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PHOTOCATALYTIC REDUCTION OF CO, WITH SOLVENT ON ALUMINA
SUPPORTED WITH TIO,

ABSTRACT

Carbon dioxide accounts for the largest share of the world’s greenhouse gas emissions.
There is a growing need to mitigate CO, emissions. One of the strategies to mitigate
CO, emissions is using CO, as a raw material in chemical processes. Reactions
involving CO; typically required high energy input and energy substrate. One of the best
routes to reduce CO; is to transform it to hydrocarbons via photo reduction method.
Before that, the methods of preparing catalyst such as sol-gel method and hydrothermal
method were studied. Addition of metal oxide such as alumina to TiO, will changed the
distribution of electrons and they prevented the electron hole recombination, thereby
enhancing the photo catalytic efficiency in production of methanol. Therefore,
hydrothermal method is expected give higher performances of catalyst compared to Sol
Gel method. In addition, the effect of catalyst dosage for photo reduction process will be
studied. The variety dosages of Al,Os-TiO, catalyst used are0.5 g, 1.0 g, 1.5g and 2.0 g.
The period of reaction for each catalyst dosage is 6 hours which the sample is withdrawn
for every 1 hour. Lastly, the sample of methanol is analysed using HPLC.
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PENGURANGAN FOTOPEMANGKIN CO,; DENGAN PELARUT TERHADAP
ALUMINA YANG DISOKONG OLEH TIO;

ABSTRAK

Karbon dioksida merupakan penyumbang terbesar kepada pelepasan gas rumah hijau di
dunia. Terdapat satu keperluan yang semakin meningkat untuk mengurangkan pelepasan
CO,. Salah satu strategi untuk mengurangkan pelepasan CO,ialah dengan menggunakan
CO, sebagai bahan mentah dalam proses kimia. Reaksi yang melibatkan tenaga CO,
biasanya memerlukan tenaga input yang tinggi dan tenaga substrat. Salah satu jalan
terbaik untuk mengurangkan CO, adalah dengan mengubahnya kepada hidrokarbon
melalui kaedah proses pengurangan foto dengan pemangkin. Sebelum itu, kaedah
penyediaan pemangkin seperti kaedah sol-gel dan kaedah hidroterma perlu dikaji
terlebih dahulu. Penambahan logam oksida seperti alumina terhadap TiO, akan
mengubah pemindahan elektron dan menghalang penggabunganelektron lubang semula,
dengan itu ia akan meningkatkan kecekapan foto pemangkin dalam pengeluaran
metanol. Oleh itu, kaedah hidroterma dijangka memberi persembahan pemangkin yang
lebih tinggi berbanding dengan kaedah sol-gel. Di samping itu, kesan dos pemangkin
terhadap proses pengurangan foto juga dikaji. Pelbagai berat dos pemangkin Al,O3-TiO,
yang digunakan adalah 0.5 g, 1.0 g, 1.5g dan 2.0 g. Tempoh tindak balas bagi setiap dos
pemangkin adalah 6 jam dan sampel diambil pada setiap 1 jam. Akhir sekali, sampel

metanol dianalisis menggunakan HPLC.
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CHAPTER ONE

INTRODUCTION

1.0 Overview

According to the intergovernmental Panel on Climate Change (IPCC), (2001),
the earth’s surface temperature has risen by approximately 0.60 K in the past century,
which particularly significant warning over the past two decades (Phairat Usubharatana
et. al., 2006). After study, it is proved that the main contributor to this phenomenon is
CO, emission from fuel combustion especially. The higher concentration of CO, is
increasing in the atmosphere. This heating effect on earth produced in this way will
caused the greenhouse effect and global warming. The excessive heating on earth and its
atmosphere can have effect on our climate, which will affect us and all living beings.
The climate will change into gradually hot. When temperature keeps rising all over the
years, this will also affect the human health. It will approach to many diseases like skin

cancer and badly fever (Phairat Usubharatana et. al., 2006).



A great deal of effort has been expanded to reduce CO, emissions from the
industries where the largest percentages of fossil fuels are used. Some of the strategies to
reduce CO, emission are energy conservation, carbon capture and storage and using CO,
as a raw material in chemical processes. But some of them are very costly, with
significant energy required for CO, stripping and solvent regeneration. However, there is
one potential technology was introduced in reducing CO; recently. The technology of

process called photo catalytic method.

Photo catalytic technology process can be applied for CO, removal with
simultaneously converting CO, to marketable products such as methanol. Another
potential feature of the photo catalytic reduction of CO; is the use of solar energy for the

reaction or another ultraviolet light source can be used (Rajasalakshmi, 2011).

In this study, the photo catalytic reduction process using semiconductor materials
to promote reaction in the presences of UV light was used. If we examine the
thermodynamics of CO, reduction, we can find that the direct one-electron reduction of
CO, to CO, is a very energy intensive. So, the used of semiconductor such as
aluminium oxide promoted with titanium dioxide as a catalyst for photo catalytic
reduction process has received a lot of attention for several reasons. So that, their
absorption properties can be tunes to capture visible light and their reduction potentials

can be tuned to match the potential required of CO, reduction (David and Etsuko, n.d).



The main product from photo catalytic reduction of CO, is methanol. Methanol is
light, volatile, colourless, flammable liquid with a distinctive odour very similar. At
room temperature, it is a polar liquid, and is used as an antifreeze, solvent, fuel, and as
a denaturant for ethanol. It is also used for producing biodiesel via Trans esterification
reaction. Methanol is a common laboratory solvent. It is especially useful for HPLC,
UV/VIS spectroscopy and LCMS due to its low UV cut off. The largest use of methanol
by far is in making other chemicals. About 40 % of methanol is converted to
formaldehyde and from there into products as diverse as plastics, plywood, paints,
explosive, and permanent press textiles. Methanol is also used, as the primary fuel
ingredient since the late 1940s, in the power plants for radio control, control line and

free flight airplanes.

1.1 Problem Statement

Due to an increasing atmospheric CO; level in environment, an urgent need for
the discovery of carbon neutral sources of energy to avoid the consequences of global
warming should be find. An attractive possibility is to use CO, captured from industrial
emissions as a feedstock for the production of useful fuels and precursors such as

methanol.

An active field of research to achieve this goal is the development of catalysts
that capable of harnessing solar energy for use in artificial photosynthetic processes for

CO, reduction. Transition metal complexes are excellent substances, and it has already
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been shown that they can be used to reduce CO, with high quantum efficiency. In this
study, alumina promote with titanium oxides catalyst was used in order to obey the fact

that transition metal is a good catalyst to absorb the visible light and trap CO,,

Photo catalysis is the main process for this case. It makes use of semiconductors
to promote reactions in the presence of light radiation. Unlike metals, which have a
continuum of electronic states, semiconductors exhibit a void energy region, or band
gap, that extends from the top of the filled valance band to the bottom of the vacant

conduction band. It is occur when it exposed to the light of radiation.

1.2 Research Objectives.

This objectives of this research are:
e To identify the best method for preparing of Al,O3 / TiO, catalyst

e To study the effect of catalyst dosages on photo reduction process.

1.3 Research Scopes

e In order to achieve objectives, a few activities were carried out. Al,O3 / TiO,

catalyst was prepared using two different methods which are hydrothermal and

sol-gel method. These methods includes various techniques of crystallizing



substances at high temperature and high pressures aqueous solution. In
hydrothermal method, preparation of catalyst was performed in an apparatus
consisting of a steel pressure vessel called autoclave, in which a nutrient was

supplied along with water at 121 °C.

e Sol-gel was another method that can be used besides hydrothermal. It involves
the formation of sol followed by formation of a gel, typically uses either

colloidal dispersion material at 70 °C.

e The parameter such as dosages of catalyst was varied in order to investigate the
effect of the amount of catalyst that used in photo reduction process. The variety
of catalyst dosage were performed from 0.50, 1.0, 1.5 and 2.0 g for each

prepared catalyst.

1.4 Organization of the Thesis

This thesis consists of five chapters which are introduction, literature review,
methodology, results and discussion and also conclusion. The first chapter is
introduction which deals with describing information about photo catalytic process and
the main problem due to the high concentration of CO; in atmosphere. The problem

statement, research objectives and scope of the research was also represented.


http://en.wikipedia.org/wiki/Autoclave
http://en.wikipedia.org/wiki/Water

Chapter two deepens on literature review that supported the photo catalytic reaction

process. Some of mechanism of reaction equations also was stated.

Chapter three is research methodology which reviews about procedure to complete
the experiment. The procedure involves such as method in preparing catalyst and photo

catalytic reaction process.

Chapter four is where result is tabulated and explanations about discussion. There

are two figures involved to support the results.

Chapter five is the last chapter that conclude overall about the thesis. Some

recommendations regarding the experiment also are stated.



CHAPTER TWO

LITERATURE REVIEW

2.0 Introduction

A hot button topic for the last decade has been the effects of CO, on the
environment. The CO, accounts for the largest share of the world’s greenhouse gas
emissions due to its concentration in Earth’s atmosphere has increased during the past
century. There is a growing need to mitigate CO, emissions. Some of the strategies to
mitigate CO, emissions are energy conservation, carbon capture and storage and using
CO, as raw material in chemical processes. Reactions involving CO, typically require
energy input and/or a high energy substrate. The energy source should be provided
without producing more CO,, such as solar energy. One of the best routes to remedy
CO; is to transform it to hydrocarbons such as methanol via photo reduction process.

There by, solar energy is transformed and stored as chemical energy (Rajalakshmi, n.d).



The emission of CO; into the atmosphere, released mainly by the burning of
fossil fuels is one of the most serious problems with regard to the greenhouse effect
(Anpo, 1995). All human activity generates about 37 billion tons (37 Gt) of CO,
emissions each year, with about 30 Gt of this coming from energy-related emissions.
Total emissions were less than 25 Gt twenty years ago, and under business as usual
scenarios, emissions are projected to rise to over 50 Gt twenty years from now. Burning
1 tonne of carbon in fossil fuels releases more than 3.50 tonnes of CO, (Maginn, 2010).
The Earth’s surface temperature has risen by approximately 0.60 K in the past century,
with particularly significant warming trends over the past two decades. Hence CO,
reduction/management (capture, storage & sequestration) has become a key issue in
controlling global warming. Figure 2.1 shows the level of CO, concentration in

atmosphere from July 1990 — 2011.

400
390
380
370
360
350

340

A

330 7 U VY R WS W UL U VST UNY U U U0 V" W0 U C— S— m—
N D © A S O O A IS
FLELSELFLLELFS T TS TS5

Source Natanal Oceansc and Admospnerc Aamnistration (201 1) Aimospherc CO2

Figure 2.1 : CO,concentration in atmosphere, July 1990 — 2011 (Maginn, 2010).



Level of CO, concentration in atmosphere was increased from year 1990 until
2011. This is due to the effect of transportation or industrial sector that involve in
releases CO, on atmosphere. The increasing level of CO, in atmosphere cause bad
effects to environments such as human health, aquatic life and also flora and fauna

(Murgatroyd, 2001).

CO; is the linear molecule consists of a carbon atom that is doubly bonded to
two oxygen atoms, O=C=0. Although CO, mainly consists in the gaseous form, it also
has a solid and a liquid form. It can only be solid when temperatures are below -78 °C.
Liquid CO, mainly exists when CO, is dissolved in water. CO; is only water-soluble,

when pressure is maintained (Alexandra Juniper, 2001).

There are two properties of CO, which can be divided into physical and
chemical properties. The physical properties of CO, are its gas has a slightly odour and
colourless and heavier than air. It can freezes at -78.5 °C to form CO, snow and the
density is 1032 kg/m>. Whereas for chemical properties of CO», it has vapour pressure
about 58.5 bar and latent heat of vaporization at 571.08 kJ/kg. Although CO, is non-
toxic and bacteriostatic, but it still can harm to the environment that cause greenhouse

effect (Murgatroyd, 2001).


http://www.lenntech.com/Periodic-chart-elements/Ca-en.htm
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2.1  Photocatalyst Reduction of Carbon Dioxide (CO,)

Photo-catalysis in simple meaning is acceleration of photoreaction in the
presences of catalyst. It makes use of semiconductors like titanium dioxide (TiOy) to
promote reactions in the presence of light radiation. Different to metals, which have a
continuum of electronic states, semi-conductor exhibit a void energy region, or band
gap, that extends from the top of the filled valance band to the bottom of the vacant
conduction band when exposed to light radiation (Phairat Usubharatana et. al., 2006). In
photo-generated catalysis also, the photo-catalytic activity (PCA) depends on the ability
of the catalyst to create electron-hole pairs. The catalyst will generate free radicals such

as OH to able undergoes secondary reaction (Phairat Usubharatana et. al., 2006).

Due to increasingly level of CO; in atmosphere, the greenhouse effect problem is
obvious. Photo-reduction of CO, then become in the future an alternative solution not
only for environmental problems caused by CO, emission, but also for finding ways to
maintain hydrocarbon resources which now on are being dominated by fuel and natural
gas (Slamet et. al., 2009). The CO, reduction process is thermodynamically uphill as
illustrated by its standard free energy of formation (AG® = 394.359 kJ/mol) (Indrakanti,
2009). Economical CO, fixation is possible only if renewable energy, such as solar
energy, is used as the energy source. Equally difficult is the reduction splitting of NaOH
to yield hydrogen and hence requires similar combination of activation steps. The most
ideal and desirable process would then be the simultaneous reduction of CO, and NaOH

to yield methanol (Indrakanti, 2009).
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According to Saeki et. al., (n.d) who studied the electrochemical reduction of
CO, under various pressures galvano statically at 200 mA/cm? in a methanol medium.
The results show that the current efficiency (ratio of the electrochemical equivalent
current density for a specific reaction to the total applied current density) of CO,
reduction increased from 23 % at 1 atm (0.10 MPa) to 92 % at 20 atm (2 MPa). High
pressure enhances the reaction, as reflected in the increased equivalent current density.
This effect can be applied to photo-catalysis with the same amount of energy supplied to
the identical system. The difference between electrochemical reduction and photo-
catalysis is the source of electrons. Electrons from the electrochemical process are
supplied by an applied current; electrons for photo-catalysis are supplied by a

semiconductor exposed to light radiation (Saeki et. al., n.d).

In photo-catalytic reduction, TiO, can affect the efficiency and selectivity of the
methanol produced. The most crucial problem is a low quantum yield in the photo-
catalysis process due to electron and positive hole recombination. In order to increases
yield, TiO, must be modified by using dopants of metal. In CO, photo-reduction,
Yamashita et. al., (n.d) reported that the addition of copper could improve the efficiency

and selectivity to produce methanol.

Since CO, is a relatively inert and stable compound, its reduction is quite
challenging and difficult to do. The reduction involves conversion and removal methods
that require high-energy input which meant high temperature and pressure conditions.
Conversely, photo catalysis occurs under relatively mild conditions with lower energy

input when the reaction is activated by solar energy or other light resources (Phairat

11



Usubharatana et. al., 2006). Actually solar energy has the advantages which are; it can

be used continuously and readily can be power supply.

The relationship of using TiO, as a semiconductor catalyst promotes the reaction
in the presences of light sources. The function of TiO, is to create the band gap or void
energy region. The band gap is characteristic for the electronic structure of a
semiconductor and is defined as the energy interval (AEg) between the valence band
(VB) and the conduction band (CB). VB is defined as the highest energy band in which
all energy levels are occupied by electrons, whereas CB is the lowest energy band
without electrons. According to the band gap model, VB electrons are transferred to the
CB when the semiconductor is illuminated with photons having energy content equal to

or higher than the band gap, creating electron—hole pairs (Demeestere et. al., 2007).

Actually the UV light sources emit the electron that have energy equal or greater
than band gap in order to transfer the electron to the band gap due to make it chemical
reactions in the photo catalytic process possible. Migration of electron and holes to the
semiconductor surfaces is followed by transfer of photo induced electron to absorb the
solvent (Phairat Usubharatana et. al., 2006). The electron process will be more efficient
if the species are absorbed on the surface. At the surface, the semiconductor, TiO; can
donate electron to acceptor by using pathway A. The hole can migrate to the surface
where they can combine with electron from donor species in pathway B. Figure 2.2

shows the mechanism of photo excitation process.

12
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Figure 2.2: Photo excitation in solid followed by de-excitation (Seng et. al., 2006)

The first step involving photo catalytic splitting of solvent such as water follows the

well-accepted elementary steps as shown in Egs. (2.1) to (2.6).

TiO,+hv  — > e+h' (2.1)
HO ——> H'+OH (2.2)
H'+e —> H. (2.3)
OH +h* ——> OH. (2.4)
20H. ——> H,0,+h* ———> 0, +2H" (2.5)
O, +h* ——> 0, (2.6)

The second step for activation and reduction of CO, could then follow different
pathways. Anpo et. al., (n.d) have identified ESR signals due to C and H atoms, CH3

radical and Ti** ion on powdered titania catalyst in presence of CO, and water at 77 K.

13



Accordingly, the following pathway Egs. (2.7)-(2.13) involving the formation of active

surface carbon and its reaction with H and OH radicals (Anpo et. al., n.d).

CO, te- ———> 'CO; 2.7)
‘CO;+H —> CO+OH (2.8)
CO+e — > CO (2.9)
‘CO-+H ———>  ‘C+0OH (2.10)

‘C+H'+¢ ——> 'CH ——> 'CH, ——> 'CH;  (2.11)
‘CH3 +H'+e —— 5'CH, (2.12)

‘CH3 +OH — >  CH,OH (2.13)

Observation by Yang et.al. (n.d), on the formation of carbon residues and ESR
evidence on hydrogen, methyl and methoxy radicals and CO3" anion radicals by
Dimitrijevic et.al (n.d). on titania surface during CO, photo catalytic lend credence to
this mechanism. Besides, CO as one of the reduction products has been reported on
titania and metal supported titania. Methanol is formed through surface methoxy species

and its further reduction results in methane production.

The rate of a photo catalytic reaction especially depends on the type of the photo
catalytic semiconductor and on the light radiation that it used in its initiation (Koci et.
al., 2008). Table 2.1 shows the different of semi-conductor has different band of gap

energy consume in photo catalytic reduction.

