DEVELOPMENT OF THIN-LAYER CHROMATOGRAPHY FOR SELECTIVE ANALYSIS OF
VOLATILE COMPOUNDS USING GAS CHROMATOGRAPHY MASS SPECTROMETRY

Mr. Nattapat Suchatanugal

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Chemistry
Department of Chemistry
FACULTY OF SCIENCE
Chulalongkorn University
Academic Year 2019

Copyright of Chulalongkorn University



ANSHAILIAULALE DS LASUNINNTINE NS UNITIATIERaSSEsdeag1 e lnglduialas

1IN AwuaanInsiuss

WNIEANT JY1MUNA

a

WeIMsAnIAUENgnsUIyINemansuUudia

e @ ] =
b

s UNUS U UaIUNY
g19vLAN A1AdTLAL
ANEINEIMERS PNAINTAIININAY
Unsfinwn 2562

AUaAVEvRIPRINTAIININe 1Y



Thesis Title DEVELOPMENT OF THIN-LAYER CHROMATOGRAPHY FOR
SELECTIVE ANALYSIS OF VOLATILE COMPOUNDS USING
GAS CHROMATOGRAPHY MASS SPECTROMETRY

By Mr. Nattapat Suchatanugal
Field of Study Chemistry
Thesis Advisor Chadin Kulsing

Accepted by the FACULTY OF SCIENCE, Chulalongkorn University in Partial

Fulfillment of the Requirement for the Master of Science

Dean of the FACULTY OF SCIENCE

(Professor POLKIT SANGVANICH)

THESIS COMMITTEE
________________________________________________________ Chairman

(Associate Professor VUDHICHAI PARASUK)
Thesis Advisor

Examiner

(Associate Professor PAKORN VARANUSUPAKUL)
External Examiner

(Assistant Professor Natthida Sriboonvorakul)



algains avnuna : Msiafuaweslasuundmsumaiaseians
semeitgagdnmnslaglduialasuinnailuuaauninguss. (
DEVELOPMENT OF THIN-LAYER CHROMATOGRAPHY FOR SELECTIVE
ANALYSIS OF VOLATILE COMPOUNDS USING GAS CHROMATOGRAPHY MASS

a L4

SPECTROMETRY) 8. 71U3nw1mdn : 8. a5.95a nada

[
a v

ufneATeT Ul iauUsEasdasn3Isnisieseiansussneusemeldlng
35n157 $1emen1ezinaziuszans anlunisinsisideg 1eaeanudniy
112as Wnenisldmalianislasuninnsilidnundssendsieiu Inedenldmatiaiiuaiees
Tasunlans1ilsnunisuendegieineg vuusuiigniadeulisedanaavdemansd lne
amsUszneumaeiilusegnaazgnuenlaensldiandeuiilumsmaisszneumaadily
aglusunianng agedmzlazasuukiufuaealasulans W auauaudiniaed
yosansUsznavty lunuisedesiiuvsinunufiuiawoslasulans i 4 wie
7 @ wariinsiiumegreanssemelanumaiaenas ledamalulasiendunsndy
TUSmsrsilumaiiauialasuilnas il-uwaadnlasivg dadumadadisinauaiuisa
‘3Lﬂ315ﬁ€1’3@&iwaﬁﬂizﬂamzLmlﬁﬁﬁﬂizﬁﬁqua INUANITVIAEBINUINEIBI519ANS
Aushegnsanunufiuaweasunlansifinauniswenuds wasihuduivaweslasulan
slAuseglnamadaenaily Taamalulasiendunsnduiionmgdl 80 sam Tunan
15 Wil nanIINAaBIITNUIIEINsaLiuaTsUsEnaumaaiilduinds 65-81 % waziilevi
NMTIATILRI L UNENTUTENBULAT UMDl ABHIUAISANYIAIAINUANUEUNUS ¥R
Suszansnisnszanedi (log P) 1SauMiBuAUMUR UL UL o3 lATINlaATIW 270
TayansIsuiieuAina1 sy linsudsiunieing 9 vuusufiuaeesiasulansi
)

