 
conditions, the dibenzo-diaza-18-crown-6 exhibited higher selectivity towards lanthanum (La3+) over 
other lanthanide metal ions (Ce3+, Pr3+, Nd3+, Sm3+, Eu3+ and Gd3+). The separation factor of La3+ with 
respect to other lanthanide metal ions was found in the range (DLa/Ln) from 57 (Ce) to 29 (Pr). No 
interference from other lanthanides was found. The SPE column can be regenerated three times without 
significant deterioration in the metal uptake or interference from other metal ions.   Nurraihana Hamzah
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In this study, electroless copper plating on polypropylene was conducted in the presence of nitrogen gas to 
improve the plating quality. Nitrogen gas was applied during the activation and plating processes. The results 
showed that nitrogen gas increased the deposition rate of palladium on the substrate surface during the 
activation process. SEM analysis indicated that the plating quality increased as nitrogen gas was applied during 
the plating process. The adhesion strength between copper plating and polypropylene was less than 0.1 MPa. 
The IR analysis proved that copper was oxidised after a period of time. 
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This study was done to determine the suitability of formaldehyde and hydrogen peroxide to replace hydrazine 
as a reductant in a neutralisation process of electroless nickel plating. Substrates underwent a series of pre-
treatment steps such as etching, neutralising, activating, accelerating and plating. From the SEM analysis, the 
morphology of hydrogen peroxide treated substrate shows the best results. Meanwhile, adhesion strength test 
had shown that wood which was immersed in hydrazine neutraliser had the highest value (0.92 MPa) compared 
to the substrate which was immersed in hydrogen peroxide (0.6 MPa) and formaldehyde (0.57 MPa). Nickel 
coating on glass peeled off easily; therefore adhesion strength test could not be done. From the EDX analysis, 
substrates immersed in hydrogen peroxide gave the highest percentage of phosphorous content of 3.07 %. The 
percentage of phosphorous content for substrates immersed in hydrazine and formaldehyde were 2.93 % and 
1.98 %, respectively.Syazana Abu Bakar
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The ability of hydrogen peroxide and formaldehyde as an alternative for hydrazine as a 
reductant in electroless nickel plating
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Electroless copper plating on polypropylene plastic in the presence of nitrogen gas

A ÿow injection analysis (FIA) method for the rapid determination of peroxide value (PV) in edible oils is 
described. The method is based on the oxidation of KI by hydroperoxide to form triiodide ions (oxidation 
product) under controlled conditions. The triiodide was detected by a ÿow-through triiodide potentiometric 
detector. A poly (vinyl chloride) membrane electrode using 2-nitrophenyl octyl ether that responded selectively 
towards triiodide was used as detector. Flow injection operating parameters such as carrier stream pH, ÿow 
rate, and injection volume were optimised. The optimised FIA procedure was linear over 2-25 PV (mequiv. 
O2/kg) with a detection limit of 1.5 PV. Extraction conditions (KI reagent concentration and pH, oil-KI reagent 
ratio, volume of oil sample, and shaking time) that affected the formation of triiodide were studied off-line 
using a separatory funnel. The technique was found to be simple, accurate, and rapid. The results were found 
to be in good agreement with the manual ofþcial AOCS method when applied to the determination of PV in 
diverse type of edible oils.

Flow injection determination of peroxide value in edible oil
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Chemistry laboratory experiments are valuable to students to master laboratory skills, reinforce chemical 
principles learnt and develop conþdence in dealing with hazards inherent in the use of chemicals and apparatus. 
However, with the large number of students, there will be an increase in costs of chemicals required, increase 
in costs of handling wastes, and problems related to safety. In this project, microscale experiments were 
developed for the second year undergraduate chemistry laboratory courses. The experiments developed 
included experiments for the physical chemistry laboratory (KUT 204), analytical chemistry laboratory (KUT 205) 
and inorganic laboratory (KUT 203). Comparisons were made between results for conventional and microscale 
experiments on the basis of cost of chemicals used, time spent and amount of wastes produced. With microscale 
chemistry experimentation, up to 75 % of chemical costs, 60 % of wastes produced and 80 % of time spent were 
reduced.

applied science section

Yew Lee Chee

450, Jln. Pasir PInji 17
Kg. Pasir Pinji
31650 Ipoh
Perak, MALAYSIA

estheryewlc@yahoo.com

Supervisor
Assoc. Prof.  Norita Mohamed

Development of microscale chemistry experimentation for second year undergraduate 
chemistry laboratories (KUT 203, KUT 204 and KUT 205)

NiO is a metal oxide adsorbent which also functions as a catalyst. TiO2 is a semiconductor and has many 
specialties especially after it has been immobilised on the surface of a plate. A combination of TiO2/NiO 
was mainly applied to split water into hydrogen and oxygen. In this study, TiO2/NiO bilayer system was 
used to degrade cibacran brilliant red (CBR) dye as pollutant via hybridisation of photocatalyst and 
adsorption processes within the same system. Supporting material that has been used for immobilisation 
of the bilayers were glass plates and the source of light irradiation for photocatalysis purposes was 45 
Watt fluorescent lamp. When the system was run in the dark, the process of CBR removal occurred via 
adsorption. The evaluation of the effectiveness in the degradation of CBR dye was done by comparing 
both results for the systems. Results indicated that TiO2/NiO bilayer photocatalyst was more efficient 
than the adsorption process. The factors that influenced the results were the photoactivity and 
adsorbance provided by the system thus enabling it to degrade CBR dye quickly with a high value of 
first order rate constant. At the same time, the monolayer TiO2 and NiO were also separately studied 
and the results were compared to the bilayer system. Generally, it can be concluded that the bilayer 
TiO2/NiO photocatalyst system was suitable for CBR degradation whereby 94.02 % CBR dye was degraded 
within one hour. The optimum amount of TiO2 was determined to be 0.03 g and exceeding this value 
will reduce the value of the first order rate constant. In contrast it enhanced reproducibility of CBR 
decolourisation. The TiO2 /NiO bilayer system however had the disadvantage of Ni2+ ion leaching into the 
treated solution.
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Fabrication of TiO2/NiO bilayer photocatalyst system and evaluation of its photocatalytic 
efþciency
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