14



Table 2.1: Varies of semiconductor of photocatalyst with their band gap energy (Kabra

et. al., n.d)
Photo catalyst Band gap energy Photo catalyst Band gap energy
(eV)

Si 1.1 TiO, rutile 3.02

Wse, 1.2 Fe,O3 3.1

R-Fe,03 2.2 TiOjanatase 3.23

CdS 2.4 ZnO 3.2

V5,05 2.7 SI’TiOg 3.4

WO; 2.8 SnO, 3.5

SiC 3.0 ZnS 3.7

ZnS has the highest band gap energy which is 3.7 eV compared to TiO; rutile and
anatase. In photo catalytic reduction process, electron is being emitted due to the heat
sources from UV light. H" from hydrogen molecules will combine with CO, to produce

the methanol.

The generation of electron-hole pairs (e--h+) and its reverse process are shown in
Egs. (2.14) and (2.15), respectively where hV is the photon energy, e- represents a
conduction band electron, and h* represents a hole in the valence band. The mechanism

process involves by simple equation is shown in Egs. (2.14) and (2.15).

Photo catalyst——» e+ h" (2.14)

e + h*—— heat (2.15)

15



The photo-reduction of CO, by water is readily available and inexpensive. Two
important species involved in CO, photo-reduction are H (hydrogen atom) and COy
(carbon dioxide anion radical) produced by electron transfer from the conduction band.

For methanol formation of photo catalytic reduction process is shown in Eq. (2.16) :

CO, + 6H" + 60 ——— CH30H + H,0 (2.16)

2.2  Alumina/ TiO, Catalyst

Titania is an active material for photo catalytic reduction of CO, with H,0, but
the rates are extremely low since its conduction band edge is not suitable for water and
CO, reduction, though it can readily oxidize water (Varghese et. al., 2009). The function
of titanium dioxide is as a semiconductor to absorb the light radiation with the threshold
wavelength that provides sufficient photon energy to overcome the band gap between
the valence and conduction bands. This threshold wavelength, required to promote the
excited state, corresponds to the minimal photon energy and depends on the band-gap
energy. For example is TiO, anatase with band gap energy 3.23 eV has a wavelength of
387.5 nm (Koci et. al., 2008). The light wavelength influences the yield of CO, photo
catalytic reduction products; irradiation using the light with shorter wavelength (254 nm)
is significantly more effective for the CO, reduction using TiO, than that with the

wavelength of 350 nm (Matthews and McEvoy, 1992).
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Among the various semiconductor materials, TiO is the most widely used photo
catalyst due to its non-toxicity, high activity, large stability, and low cost. The range of
organic pollutants that can be completely photo mineralized using TiO; is very wide and
includes many aromatics, dyes, and pesticides. The photo-catalytic activity of titania
varies depending on its crystallinity, particle size, crystal phase, surface area, and the
method of preparation. It is known that anatase form with small particle size and high
crystallinity is required to obtain highly active titania photo-catalysts (Funda et. al.,

2006).

Although the reduction using semiconductor such as TiO, as a photo-catalyst
was reported with low efficiencies, but when various metal such as alumina deposited
with TiO,, it can accelerate the reduction of CO, and that Al,O3; deposited on TiO,
worked as the most efficient photo-catalyst for producing methanol from CO, compared
to other metals deposited on TiO, (Tatsuto et. al., n.d). According to Koci et. al., (2009)
who was studied the effect of TiO, particle size on photo catalytic reduction of CO,, as
the particle size decreased; higher yields of methanol and methane over the TiO, nano

particles under the illumination of light were obtained.

The role of alumina that deposited on TiO, as a promoter for catalyst to increase
the rate of photo-catalytic reduction in order to produce methanol. The heterogeneous
catalyst of TiO,-Al,O3 was prepared by using two different methods which were sol-gel

method and hydrothermal method.
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2.3  Preparation of TiO,-Al,O3 Catalyst

2.3.1 Hydrothermal Method

Hydrothermal synthesis is a promising method to obtain a nano-crystalline titania
particles. The hydrothermal process is the process where the chemical reaction could
take place under auto-generated pressure upon heating, and it is efficient to achieve the
crystalline phase at relatively low temperatures (Funda et. al., 2006). Hydrothermal
method has already been applied since products prepared by this method which is
methanol can have a good crystalline phase, which benefits to the thermal stability of the

nano-sized material.

Another advantages using this method, are hydrothermal process can proceed
with aqueous or non-aqueous system as the reaction medium and its environmental
friendly since the reaction is carried out in a closed system (Funda et. al., 2006). In
particular, the particles prepared through hydrothermal synthesis are expected to have
large surface area, smaller crystallite size, and higher stability than those obtained by

other methods (Funda et. al., 2006).

This method is includes various techniques of crystallizing substances from high
temperature aqueous solutions at high vapor pressure. It also can be defined as method
of synthesis of single crystal that depends on solubility of minerals in hot water under
high pressure. The crystal growth is performed in an apparatus consisting of a steel
vessel called autoclaved. Nutrient is also supplied along with water. A gradient of

temperature is maintain at opposite ends of the growth chamber so that the hotter end
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dissolves the nutrient and the cooler end causes seeds to take additional growth

(Laudise, 1986).

The function of autoclave is as crystallization vessel that has thick walled steel
cylinders with a hermetic seal, which can withstand under high temperature and pressure
for prolonged period of time. The important element of autoclaved is its closure. Many
designs have been developed for seals. The temperature and the amount of solution
added to the autoclave largely determine the internal pressure produced. It is method that
is widely used for the production of small particles in the ceramic industry (Spezzia,

1905).

According to Kasuga et. al., (n.d), when TiO; is treated in 10 M NaOH aqueous
solution for 20 h at 150 °C without need for a template, a nanotubes with 8 nm diameter
and 100 nm length were obtained. When titania is mixed with a suitable amount of
alumina, the increase in photo-catalytic efficiency has been attributed to improve
thermal stability, the surface area and surface acidity. The increase in surface area with a
reduction in particle size means an increase in the number of active sites on which the
electron acceptor and donor are adsorbed and participate in the redox reaction.
Additionally, it is reasonable that mixing TiO, with Al,O; is an effective method to
improve the content of surface adsorbed of NaOH and hydroxyl groups, and increase the

photo-catalytic activity (Sadiye et. al., 2006).
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2.3.2 Sol-Gel Method

Sol and gels are two forms of matter in colloidal state, which are either available
in nature (milk, serum) or prepared by chemical synthesis. The activity for synthesizing
inorganic materials by sol-gel processes began in 1846 with Ebelman’s discovery of
SiO, formation upon hydrolysis of tetraethylorthosilicate (TEOS) under acidic
conditions (Maria Vittoria, n.d). In 1864, studies on the structure of inorganic gels
confirmed that a gel consisted of a solid network with continuous porosity (three
dimensional molecular networks). In the mid-1970s the interest in sol-gel process
increased significantly when monoliths were produced by carefully drying the gel

(Sakka Kamiya, 1980).

Nowadays, the sol-gel process is used to prepare various types of materials or
catalyst. The sol-gel method is based on inorganic polymerization reactions. It is
involving four basic steps which are hydrolysis, poly-condensation, drying and thermal
decomposition of precursors. These are usually metal organic compounds such as metal
alkoxides M(OR)n or oxoalkoxides MO(RN)n, where R is associated with saturated or
unsaturated aryl or alkyl groups, in some cases with metal carboxylates M (O,CR )n ,

(Maria, n.d) .

When specifically preparing TiO, material by using sol gel method, titanium
alkoxide is often used as precursor. Figure 2.3 shows the steps of preparation of catalyst

in sol-gel method.
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Figure 2.3: Overview of sol-gel method.

The sol-gel approach has numerous advantages. For instance, it allows tailoring
of both the bulk properties (such as phase composition) and the surface characteristics
(such as the surface area, the total pore volume distribution, etc) of a material on a

nanometer scale from the earliest stages of processing (Zhou, 1999).

Another advantage of using sol-gel methods are as it opposed to the more
traditional processing techniques. This method approach is a cheap and low-temperature
technique that allows for the fine control of the product’s chemical composition. Sol-gel
derived material also can be used in various application, is not only in making film to
make catalyst, but it also can be used in diverse application in optics, electronics,

medicine and separation (chromatography) technology.
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The synthesis of high purity products (submicron powders, nuclear fuels,
electronic and ionic conductors, magnetic materials) because organometallic alkoxy
precursors can be purified by distillation or recrystallization, the use of low temperature
in the first step of the process, so that thermally labile compounds can be entrapped in
the sol-gel matrix and the production of different physical forms (fibres, monoliths,
coatings, powder) by modifying a few experimental parameters. The main drawbacks
consist in possible high cost for the majority of alkoxide precursors and in the long

processing steps (Zhou, 1999).

2.4 Production of Methanol

The main product yield from photo catalytic reduction process of CO, and NaOH
by using TiO,/Al,O3 is methanol. According to Inoue et. al., (1979), photo catalytic
reduction of CO; in aqueous solutions will produce a mixture of formaldehyde, formic
acid, methanol and methane using various wide-band-gap semiconductors such as
tungsten trioxide (WQs3), titanium dioxide (TiO,), zinc oxide (ZnO) , cadmium sulfide

(CdS) , gallium phosphide (GaP) and silicon carbide (SiC).

Methanol as one of the main product of CO, photo-reduction can be transformed
into other useful chemicals and used as fuel-like renewable energy. Many researchers
has been reported that CO,, in the present of water, can be photo-catalytically converted

to methane, methanol and other hydrocarbons over TiO, or copper doped and mixed
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oxide-based photo catalyst. It is likely that the efficiency and selectivity of the product

depend on the type of catalysts (Slamet et. al., 2009).

The effect of copper loading on methanol yields is shown in Figure. 2.4. The
methanol yields increased with Cu loading, but then decreased when the Cu loading
exceed 3 wt%. Evidently, more Cu loading can increase methanol yield because of the
amount of active site. Catalyst with more than 3 wt% Cu loading cannot further increase
the methanol yield due to its shading effects which are much higher, consequently

reducing the photo exciting capacity of TiO, (Slamet et. al., 2005).

——CuO/Mm o2

—— Cu20/TiO2
A CuMmoz

Methanol yvield, umolig-catal,
-d - N
8B BB g

Loading of Cu, wt.%

Figure 2.4: Effect on copper loading on TiO; catalyst on methanol yield (Slamet et. al.,
2005).
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The effect of temperature on methanol yields is shown in Figure 2.5. As can be
seen from Figure 2.4 shows the methanol yield increased for higher reaction
temperatures. The kinetic of CO, photo -catalytic can be modelled with
adsorption/desorption equilibrium of the various species involved in the reaction
(Saladin et. al., 1997). At low temperatures surfaces coverage is high and product do not
easily desorb. On the contrary, at high temperatures the adsorption of reactants becomes
more important due to the scarcely covered surface and products readily desorbs and

therefore activation energy is negative (Alxneit et. al., 1997).
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Figure 2.5: Temperature dependence of the methanol formation on TiO, (Slamet
et. al., 2005).
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Methanol has attractive features for use in transportation. It is a liquid fuel which
can be blended with gasoline and ethanol and can be used with today’s vehicle
technology at minimal incremental cost (Bromberg and Chengs, 2010). Besides that,
methanol is a high octane fuel with combustion characteristics that allow engines
specifically designed for methanol fuel to match the best efficiencies of diesels while
meeting current pollutant emission regulations. The most important is a safe fuel. The
toxicity (mortality) is comparable to or better than gasoline. It also biodegrades quickly
compared to petroleum fuels in case of a spill. Methanol can be produced from
renewable biomass, and it also is an attractive greenhouse gas reduction transportation

fuel option in the longer term (Bromberg and Cheng, 2010).

Methanol contain high octane rating (RON of 107 and MON of 92), which is
making it a suitable gasoline substitute. It has a higher flame speed than gasoline,
leading to higher efficiency as well as a higher latent heat of vaporization (3.7 times
higher than gasoline). It means that the heat generated by the engine can be removed
more effectively, making it possible to use air cooled engines. Methanol burns cleaner
than gasoline and is safer in the case of a fire, but has only half the volumetric energy

content of gasoline (George, 2005).

25



CHAPTER THREE

MATERIALS AND METHODS

3.0 Introduction

In order to study photo-catalysis process, preparation of catalyst was done first.
In this study, methods that were used to prepare the catalyst were by sol-gel and
hydrothermal method. The results from the photo-reduction process were analyzed using

High Performance Liquid Chromatography (HPLC).

3.1 Chemicals and Materials

In this study, Titanium Dioxide (TiO,) powder, Aluminum Oxide (Al,O3)
powder, Sodium Hydroxide (NaOH) solution, Hydrochloric Acid (HCI), ethanol,

distilled water and deionized water were used.
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3.2  Preparation of Catalyst

3.2.1 Sol-Gel Method

In sol-gel method, Ti(OC3H7), solution was prepared. The solution was done by
adding 10 g of TiO, powder with 41 mL of ethanol and stirred for 30 minutes. The same
procedure was used to prepare Al(OC3H7); solution by using 1.04 g of Al,O3; powder
and adding with 50mL of ethanol solution. The solution was added with 50 mL of water
to be ethanol-water solution. Then, AI(OC3H;)3 solution was mixed with Ti(OC3H7)4

solution and stirred for 4 hours. Finally, AI(OC3H5;)s-Ti(OC3H7), solution was produced.

In preparation of catalyst, a few drops of 1.0 M of sulphuric acid were added to
adjust the pH of the solution to 3. Then, the solution was stirred for 4 hours before
heated at constant temperature at 70 °C by using water bath. The reaction was
maintained until the gel was formed and followed by ageing for 12 hours at room
temperature. Then, the gel was washed with distilled water, before it was filtered using
filter paper. The sample was dried for 12 hours at 102 °C in oven and calcined at 500 °C.
Lastly, the sample was grinded into small particles and Al,Os-TiO, catalyst was

produced.
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3.2.2 Hydrothermal Method

By using the same amount of Al,O3 and TiO, powder in sol-gel method, the
solutions of Ti(OC3H5), and Al(OC3H5); for hydrothermal method were prepared. The
solution was stirred for 4 hours before it was put into stainless steel autoclave to carry
out hydrothermal treatment at 121 °C for 2 hours. Then, it was aged for 12 hours at room
temperature and separated via centrifuge. The pH of the solution was adjusted until
lower than 7 using 1.0 M of NaOH and 0.10 M of H,SO,. Deionised water was used to
wash gently the solution to clean up the impurities. After filtration using filter paper, the
small crystalline sample was dried in oven at 102 °C for 12 hours before it was calcined

in furnace at 500 °C. After calcinations, the sample was grinded into small particles.

3.3  Photocatalytic Reduction of CO,.

This study was carried out in a well-mixed heterogeneous batch type reactor.

(Figure 3.1
. UUN ©ight
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e TS preparcd catalyst
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Figure 3.1: Schematic drawing of experimental set-up (Seng et. al., 2006).
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In this study, irradiation process was carried out within 6 hours of reaction time.
From cylindrical tank, CO, gas was flowed through NaOH solution in the batch reactor
system. The rig was isolated with a pressure of approximately 2 psi above ambient
pressure. After the whole rig was properly set-up, the rig and its contents was allowed to
settle for 1 hour before the first gas sample was withdrawn. The UV light then was
switched ON. The light was allowed to remain ON continuously for 6 hours. The liquid
products accumulated inside the reactor was analysed by using High Performance Liquid
Chromatography (HPLC). The liquid products accumulated inside the reactor was

analysed by using High Performance Liquid Chromatography (HPLC).

3.3.1 Effect of Catalyst Dosage

Effect of catalyst dosage that prepared by using different methods were
investigated in photo-reduction process (0.50, 1.0, 1.50 and 2.0 g) with maintaining the

parameters of 6 hours reaction time in 500 mL of NaOH solution.

34 Methanol Analysis

The total methanol concentration in aqueous phase was analysed by HPLC using

a methanol (CH3;OH) standard solution. 1 litres of mobile phase liquid which is mixture

of 400 mL acetonitrile and 600 mL ultrapure water also was prepared before running the
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analysis. The main product which was methanol was determined by referring the peak at

methanol standard curve solution.

3.5  Flow Diagram of Experiment

Figure 3.2 shows the flow diagram of experiment.
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v
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Writing up the thesis and technical
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Figure 3.2 Flow diagram of experiment

CHAPTER FOUR

RESULTS AND DISCUSSION

4.0 Introduction

Photo catalytic reduction of CO, using two different methods prepared which
were hydrothermal method and sol-gel method has been carried on NaOH solution.
Figure 4.0 shows the methanol yield using different of TiO,-Al,O3 catalyst dosages

prepared by hydrothermal method
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4.1  Photocatalytic Process of CO,
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Figure 4.1: Production of methanol using catalyst prepared from hydrothermal method.

Figure 4.1 shows the production of methanol as a main product using TiO,-
Al,O3 catalyst that prepared from hydrothermal method. The photo catalytic process was
study within 6 hours of reaction time. As we can see, the optimum dosage of 1.0 g
catalyst produced maximum yield of methanol with 78 ng/uL. Whereas, the catalyst

dosage of 2.0 g produces minimum yield of methanol after 6 hours.

Basically, the reaction efficiency increases with increasing the catalysis dosage
and then stays nearly constant in a specific catalyst dosage (Marziyeh et. al., n.d). From
the results, it indicates the yield using 0.50 g catalyst produces lower methanol yield

compare to 1.0 g. This can be explained by increasing in dosage of catalyst will increase



the amount of active site. This can be rationalise in term of increased of amount of active
site on surface of photo catalyst particles and the light penetration of photo activating
light into the suspension (Tae and Min, 2010). At low solute concentration, there are
excess active sites, the balance between the opposing effects is evenly poised and
change in suspension loading makes different effect of photo catalytic with little
percentage. At high solute concentration availability of excess active sites outweighs the
diminishing photo activated volume and significantly greater percentage is achieved at

increasing TiO, dosage.

From the results also shows the methanol yield of 1.5 g and 2.0 g lower than
using 1.0 g catalyst after 6 hours with 64 ng/uL and 61 ng/uL respectively. The
decreased percentage of photo catalytic activity at higher catalyst dosage may be due to
deactivation of activated molecules by collision with ground state molecules (Tae and
Min, 2010). Hence, the optimum catalyst is needed to ensure total absorption of UV

light photons for efficient photo mineralisation.
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4.2 Sol-Gel Method
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Figure 4.2: Production of methanol using catalyst prepared from sol-gel method.