10 W msuauaudiniaeaiivesn iy andasiainnsoigaiameianisingy

a15528 LPNIANUTUTDUNNATAT AT ANUTUNILLI1ES

a

a IS A4 A a
GRARIRXIN LA AMYUDUYDUARN oo,

Unsfinen 2562 AN939%8 8. NUSAWIARN coveeeeeeeee,



# # 6171952923 : MAJOR CHEMISTRY
KEYWORD:  Thin-layer chromatography Gas chromatography—mass spectrometry
Headspace-solid phase microextraction Volatile compounds
Nattapat Suchatanugal : DEVELOPMENT OF THIN-LAYER CHROMATOGRAPHY
FOR SELECTIVE ANALYSIS OF VOLATILE COMPOUNDS USING GAS
CHROMATOGRAPHY MASS SPECTROMETRY. Advisor: Chadin Kulsing

In this study, simple and selective solid phase extraction approach for a range of volatile compounds in perfume
was developed prior to analysis with headspace solid phase micro extraction (HS-SPME) and gas chromatography hyphenated
with mass spectrometry (GC-MS). The technique relies on use of thin layer chromatography (TLC) for separation of compound
along the silica gel plate followed by selective cuts of the regions of interest, desorption, HS-SPME and GC-MS analysis. The TLC
separation of standard compounds using hexane and ethyl acetate (6:1 volume ratio) as the mobile phase was initially performed.
The compounds was then desorbed from the TLC plate and extracted with SPME at 80 °C for 15 min resulting in insignificant
bleeding signals (siloxane derivatives) of the plate with good linearity of the calibration curves (R2>0.98) and acceptable recovery
range (65-81 %) of the volatiles after the TLC separation. The selectivity of this approach was demonstrated by cutting the plate
after separation into 4 or 7 smaller parts. The SPME/GC-MS analysis of each part revealed different compound profile and the
correlation between log P vs the position along the TLC plate of the standard compounds (R2=0.65). The developed 4-piece
TLC based approach was further applied to analyze the perfume spiked into the synthetic agarwood sample with the strong
matrix interference. Whilst, the SPME/GC-MS analysis of this sample solution revealed only 62 identified compounds (with 35
compounds from the perfume), the d-piece approach could identify 109 compounds (including 62 perfume compounds). 15
compounds were not recovered from the TLC approach. In addition, the capability to analyze 2-phenylethanol in this complex
sample was demonstrated by using the developed TLC approach. The established techniques allow simple and selective sample

preparation for improved volatile compound analysis
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CHAPTER |

INTRODUCTION

1.1 Problem definition

Perfume has been a product for collection used as jewelry for human skin
which shows people characteristic and reflects the mood. The global market is large
and has been continuously growing at reasonable valuations over a decade,
emphasizing an average growth of more than 5 % per year. Despite the economic and
financial crisis in 2008, astonishingly, the global business has been multiplied from the
past 15 years (US$9.6 billion in 1995) to USS$22 [1]. The perfume industries strive to
develop fragrances with a variety of responses to market demands. A wide range of
natural and synthetic components refers to several chemical classes of these
complicated matrices [2]. The sources of fragrances mixtures and chemical structures
widely affected scents in perfume products [3]. Currently, the fragrance compounds
are used as components of perfume products obtained from more than 3000 chemical
substances, while a mixture of 20 to up 200 among these assembles the fragrance
mixtures [4]. The perfume industries were improved and analytical techniques were
established to identify chemical components in perfume products. Usually, the
chemical components of the fragrance were odor active volatile compounds. Gas
chromatography-mass spectrometry (GC-MS) is one of the popular techniques for their
analysis, which is used to obtain profiles of semi-volatile and volatile organic
compounds [5]. Due to insufficient selectivity and limited number of peak capacity of
GC-MS, this technique often suffers from analysis of sample with strong matrix
interference or multi-component samples containing several hundred compounds. To

this end, multidimensional separation system such as  comprehensive two-

dimensional gas chromatography (GCXGC) or hyphenation with higher dimensional MS



can be applied to provide sufficient analysis capability [6],[7]. However, this involves
various factor including complicated instrumental setup, high-cost of maintenance, or
difficulty in data interpretation. The objective of this research is to establish a novel,
simple and fast analysis method based on application of thin-layer chromatography
(TLC) as a sample preparation approach for improved selectivity and peak capacity in

1D-GC-MS.

1.2 Literature review

Gas chromatography—mass spectrometry (GC—MS) has been widely used to
obtain profiles of volatile and semi-volatile organic compounds in a wide range of

samples such as essential oil, perfume, petroleum, food, beverage, biological and

environmental [1],[2],[3]. GC—MS allows quantification of target compounds via
generation of calibration curves or analysis of untarget compounds by comparison of
their mass spectra with available libraries and match with the retention index data
from literatures [4].

Thin layer chromatography (TLC) is one of the most simple and multipurpose
methods with fast analysis time, low cost, high sensitivity, and good reproducibility
[8],09]. TLC coupled with a UV lamp has been widely applied to visualize products in
organic synthesis as well as the application in other disciplines, such as pharmaceutical,
industrial, environmental, toxicology or food analysis [10]. As in the case of gel
electrophoresis for protein/DNA separation [9], TLC can be used as sample preparation
approach towards specific compounds for the subsequent chromatographic and MS
analysis. TLC has been used for improved analysis of terpenes, terpenoids, phenolic
acids and flavonoids in herb samples which was performed by TLC separation of the
sample and selection of regions containing the target analytes before high performance

liquid chromatography (HPLC) -MS analysis [11],[12]. It is still a challenge to develop



and apply TLC as a simple platform for selective analysis of volatile compounds and
further analysis with GC-MS, which combines complementary selectivities of polarity
based separation (TLC) and boiling point based separation (GC). For the sampling
approach from the TLC plate prior to injection into GC system, Solid Phase
Microextraction (SPME) can be applied offering a simple extraction process where
volatile compounds in the sample headspace (HS) can be adsorbed onto the SPME

fiber with the solvent removal [13], [14].

1.3 Aim, scope and expected benefits of this work

The objective of this work is to develop a selective and straightforward
technique for analyzing volatile compounds in complex perfume products. To this
end, TLC based technique was developed and applied for extraction of volatile

compounds. The TLC extracted volatiles were desorbed and analyzed by HS-SPME

GC—MS. Different experimental conditions were initially investigated with the standard
compound mixture in order to select a suitable condition. Recoveries of the
compounds from the extraction were then investigated. The technique was further
applied for analysis of in a perfume sample mixed with the higher content of synthetic
agarwood to represent high matrix interference. The selective TLC extraction was

discussed according to different volatile compound profiles in different TLC parts.



CHAPTER Il
THEORY

2.1 perfume products

The origin of perfume in the world evidence runs back for thousand years when
Egyptians using flowers, waxes, and resins in religious ceremonies [2]. Recently,
perfumes are widespread in our daily lives. They are applied in various household
products and cosmetics.

Perfume is one of the popular products that consist of many chemical
components. Odors play a critical role in lives, affecting psychophysics. Regarding civil
scents that can have a calming impact or make one sense more enjoyable, uncivil
scents can change our mood negatively and produce tension and discomfort. We can
smell perfumes that are responsible for civil redolence. Each perfume is made up of
numbers of aromatic chemicals, each of which has specific odor and contributes to
the particular aroma of the perfume. Therefore, it is essential to summarize the odor
perception of perfume products. In a subsequent order, as time passed, people apply
fragrance into cosmetics. Hundreds of ingredients (fragrances and other ingredients) are
used as perfume in cosmetic products, which together give a unique character of scent.
They are applied in all cosmetics such as skin care products, hair treatment, shaving
creams, hairsprays or shampoos. Perfume products are hydroethanolic solutions
prepared from essential oils and aromatic chemicals. They are called differently
according to the perfume content as Perfume, Eau de parfum, Eau de Toilette, Eau

Fraiche, Eau de Cologne, Cologne.



Parfum 20-40 %
Eau de Parfum 15-20 %
Eau de Toilet 5-15 %

Eau Fraiche 4-5 %

Eau de Cologne 3-4 %

Cologne 2-3%

Baby cologne 1-2 %

Figure 1 Approximate concentration of perfume in different types of fine fragrances

[15].

Most chemical compounds in perfume products are volatile or semi-volatile
compounds. They can be classified into three groups according to 1) characteristic of
odor; the character of smell can chance a button of perfume product changing with
time due to the fact that the rate of evaporations are not the same for all the
compounds. This is recognized as triangle (top, middle, base) notes [16],[17]. The most
volatile fragrances justified to the top note are perceived immediately after the
application of the perfume. The less volatile ones are in the middle note and should
be more wholly perceived after the top note, continuing for a few hours. Lastly, the
base note group contains less volatile compounds, which are more clearly perceived
after the middle note fading away and last for several hours or even days. 2) Chemical
structure, such as aldehydes, alcohols, lactones, esters and terpene derivatives [18]. 3)
Source; fragrances extracted from natural materials can be divided into plant and
animal sources. The largest sources are different parts of plants (such as barks, flowers,
blossoms, fruits or woods) which contain essential oils as well as aroma compounds;
whilst, fragrances can also be extracted from animal components such as musk,

ambergris of civet. However, synthetic aroma compounds are also applied to reduce



perfume costs and avoid the risk of poor crop quality or other inconsistency in plant

production. In some cases, the synthetic compounds are not observed in nature [19].