Figure 4.2 shows the production of methanol using TiO,-Al,O3 catalyst that
prepared from sol-gel method. From the plot methanol yield vs reaction time, it is found
that the optimum TiO,-Al,O5 catalyst dosage is 1.5 g with 75 ng/uL. maximum amount
of methanol yield. This may be due to the fact that at high concentrations the
degradation limiting factor is the available catalyst surface active sites concentration

(Garriga et. al., 2005).

Hence, the catalyst surface features are very important as they determine the
reaction mechanism. From the result after 1 hour, it shows that the lowest methanol
yield from 0.50 g TiO,-Al,O3 catalyst with 48.8 ng/uL. But after 3 hours, the methanol
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production is uniformly increased. The reason of this observation is thought to be the
fact the catalyst surface is not saturated and so determinant. Thus, catalyst surface
features and molecule-surface interaction affect photo catalytic activity rate at lower

extent, being mainly determined by production of OH radical (Dona et. al., 2005).

After 6 hour of reaction, 2.0 catalyst dosage produces the lowest methanol
compare to other dosages with 52.8 ng/uL .This can be explained on increasing in
catalyst dosage, total active surface area is increases, hence availability of more active
sites on catalyst surface. At the same time, due to an increasing in turbidity of the
suspension with high dose of photo catalyst solution is agglomerate and non-there will
be decrease in penetration of UV light and hence photo activated volume of suspension

decreases (Kansal et. al., 2009).

4.3  Comparative Study of Catalyst from Different Preparation Methods.

When we compare the maximum yield of methanol produced by both catalyst
prepared by different methods, we can see that hydrothermal method has the higher
methanol yield compared to sol-gel method. Hydrothermal method produced 78 ng/uL
amount of methanol compare to sol-gel which produced 75 ng/uL of yield. Both
maximum vyields were produced after 6 hours of reaction respectively with using
different dosage of catalyst. 1.50 g dosage of catalyst that prepared from hydrothermal

method is the optimum amount for photo reduction of CO; with achieved 78 ng/uL of
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methanol yield compared to sol-gel with only 1.0 g catalyst. This due to phase, particle

size, and crystallinity can easily controlled by hydrothermal conditions.

Specific surface area also is one of the important parameter to enhance the photo
catalytic activity properties. The ranges of specific area can widely depending upon the
particle’s size, shape and porosity of the sample (Lowell and Shields, 1998). From BET
analysis, there are obvious differences the size obtained in the prepared catalyst using
sol-gel and isothermal method. According to (Norhaszjana, 2012), in term of specific
surface area, the modified TiO,-Al,O3 powder catalyst prepared by hydrothermal
methods shows higher surface area with 153.8599 m? /g compare the catalyst prepared
by sol-gel method with 27.0919 m?/g. From the results, the yield of methanol from
catalyst prepared by hydrothermal method is higher than sol-gel method is due to size of
specific surface area. So, the larger the specific area of prepared catalyst, the higher the

yield of methanol from photo catalytic reduction process

BET analysis also is an alternative method to measure the pore size of the
prepared catalyst. In photo catalytic process, the ability of the catalyst to absorb the UV
light depends on pore size which is the key to have great photo induced properties of
TiO,. The determination of pore size is related to adsorption isotherm analysis.
Adsorption theorem is the measurement of amount of the gas absorbed over a range of
partial pressures (Brunauer et. al., 1940). The greater size of catalyst pore means the
higher surface area that can absorbed higher amount of gas. Hence the photo catalytic

process will increases as methanol yield. According to Murray et al., (2009), nanoporous
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catalysts have very versatile and rich surface composition, surface properties, which can

be used for functional in increasing photo catalytic activity of TiO..

According to (Norhaszjana, 2012), hydrothermal method is the best method to be
used to produce the TiO,-Al,O;3 catalyst than a sol-gel method as the characteristic of the
samples produced enhanced the photo catalytic properties. Crystal growth is vital in
controlling the phase, shape and size of photo catalyst. By rationally controlling crystal
growth, the intrinsic surface atomic structure and resultant surface states of the derived

photo catalyst can be tailored (Gang et. al., 2009).

Another important parameter is characterization of crystalline phase of TiO,-
Al,O3 catalyst. From XRD analysis, all the peaks exhibit the anatase of TiO, According
to (Norhaszjana, 2012), XRD analysis of catalyst prepared by sol-gel method revealed
that only one peak is at 20 = 25.680° with 265cps of intensity. The phase is amorphous
structure might be due to the long heating process during preparing process of the

sample.

Whereas, for hydrothermal method, the highest peak present at 26=25.320° with
1118 cps of intensity, followed by peak at 260=48.040° with 313 cps and the least peak
present at 260=38.000° .The crystalline phase of TiO,-Al,O3 catalyst is show anatase
phase (Norhaszjana, 2012). It is obvious that the crystalline of anatase phase or crystal

growth is favoured for hydrothermal method which suitable to use for TiO,,
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.0 Conclusions

Based on the overall experimental results obtained and discussed in chapter four, the

summaries are made as listed below:

The aim of this study was to determine the effect of catalyst dosage on photo
catalytic activity has been achieved in the photo reduction process by using sol-gel and
hydrothermal method. Experiment results demonstrated that hydrothermal method was a
promising technique for preparing TiO,-Al,O3 photo catalyst as it fulfilled some the
requirement properties to enhance photo catalytic activity of TiO, photo catalytic

process.



Based on effect of catalyst dosage on methanol yield in photo catalytic reduction
process, the optimum dosage of TiO,-Al,O3 catalyst for hydrothermal method is 1.0 g. It
was produced the maximum yield of methanol with 78 ng/uL. Other than that, based on
TiO,-Al, O3 catalyst prepared by sol-gel method the optimum dosage can be used is 1.5 g

which also produced maximum yield of methanol with 75 ng/uL.

Due to the maximum vyield produced from catalyst that prepared from
hydrothermal method compared to sol-gel method, it was proved that hydrothermal

method is the best method in production of methanol compare to sol-gel method

5.1 Recommendations

As recommendations for future study:

e It is recommended to study different method of preparation of catalyst
such as ion exchange method and impregnation method to investigate the
effectiveness of the catalyst

e It is recommended to study different parameters such as temperature of
calcination, pressure of CO, supply, and temperature of hydrothermal

treatment.
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8 3.769 vV 0.2232 3.73992e5 2.42466ed 4.3380
9 4.136 VW 0.2224 2.62510e5 1.6687%4 3.0449
10 4.406 Vv 0.1648 1.37556e5 1.1740led 1.5956
11 4.638 VV 0.2694 1.61231e5 8395.31055 1.8702
12 4.918 VBA  0.2507 5.80456e4 3332.73535 0.86733
Totals 8.62122e6 4.31952e5
*4% End of Report **+
Data File C:\CHEM3IZ\I\DATA\MOND HATIM WELMI ZANARIMAN 2012-12-18 10-15-38\026-0301.
Sameas adme HBTSTE2E2
sequence File IRARNT AN 2021218 10-15-38\monD HATIM
Mocnoa s ZAHMARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
BAGT P “ONOY O eL0g
mau g E
3 . i
o'a I 1's £ 2's [ ey
Crios A, Rt inex Sion ©26-0301.6)
s -5 | . 8 -
— e > e 3 ES =

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\026-0301.D

Sample Name: HD-0.5-02

Signal 2: RID1l A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
#  [min] [min] [nRIU*s] [nRIU] %
=== I====| |
1 0.119 BY  0.1378 1.79623ed4 2172.45337 0.1943
2 0.226 VW 0.8024 2.63634e5 3950.32593  2.8522
3 0.889 VV 0.1688 1.54973e5 1.30527ed 1.6766
4 1.108 vV 0.2647 3.15141e5 1.65967ed 3.4094
5 1.723 VW 0.4757 8.3609le5 2.7495ded 9.0454
6 2.277 V¥ 0.2063 4.74622e6 3.26545e5  51.3481
7 2,793 UV 0.5214 1.60959e6 4.09342ed  17.4137
8 3.830 W 0.5372 8.47737e5 2.09355ed 3.1714
9 4.191 W 0.2888 3.14995e5 1.43345ed 3.4078
10  4.742 VW 0.3925 1.36884e5 4905.77734  1.4809
Totals 9.24322e6 4.70922e5

*** End of Report ***
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[pampie .

Data File C:\CHEM3Z\1\DATA\MOND NATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\027-0401.D

Acq. Oparator
I Instrument
Injection Date

I2715U2055 Tosasize am

Saq-
Location

Line :

a
viai 27

n3
voluma

Sequence File i Ci\Chm32\1\DATA\MOND MATIN MELME SAARIMAN S013-12-18 10-13-38\monD maTim
P e i
— s BRI A oo warze mpner zawamzian 2012-13-18 10-13-3e\arTrzUmTDAM.m
oS t%Changea L TiTRUZOTYSVRAISY fe."Sies Eine

mau
.
5t
>
.
:
o

o's ) 1’5 a's Ry a's =

D1 A, RetSoive Index Sianai (027.0401.03

_—
200000
180000
+00000

o 5 8% # 8 8 £ E 8 I

pe £ 8 =B g g L
— = —
. - po—=
o's i als P 1 2's EY P a's

Area Percent Report

s signal
s .000

-0000
isTO

io
Goe Norcimries & Diiutien Fastesr with

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\027-0401.D

Sample Name: HD-0.5-03
Peak RetTime Type Width rea Height Area
4 [min] [min] [nRIU*s] [nRIU] %
-1 1====1 | | |
1 0.224 BV 0.1554 1.08218e4  943.65259  0.1187
0.467 WV 1.0938 4.74912e5 5361.76270  5.2094
3 1.302 vV 0.1740 2.35119e5 1.93769%e4 2.5791
4 1.503 W 0.2494 4.09470e5 2.31725ed 4.4916
5 1.725 vV 0.1561 2.95016e5 2.68B68ed 3.2361
6  2.283 vv 0.2120 4.58200e6 3.08838e5  50.2612
7 2.808 W 0.2309 6.29814e5 4.20504ed 6.9086
8  2.940 VV 0.2912 8.76638e5 3.91874ed 9.6161
9 3.435 W 0.2710 5.39858e5 2.9618led 5.9218
10 3.779 W 0.2808 4.71903e5 2.31731ed 5.1764
11 4.332 vv 0.4444 4.54141le5 1.30670e4 4.9816
12 4.752 vV 0.2999 1.20043e5 5501.92529 1.3168
13 4.980 VBA  0.2101 1.66440ed 1320.62244  0.1826
Totals 9.11638e6 5.38498e5

*** End of Report ***

[Pats File ©:\CHEMIZ\1\DATA\MOMD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\028-0501.D

|Eame e Nam;

Sequence File :

Meth

Lao Siaw

Ling

Instrument 1
12716/2012 10:46:46 AM

n3
CiNChem3ZNINDATANMOND HATIM neiat
e

132\ 1\ DATA\MOHD paTIM nELMT

oa : Civcus
fame changed $207872012 Scan 28 aM by Lo
[ S e si5=580. 16 Ret=560, 100 (025-6561 O

g

Seq. Lina

=
Locacion i viar ze

PRHARTMAN 2013-12-18 10-15-38\MOMD MATIM

ZAHARIMAN 2012-12-18
Ling

Siew Li

10-15-38\SITIZUBIDAH.M

mau &
s
2
'
o
§ T ) ==
101 A. Refractive Index Signst (026-0501.0)
- =
280000
200000
Ss0000
‘s0000 =
o 5 B 58 ® & 2 g2 S g
B e ' B —F =
0000 =N
3 ) 3 )
e reiaras s
. . s1anas
moltipiises 1-0000
misie 18888

Gsa Multiplier & Dilution Factor with iSTDa
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Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\028-0501.D
sample Name: HD-0.5-04

Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width Height Area
i in] %

rea
[min] [nRIU*s] [nRIU]
I====1 | | |

1 0.048 BV 0.9321 4.73475e4 846.56842 0.4993
2 0.526 Vv 0.2445 1.44050e5 8349.97168 1.5191
3 0.737 wW 0.1841 1.55156e5 1.1764Bed 1.6362
4 1.060 vV 0.1796 2.26443e5 1.719%4i4ed 2.3880
5 1.187 vv 0.1377 1.88527e5 1.93082ed 1.9882
6  1.459 vV 0.2763 4.68346e5 2.434Bled 4.9391
7 1.771 vV 0.2247 4.49229e5 2.95765e4 4.7375
8 2.281 VW 0.2087 4.80233e6 3.29903e5 50.6444
9 2.786 VV 0.2206 5.89462e5 4.12807e4 6.2164
10 3.066 VvV 0.4008 1.08897e6 3.61852e4d 11.4841
11 3.632 vV 0.4370 7.92150e5 2.51186ed 8.3539
12 4.186 VV 0.3725 3.91945e5 1.49665e4 4.1334
13 4.826 vV 0.4834 1.38488e5 3800.67896 1.4605
Totals : 0.4824426 5.62643e5

*** End of Report ***

Pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\025-0601.D
sample Name: HD-0.5-05

Soe: Cresavis . v ies tiensine e
P LA TN ¢ wl ae
T0TLeLIIRTEITDY [ IESTEVESTE lo.saios am o5 & e
13 volsma | 10w
Sequence File  : C:\Chem32\I\DATAAMOND WATIM WELMI SAWARTMAN S083-12-18 10-15-38\MoND MATIM
AR RRNS

Mecnoa . AT IDAYASuonD HATIM MELMI ZAMARIMAN 2012-12-18 10-15-38\SITIZUBIDAM.M
oS %nangea 1 $A)TETNOIN'I2T05AR ERTIN."ELUI EIND
(o SRt s eer 010 (OG-0 DY

.

s w ¥

o i £ s EY s Rl a’s
o A et vt i (070-0001
_—
200000 3
+a0000 3
100000 3
o] 8 3 8 g §
oS3 = - = s 3
0000 § =
o's £ ¥ 3's i a's

Area Parcent Report

Sorted B

B Signal

B 1.0000
: 1.0000
lier & Dilution Factor with ISTD=

CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\029-0601.D
HD-0.5-05

Data File
sample Name:

Signal 2: RIDl A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
#  (min] [min] [nRIU~s] [nRTU] %
=== 1====1 | | |
1 0.206 BV 0.1923 2.14805e4 1525.91809  0.2351
2 0.444 VUV  0.3480 1.35526e5 5498.49414  1.4830
3 0.848 vV 0.2388 2.00364e5 1.22185e4 2.1925
4 1.070 vv 0.3046 3.28983e5 1.60039%e4 3.6000
5 1.435 v 0.2572 4.08496e5 2.20453ed 4.4701
6 1.702 VW 0.2147 4.00910e5 2.6598le4 4.3870
7 2.282 VW 0.2084 4.56505e6 3.10283e5 49.9541
8 2.806 vV 0.2210 5.86183e5 4.20262e4 6.4144
9 3.128 Vv 0.3907 1.056ld4e6 3.59038e4  11.5571
10 3.599 W 0.4283 8,79631e5 2.7101led 9.6256
11 4.022 v 0.2563 3.52515e5 1.87318ed 3.8575
12 4.567 VvV 0.3530 2.03213e5 B8105.14111 2.2237
Totals : 9.13850e6 5.26042e5

#+% End of Report #*+*#
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Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\020-0701.D
Sample Name: HD-0.5-06

Acq. Operator  : Lee Siew Ling Seq. Line : 7
Acq. Instrument : Instrument 1 Location : vial 30
Injection Date : 12/18/2012 11:01:25 AM nyo: T

Ac : C:\CHEM32\1\DATA\MOH
Last changed 12/18/2012 9: B

AM by Lee Siew Ling

In3i Volume : 10 ul
D HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M

o's s
RID1 A, Refractive Index HATIM HELMI

g 1

g
—

g

T
D

o's s

Tals

R

a's

Area Percent Report

Sorted By : signal

B 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs

pPata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\030-070l.D
|Sample Name: HD-0.5-06
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
===l 1====1 | | | |
1 0.224 BV 0.8532 2.78952e5 3923.87427 2.9371
2 0.940 VW 0.1490 1.66418e5 1.59561le4d 1.7522
3 1.433 W 0.6454 1.36232e6 2.60202e4 14.3442
4 2.285 W 0.2044 4.748l6e6 3.30454e5 49.9942
5 2.805 Vv 0.3370 1.03957e6 4.31893e4  10.9459
6 3.106 VW 0.2564 5.62297e5 3.65474ed 5.9205
7 3.432 W 0.2149 4.56300e5 2.98803e4 4.8045
8 3.854 W 0.4598 7.52638e5 2.18718e4 7.9247
9 4.422 W 0.1921 1.30749e5 9680.05664  1.3767
Totals : 9.49741e6 5.17523e5
*** End of Report ***

[Pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\031-0801.D
[sample Name: HD-1.0-01

Acq. Operator
Acq. Instrument
Injection Date

Lee Siew Ling Seq. Line
Location

&
Instrument 1 vial 31
12/18/2012 11:08:48 AM 1
Volum

Acq. Metnhod
12/18/2012 9:58:08 AM by Lee Siew Ling
©:\CHEM32\1\METHODS\SITIZUBIDAH.M
12/18/2012 9:58:08 AM by Lae Siew Lin.