2.2 Gas-chromatography (GC)

Gas chromatography (GC) is one of the chromatographic techniques used for
separating compounds which can be vaporized without decomposition

The purpose of GC is to obtain proper separation of analyte peaks in
chromatograms. The process starts with injection of a mixture of liquid or gaseous
compounds into a heated injector, and the sample is vaporized. This can be performed
manually or automatically using an auto injector. Usually, the injection mode is either
split or splitless. Selection the mode depends on analyte concentrations in samples.
The splitless mode is suitable for analysis of analyte at trace levels (<0.01 %); whilst,
analysis of samples with relatively high concentrations is practically performed under
split mode.

The vaporized compounds are then flushed into the GC column located inside
an oven by a mobile phase or carrier gas, e.¢. helium, hydrogen and nitrogen. The GC
column contains a solid or liquid stationary phase material. The characteristic of
polarities of stationary phases depends on their chemistries such as the number of
fluorinated alkyl or phenyl groups where the polarity increases with higher phenyl
content. Different chemical and physical properties of compounds affect separation
result in GC captured by their different retention times. Compound elution order
depends on their boiling point and interaction (e.¢. polar/non-polar) with the stationary
phase, such as highly volatile analysts weakly interacting with the stationary phase
eluting earlier. For analytes with similar boiling points, the more polar ones elute later
on a column containing more polar stationary phases. To this end, overall separation

performance in GC can be optimized through changing experimental conditions such



as oven temperature program, stationary phase-type, column dimensions, and flow
rate. This changes either the theoretical plate number or selectivity in the separation.
Next, the vaporized compounds elute at the end of the column to be detected by a
detector. Lastly, a chromatogram (a plot of the detection signal vs retention time) was
obtained.

Various types of detectors have been applied with the GC system. The most
popular detection is expected to provide fast response, stability, efficiency of
operation, low dead volume, low detection limit and wide linearity range. The
common detectors include mass spectrometer (MS), electron-capture detector (ECD),
nitrogen phosphorous detector (NPD), thermal conductivity detector (TCD), flame

photometric detector (FPD) and atomic emission detector (AED).

2.3 Mass spectrometry

The GC system has been widely coupled with MS. The MS system is a suitable
and vital tool for volatile compound analysis because it offers selective detection and
qualitative characterization of each separate peak with significant signal. The
combination of the GC system with the MS system is also valuable for efficient

quantitative analysis [20].

2.3.1 lon source: Electron ionization

After the introduction by Dempster in 1918 [21], electron ionization (El) is
generally used to ionize gas-phase atoms or molecules by using a beam of energetic
electrons (70 eV) at low pressure. This removes an electron from a molecule leading
to a molecular radical cation. This process also results in fragmentation of the radical
cation into the smaller fragments, as has been recognized by the term "hard" or

“electron impact” ionization. The generated molecular and fragment ions are then



directed toward a mass analyzer inside MS. The efficiencies of ionization and

production of fragment ions depend strongly on analyte chemistry.

2.3.2 Mass analyzer: Quadrupole

The mass analyzer then differentiates these produced ions according to their
mass to charge ratios (m/z). Various types of mass analyzers have been applied
depending on the analysis aims, for example, focusing on MS resolution, mass range,
scan rate, linearity range or detection limits. The most common type applied with GC-
MS system is quadrupole (Q) that consists of a set of four electrodes arranged over
each other. As shown in Figure 2, ions from El source moving through Q are separated
based on their m/z. For a particular moment, only ions with a single m/z value can
pass the Q to a detector. The selection of target ions with specific m/z values is
achieved by applying the particular Radio frequency (RF) and Direct Current (DC)
voltages to the electrodes. This corresponds to an oscillating electric field working as

a bandpass filter for the target ions.

Figure 2 Diagram showing quadrupole mass analyzer [22].



2.3.3 lon detector

lons from the mass analyzer are detected by a detector according to their
momentum or charge, which can be converted into the current signal. For large-signal
generation, Sequence assembles of faraday cup is commonly applied. A collector is
also applied to amplify the signals of ions, with the concept similar to the
photomultiplier tube where the signal can be continuously modified for several times
along the tube. The signal increase can be tuned by modifying the voltage inside the
detector. The performance of the detector relies on its speed, gain, geometry,

sensitivity, and dynamic range.

2.4 Gas chromatography-mass spectrometry (GC-MS)

In a field of chemical analysis, when was identify and separate chemical that
volatile compounds and requires high resolution, excellent reliability, repeatability.
The popular technique that using was gas chromatography (GC), which a technique
connected with mass spectrometry (MS) applying a range of ionization methods.
Volatile and semi-volatile compounds can be to separate and identify via GC. The
reduced boiling points of volatile and semi-volatile compounds derivatized to result.
The Performance of the GC system adjusted by modify experimental conditions such
as temperature, flow rate, or stationary phase-type. The type of stationary phase
significantly affects analyte peak positions in chromatograms, which impact to different
interactions between each analyst with stationary phases. Any number of stationary

phases synthesized for another separation purposes [23].
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Inlet

MS

detector

Figure 3 GC diagram

The Application of GC involved the analysis of fatty acid methyl ester
(FAME) [24], hydrocarbons in petrochemical [25], environmental, food, beverages, and
fragrance [26]. However, chemical components in a perfume product are tough to
identify for one-dimensional gas chromatography-mass spectrometry (1D GC-MS);
therefore, it must apply the complicated technique is two-dimensional gas

chromatography (2D GC-MS) [271].

2.5 Headspace solid-phase microextraction (HS-SPME)

HS-SPME is one of the most widely used techniques for sample preparation
before sending to separation and identification with GC-MS. This technique offers a
simple extraction process where volatile compounds in the sample headspace (HS)
can be adsorbed onto the SPME fiber with the solvent removal which has been applied
to analyze volatile organic compounds from a variety of samples [28]. This work
applies the HS-SPME technique to extract fragrances after TLC separation step, prior to
analysis by GC-MS. With this approach, volatile compounds in sample HS can be
adsorbed (extracted) onto the SPME materials. For example, divinyloenzene based

fibers followed by direct injection into the introductory part of the GC system. The
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equipment of the SPME technique consists of two parts which is fiber and holder. The

show SPME in Figure 4.

| l— Plunger
Barrel

_|— Plunger retaining screw

- Z-slot

J/ Hub viewing window

Figure 4 The construction of SPME [29].

Other SPME materials can also be applied for improved performance in

extraction of several compounds as shown in Table 1.
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a. Extraction step for HS-SPME

SPME ¥
|
SPME fiber
assembly
[ (I

Sample »

e s
stirrer

D Pierce @ Expose @ Retract
sample fiber/ fiber/
septum extract remove

b.Thermal desorption on the GC system injection port.

Figure 5 The extraction proceed of HS-SPME [29]. a) Extraction step for HS-
SPME, b) Thermal desorption on the GC system injection port.

2.6 Thin-layer chromatography (TLC)

Since thin-layer chromatography (TLC) was established in the late 1930s [30],
[31], this technique is among the most simple and multipurpose methods with fast
analysis time, low cost, portable, high selectivity, and good reproducibility. TLC

coupled with a UV lamp has been widely applied to visualize products in organic
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synthesis as well as the application in other disciplines, such as pharmaceutical,
industrial, environmental, toxicology or food analysis. This technique is similar to other
types of chromatography, which applies mobile phase and stationary phase to
separate a sample. The TLC plate contains thin layer of adsorbent substance, ordinarily
silica gel or aluminum oxide, which is known as stationary phase. The sample was
applied to the plate and solvent mixture was applied as mobile phase the movement
of which is based on capillary action.

Movement of the solvent through the stationary phase forces solute to move
upward the plate top. The analytes moves along the plate with the adsorption and
desorption mechanisms. The zones of separation will be spread out because of the
analyte diffusion, irregular movements of individual analyte molecules and variations
in the arrangement of the sorbent. The analytes strongly interact with the sorbent
move more slowly and use more time in the sorbet. On the other hand, the analytes
moving faster more weakly interact with the stationary phase (or more soluble in the
mobile phase). Thus, the compounds with various properties can be classified from
one another by using the diverse interactions between the solutes and the stationary
and mobile phases.