T e : 10 ul
C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M

o o
i
2s
st
-
:
.
o's i 1’s Z 2's 3 3’s i a's mn
o A s ¥ S e oA PR CRIR 5
wes
2so000
200000
e
bt
=el 8 8. 38 g 8 5, ¢
o L ; i = g
soo00q . . e e — .
ols i Vs 3 2's £ 3's 4 a's min

Area Percent Report

B Signal

Dilution: : 1.
Use Multiplier & Dilution Factor with ISTDs

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\031-0801.D
Sample Name: HD-1.0-01

Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %

- I====1 I I I I
3 0.827 W 0.2393 2.35204e5 1.44710e4 2.4372
4 1.208 VW 0.6684 1.09618e6 2.11890e4 11.3588
5 2.287 W 0.2082 4.97744e6 3.34453e5 51.5771
6 2.800 Vv 0.3180 9.41234e5 4.26345ed 9.7532
7 3.286 VWV 0.3573 8.29544e5 3.26019%4 8.5959
8  3.604 VW 0.3310 6.16256e5 2.65773ed 6.3858
9 4.078 W 0.4061 5.68084e5 1.8048%4 5.8866
10 4.689 VW 0.2443 1.09608e5 6159.98486 1.1358
11 4.989 VBA  0.4729 3.99348ed4 1407.31030 0.4138

Totals : 9.65047e6 5.10491e5

*** End of Report ***
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i i i
Sample Name: HD-1.

10-15-38\032-0901.D

Acq. Operator
Acqg. Instrument
Injection Date

Lee siew Ling seq. Line :
Instrument Location :
12715/501% 11:16:08 A Inj :

n3 Volume :

Acq. Method

B
viai 32
L

CENEHENAR Y N OKTA ML M HELMI ZARARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M

Last changed 12/18/2012 9: Siew Ling
Ralyoisotnea HE5323: Ve TioDs 5171 2UBI0AN 1
Past¥ail $3)56s50r merg
=25 A By
ks
a
128
w
A
e
o5 k] 3 a's 4 a’s ey
a1 A, Ratrote indox -
=
150000
100000
50000 -
§ ] %3 2
° L —— ey O D
-50000 e
o's i 3 EY Py als
e ——
Data File C:\CHEM32Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\032-0901.D
Sample Name: HD-1.
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
W min] [min] [nRIU*s) [nRIU] %
-—==1 1--==1 | I | |
1 0.221 BV 0.2223 7.05422e4 5288.96631 0.7401
2 0.585 Vv 0.3586 3.188965e5 1.28555e4 3.3465
3 0.831 vv 0.3660 4.10055e5 1.65978e4 4.3022
4 1.454 vv 0.3412 7.0B035e5 2.75200e4 7.4285
5 1.677 vv 0.1102 2.37907e5 3.13157e4 2.4960
& 2.276 vV 0.2257 4.04385e6 2.44053e5 42.4266
7 2.841 vv 0.4046 1.31254e6 4.68553ed 13.7707
8 3.191 vv 0.1159 3.14344e5 3.88727e4 3.2980
9 3.452 vv 0.2922 6.95101e5 3.40485e4 7.2928
10 3.797 Vv 0.3473 6.65986e5 2.72975e4 6.9873
11 4.859 Vv 1.0051 7.54062e5 9145.85547 7.9114
Totals : 9.5313%e6 4.93850e5
*** End of Report ***
Data File CINCHEMSZ\1\DATA\MOND WATIM WELMI ZAWARIMAN 2012-12-18 10-15-391033-1001.0
pmfer il
R Obazater. i Las dimw Lisy Ses: Tiae i 1D
A et Ia.fisy 1in S avine § vior 23
3o50cTISNTEIINT | IZTISUISNE Daezaeze am R
verana
Acq. Methoa C:\CHEM32\1\DATA\MOND HATINM .mmi EARARTMAN 2013-12-18 10-15-38\SITIZUBIDAH.M
eay tatnoas 5 2
RlySiE R e
T <
o
P
=
B
m
%
.
&
B T = =
-
o
200000
200000
B
iy
coos -
z 5 . &
-50000 v
3 =

Area Percent Report

Sorted By s
Multiplier:

Dilution: 1.0000
Use Multiplier & Dilution Factor with 1STDa

signal
1.0000

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18
Sample Name: HD-1.0-03

Signal 2: RIDl A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %

- |====1 | | |
1 0.142 BV 0.2984 5.11425e4 2378.51050  0.5514
2 0.465 WV 0.4020 2.11536e5 7004.50000  2.2806
3 0.878 W 0.1641 1.56998e5 1.3681led 1.6926
4 1.156 W 0.5404 7.70209e5 1.89788ed 8.3039
5 1.725 W 0.2295 4.16773e5 2.64078ed 4.4934
6 2.285 W 0.2012 4.69140e6 3.28492e5  50.5796
7 2.798 W 0.2403 6.52112e5 4.0836led 7.0306
8 2.988 W 0.3382 9.40446e5 3.69253ed  10.1393
9 3.811 W 0.7731 1.35371e6 2.29988ed  14.5948
10 4.921 VBA  0.3120 3.09539ed4 1311.99426  0.3337

Totals 9.27528e6 4.99015e5

10-15-38\033-1001.D

*+* End of Report **+*
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pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\034-1101.D
Sample Name: HD-1.0-04
Peak RetTime Type Width Area Height Area
#  [min] [min]  [nRIU*s] [nRIU] %
===l I====1 | | | |
3 1.747 WV 0.4719 9.61844e5 2.74208e4  10.5641
4 2.289 W 0.2020 4.6263%6 3.22386e5  50.8127
5 2.794 WV 0.3659 1.06644e6 4.01712e4 11.7129
6 3.310 vV 0.2842 5.75253e5 2.91590e4 6.3181
7 3.917 v 0.5552 8.2811le5 1.96147e4 9.0953
8 4.318 WV 0.3525 3.12179%5 1.28540e4 3.4287
9 4.638 VvV 0.1746 7.43941e4 6499.89453  0.8171
10 4.882 VBA  0.1378 1.83057e4 2213.42041 0.2011
Totals : 9.10480e6 4.73968e5
*** End of Report ***

Data File C:\CHEM3Z\1\DATA\MOMD HATIM HELMI ZANARIMAN 201Z-12-18 10-15-38\035-1201.D
sample Name:

Aca. operater i iee Siew Ling Seq. Line : 12
. Instrument : Location : vial 3s
Tnjcction Date : 12/18/32012 11:38:05 Am In3 3

Acq. Meth
Last changed
Analysis Method

Lee Siew
{EnEma251 N B THODS N5 T T ZOBTDAN <1
8 B

[Pata File C:\CHEM3Z\1\DATA\MOND WATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\034-1101.D
sampie N
Acq. Oparator  : Lee Siew Ling Seq. Line : 11
Acg. Inatrument : Instrument 1 Location : viai 34
Injection Date : 12/18/2012 11:30:48 AM In3 :
3 volume :
Aca. Method €1 )CUEMIZN1\DATANMOND MATINM HELGT PANARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
5t changed 1271872012 S:58:08 AM by Siew Ling
Analysis Method M32\1 \METHOD: -x'rxzuuxplm M
A e £
mau
25
2
18
.
os
o
o's ) 1's 2's 3 s's by a's rrd
RID1 A, Rafracive lndex HATiM HELMI 1010y
iU
250000
200000
150000
100000
50000 5 2 s z 3 5 ] 2 8
e — (e S — e
o's i EYY 2 2 3 a's 4 a's
Area Percent Report
Sortea B : signal
Multiplies: 1.0000
bilution: 1.0000
Use Multiplier & Dilution Factor with ISTDa

n3 Volume : 10 ul
: Sz)guEMSZNINDATANMOUD MATIM MELUT ZAMARIMAN 2012-12-18 10-15-38\SITIZUBIDAM.M
1z/18 o

g
Yea o
.
“
s
a
»
1 i
R0t A. Retraciive indax Signat (MOMD HATIM MELM 20134218 10- o
—_—
.
<0000
30000
P g
. § Z ] 2 3 8 2
> 2 g S
i 3 3 A
Area Peroent RepoTe
——_— & sianay
Erftsrite sy 1.9000
Pt s 13308

Bac Muitiplier & Dilution Facter with iSthe
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[Pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\035-1201.D
[Sample Name: HD-1.0-05
Peak RetTime Type Width Area Height Area
#  [min] [min]  [nRIU*s] [nRIU] %
====1 1-===1 1 | | |
1 0.227 BV 0.1726 6720.10254 626.81500 0.6140
2 0.540 VW 0.3046 1.7350%e4  875.68695 1.5854
3 0.967 W 0.1744 4396.83643 411.22003  0.4018
4 1.415 W 0.2253 8237.91797 553.94293  0.7527
5 2.197 wW 0.1455 6.69229e5 6.41469e4  61.1497
6 2.638 W 0.1857 1.35700e5 1.06283e4  12.3993
7 2.919 W 0.1960 5.29790e4 3500.49878  4.8409
8  3.337wW 0.2449 4.74750e4 2868.68018  4.3379
9  3.638 W 0.2894 6.50826e4 3138.68433  5.9468
10 4.091 v 0.3964 8.72400e4 2991.21436 7.9714
Totals : 1.09441e6 §.97419%e4
*** End of Report ***

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\036-1301.D
Sample Nama: HD-1.0-06

Acq. Operator : Lee Siew Ling Seq. L 5 s
Acq. Inatrument : Inatrument 1 Location : Vial 36
Injection Date : 12/18/2012 11:45:28 AM :

In3

Inj Volume : 10 ul

C:\CHEM32\1\DATA\MOMD HATIM HMELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
Ling

o000 g & = =3 5 =& s &5 3
o - ik - e — " —+—"+ S —

sorted B B signal

: 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\036-1301.D
Sample Name: HD-1.0-06

Peak RetTime Type Width Area Height Area
#  (min] [min] [nRIU*s] [nRIU] %
| | | I

1 0.529 BV 0.1984 4.75846e4 3480.59692 0.5793
2 0.797 Vv 0.2547 1.45834e5 7729.93018 1.7754
3 1.113 vv 0.3295 2.98726e5 1.2455le4d 3.6367
4 1.409 v 0.1173 1.33731e5 1.63053e4 1.6281
5 1.586 Vv 0.2362 3.02690e5 1.89373e4 3.6850
6 2.315 vw 0.2131 4.77355e6 3.15674e5 58.1135
1 2.778 v 0.3344 8.70133e5 3.70665e4 10.5931
8 3.152 vv 0.0932 1.76597e5 2.71388e4 2.1499
9 3.337 v 0.3255 6.05896e5 2.46617e4 7.3762
10 3.850 Vv 0.2013 2.55059e5 1.73990e4 3.1051
11 4.172 wW 0.4016 3.91304e5 1.33847e4 4.7638
12 4.612 v 0.4193 2.13078e5 7186.71436 2.5940
Totals : 8.21419%e6 5.01420e5

#+% End of Report ***
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Sts Fils Ci\CREMSZ\I\OATA\NORD HATINM HELHMI ZARARIMAN Z0TZ=12-18 10-T5-38\037-1a61.5
S ample Name: MD-1.5-01
Aca. Operator | 1 Lee Siew Ling Sea. Line : 14
Acq. Thatrument : Instrumant 1 L3iadion i viai 37
Iniection Dace @ 12/18/2012 11:52:48 Am In3 s .2
In3 voluma i 10 p1i
1 C:\CHEM3Z\1\DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
I 52)78s2012 S:sa: by Lee Siew Linag
: > 3Te = 1ing
©
oo o
od~_ . - — =
ol i £ z By 3 B 3 s ef
IO A, Refrcive Index Sinal (MOHD HATIM HELMI 201271318 ©
oo
200000
150000
100000
eeed. .8 2 g L] g g &
° = — + S — —
-s0000 4 S T 3 3 als
Arma Percent Report
sore : Sianai
Gicipliar: : 1.0000
Bilucions : 1lo0
Use Multiplier & Dilution Factor with IsSTDa
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\037-1401.D
Sample Name: HD-1.5-01
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
-1 1====1 I
3 1.182 W 0.3730 4.05970e5 1.43617ed 4.8175
4 1.660 WV 0.2789 3.98829%e5 2.08889%e4 4.7328
5 2.319 W 0.2120 4.80273e6 3.2366led 56.9928
6 2.776 VV 0.3371 9.34607e5 3.82278ed 11.0908
7 3.173 v 0.1108 2.14077e5 2.73247e4 2.5404
8 3.355 WV 0.2784 5.22775e5 2.45726ed 6.2036
9 3.950 v 0.5478 6.61602e5 1.60510e4 7.8511
10 4.875 VBA 1.3264 1.44324e5 1813.47778 1.7127
Totals : 8.42690e6 4.76297e5
*** End of Report ***
Cats FIls CINCHEMIZNINDATANNOAD HATIM RELMT ZAHARTMAN 20T2-12-T8 I0-15-38\038-1561 5
ample Name: HD-1.5-02
T fee Siew Ling Sea. Line @ 15
I Tnzcrumanc 1 Loiacion : viai 38
I 1271872012 12:00:08 M T
1n3 Vo i 10 w1
© C:\CHEM32\1\DATA\MOHD HATIM HELMI LAMARIMAN 2012-12-18 10-15-38\SITIZURIDAN.M
12/18/2012 9:158:08 AM by Lee Siew Ling
CENCHEMIZ\ 1 \METHODS\ S TT 1 208 1 DAH - 4
v saAAnLzoLS S seion Au by e Sisw ina =
e
:
od e -
I s e
g 3 $ 5
- e

Area FPercent Report

sorteda B

signal

52

[Data File C:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\038-1501.D
sample Name: HD-1.5-02

Signal 2: RIDL A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
#  [min] [min] [nRIU~s] [nRIU] %

=== | ====1 | | | |
1 0.153 BV 0.2787 4.11979e4 21B0.50806  0.4875
2 0.584 WV 0.2432 1.33729e5 8540.74902  1.5826
3 0.734 W 0.3071 2.39454e5 1.05876ed 2.8337
a4 1.210 W 0.4930 5.73401e5 1.69946ed 6.7856
5  1.625 WV 0.2682 3.92326e5 2.15841led 4.6428
6  2.300 vV 0.2021 4.51694e6 3.14604e5  53.4537
7 2.769 WV 0.2506 6.30465e5 3.66008e4 7.4610
8 3.055 W 0.2024 4.17238e5 2.93750ed 4.9376
9 3.464 WV 0.4118 7.34945e5 2.36774ed 8.6974
10 4.037 v 0.4478 4.63684e5 1.55257e4 5.4873
11 4.249 W 0.2050 1.92172e5 1.20829ed 2.2742
12 4.682 WV 0.2347 9.80956e4 5844.97510  1.1609
13 4.879 VBA 0.1158 1.65462e4 23B1.81567 0.1958

Totals : 8.45019e6 4.99980e5

*** End of Report ***




Data File CI\CHEM3Z\I\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\035-1601.0
mple Name: HD-1

2o gmerate : Lee Siew Lina
o= nmtrument : Insteuw
Tn3cction Dare i 12/18/%01% 12:07:28 BmM

Aca. Method ciyeHEM3Z\1N

few Ling

CANARTMAN 2052-12-18 10-15-38\SITIZUBIDAN.M

Ling

oF

\

o's 3 s z 2's 3 3% 3 s wrerd
RIDY A Rofracive Index Sional (MOHD HATIM HELMI 201271210 o
P
200000
150000 -
100000
e B g g 5§ § E 53 s ]
o —t— = s Sy et
-s0000
ols 3 03 F3 3 ES 3l i s
Araa Parcant Repore
Sorced my : sianal
maleTpaiae: 1-9000

Bilurio: lo000
Gse Muitiplier & Dilution Factor with iSTDa

Data File C: \CHEMSZ\I\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\039-1601.D
Sample Name: HD-1.5-

Peak RetTime Type Width Area Height Area
#  Imin] [min] [nRIU*s] [nRIU] %
=== 1====1 I | |
1 0.106 BV 0.5118 5.97748=24 1946.48035  0.6940
2 0.463 Vv 0.2053 9.67609e4 6530.28125 1.1234
3 0.797 vv 0.3099 2.61975e5 1.19448e4 3.0415
4 1.116 VvV 0.3148 3.6B346e5 1.64806e4 4.2764
5 1.728 vv 0.3305 6.25123e5 2.5572%e4 7.2576
6 2.296 VvV 0.2076 4.43608e6 2.99169%e5 51.5019
7 2.816 VV 0.2742 6.75279e5 3.76152e4 7.8399
8 3.007 vv 0.1565 3.59210e5 3.37697e4d 4.1704
9 3.414 VW 0.4388 §.61800e5 2.76847e4  10.0053
10 3.851 vv 0.1926 2.73008e5 1.93568e4d 3.18696
11 3.945 Vv 0.1995 2.54821le5 1.77953e4 2.9584
12 4.410 vV 0.3813 2.80571e5 1.04862=4 3.2574
13 4.814 VBA 0.2531 6.06740e4 3338.01855 0.7044
Totals : 8.61342e6 5.11690e5
*** End of Report ==*
Data File Ci\CHEM3Z\I\DATA\MOHD HATIM HELMI ZAHARIMAN Z012-12-18 10-15-38\040-1701.5
Sample Name: HD-1.5-04
Aca. Operator i Lee Siew Ling Sea. 17
Acq. Instrument : Instrument ToSaeion s viax 40
Injection D. I 12778/7015 12:14:49 M
ni Veimms i 10 i
Acg. Method i C3)CHEMIZAINDATANMOND MATINM MELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
Last changed : 12/18/2012 9:58:08 Lee Siew Ling
Analyais Mathod : C:\CH r_mzu\urruonq\sxuzuaxnu« £
Lazt chan. ipsi24lesz012 o:s8:08 A e Sicw Ling
mau
a0
30
20
g
o 2 g
o's 3 s 3 2's 3 a’s Py als ey
RIDY A. Rofractive Index Signal (MOHD HATIM HELMI ©
nRIU
250000
200000
150000
100000
89000, ] & g 2
s —  — - — —
-50000 — —
o's k] s 3 P a's
Area Percent Report
Sorced By B Signai
Multiplier: 1.0000
ilucion: ~0000
Use Multiplier & Dilution Factor with ISTDs

[Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\040-1701.D
|Sample Name: HD-1.5-04

Signal 2: RID1l A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
# [min] [min]  [nRIU*s] [nRIU] %

| |
1 0.727 BV 0.3928 1.99045e5 7421.26563  2.3066

2 1.296 VW 0.6716 8.19244e5 1.58630e4 9 4935

3 2.302 w 0.2067 4.97466e6 3.41485e5 .6470

4 2.783 W 0.3476 9.73420e5 3.86867e4 ll.ZBDl

5 3.195 wW 0.4592 1.04009e6 2.82864e4 12.0527

6 4.153 v 0.3736 3.85554e5 1.36133e4 4.4679

7 4.765 VBA 0.5572 2.37512e5 5779.70117 2.7523
Totals 8.62952e6 4.51135e5

*** End of Report ***
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ata Fiie CINCHEMS
[Sample Name: HD-1.

INOATANMOND WATIM AELMI ZANARIMAN 2012-12-18

5-0s

Aca. operator
Aca
Tajection Date

Aca. Metnod
Last changed
Analysi= Metho
+ changed
i

: Lee Siew Ling

n3 v
: C3NCHEM32\1NDATANMOND MATIM ur:ax
9:58:08 by Le

: v
o {SREadEi: MBTrODs S TR Y ZUBTORN M
1 AM by Lee Siew

2012

Tnstrument 1
: 12/18/2012 12:22:12 PM

1e
Tocation : vial a1

10
2o%2-12-18 10-15-38\STTTIZURIDAN.M

T6-15-38\031-1801 .5

2's
2012712-18

Area Percent Report

signai

19000

ooo

Dse Muitiplier & Dilution Factor with ISThe

253 See=atex
Inatrument
Zofection bave

Leo Siew Ling

12/18/2012
c: \cnzn:z\)\Hz?uon»\sx?xzualDAu
1271872012 9:58

natrument 1
12/18/2012 12:29:31 PM

n3
SiyguEMIZNINDATANMOND HATIM nELmt

oo 53

Seq. Line : 18
Location : Vial 42
T

Ling

[pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\041-1B01.D
|sample Name: HD-1.5-05
Peak RetTime Type Width Area Height Area
+ (min] [nRIU*s] (nRIU] %
=1 [ I I | |
1 0.239 BV 0.2052 4.56264e4 3159.50830 0.5882
2 0.479 VWV 0.2363 9.67988e4 5720.39258  1.2480
3 0.828 VV 0.3298 2.21536e5 9597.32520 2.8562
4 1.037 v 0.1228 8.27284ed 1.12244ed 1.0666
5 1.324 VWV 0.3128 3.20640e5 1.46975e4 4.1339
6 2.304 VvV 0.2333 4.83622e6 2.93424e5 62.3522
7 2.785 VWV 0.2886 6.25578e5 3.14053ed 8.0654
8 3.332 vV 0.4032 6.92018e5 2.17720e4 8.9220
9 3.589 WV 0.1147 1.4665le5 1.83769e4 1.8907
10 3.860 VV 0.3336 3.4B074e5 1.53540e4 4.4876
11 4.137 vV 0.1819 1.44607e5 1.11253e4 1.8644
12 4.645 WV 0.4233 1.68B681e5 5625.64014  2.1748
13 4.837 VBA  0.1336 2.71415ed4 3063.53491  0.3499
Totals : 7.75630e6 4.44546e5
*#+ End of Report **+*
[Fsts Filec ©i\CHEMIZ\INDATANNMOND WATIM HELMI % GTZ=12=18 T6-15-38\04Z-1501 5
|sampie Name: HD-1.5-06

n3

Voluma : 10 ul

ZAMARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
ing

280000
200000
180000
100000
50000 E] ]
° "
RS S MR S-S

Area Percent Report

sortea
Moltipiiess
Dilution:

signai

19000
000

-0
Gaa Muiripiier & Dilution Factor with ISToe
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Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\042-1901.D

\Sample Name: HD-1.5-06

Peak RetTime Type Width Area Height Area
[min] [min] [nRIU*s] [nRIU] %
=== 1====1 | | |
1 0.034 BV 0.9124 2.37018e4  432.97522  0.3093
2 0.542 w 0.2125 8.08590e4 5572.02490 1.0552
3 0.888 W 0.3326 2.50541e5 9950.86035 3.2696
4 1.254 v 0.5272 5.60495e5 1.36948ed 7.3146
5 2.293 W 0.2244 4.6536le6 3.03266e5  60.7307
6 2.778 VWV 0.3088 6.70116e5 3.17599e4 8.7452
7 3.121 v 0.2122 3.62224e5 2.34977ed 4.7271
8 3.430 W 0.1933 2.59769%e5 1.93513e4 3.3901
9 3.856 WV 0.5740 6.34328e5 1.47208e4 8.2781
10 4.471 vV 0.2738 1.22288e5 6491.94922  1.5959
11 4.944 VBA 0.7149 4.47645e4 1043.63611 0.5842
Totals : 7.66269e6 4.29782e5

*** End of Report ***

I\DATA\MOHD HATINM HELMI ZAHARTMAN
“o1

OIZ=IZ=18 I0-15-38\043=2001:D

Les Siew Ling
D 1271875013 12:36:51 em

12/18/2012 5:58:08 AM by Laa Si

: C3\cHEM3ZAI\METHODW\SITIEURIOAN

1 C:\CHEM3IZ\1\DATA\MOHD HATIM nEiad
e

seq. Line : 20
Lodation & viai a3
LJIn3 s

10"
ZRMARTMAN 2052-12-18 10-15-38\SITIZURIDAN.M

aw Ling

TirTarzors’ Sisaion Siew ning
= o
P e — / S
o's i 1’5 2's 3 3's i a's ]
RID1 A Refracive Index Signal (MOHD HATIM HELMI 201271518 o
g
e T
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\043-2001.D
Sample Name: HD-2.0-01
Peak RetTime Type Width Area Height Area
[min] [min]  [nRIU*s] [nRIU] %
-1 1===1 | |
3 1.187 vv 0.5028 3.83917e5 1.00290e4 5.7378
4 1.636 VvV 0.1887 1.76207e5 1.35295e4 2.6335
5 2.297 VWV 0.2165 4.28301e6 2.92042e5  64.0111
6 2.743 Vv 0.3131 5.54450e5 2.58237e4 8.2865
7 3.259 Vv 0.2595 3.03852e5 1.72487ed 4.5412
8 3.374 Vv 0.1125 1.25407e5 1.60904e4 1.8742
9  3.619 Vv 0.2141 2.14452e5 1.39359%4 3.2051
10 3.882 Vv 0.2881 2.41444e5 1.15016ed 3.6085
11 4.129 vv 0.2659 1.69123e5 8860.43848 2.5276
Totals 6.69104e6 4.15776e5
#%* End of Report ***
Bats File ©INCHEMIZN\IN\DATANMORD WATIN WELMI % GTZ=12-1T8 T0-T5-38\044-2161 5
Sample Name: HD-2.0-02
Aca. Operator  : Lee Siew Ling seq. Lin
Instrument : Instrument 1 Tacarion 1 v,.‘ aa
Injection bate 1271872012 12:44:09 BM In3
Aca. Method 13CHEMIZN I NDATANMOND. HATIM B e R R ———
Last changed : 123872012 3:58:08 by Lee Siew Ling
Analyais Method : ChEMa2 \1\M}:'anDs\sx-rxzquDAH
ez entngea ™ 12/13/20;2 5:55:08 B ke e g .
mau s
2 &
104
.
os —
od A —_— S B
RIDY A, Refractive Index Signal (MOHD HATIM HELMI o N 1
e
200000
150000
100000
o- = : 5 5
D T -

Area Percent Report

sorted By

Mulciplimss
ution:

Use Multiplier &

signal

Dilution Factor with ISTDs
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Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-16 10-15-38\044-2101.D
Sample Name: HD-2.0-02
Peak RetTime Type Width Area Height Area
+  [min] [min]  [nRIU*s] [nRIU] %
| | | |
1 0.240 BV 0.2519 6.03508e4 3086.20068 0.7835
2 0.951 W  0.4890 7.31466e5 1.8430led 9.4961
3 1.620 W 0.2928 3.7634%5 1.83883ed 4.8859
4 2.300 VW 0.2126 4.32586e6 2.90543e5  56.1594
5 2.826 W  0.3870 7.56208e5 3.06727ed 9.8173
6 3.114 W 0.5126 1.09211e6 2.61814ed4  14.1780
7 4.127 W 0.0995 7.59660e4 1.07728e4 0.9862
8 4.504 W 0.4898 2.6679%e5 6970.31738  3.4636
9 4.962 VBA  0.3562 1.77170e4  828.87286  0.2300
Totals 7.70282e6 4.05873e5
*** End of Report ***

pata File ©F

CHEM3Z\1\DATA\MOHD HATIM HELWMI ZAHARIMAN 2012-12-18 1
03

—T5-38\045-2201.0

|sampie Name: HD-2.0-
Acg. Operator ee Siew Ling Seq. Line : 22
Acg. Instrument : Instrument 1 Location : Vial 45
Injection Date 12/18/2012 12:51:29 BM In3 : 1
In3 Volume : 10 ml
Acg. Method C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
Last changed 12/18/2012 9:58:08 AM by Lee Siew L.
Analyais C:\CHEM32\1\METHODS\SITIZUBIDAH.M
12/18/2012 9:58:08 AM by Lea Siew Ling
5 - =Ea oy
mauU 3
o8
o6
0.4
02
o
b 3 P =
RID1 A. Ratractive Index Signal (MOHD HATIM HELAMI o)
g
5 2
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width rea Height Area
# [min] [min] [nRIU*s) [nRTIU] %
===l I====1 | I |
1 0.142 BV 0.2283 6726.72705 492.95624 1.5613
2 0.637 Vv 0.4474 6.31798e4 1959.75000 14.6639
3 1.384 VvV 0.1607 4679.38818 473.44095 1.0861
4 2.050 Vv 0.2549 1.10250e5 5564.38623 25.5888
5 2.641 vv 0.3233 1.22220e5 4937.64990 28.3670
6  3.569 Vv 0.2975 3.90144e4 1675.87817  9.0552
7 3.868 vV 0.2041 2.05395e4 1432.04528  4.7672
8 4.175 Vv 0.3076 3.58567e4 1508.50806  8.3223
9 4.491 Vv 0.1302 6370.92578 728.19312  1.4787
10 4.802 VBA  0.23B7 2.20147e4 1313.84460  5.1096
Instrument 1 12/18/2012 1:50:01 PM Lee Siew Ling Page 1 of 2
— — —
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\045-2201.D
Sample Name: HD-2.0-03
Peak RetTime Type Width Area Height Area
+ {min] [min] [nRIU*s] [nRIU] %
===l I====1 I I
Totals 4.30852e5 2.00867e4
*++ End of Report *+*
Oats File ©i\CHEMIZ\INDATANMOND HATIM HELMI ZARARIMAN ZOIZ-=I2-18 I0-TS-3B6\04€=Z30T-0
[Sample Name: HD-2.0-04
Aca. Operat : Lea Siew Ling Sea. - 23
Acq. Inmtrument : Instrument Location : Vial 46
Tn3ection i 1271872012 12:58:45 PM - 1

Aca. Method

x
C:\CHEM32\1\DATA\MOHD HMATIM HELMI

10

ul
2012-12-18 10-15-38\SITIZUBIDAH.M

12/18/2012 9:58:08 AM by Lee Siew Lina
C:\CHEM32\1\METHODS\SITIZUBIDAH.
12718/ S:nm:08 AM leo Sicw Ling
i oF
B
o7s
os
o025 —
od _____ . —
5 T 1’5 £ a's 3 a's e
RID1 A, Refractive Index Signat (MOHD HATIM HELMI o
s
250000
200000
180000
100000
s0000 & & = =2
2.8 g g 8 g
° = + = ke — —
o's 3 e 3 2's a's By als
Area Percent Report
ortea By B Signal
Multiplier: - 1.0000
flution: - ~0000
se Multiplier & Dilution Factor with ISTDs

56




signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU] %
-1 1---- I I I I
1 0.187 BV 0.2352 3.13171e4 1881.99927 0.4795
2 0.492 v 0.3514 1.01056e5 4144.89697 1.5472
Instrument 1 12/18/2012 1:50:32 PM Lee Siew Ling Page 1 of 2
— — —
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\046-2301.D
Sample Name: HD-2.0-04
Peak RetTime Type Width Area Height Area
+ [min] [min]  [nRIU*s] [nRIU] %
===l I====1 | | | |
3 0.957 vv 0.2352 1.33174e5 7828.96582 2.0389
4 1.349 v 0.4415 3.68442e5 1.14760e4 5.6409
5 1.780 vV 0.2054 2.15182e5 1.4881%e4 3.2945
6 2.309 vv 0.2043 4.13085e6 2.9510%9e5 63.2445
7 2.760 VvV 0.3954 7.0293%e5 2.41747e4 10.7622
8 3.590 v 0.5555 5.76479e5 1.37055e4 8.8261
9 4.778 VW 1.2006 2.66519e5 2742.95850 4.0805
10 4.971 VEA 0.1285 5600.36914 726.65045 0.0857
Totals : 6.53156e6 3.76672e5
*** End of Report ***
Data File C:\CHEM32Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\047-2401.D
Sample Name: HD-Z.0-05
: Lew Siew Ling Sea. Line za
I Tnscrumenc 1 Tocation i vial 47
I I2778V5575 l.o06:05 wm o 3
in P10
5 MATIM MELMI ZAMARIMAN 2012-12-18 10-15-38\SITIZURIDAN.M
Loe Siew Lina

5:08 AM by L.

S 1T EZUNT DAN - M
Lea Sia

w Ling

TATTRA HECRAT
mau o

B
o N
e .-

oy

o's 1 s
101 A, Rafrcive inde Signal (MOHE HATIR HELME

Ares Percent Report

— . Signal

Dilutions - 3
e Multiplier & Dilution Factor with ISTDa

Pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN
lsample Name: HD-2.0-05

2012-12-18 10-15-38\047-2401.D

Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
#  [min] [min] [nRIU*s] [nRIU] %
===l 1====1 | | | |
1 0.241 BV 0.2113 4.59399e4 3316.32275  0.6250
2 0.527 vV 0.4498 2.1628le5 6340.38379  2.9426
3 0.896 VV 0.1903 1.31191e5 9182.09570  1.7849
4 1.394 vv 0.3891 4.00131e5 1.40218ed 5.4439
5 2.307 vv 0.2174 4.6428Be6 3.0718le5  63.1675
6 2.767 Vv 0.3835 7.61697e5 2.71504ed  10.3631
7 3.345 Vv 0.1553 1.92090e5 1.82404ed 2.6134
8 3.678 vv 0.4311 5.20076e5 1.61825e4 7.0758
9 4.043 vv 0.1776 1.50157e5 1.20632e4 2.0429
10 4.250 vv 0.4258 2.89664e5 1.00198e4d 3.9409
Totals 7.35010e6 4.23708e5

**% End of Report *#%
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Data File ©:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\048-2501.D
|sample Name: HD-2.0-06
Acq. Gperator Lee Siew Ling Seq. Line : 25
Acq. Instrument : Instrument 1 Location : vial a8
Injection Date 12/18/2012 1:13:27 FM In 1
in uma : 10 p1
Acq. Method : C:\GHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\SITIZUBIDAH.M
Last changed i 12/18/2012 8:58:08 AM Lee Sie na
Analysis Method : C:\CHEM32\1\METHODS\SITIZUBIDAH.M
Lant changed i 12/18/2012 Lo Siow Ling
=580, 16 Ret=360, A2 AE A0 B
mAU 3 =
i
12
1
075
05
025
PR B— - _—
a5 i 15 25 als i als
RID A, Rafractve Index Sianal (MOHD HATIM HELMI 201221518 10- o
nRIL =
250000
200000
150000
100000
oo § 8 8 § ] 5 g
o — — = —t— — —t — e
o8 El B 2 28 3 FY) A als
Area Percent Report
Signal 2: RIDL &, Refractive Index Signal
Peak RetTime Type Width Area Height Area
+ [min] [min] [nRIU*s] [nRIU]
-1 |====1 | | | |
1 0.247 BV 0.1427 2.4470le4 2399.86133 0.3289
2 0.530 vv 0.1896 7.4535led 5532.00879 1.0017
Instrument 1 12/18/2012 1:51:25 PM Lee Siew Ling Page 1 of 2

sample Name: HD-2.0-06

Peak RetTime Type Width Area Height Area
[min] [min] [nRIU*s] [nRIU] %

-1 I1====1 | | | |

3 0.821 VV 0.4187 2.77152e5 9137.32129  3.7249

4 1.213 VV 0.2370 2.07482e5 1.24924e4 2.7885

5 1.595 vv 0.3785 4.34047e5 1.60325e4 5.8335

6 2.311 wv 0.2059 4.51732e6 3.15528e5 60.7122

7 2.762 VW 0.4848 1.07856e6 2.9655led 4.4958

8 3.496 vv 0.3803 4.66640e5 1.74974e4d 6.2716

El 4.475 vV 0.6022 3.02573e5 6338.95166 4.0665

10 4.860 VBA  0.3133 5.7757%e4 2577.29102 0.7763

Totals 7.44054e6 4.17191e5

— — —
[Data File C:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\048-2501.D

*** End of Report ***

Cats File C1NCHEMIZNINDATANMOAD AATIM AELML
|zample Name: SG-0.5-01

EARNARIMAN 2012-12-14

TE-09-04N\061-0101.0

Aee . Laa Siaw Ling
A Y

Injection Date 1271472012 6:10:55 EM

Film B

HELMI  ZAHARTMAN .
1 C1NCHEMIZ\1\DATANMOH
. 12/14/2012 6:09:03 M b

Metnoa
Last changsa

In
@m3IZVI\DATANMOHD HATIM HELMI

D HATIM HELMI
L

Seq. Line
Location

T
volume

10 a1
ZAHARIMAN 2012-12-14

ZAHARIMAN 2012-12-14

Y
Vial 1

18-08-04\MOHD HATIM

18-09-04NSITIZUBIDAH.M

TO (00T-0107 03

= =507
mau
10
o
o]
od T - B
aln 4 1's 2's 3 als 4 als i
I A, Tt Index Signat (G01-0101.5)
R
180000
100000
sooos ig g IS
«F = 2 \
ols i e £ 2'n als o

Area Fearcent Report

signal
B 1.0000
: 1.6000
Use Multiplier & Dilution Factor with ISTDs

[Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN

2012-12-14 18-09-04\001-0101.D

[Sample Name: SG-0.5-01

signal 2: RID1 A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
#  [min) [min] [nRIU*s] [(nRIU] %

| === [ [ |
1 0.025 BV 1.8797 2.73099e4  242.15280  0.4307
2 0.492 Vv 0.4988 1.70385e5 4404.82373  2.6874
3 0.976 W 0.1398 9.30170e4 9179.46875  1.4671
4 1.439 W 0.3681 3.09583e5 1.24386e4 4.8829
5 1.705 W 0.2909 3.08566e5 1.50607ed 4.8668
6 2.291 W 0.1755 3.64079e6 2.96799e5  57.4239
7 2.743 W 0.1225 2.20622e5 2.92546ed 3.4797
8 2.849 vV 0.3903 8.71206e5 2.83983ed4  13.7410
9  3.805 WV 0.5285 6.98721e5 1.89019e4  11.0205