TLC can be classified according to the mechanisms of separation. The first
parameter is the adsorption or the physical sorption of the solutes onto the stationary
phase particles. The second parameter is the partition or the dissolution of the solutes
into a stationary liquid on the sorbent. The third parameter is the ion exchange or the
attraction among the ions and of the oppositely charged functional groups of the
sorbent. The final parameter is the size exclusion or the retention base on size. The
dipole-dipole and hydrogen bonding also affect to adsorption and partition
mechanisms. Normal phase TLC (NP-TLC) sorbent is polar resulting in that the more
polar solutes move more slowly and stay closer to the sample loading position while

the nonpolar solutes move faster and get closer to the solvent front. Separation results
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can be further varied by changing the polarity and functional group of the mobile
phase. On the other hand, the reverse-phase TLC (RP-TLC) employs nonpolar sorbent
interacts more strongly with nonpolar solutes, and the polar compounds thus move
faster. The greater separation of the nonpolar compound zones can be achieved by

increasing solvent polarity.

2.6.1 Selection a TLC sorbent and solvent

General stationary phase materials are based on silica or silica gel (SiO,). The
silica gel consists of oxygen bonded silicon with residual hydroxyl groups which is
considerably polar and can be used in NP-TLC. Modification of the material leads to
other types of stationary phase employed in different applications as shown in Table

2.



[32].

Sorbent

Silica gel

Kieselguhr
Cellulose
Polyamide

Aluminum

oxide
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Table 2 The sorbents can be attached to plastic, aluminum, or glass plates

Modification

Amino-bonded
Cyano-bonded
Diol-bonded

Reversed-phase

Chiral modified

Impregnated with

silver nitrate

Impregnated with

caffeine

Impregnated with

boric acid/phosphate

Classes of compounds able to separate

All classes of compounds

Carbohydrates, aflatoxins, herbicides, and tetracyclines

Many classes. Particularly, pesticides, steroids, and preservatives
Many classes. Particularly, steroids and hormones

Steroids, tetracyclines, phthalates, antioxidants, lipids, barbiturates,

capsaicins, aminophenols, and fatty acids

Enantiomers of amino acids, halogenated, N-alkyl, and a-methyl

amino acids, simple peptides, and catecholamines

Lipids

Polyaromatic hydrocarbons

Carbohydrates

Carbohydrates, aflatoxins, herbicides, and tetracyclines
Amino acids and derivatives, food dyes, and carbohydrates
Phenols, flavonoids, and nitro-compounds

Basic compounds, steroids, terpenes, and aromatic and aliphatic

hydrocarbons

Apart from the stationary phase, mobile phase also affects the separation

result. Single solvent with a range of polarity can be used in the separation. More polar

solvent elutes polar analytes faster in NP-TLC; whilst, more hydrophobic solvent elutes

analytes faster in RP-TLC. Mixed solvent can also be applied in order to finely tune the

polarity of the mobile phase improving separation performance.
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CHAPTER llI
EXPERIMENTAL

3.1 Instruments and apparatus

3.1.1 The system that identifies target compounds using Gas chromatography-
Mass spectrometer (GC-MS)

Receive from Agilent Technologies with GC Model 7890A and MS Model 7000
(CA, USA), which this system consists of autosampler and column oven. The MS system
consists of electron ionization (El), triple quadrupoles, and MassHunter software

processing.

3.1.2 The column system

Using the HP-5MS capillary column (30 m X 0.25 mm id., 0.25 Um film

thickness; J&W Scientific, USA)

3.1.3 The equipment sample preparation

Using SPME 50/30 Um DVB/CAR/PDMS fiber, Supelco (Sigma-Aldrich, Bellefonte,

PA)

3.1.4 The holder of SPME

The holder take form Supelco (Sigma-Aldrich, Bellefonte, PA)

3.1.5 TLC plates

The plates were purchased from Merck, USA. The plates were cut into a

dimension of 2.5 cm X 10 cm before use.
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3.1.6 Carrier gas

Using ultra-high purity helium (99.999 %), Linde

3.1.7 Micropipette

3.1.8 Water bath

3.1.9. Thermometer

3.1.10 Glass vial HS 20-mL

The vial take form Agilent technologies (USA)

3.1.11 Aluminum cap

The cap was sealed PTFE/silicone septum, Agilent technologies (USA)

3.1.12 Crimper

3.2 Chemicals

The sample of this work using the perfume solution takes from a local
supermarket, Thailand. A mixture of n-alkanes (C8-C20, purchased from Sigma Aldrich)
was used as a reference to calculate the retention index (I) of the analyte peaks. The
mobile phase select hexane and ethyl acetate (analytical grade) were obtained from

Merck (NJ) and J.T. Baker (NJ), sequentially.
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3.3 TLC separation

The process of TLC separation was used for separation, which the same

separation method of the standard mixture and the sample. In the first step, The TLC
plate was cut into a dimension of 2.5 cm X 10 cm before applying. In the second step,

The loading sample was three-times (5 uL each) onto the TLC plate (2.5 cm X 10 cm)
by micropipette. In the final step, The separation process used hexane and ethyl

acetate as the mobile phase with the separation time of 15 min.

3.4 Selective TLC extraction

According the Figure 7 as show in this work used two-sample, which standard
mix and the agarwood spiked with the perfume with the ratio of 1:3. The TLC plate
(10 cm X 2.5 cm) was loaded by the perfume sample amount 15 LIL. This work divide
two identical TLC plates (called Plate total of the TLC plate and B), which contains
each sample behind separation with the process described above handled differently.

The total of the TLC plate was applied as the full TLC plate analysis experiment,

which it after separation was cut into the smaller parts (2.5 cm X 2.5 cm each) total
of which were then merged and concurrently analyzed by SPME GCMS. Plate B was
cut divide into four parts behind the separation (Part A1, Part B2, Part B3, and Part B4)
each piece the same length of 2.5 cm that covering the regions from the top of the
TLC plate to the loading position below. Every part was separated and analyzed by
SPME GCMS, respectively. The desorption process of SPME used temperatures of room
temperature 28, 40, 60, 80 O¢, which apply with total of the TLC plate approach before
the SPME GCMS analysis. The temperature of 80 O was additionally applied for Plate

B approach.
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Figure 6 The TLC separation process and the Plate A approach.
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Figure 7 The TLC separation process and the plate B approach.
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3.5 Analysis of volatile compounds

3.5.1 GC analysis

The process of analysis of volatile compounds was starting to set blank fiber
by injection to check the background signal from the fiber of SPME. The GC system
separation was optimized for analysis of perfume samples, which it used an HP-5MS
capillary column (30 m X 0.25 mm i.d., 0.25 LUm film thickness; J&W Scientific, USA).
This insertion into the GC injection port in conditioned of 270 O¢c for 1 hr. The injection
port of the GC-QgQMS system was set the temperature at 250 O¢ and desorption time
in 5 min, which analyzation was applied under single Q scan mode with other
quadrupoles operated in the total transfer of ion mode. The carrier gas flowed it with
a flow rate of 2.25 mL/min. The injection mode used condition of split mode. The
oven of the GC system established a program to increase from 40 to 260 Oc at a rate
of 7 % /min. The MS system in the ion source was set the temperature at 230 % and
in the electron ionization voltage was -70 eV. The mass spectra obtained over the mass

range of 30-300 Da with a scan time of 10 ms.

3.5.2 HS-SPME

To receive a high peak area of volatile compounds in perfume samples, which
has many parameters of HS-SPME sample preparation, such as time, extraction
temperature, and type of SPME (thickness and coating material). This work choose
SPME 50/30 Um DVB/CAR/PDMS fiber and the holder were purchased from Superlco
(Sigma-Aldrich, Bellefonte, PA). Starting, Prepare glass vials (20 mL) would contain the
perfume solution (15 L), Plate total of the TLC plate ,B, C, and D samples (the TLC

perfume behind the extraction in the TLC chamber). The glass vials were closed by
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aluminum caps that sealed PTFE/silicone septa, which was heated in a water bath.
The extraction process used an equilibrium time of 10 min at different temperatures
(28, 40, 60, and 80 °C) and extraction time of 15 min at a similar temperature used in
the equilibrium step that revealed inside each vial to extract volatile compounds in
the headspace of the sample by the SPME fiber.

Agilent MassHunter software was used to identify the chromatographic peaks
of perfume and standard solutions based on MS data. The data presentation and
processing were additionally performed using Microsoft Excel. The MS spectra of
compounds were tentatively compared with those obtained from the NIST library. The
criteria to identify the peaks were match scores of more than 650 and the differences
of 20 units from the calculated retention indices (/) and the / data from the literatures
on the similar stationary phase.

The process of calculating / value for a peak in the chromatogram was
performed by injection of an alkane mixture under the same experimental conditions
used for the sample separation according to the van den Dool and Kratz relationship.