Totals : 6.34020e6 4.14679e5

*#** End of Report ***
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Pata File ©:\CHEM32\1\DATA\MOHD HATIM HELMT ZAHARIMAN 2012-12-14 18-08-04\002-0201.D
Basaa T ionc i EETEIIN
v ——— Toe Biew ning i r——
Roa CEIEtoine | Tnrcmrmani n SRl vl 2
Injection Date 1271472012 6:18:18 BM Tag - T
Tnj velume i 10 pi
Sequence File ¢ Ci\CRemIZ\L\DATANNGHD HATIN HENY BaNemINAN S0%S-12-14 19-0¥—04\MOHD HATIN
R RARAR THAN S
Methoa T REm S AL ADATASMOND HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M
S hanged AT Ea 2 §Ten 05 bl by Les &rew Lins
o R Ao
A
.
o
.
I
od - S
3 e T =
it A, et e tnae Sianet (oaz.az01 £
"
A
200000
180000
160000
o000 =
E g ] El
° s 3, = +
P I ey z 2=
S ————
gorced By . signas
Mo e 1.0000
(VI e : 119800
Do luTliplier & Dilucion Fasesr wish T9ehe
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width rea Height Area
# [min] [min] [nRIU*=s] [nRIU] ®
-1 ! | 1 I
1 0.142 BV 0.2951 3.62213e4 1768.35132 0.4574
2 0.6871 VvV 0.4359 2.28619%9e5 7824.32520 2.8870

Instrument 1 12/14/2012 6:23:46 PM Lee Siew Ling

Page

1 of 2

— —e —
Data File C:\CHEM32Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN
Sample Mame: SG-0.5-02

2012-12-14 18-09-04%002-0201.D

Peak RetTime Type Width ea Height Area
" min] [min] [MRIU*=] [nRTU] %
——==1 | === | | |
3 0.997 vv 0.1436 1.25385e5 1.19902ed 1.5834
4 1.699 VV 0.5015 8.6229625 2.21617=4  10.8892
5 2.272 Vv 0.1965 4.19621e6 3.06376e5 52.09904
) 2.775 Vv 0.2752 5.910086e5 3.14764e4 7.4633
7 3.040 vv 0.1500 2.8171Be5 2.64914ed 3.5576
8  3.810 VWV 0.7548 1.2756le6 2.25549e4  16.1086
a 4.985 VBA 1.4624 3.21746e5 3666.92285 4.0631
Totals : 7.9188le6 4.34310e5

*** End of Report ***

Data File ©:\CHEM22\1\DATA\MOHD HATIM HELMI ZAHARIMAN ZO012-12-14 18-05-04%\003-0301.D
N 5G-0.5-03

Sample

Lee Siew Ling
Tnmerument 1
12/14/2012 6:25:38 FM

Acq. Operator
Acg. Instrument
Injection Date

T

Seq. Line
Location

05
n3 Velume :

3
vial 3

10 a1
M 2012-12-14 18-09-04\MOHD HATIM

Sequence File  : C:\Chem32\1\DATA\MOND HATIM HELMI ZAHARIMA
HELMT ZAHARTMAN.S
Matnoa © C:NCHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M
Last ehangad 12/14/2012 6:09:03 PM by Lee Siew Ling
Dﬁﬁ! . Sig=2681.16 Mef=360. 100 (003-0307.0)
mau =
25
=
va
1
on
[ —
o5 15 als 3 a's nird
RIDY A, Refrbcive Index Signat (03-0301.0)
rin
200000
150000
100000
sonon g B 5 g B a8 E
° = =, T2 T = =
as i s als P} als P
Area Parcent Report
= N 1.0000
Dilucion: : i laooo
Use Multiplier & Dilution Facter with ISTDs
Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width ea Height Area
# in] [min] [NRIU*s] [nRIU] -
1 -1 I 1 I
1 0.402 BV 0.1575 7281.31299 625.24091 0.0939
2 0.581 VvV 0.1375 3.18005e4 3261.06787 0.4102
Instrument 1 12/14/2012 6:31:07 PM Lee Siew Ling Page 1 or 2

— — —
Data File C:NCHEMIZNINDATANMOND HATIM HELMI ZAHARIMAN ZO01Z-12-14 18-09-04%003-0301.0

Sample MName: S5G-0.5-03

Peak RetTime Type wWidth rea Height Area

W [min] [min] [MRTU*=] [nRTIU] %
1====1 | | | |

3 0.951 vv 0.2273 1.73989e5 0973.61426  2.2445
4 0.2721 2.25496e5 1.35394e4 2.9089
5 0.2434 2.74512e5 1.63530ed 3.5413
6 0.1642 2.48399%a5 2.12868e4 3.2044a
7 0.2231 4.44420e6 2.99055e5 57.3311
8 0.3530 7.9280le5 3.25819e4  10.2273
Ll 0.1633 2.71373e5 2.41914e4 3.5008
10 0.6907 1.0179606 1.96536@4  13.1318
11 0.7296 2.64011le5 5285.35986  3.4058

Totals : 7.75182e6 4.45806=5

*+* End of Report *+*

59




Data File C:\CHEM3Z\1\DATAVMOND HATIM HELMI ZAHARIMAN 2012-12-14 18-03-04\004-0401.D
Sample Name: SG-0.

Acg. Operat i Lee Siew Ling Seq. Line 1 a

Reeg. Inmtrument : Lnscoument 1 Locarion vial 4

Tnicction i 12/14/2012 6:32:59 BM 1

In3 velume : 10 ul
Seguence File @ ©:\Chem32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\MOHD HATIM
St PRR S
Method SIYEHEMIZ T IDATANMONE HATIM HELMI ZAHARIMAN Z012-12-14 18-09-04\SITIZURIDAN.M
Land chanaea 2/va,2 : by fee Siew Ling
e e e
2s
as
0.5 N
- |
= — = g —_——— ]
RIDT A RotraGEve Index Bignal (004-0401 0
AU
260000
200000
150000
100000
seaoo = = 2 = =
5 3 ] 8 . S ] =
o+ o ——t — T —  — — —
os 1 VY z == A FVY X
Area Porcent Report
Sorced @ : ignal
EaiE TR : 19000
Pilutic H loooo
e NI riplies & Bilution Facter wieh IoTbe

Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
(min] [nRIU*s) [ARIU] 2

| | | == |

0.1779 3.66598e4 2B14.99072  0.4517

0.5456 2.80014e5 6B25.28B516  3.4502

1 of 2

Instrument 1 12/14/2012 6:38:27 PM Lee Siew Ling

Page

— — — —
Data File C:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\004-0401.D

|ISample Name: SG-0.5-04
Peak RetTime Type Width Area Height Area
# [min] [min] [NRIU*s] [nRIU] %
-1 1-——1 | | 1-- 1
3 0.963 vV 0.1338 1.12818e5 1.17261le4 1.3901
4 1.229 Vv 0.4198 4.28690e5 1.40017e4 5.2821
S 2.276 VV 0.2305 4.89275e6 3.l1886e5 60.2856
13 2.793 Vv 0.3560 8.23123e5 3.27301le4a 10.1420
7 3.210 vv 0.1922 3.40996e5 2.52302e4 4.2016
8 3.807 VvV 0.6856 1.02166e6 2.04843e4 12.5883
9 4.928 VBA 2.1545 1.79239e5 1386.56213 2.2085
Totals : 8.11595e6 4.27085e5
*** End of Report ***
bata File ©i\CHEMIZNI\DATANMOND WATTIM WELMT HANARTMAN Z01Z-1Z-14 18-05-04%\005-0501.D
Sample Mame: SG-0.5-05
Acq. Operater 1 Lee Siew Ling Seq. Line 1 =
A2 TRStIiment | Tnatsumant I2iation ! via1 s
Injection Date : 12/14/2012 5:40:18 BM Ee) T
Ini Veluma 1 10 pl
Bequence File @ £iNCRemIZNIADATANMOHD HATIM HELMT SAHARTMAN 201212514 18-09-04\MOHD HATIM
Methea s e Hm;sz\ummmaan HATIN MELMI SANARIMAN 2012-12-14 18-09-04\SITIZUBIDAN.H
Tame changed : T4/2012 6:09:03 . Siew bt
n}kt o Sig=2nT 46 Ruv\-aoo 160 (605-0501.0)
mau g
=
163
4
as ]
od — o
o's 1 s B 3 B ry
RIDT A, RefraGHve Index SIgnal (005-0501.0)
U
250000
200000
180000
100000 -
ooee g g2 8 B 5
o = e - —t = — -
oo ols E] ale 3 ='n F) als 4 als e
Ares Parcant Report
Sorcea By f signal
Maleimlisss . 1.0000
Dilucion: : 860
Dae Muleiplier & Dilution Factor with Tamos
Signal 1: DADL F, Sig=281,16 Ref=360,100
Foak RetTime Typa Width Araa Height Area
w tminl tminl [mAD~ =1 Ao K
o.1833  2s.08827 2.13783 100-0600 "
28.08527 z.13763
Sianal 2: RIDL A, Refractive Index Sianal
Psak RetTime Type Width Height Area
tmint tminl  [oRTU~E] (nRIU] K
----\-- ———— e ———] = [ (e
6.405 Bv 0.2125 2.30883e4 1525.13585  0.2837
z 0.847 vV 0.2757 Z.174Z8a5 1.0066%a4d Z2.6717
Inatrument 1 12/14/2012 6:45:48 PM Lee Siew Ling Page 1 of 2

Bata Flie CINCHEMSZNIANDATANMGHD HATIM HELMI ZAHARIMAN 2012-12-14
os

Sample Mame: SG-0.5-
Peak RetTime wideh Height Area
W fminl [minl [ARIG*a] [nRIO]
—l—————= 1= (e 1--
1232 0.2832 2.63414a5 1.40718a4 3.2367
1.565 ©0.30949 4.23606e5 1.94236e4 5.2788
2,275 O.20BO 4.80522Za6 3.17727ab 5E.5869
z.807 0.4451 1.08982e6 3.36272=4 13.391=2
Sle23 6l7228 1.1ss61la 2l18637aa alsos1
4.827 1.1018 3.21129e5 3561.00635 3.945a

Totals :

B.13832e6

4.21870es5

60

TE-0B-DAND05-05BOT .5




Data File ©:\CHEM32Z\1\DATA\MOHD HATIM HELMI
e 6.5-06

|Sameie M

ZAHARIMAN Z01z-12-14

18-08-04N\006-0601 .0

Acq. Operstor
Reg. Inatrument
Injecrion Date

regquence File P

1z2/1a/2012 6147

w Linie
mtrument 1

a em

Tnj
PNChem32\1\DATAVMOHD HATIM HELMI
s

&
Vial &
T

Volume i 10 ul
ZAHARIMAN 2012-12-14 18-08-04\MGHD HATIM

Method HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M
Lamt chancec by Les Siew Line
GADT :
mau
1.5
4 3
06 .
e - —
B — PR T T A e
RID1 A, Rafrachve Index Signal (00606010
P
250000 -
200000 -
150000
100000
socoo 4 = E E B &= = % 2
o= = —= = S— - S— 1 8, 55
“mecee als 3 als £ 2l ES als 3 als o
Area Fercent Report
Sorted By . Signal
2 B 1.0000
Dilutian: : 10000
Use Multiplier & Dilution Factor with ISTDs
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
* [min] [min] [nRIU*s] [nRIU] %
——==1 e - === === ==
1 0.121 BV 0.4105 4.31212e4 1750.79077 0.5152
2 0.433 vV 0.4987 2.11009e5 5483.11133 2.5212
Instrument 1 12/14/2012 3:08 PM Lee Siew Ling Page 1 of 2
— — —
Data File \CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\006-0601.D
Sample Name: 5G-0.5-06
Peak RetTime Type Width Area Height Area
# [min) fmin] [nRIU*s] [nRTIU]
-1 - ———=1 ———=1 -=1
3 0.2109 2.01164e5 1.26B61le4d 2.4036
4 0.1897 1.92031e5 1.44445e4 2.2945
5 0.2256 5.29350e6 3.30789%eS5 63.2487
6 0.3203 7.4748le5 3.44206e4 8.9312
7 0.3186 7.16237e5 2.83435e4 8.5579
8 0.5063 7.25050e5 1.91586e4 8.6632
9 4.547 vV 0.3781 1.71770e5 6623.68506 2.0524
10 4.709 wv 0.2384 6.79806e4 4458.11523 0.8123
Totals : 8.36934e6 4.5B158e5
*** End of Report ***
Data File ©:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04%\007-0701.05
[Fample Name: o1
mcq. Operator Les Siew Ling 7
Acq. Instrument Instoument 1 vial 7
Injection Date 1271472012 &:55:03 FM 5 o: T
Volums : 10 u1
Quence File i CiNChem3z\ ATEM ZAHARIMAN Z012-12-14 18-09-04\MOHD HATIM

1\ DATANMOND
=
HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M
By lee Siew P

A\

-

als a als B

o o' 1's
RIDT AL Rofrmctive indes Signsl (Q07-0701.0)

F A0 3
o000 &5 El B = =]
o 8 & 8 |A1”_il_7_ e
By Py 2 Y

as £ aln as a aln mi

Area Percent Report

signal

1.0000
1.0000
isTom

Dilution:
Use Multiplier & Dilution Factor with

Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU) ®
-—- |-=—== I | 1 I
1 0.023 BV 1.5584 3.75662e4 401.76389 0.3925
2 0.851 vv 0.5096 5.70052e5 1.49524e4 5.9567

Instrument 1 12/14/2012 7:00:29 PM Lee Siew Ling 1 of 2

—_—
HELML ZAHARLMAN

Page

Dars FLile CIGCHEMIZNI\DATAMOND DATINM 2012-12-14 18-09-04\007-0701.D

Sample Name: SG-1.0-01
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [NRTU) Y
===l I====1 I | |
3 1.277 vv 0.3774 6.31007e5 2.1609Bed 6.5936
4 1.680 vV 0.2701 5.14371le5 2.80456e4 5.3748
5 2.280 Vv 0.2193 4.8542826 3.21617=5 50.7240
6 2.7%8 VV 0.3037 9.06744=5 4.38862=4 9.4749
7 3.774 vv 0.9627 1.8876% 6 2.49474e4 19.7251
8 4.422 vv 0.2606 1.68285e5 9404.69922 1.7585
Totals : 9.57000e6 4.64865e5

*++ End of Report ***
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Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZARARIMAN 2012-12-14 18-09-04\008-0801.D
Sampie Nama: S6-1-0-03
Req. Gperaror Tom Siew Ling Sma. nine a
R3S omITISSIae ! EmseSintab'l £3L.EI32 1 velda s
Infaccian Bata” [ 18714VEETE Ji02:21 em iy b
iny voluma : 10 ni
C1\CHEMIZ\1\DATANMOND HATIM MELML ZAHARIMAN 2055-12-14 18-09-04\8ITIZUBIDA.H
T3)T475013 6105503 1 by Lee Bicw Ling
2 (Eaa02 % Sl
FEVIPVrrEe Ling
i RIRAR S0 5: T34 T8-06-OAOOR- 0BT T Y
ol
o
o0
0.4
02
o3 - T — —
= T ] 3 =5 f s ) s ]
RIDY A, Rfribcive ndus Signal (MOHE HATIA HELMI 20155514 1.0
et
00000
150000
100800
o000 iz B g g 2 g
o - — — = -3
-s0000 — [ ——
os ) i 3 s 3 38 ) a's P
Area Fercent Remorc
sortea B E signai
Baliip e : 1.0000
Ditacion: : 118600
Uz MuTliplier & Dilution ractér witn ISTbs
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
[min] [min) [nRIU*s] [nRIU]
| 1====1 |
1 0.175 BV 0.6054 1.53965e5 3245.02051  1.6669
2 0.768 VvV 0.6733 6.38B296e5 1.21938Be4 6.9105
Page 1 of

Instrument 1 12/14/2012 7:16:19 PM Lee Siew Ling

— — B TT Y E e TEY
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14

18-09-04\008-0801.D

Sample Name: SG-1.0-02
Peak RetTime Type Width Area Height Area
[min] [min] [nRIU*s] [nRIU] %
=== I====1 [ | [ |
3 2.285 VvV 0.2601 5.48987e6 3.04449e5 59.4360
a 2.790 Vv 0.3561 1.09392e6 4.28526ed 11.8433
5 3.328 VV 0.3009 6.59068e5 3.08785=4 7.1354
6 3.857 Vv 0.6163 1.08655e6 2.27203e4 11.7635
7 4.676 VV 0.3109 1.14939e5 4930.35156 1.2444
Totals : 9.2366le6 4.21270e5
**+ End of Report ***

File cile 2\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\009-0901.0D
Sample Nama: o3
Aca. oper T Lee Siew Ling Sea. Line 1 s
Acq. Tnatrument : Inatrumant 1 Litation : viai o
Tnjection 11277572572 J.00:a2 em Ins
In3 Volume : 10 a1
Aca. Metho C:NCHEMIZ\1\DATANMOND HATIM NELMI FAHARIMAN 2012-12-14 18-09-04\SITIZURIDA
S5t cna 1271472012 6109103 PM by Lee Siew Ling
Analyaia Method : C:\CHEMIZ\1\METHODS\SITIZUBIDAH .M
Lozt cnan. 1271472012 6:05:03 BM by Les Siew Ling
o RS F St 16 ReT= 950 100 WOHD HATIR HELRT =t o
163
b as
o.rn
.0 = o N
- — il = :
i x By 3 B 3 s
201273314 0
£ g ] g
' = 1 — — —=
R B D e e T
Ares Farcent Report
Sortea By : signai
Maltipliers : 1.0000
Biiucior : 16000
[ & Bilution Factor with ISros
signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
min] [min] [nRIU*s] [nRIU]
- | |
0.383 BV 0.4304 6.43022ed4 1895.34302  0.6383
2 o0.s10 vv 0.3420 3.48372e5 1.36041led 3.4580
Page 1 of 2

Instrument 1 12/14/2012 7:17:03 PM Lee Siew Ling

— —
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14
Sample Name: SG-1.0-03

Peak RetTime Type Width Area Height Area
[min] [min] [nRIU*s] [nRTU] %

| | I I I

3 1.335 0.6463 1.10559%e6 2.28597ed 10.9742

a  2.278 vv 0.2233 4.99687e6 3.19910e5  49.5594

5  2.798 Vv 0.3349 1.17764e6 5.04652ed 11.6894

6  3.244 vV 0.3205 8.06170e5 3.77459e4 8.0021

7 3.829 Vv 0.5865 1.12812e6 2.63184ed 11.1979

8 4.608B VV 0.5602 3.57633e5 8969.66309  3.5499

9 4.907 VBA 0.4725 8.97487e4 3165.96924 0.8909
Totals : 1.00745e7 4.84934e5

18-09-04\009-0901.D

*** End of Report **%
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Bata Fiiec C:I\CHEM3Z\I\DATANMOND HATIM HELMT Z61=-12-14 18-05-04\6106-16061.5
|sampie Name: sG-1.0-o04

= Siew Ling Seq. Line 10
Strument 1 Location : Vial 10
13272012 7:17:0a PM Tn3 by

n3 volume

Aca. Operator
Req. Inatrument
Tniection

Ling

~
Ling

3 10 n1
HATIM MELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M

o

s By

0182

Area Percent Report

Sortada B . signai

Ditution: : X
Use Multiplier & Dilution Factor with ISTDs

Signal 2: RIDL A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
# [min] [min] ([nRIU*s] [nRIU] 3
=== J====1 I |
1 0.182 BV 0.6696 1.81149e5 3519.45898 1.7386
2 1.300 vv 0.5069 9.72506e5 2.48150e4 9.3338
Instrument 1 12/14/2012 9:04:46 PM Lee Siew Ling Page 1 of
_ — — —
Data File C:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\010-1001.D
ISample Name: 5G-1.0-04
Peak RetTime Type Width Area Height Area
L [min] [min] [NRIU*s] [nRIU] %
-1 I | | |
3 1.809 Vv 0.2807 7.10413e5 3.42672e4d 6.8183
a 2.281 VvV 0.2180 4.91501le6 3.23949%e5 47.1728
5 2.792 v 0.5034 1.91434e6 5.01747e4d 18.3733
3 3.810 vV 0.6034 1.24706e6 2.72305e4 11.9689
7 4.801 vv 0.6530 4.27452e5 8007.48047 4.1026
8 4.936 VBA 0.1348 5.12205e4 5490.02832 0.4916
Totals : 1.04191e7 4.77453e5
*** End of Report **+
Data File ©:\CHEM32Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-05-04%011-1101.D
Sample Name: SG-1.0-08
Acq. Oparate : Laa Siew Ling
Roq. Thetsument : Instoument 1 11
Injection Date @ 12/14/2012 7:24:26 BM s by
Ini Velume : 10 ul
Asg. Meched i C:NCHEM3Z\1\DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-05-04\SITIZUBIDAH.M
et ehano 1271472012 6:00:03 M e Gimw =
s o
als n

Area Percent Report

B Signal

Dilution: . N
Use Multipliss & Dilutien Factos with ©

63



Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width Area Height
* [min) [min] [nRIU*s) [(nRIU)

Area

[—
0.747 BV
2 1.040 vv

| |
©0.3894 3.57155e5
0.5735 7.91085e5

1.36538e4
1.91174e4

Instrument 1 12/14/2012 9:05:16 PM Lee Siew Ling

3.61095
&.0170

Page
—

1

ar 2

— -
Data File C:\CHEMS2N\LS\DATANMOHD HATIM HELMI ZAHARL
Sample Nama: SG -os

TAAN 2012 -12-14 1B.-08-04N011-1101.0

Peak RetTime Type Width Area Height Area
i [min] [minl [ARIU*s] [nRIU]

-1 I====1 ' |
El 1.584 vv ©.2065 3.87028e5 2.5935304 3.8222
a 2.283 vv 0.2164 4.94597e6 3.24983eS5 50.1236
e 2.772 vv 0.3149 1.04342e6 4.70429e4 10.5742
6 3188 vv 0.1824 4.4592325 3_51826s4 4.51a1
El 3.755 vv 0.4514 9.6133085 2.69091e4 a.7423
B 3.902 vv 0.2545 4.43005e5 2.42168e4 4.4895
El a.z74 wvv 0.4167 4.92629e5 1.6431led a.99za

Totals : 5.8675506 5.33473e5

End of

Report **

Data File ©:\CHEM32Z\1\DATA\MOHD HATIM HELMI
& mmp Fam £G-1.0-06

ZAHARIMAN 2012Z-12-14 18-08-04%012-1201.D

Ass. Opecatos La® Siew Ling
Acg. Tnstrument Instrument 1

Injaction 12/1472012 7:31:44 Fm
Acq. Method ©:NCHEM3IZ\1\DATANMOND

Last changsa
e im Mathod
=

2-1a

1B-09-04NSTTIZURT DA . M

By

RIDT A, Rttt ndex Signm (MOHE HATIM HELMI ZAHARIMAN 201251214 16.00-04012.1201.0) * . ™
206000
200000
150000
eoooe g g B 8 g 5 g8 8
o B — — — .
-soo00 A — — I I ——
ols El 18 3 z's 1 3's EY als o
Aras Parcant Report
B Sianal
: 1.oa0a
A 1uedon: . 1l0c000
Multiplier & Diluties Facter with ISTDha
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [nRIU*s] [nRIU]
== I I | |
0.212 BV 0.1980 3.09820ed4 2182.30200 0.3193
2 0.615 Vv 0.3903 2.66656e5 9816.69531 2.7484
Instrument 1 12/14/2012 9:06:00 FM Lee Siew Ling Page 1 of 2
— YT ToBE T Y S TR Y CaC
Data File ©C:\CHEM32\1\DATA\MOHD HATTM HELMI ZAHARTIMAN 2012-12-14 18-09-04\012-1201.0
Sample Name: SG-1.0-06
Peak RetTime Type Width Area Height Area
[min] [min] [nRIU*s] [nRTU) %
== 1= I |
3 0.948 vV 0.2831 3.18510e5 1.50833ed 3.2828
a 1.362 vv 0.4596 7.99401e5 2.25164e4d 8.23902
5 2.287 vV 0.2146 4.84149e6 3.17465e5 49.9000
6 2.801 vV 0.3348 1.05263e6 4.51266e4 10.8492
7 3.421 Vv 0.4951 1.1815086 3.33782e4d 12.1775
8 3.872 vV 0.4223 7.59901e5 2.57328e4d 7.8321
9 4.255 Vv 0.1945 2.22067e5 1.64166e4 2.2888
10 4.508 VBA  0.3209 2.29235e5 1.1385led 2.3627
Totals : 9.70237e6 4.99103e5
“+* End of Report **+
Data File ©:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\013-1301.D
[Sample Name: SG-1.5-01
Acq. oparat. Lee Siew Ling i3
Acg. Inatrument Tnastrument 1 viai 13
Injection 1271472012 7:39:03 FM b
Aca. oa : CiyCHEM32\1\DATA\MOHD CRRARTMAN 2052-12-14 18-05-04\SITIZUBIDAN.M
Last chang 12/14/2012 6:09:03 M
3 s P
5 5 8
= |
e

signal

: 1.0000
on : 1.0000
= Multiplier & Dilution Factor with ISTD=

64



Signal 2: RIDL A,

Peak RetTime Type
#

[min]

Refractive Index Si
Width Area
[min

gnal

Height
[nRTO]

Area
*

=== I
1 0.601 BV
2 0.962 VvV

[nRTU*=]
|

0.2078 1.17490e5
0.6186 9.10299e5

9443.78223
1.81851le4

Tnstrument 1 12/14/2012 9:11:52 PM Lee Siew Ling

1.1397
8.8302

pPage 1 of 2

— — —
[Data File C:\CHEM3Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN
01

2012-12-14 18-09-04\013-1301.D

[Sample Name: SG-1.5-
Peak RetTime Type Width @ Height Area
# in) [min] [nRIU*=] (nrIU) ®
- I === | | |
3 1.497 vv 0.1518 3.02615e5 2.80374e4 2.9355
4 2.277 vv 0.2317 5.3355Be6 3.19220es5 51.7567
5  2.825 vv 0.4617 1.65359e6 4.8673Bed  16.0403
6 3.947 v 0.7305 1.43900e6 2.48159e4  13.9588
7 4.166 vV 0.1271 1.69725e5 1.956694 1.6464
8 4.493 Vv 0.4141 3.8B0667e5 1.32035e4 32.6926
Totals : 1.03090e7 4.81347e5

End of

Report **%

£2 File ©:\CHEM3Z\I\DATA\MOMD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-043014-1401.0
Eample Name:
Acg. Oparat i Lee Siaw Ling Sag. Lina : 14
Acq. Instrument : Instrument 1 Locarion i viai 1a
Injmetion Dat s 12/1a4/2012 7:46:21 Pm : i
verime |
Aca. Method T C1NCHEMIZVINDATANMOHD HATIM HELMI ZAHARIMAN "Sotio1z-14 1s-os-oansrTrzuBIDAN.M
Lant chandg. 1301472013 8:08:03 tM by Lew Siew Lins
Analyais Mathod : Ct Hanslexmarﬂcns\sITIZUEIDAH 1
Las=t changed $205475012 " 8tas 00 Lee Sicw Ling
BRGT . Sia=aaT 16 e 480166 (WGHD HATIM HELRT By
mau
1.2 3
4
on
o8
o
0z N -
P E— i — -
RID1 A, Raefractive Indax Signal (MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-08-04\014-1401.0) min
nRIL
250000 |
Jr—
150000
100000
E = = ]
eel® B E] 3 5 - B 8 §.,838
_soo0co T — — — S
e [ R R oo R _—]
Area Fercent Report
Sorted By : Sianal
Multiplios: B 1.0000
Dilution: : Joooo
Ume Multiplier & Dilution Factor with [sTbs
Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width rea Height Area
* [min] [min] [MRIU*s] [nRTU] ®
1= I I
0.0B9 BV 0.4601 5.25692e4 1904.14429 0.5335
0.386 Vv 0.3869 1.97777e5 7022.17725  2.0072
Instrument 1 12/14/2012 9:12:29 PM Lee Siew Ling rage 1 of 2
Data File C: \CHEM32\1\DATA\MCHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\014-1401.D
Sample Nam -1.
Peak RetTime Type Width rea Height Area
# [min] (min] [nRIU*s] [nRIU] %
=== | [ |
3 0.918 Vv 0.3465 3.86200e5 1.56376e04 3.59194
a 1.254 vv 0.4031 6.44542e5 2.11467e4 6.5412
5 1.677 Vv 0.2326 4.50135e5 2.80451e4 4.5683
& 2.293 vv 0.2117 4.90797a6 3.31264e5 49.8093
7 2.772 vv 0.2575 8.17117e5 4.58771e4 8.2926
8  3.238 Vv 0.2956 7.36040e5 3.37284e4 7.a698
9 3.859 vV 0.7078 1.3021d4e6 2.46182ed  13.2149
10 4.258 Vv 0.1478 1.51780e5 1.47966ed 1.5404
11 4.535 vv 0.1983 1.3398le5 9302.41797  1.3597
12 4.634 VV 0.0987 4. Oled F303 . 186 0.5033
13 a.767 vv 0.0755 2.36B98ed4 4576.83984  0.2404
Totals : 9.85353e6 5.45224e5
*** End of Report ==+
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\015-1501.D
Sample Name -03
Acq. Ope T . Line is
Acq. Taatrument : L3carion tovias as
Tncction Dare I 12r1asZo1s 3:a1 M
volume
Aca. Method : ©:\CHEM3Z\1\DATA\MOMD WATIM ARTMAN 2032-12-14 18-09-04\SITIZUBIDAN.M
LI3{ changed 3 012 6:09:03 PM by 1 S
Analysis Method : C:\CHEM32\1\METHODS\SITIZUBIDAH.M
Lase” changed 12/14/2012 6:09:03 PM by Ling
50" SEs o
1z
.
on
oo
oa
0z
[ S— e e — -~
o' T s 3 B 3 B ) ey in
IO A, Refrecive indax Signal (MOHE HATIM HELMI ZAHARIMAN 2012-12-14 18-00-041015-1501 0)
oRiu
260000
200000
50000
100000
socco | B 5 2 8
2 LR B , = s 58 3
— T t
i 1 £ a's 4 niny

Arma Percent Report

Oea Nultipites

signal

& Dilution Facter

wien




Signal 2: RID1 A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
[min] [min] [nRIU+*s] [nRTU] %
=== l===mi 1 I I [
1 0.106 BV 0.2950 4.9345de4 2210.45532  0.4848
2 0.446 vV 1.3684 9.93331e5 8919.52930  9.7589

Instrument 1 12/14/2012

13:05 PM Lee Siew Ling page 1 of 2

— — — —
[Pata File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\015-1501.D
[sample Name: SG-1.5-03

peak RetTime Type Width Area Height Area
+ [min] [min] [nRIU*s] [nRTU] %
=== 1====1 [ I I
3 2.292 vV 0.2382 5.76251e6 3,3725le5 56,6130
4 2.783 W 0.3057 1.0478526 4.81502e4  10.2945
5 3.333 vv 0.2879 6.83498eS5 3.506449e4 6.7149
6 3.575 vv 0.3106 6.91840e5 3.0435Ged 6.7969
7 3.805 vV 0.2926 5.26751a5 2.50780a4 5.1750
8 4.556 vV 0.5616 4.23638e5 9377.56055 4.1620
Tetals : 1.01788e7 1.96486e5
“++ End of Report **+
Bata Fils €7 TCBATANMOND AATIM AELMI ZARARIFMAN Z0TZ-1Z-14 TE-00-04N0I6-I1601.5
Sample Name: 5G-1.5-04
o. Oparator Les Siew Ling Sea. Line ie
Acq. Inatrumant : Inatrumant 1 Locacion : vial 1&
Injection Date i 1271472012 8:01:01 Fm T

Tnj Veluma : 10 ni
Aeq. Method : C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\SITIZUBIDAH.M
09:03 FPM by Lee Siew Ling
CEINCHEMIZN 1 \METHODS NS LTI AUBLDAH .M
Last changed 271472012 6:09:03 FM by Lee Siew

DAl

1
"
0
4
-
n
~

e
a
~
N
o
2
[
o

Y Ling
D1 F. Sig=281,18 Rel=380,100 (MOHD HATIM HELMI 61212 14 1806 64016 166153

od— o - — —
i X o 3 W o
RIDY A, Rotrtive Index Signal (MOME HATIA HELMI ZAHARIMAN 201271514 18-00-043016-1001.0)
e
28a000
200000
150000
100000
g £l
oeee ] g 3 = g
B ————1— I EEESS—————
50000 —
a's i EY als A als i
Area Parcent Reporc
sorced B . signay
Molciplier: :
Dilucion: H
Use Multiplier & Dilution Facter with ISTDs
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
# in] [min] [NRIU*s] [nRIU] %
I====1 I I I I
0.540 BV 0.2741 1.31343e5 6828.17383 1.3104
2 0.888 VvV 0.8315 9.31060e5 1.43692e4 9.2888
Instrument 1 12/14/2012 9:13:36 PM Lee Siew Ling Page 1 of 2

— — — —
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 18-09-04\016-1601.D

sample Name: SG-1.5-04
Peak RetTime Type Width Area Height Area
# min] [min] [nRIU*s] [nRIU] %

-1 I | I |

3 1.685 WV 0.1628 3.40654e5 2.94966e4d 3.3986

4 2.283 W 0.2169 5.07768e6 3.28871le5  50.6580

5 2.804 WV 0.2516 8.15313e5 4.92059e4 8.1340

6 3.012 W 0.3561 1.12851e6 4.4219d4ed  11.2587

7 3.749 vv 0.707% 1.47573e6 2.88211led 14.7228

8 4.796 WV 0.3986 1.2316%e5 4305.00488 1.2288

Totals : 1.00235e7 5.06116e5

#%+ End of Report ***
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Data File C:\CHEM3Z\1\DATA\MOHD HATIM HEL
Sample Name: = =

MI ZAHARIMAN

2012-12-14 21-50-17%017-0101.D

Acq. Operat
Acq. Inatrumant :
Injection Date 1 12/14/2012 3:52:06

Sequence File : CiNChem32ninDATANMO

Matno.

M

D

103
HATIM HELMI

saTIM nELMT
Siew

Sea. L
Lacation : wial 17

103
Ve lume

ZRHARIMAN 2052-12-14 21-50-17\MOHD HATIM

ZAHARIMAN 2012-12-14 21-50-17\SITIZUBIDAH.M
in

Last change.
DAL

B sia=daT & ReT- 580105 @176 15155
AU
054
o]
P T — =T
3 2 EY 4 i
RID1 A, Refractive Index Stanal (©17-0161.0)
.
200000
250000
fyenons
= - o
sl B g & g ] g E s g
p — — N e F =
-s0000 . —
S S i e S S S R T S T S
[Er— .
Giripliar:
Bilution:
MiTlipiier & Dilution Factor wich ISThe
Signal 2: RID1l A, Refractive Index Signal
Peak RetTime Type Width aa Height Area
* min] [min] [nRIU*s] [nRIU) *®
- 1==== ! | [ !
1 0.101 BV 0.4401 5.67037e4 2147.41626 0.5701
2 D.669 VvV 0.5697 5.64036e5 1.331B4ded 5.6710
Instrument 1 12/14/2012 9:57:35 PM Lee Siew Ling Page 1 of 2
e
Data File C: \CHEM}Z\I\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\017-0101.D
Sample Name: SG=1.5=-
Peak RetTime Type Width aa Height Area
# [min] [min] [nRIU*=] [nRTIU] %
===l 1====1 I I I
3 1.248 0.2297 3.78819%e5 2.26453e4 3.B088
a4 1.583 wv 0.3351 6.7486705 2.9599904 6.7853
5 2.285 vV 0.2288 4.96968e6 3.08779e5 49.9665
3 2.810 vV 0.4247 1.52361le6 4.90985e4 15.3188
7 3.352 vwv 0.3101 6.55334e5 3.26009e4 6.5889
8 3.994 vV 0.5445 B.05198e5 2.07035e4 8.0957
9 4.418 vV 0.2284 1.90574a5 1.17319%=4 1.9161
10 4.812 VBA 0.3914 1.27202e5 4426.35937 1.2789
Totals : 9.94602e6 4.95051e5
*** End of Report ***
CHESEEN TS BATANFMGNE WATTH WELMT BATARTRAN F0TE-17-T4 soTTNGTE-0T0TE
SR
o Sea. 11 z
Thatrumant Toiation § vial 1s
Iinjection Date
Thi veluma : 10 w1
Sequence File s MATIM MELMT ZANARTMAN F01Z-12-14 21-50-17\MOND HATIM
[or— HATIM MELMT SANARTMAN Z012-12-14 21-50-17\&TTIAURT DA .M
fant cnangaa be fea Bie ng
mau - : =
4
05
°eq4 J_‘/ ——
0.5 — —
o's 1 1s B =2's a als roird
RID1 A, Rofrbsive Index Signal (018-0201.07
o =
200000
J—
200000
50000 4 g5 = ]
§ 2 . S . ] -] ]
o R - R .
0006 ] —
o's i 1ls 2 A als rosird
Area Percent Reporc
. Signai
1-0000
16004
bee i T islier & Pilution ractor witn FSroe

67




Signal 2: RIDL a,

Peak RetTime Type
# [min]

Refractive Index Signal

width
[min]

Area
[nRIU*s]

Height
[nRIU]

1
2

0.1824 6.27424e4d
0.2697 2.01482e5

I |
4677.17432
1.12357e4

Instrument 1 12/14/2012 10:04:53 PM Lee Siew Ling

Area
%
|
0.5904
1.8958

Page 1 of 2

Data File C:
Sample Name:

S — — — —
NCHEM32\1\DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\018-0201.D
8G-1.5-06

Peak RetTime Type Width Area Height Area
# [min] [min]  [nRIU*s] [nRIU] %

1= | I | |

3 0.744 vV 0.5972 7.40268e5 1.55299e4 6.9654

a 2.281 vV 0.2638 5.95936e6 3.12053e5 56.0737

5 2.798 vv 0.4734 1.92306e6 5.40512e4 18.0947

6  3.541 vv 0.2300 5.43397e5 3.31756e4 5.1130

7 3.809 vV 0.4006 7.76818e5 2.75165e4 7.3093

8  4.173 Vv 0.2443 2.89784e5 1.83966e4 2.7267

9 4.604 VV 0.2134 1.30819e5 B433.75586 1.2309

Totals :

1.06277e7

4.85070e5

Pata Fil
amele N,

*** End of Report

@ C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\019-0301.D
ame: SG-2.0-01

Aca- cor
Aca. crument
ITnjection Date

Sequence File .

Method
Las

127

©:\Chem32\1\DATA\MOHD
ZAHARIMAN. S

HELMI

©:NCHEMIZ\ 1 \DATANMOND

13272012

Ling

7
10:06:a5

i3
HATIM HELMT

MATIM MmLaI
L. -

e Line
Location

Tas
Volume : 10 mi
ZAHARIMAN 2012-12-14 21-50-17\MOHD HATIM

@ viai 19

ZAMARIMAN 2012-12-14 21-5S0-17\SITIZURIDAN.M
ing

Shanged P 3277a72012 Sibosin M
RS v g 16 Ret= 460 100 (0150361 B
125
0.5 3
o5 - =
: |- U o —
oan o — =
o' i NG z 2’ 3 3’ 3 s —
1D A, Rotracive Index Signel (015-0301.0)
R 3
5 3 g 5% s -] g
—— 7 Tt —— - ——
T T ™ e
Area Fercent Report
sorcea By .
ITeipiias: 1.0000
Biiucions 10900
Gae'MiTEiplier & Dilution Factor wirn iSTDa
Signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width rea Height Area
# min] (min] [nRIU~s] (nrIU] *
- I | [ |
1 0.243 BV 0.1590 5.55442e4 4714.99072 0.58623
2 0.503 vv 0.3640 2.42716a5 9602.15137  2.4571
Instrument 1 12/14/2012 10:12:14 PM Lee Siew Ling Page 1 of 2
— — — —
Data File C:\CHEM32\L1\DATA\MOHD HATIM HELMIL ZAHARIMAN 2012-12-14 21-50-17%019-0301.D
Sample Hame: 0-01
Peak RetTime Type Width ea Height Area
# [min] [MRIU*s] [nRTU] £y
-===1 | | | | |
3 1.1464 1.52451e6 1.61856e4 15.4333
4 2.208 Vv 0.2281 4.91456e6 3.25280e5  49.7522
5  2.784 Vv 0.2745 8.83721e5 4.62984ed 8.9463
& 3.071 vv 0.1106 2.92536e5 3.7448le4q 2.98615
7 3.188 vv 0.2572 5.99383e5 3.51650e4 6.0678
8 3.B17 VvV 0.5273 9.32225e5 2.34046e4 9.4373
9 4.183 vv 0.1147 1.21461le5 1.52183e4 1.2296
10 4.345 vv 0.2531 2.34641a5 1.21678ed 2.3754
11 4.913 VvV 0.4759 7.67Bl6ed 2123.40063 0.7773
Totals : 9.8780826 5.27609=5
#+* End of Report ***
Data File ©:\CHEM32\1\DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17%020-0401.D
Hample Name: SGo2 0-03
Acq. Oparator  : Las Siaw Ling Seq. Lina :
Thatrumant Aatoument o Tacation
tion ba 12714/2012 10:14:08 Bm Ins
In3 Volume i 10 ul
Sequence File i ©:\Chem32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\MOHD HATIM
Method P CINCHEMAZN1ADATANMOND HATIM HELMI SAHARIMAN 2012-12-14 Z1-850-17\61TI5URIDAN .M
Lase changea P02 e 2012 Srnosin ew Ling
= C
mau 3
Ve
104
125 ]
orn |
o]
026 ] -
EF E— S . — P——
RN R PR * = N == 4 e ™
nRIU o |
250000 -|
180000 |
100000 |
soo00 S & [ B
a = = = = —- — —
R TR T T S i —
Arma Parcent Heport
a By . Sianal
Muleiplime: : 1.0000
Diduriens : loooo
Use Multiplier & Dilution Factor with ISTDs
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signal 2: RID1 A, Refractive Index Signal
Peak RetTime Type Width Area Height
# [min] [min] [nRIU]

[MRIU*s]
|

Area
%

I
4440.04199
6117.35449

1
2

0.2260 6.02115e4
0.0515 2.13424e4

Instrument 1 12/14/2012 10:19:36 FM Lee Siew Ling

I
0.6093
0.2160

Page 1 of 2

—
Dats FLle CINCHEMSZNINDATANVMOND HATIN HELMI ZANARIMAN 2012-12-14 Z1-50-170020-0401.D
-0z

Sample Name: SG-2.
peak RetTime Type Width ea Height Area
" in] [min] [NRTU*s] [nRTU] ®
-—==1 | [
E] 0.5166 6.5247le5 1.66879e4 6.6022
4 1.273 vv 0.2081 3.12267e5 2.12548e4 3.1598
5  1.579 vv 0.2170 4.02479e5 2.63578e4 4.0726
& 2.298 vv 0.2417 5.34065e6 3.28118e5  54.0411
7 2.778 VvV 0.3568 1.19965e6 4.58937e4 12.1391
8 3.274 W 0.1571 3.61022e5 3.21015e4 3.6531
a 3.438 VvV 0.2746 6.00946e5 2.92108e4 6.0809
10 3.810 wv 0.3451 5.82319e5 2.23466e4 5.8924
11 4.432 vV 0.1957 1.51113e5 1.05166e=4 1.5281
1z 4.718 vV 0.2913 1.37852e5 6265.05078 1.3949
13 4.826 VBA  0.1934 6.02408ed 4424.70752  0.6096
Totals : 9.88B256e6 5.53735e5

*4% End of Report ***

Pata File C:\CHEM3Z\1\DATA\MOND WATINM HELMT
|gample Name:

ZAMARIMAN 2012-12-14 21-50-17\021-0501.D

Lee Siew Ling
Fomtrument
1271a72012

Aca
Ac. Tt rument
Tnjection

10:21:29 P

Sequence File

F3Z A1 A DATANMOHD paTIm
¥

Ci)\Chem3IZNI\DATANMOND HATIM neind

HELMI

Seq. Line

s
Lodation : via:

21

voiina
CRHARTMAN 20%3-12-14

21-50-17\MOHD HATIM

ZAMARIMAN 2012-12-14 21-50-17\SITIZUBIDAH.M
ing

Meth B
: 012 9:50:15 pm
oy

o =
Last changed reRvve
(e S e mig=387. 16 Raf= 460,100 (G2 1 6851 O}

[Data File C:\CHEM32%\1

mau
e
12
ors
os
o025
o'n 7 Ny 3% T Be o]
RIDY A, Rotrscive Index Signal (021-0501.0)
ariu
250000
200000
150000
100000
w=l3 58 B . £ ] 5 5 3
-s0000 p—— — 1 — e—
ol i als 3 EXS 3 als 4 als
Ares Percent Report
sortea . signal
Multiplior: : 1.0000
Dilucion: : 000
UseMultiplies & Dilution Factor with ISTDa
signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width Area Height Area
# min] (min] [nRIU*s] (nRIU] %
——= | | | |
1 0.058 BV 0.1195 7325.77148 1021.90729  0.0764
2 0.223 vv 0.15992 4.41169%a4 3720.94287 0.4604
Instrument 1 12/14/2012 10:26:56 PM Lee Siew Ling Page 1 of 2

— —
\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\021-0501.D

[Sample Name: SG-2.0-
Peak RotTime Type Width Area Hoight Area
# nl min) [nRIU*s] [nRIU] %
I
3 - vv 0.1917 7.68487ed4 5626.96533 0.8020
4 0lsss vv 003694 4.33067e5 1.48047ea a.5193
5 1.362 vV 0.5863 1.06672a6 2.25566ed 11.1319
6 2.304 vv 0.2102 4.920BBa6 3.26800e5 51.3526
7 2.776 VvV 0.2825 9.11780ae5 4.56875e4d 9.5150
8 3292 vV 0.5317 1.31075e6 3.21558e4  13.6785
9 3.851 VvV 0.2904 4.49864e5 2.14172e 4.6946
10 4531 vV 0.4575 3.07265e5 B607.95703  3.2065
11 4.964 VBA 0.8542 5.39111e4 1051 .86584 0.5626
Totals : 9.5825206 4.83451e

pata File C
Sample Name

CHEM32\1\DATA\MOND
$G-2.0-04

*++ End of Report ***

HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\022-0601.D

noa TNen
Shangea T2)T475012 3 80 er
R P Sig=38T 16 Ref=580.100 (625 0861 55

Les Siew Ling
Instrument
1275302012 lo:28:a5 m

Seq. Line

-
Location : viai 22

In3 volu 10
C:)Chem32N\1\DATA\MOND HATIM HELMI SRBARTMAN 2052-12-14 21-50-17\MOHD HATIM
HELMI ZARARIMAN

EM32\1\DATANMOHD HATIM HELMI

ZAHARIMAN 2012-12-14 21-50-17\SITIZUBIDAH.M
i1s by Lea Siew Ling

o's. 3 B
RID1 A, Refractive Index Signal (022-0601.0)

s

Area Percent Report

Sorted

Use Multipliaer

signai

¢ Dilucion Factor wicn ISTDa
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Signal 2: RID1 A, Refractive Index Signal

Peak RetTime Type Width Area Height Area
* [min] [min] [NRIU*s] [nRIU] *
| I====1 I | | I
1 0.380 BV 0.1214 8270.52734 967.08618  0.0865
2 0.687 vv 0.2292 1.21707e5 7816.22314 1.2728
Instrument 1 12/14/2012 10:34:15 PM Lee Siew Ling Page 1 of 2

— — —
Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17%022-0601.D

Sample Name: SG-2.0-04
Peak RetTime Type Width Area Height Area
[min] [min] [ARIU~s] [nRIU] %

3 0.957 Vv 0.6754 7.37898e5 1.32985e4 7.7166
4 1.734 vv 0.2066 3.89987e5 2.67785e4 4.0783
5 2.306 VV 0.2146 5.11357e6 3.35452e5  53.4755
6  2.780 VV 0.3239 1.12930e6 4.84292e4 11.8097
T 3.174 vV 0.1946 4.72382e5 3.5397led 4.9400
8 3.492 vV 0.2932 6.43851e5 2.92905e4 6.7331
9 3.8l6 VV 0.3284 5.19393e5 2.29905e4 5.4316
10 4.329 vV 0.3073 2.73887e5 1.29452e4d 2.8642
11 4.780 VvV 0.4048 1.52205e5 5189.85303 1.5917
Totals : 9.56245e6 5.38554e5

+4+ End of Report *++

Data File C:\CHEM32\1\DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\023-0701.0
Sample Name: SG-2.0-05

Aca. Operat .
cq. Instrument :
Injectien Date i

Sed. ne >
Location : vial =3
To T

Tal Velums : 10 ul
Smguence File P G NChem3IZV1\DATANMOHD HATIM HELMI SAHARIMAN 2012-12-14 21-80-17\MOHD HATIM

Methnoa HATIM HELMI SAHARIMAN 2012-12-14 21-50-17\SITIZUBIDAH.M
By L. g

Lasc changsa 12 5:50 15 PM by Lee Siew
- = oo o)
vas
12
b
0.8 -
o6 -
0.4 -
oz - T B -
o's i Ry E3 =2's ) a's P a's rrard
I A, Rt Index Sigrel (623-0701.05
i
250000 -
150000
100000 -
50000 - g8 g g B g ] = E =
o = -1 = — ] \\/, 3 = -
“soo0a | — — —
ols i aln E 5 EY als 4 aln P
Area Percens Aepors
ore ¥
MUlEiplier:
Bilueisns:
Une Multiplies &
Signal 2: RIDL A, Refractive Index Signal
Peak RetTime Type Width ea Height Area
# [min] [minl [nRIU*s] [NRIU] %
Bl 1==== | I |
1 0.104 BY 0.4134 5.08707e4 2050.95361 0.5120
2 0.497 Vv 0.1492 9.3664Be4 91B9.36816  0.9427
Instrument 1 12/14/2012 10:41:34 PM Lee Siew Ling FPage 1 of 2

— — —
CHEM32%\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-14 21-50-17\023-0701.D
86-2.0-05

bata File C
Sample Name

Peak RetTime Type Width Area Height Area
#* [min] (min] [ARIU*s) [nRTU] %
-——=1 1====1 | | | |
3 0.709 vv 0.2341 2.23349e5 1.33449e4d 2.z478
4 0.913 vv 0.4264 5.77559e5 1.67360e4 5.8126
5 1.492 vv 0.2209 3.91024e5 2.53600e4 3.9353
& 1.743 vv 0.1989 4.2185%e5 2.99417e4 4.2456
7 2.308 vv 0.2120 5.06958e6 3.33342e5 51.0209
8 2.779 vv 0.3130 1.06421e6 4.75403e4 10.7104
8 3.258 Vv 0.3323 7.26906e5 3.24855ed 7.3157
10 3.687 vV 0.2393 4.09633e5 2.46374ed 4.1226
11 4.140 vV 0.5658 7.30317e5 1.7230led 7.3500
12 4.791 VBA  0.5409 1.77310e5 4595.25391 1.7845
Totals : 9.93628e6 5.56453e5

*** End of Report ***

Data File ©:\CHEM32Z\1\DATA\MOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38%024-0101.D
[Fame e Mame o8
Acq. Oparatar | 1 Les Siew Ling Sea. f v
Acq. Thatrument : Inatrumant 1 Tacarion : viai za
Thiection Date : 12/18/2012 10:17:28 AM a T
velume : 10 a1
saquanca Fila EAHARIMAN 2012-12-18 10-15-38\MOHD HATIM
[ — CENCHEM A2 A L A DATANMOHD HATIM HELMI ZAHARIMAN 2012-12-18 10-15-38\8ITIAURLDAH. M
Yasr enangsa Toe Giew L
mau
pirs
= B
ols 15 E3 Bo & als Rl als rour
IDY A, et indes S (©24-0101.0)

200000

180000

noooe =

] g 2 ] 8 B -}
e = ——— - e — — =t =t
als i i £ ala Y ale a als Py
Area Fercent Report

sortea . signal
MUl o ' 10000
Dilution: H 1loo
Use Multiplier & Dilution Factor with ISTDs
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Signal

2: RID1 A,

Refractive Index Signal

Instrument 1 12/18/2012 10:22:55 AM Lee Siew Ling

Page

1 of 2

Data File C:\CHEM32\1\DATA\MOHD HATIM HELMI ZAHARIMAN

2012-12-18 10-15-38\024-0101.D

Sample Name: SG-2.0-06
Peak RetTime Type Width Ar Height Area
[min] [min] [nRIU*s] [nRIU

==c=| |====| I |
1 0.150 BV 0.2299 4.91890e4 2784.09204 0.6879
2 0.633 vv 0.2934 1.80377e5 B8412.03613  2.5227
3 0.848 VV 0.2096 1.55828e5 9781.71191  2.1794
a 1.404 Vv 0.5267 5.70068e5 1.70283e4 7.9728
5 2.281 VvV 0.2195 3.98014e6 2.60200e5 55.6650
6 2.810 VvV 0.4308 9.69205e5 3.20287e4
7 3.307 vV 0.1653 2.51218e5 2.16964e4d 3.5135
8 3.650 Vv 0.4549 6.17307e5 1.80629%e4 8.6335
9 4.100 Vv 0.2360 1.90936e@5 1.19566e4 2.6704
10 4.630 Vv 0.3912 1.69291e5 5710.58203  2.3677
11 4.924 VBA  0.1541 1.660Bled 1796.60181  0.2323

Totals : 7.15016e6 3.89458eS5

**% End of Report ***
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Print of window 66: Calibration Curve

Calibration Curve

Compound #5,
Area = 82613.2765"Amt -327898.76

Area

6000000 | Rel. Res%(1): -99.906
5000000 -
4000000 -
3000000
2000000
1000000
o_

T N2 D I S L SE0 T B S I | PR ST s ) S O Z T A
10 20 30 40 50 60 Amount]ng/ul]
Instrument 1 12/11/2012 3:24:11 PM sitizubidah Page 1l of 1
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