The / values can be calculated according to [33].

l i —1 n
[ =100n +100(—2— 2
Z‘R(nJrl) o tR(n)

From this equation, the ty;) is the retention time of peak i, n and n+1 are the

carbon numbers of alkane standards elution before and after the peak i.
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 TLC extraction

Commonly, the TLC technique is processed to separate a sample and the
separated components can be seen on the TLC plate irradiated with a lamp at a
specific wavelength. This work used the TLC technique combined with SPME GC-MS to
analyze complex perfume samples and a mixture of standard volatile compounds.
The potential of the TLC technique that can extract volatile compounds from the TLC
plate was initially investigated to indicate significant recoveries of the volatile
compounds from the TLC plate. Then, TLC was applied to separate a complex sample
onto different TLC plate positions followed by selective cuts of the target regions prior

to the SPME GC-MS result analysis.

4.2 Analysis of standard sample

Standard volatile compounds were separated from each part on the TLC plate
prior to GC-MS analysis in order to reduce complications of complex samples.

TLC technique capability to separate volatile compounds was developed with
standard samples to understand that the concept involves the effect of desorption
temperature on the recovery from the TLC plate, selectivity of TLC extraction, and
application of selective TLC extraction approach.

The extraction of volatile compounds from a perfume mixture was developed
TLC method as solid-phase extraction technique for selective sample preparation
before SPME GC-MS analysis. The procedure was originally applied to analyze the

standard mixture of volatile compounds with different log P values. Plate A approach
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was applied to investigate the effect of temperature for desorption of the analytes
from the TLC plate. The recovery of the analyte from the TLC plate was compared
with the SPME analysis of the standard solution without TLC separation. The
demonstrated analysis of selectivity extraction was obtained from different TLC cuts.
The TLC was cut into 4 parts (Plate B approach) after sample separation. The synthetic

agarwood consisting of complex matrix was then applied to extract on Plate B.

4.2.1 Effect of desorption temperature on the recovery of standard

compounds from the TLC plate

This experiment was developed to optimize the condition in process of SPME
sampling. The effect of temperature on desorption of various standard volatile
compounds from the TLC plate after loading without separation (see Plate A approach
in the experimental section) was investigated. The SPME was used to sample the
desorbed volatile compounds in headspace of the standard mixture followed by the
GC-MS analysis with the results shown in Figure 8. with the compound profiles
in Table 3. The process using the desorption temperature and the SPME extraction
temperature was similar. The higher temperature increased the desorption rate and
led to a larger total peak area of the extracted sample.

However, the impact of high temperature further resulted in high inference
peaks caused by bleeding of the coating materials (e.g. siloxane derivatives) on the
TLC plate. The result showed that the desorption and extraction temperature of 80 oc
was selected due to providing high peak area with an insignificant level of the
interference (Figure 8D). This experiment was applied to Plate A (see Plate A approach
in the Experimental section) approach at 80 OC. The standard compound calibration

curves were constructed with the concentration range from 1-150 ppm. Good linearity

rages were obtained with the R? of 2 0.900. The compounds were well recovered from



25

the TLC plate, with the data presented in Table 3. The desorption and the SPME
extraction temperature at 80 °C was recoveries varied from 65.4 to 81.3 % depending
on either their volatility or interaction with the TLC plate after sample loading. For
example, compounds S1 and S3 have roughly the same boiling (~205 %0).

The recovery of this topic compares peak area between of standards solution
with standards solution on TLC plate, which it was showed ability of compounds
extraction of this work. The recovery of compounds S3 was higher due to the weaker
interaction with the silica gel on the TLC plate captured by the higher log P value of
1.6 (lower polarity) compared with log P of 1.1 of compounds S1. When considering
topic of molecular weight, the comparison between the other phenyl ketones, 1-
phenyl-1-pentanone (S8) with the highest molecular weight is least volatile. This
compound showed the lowest recovery. The different compounds have different
recoveries towards some compound extraction at low-temperature could be
perceived as shown with §2, S5, and S6. The dominant specific compounds desorbed
from the TLC plate were shown in (Figure 8A). However, their recoveries were <3 %

(Table 3).
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Figure 8 SPME-GC—MS results of TLC plate loaded with the standard mixture (50 ppm)

without separation by using TLC desorption temperature of 28, 40, 60 and 80 OC, A-D,

respectively. The compound labels were shown in Table 3
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4.2.2 Selective volatile compound extraction from the TLC plate

28

The TLC plate was divided into four equal regions containing compounds,

called as Part B1-B4 (see Plate B approach in the Experimental section). The method

from each part of this work was separately analyzed with SPME GC-MS. Figure

9 showed the results of selectivity in extraction of different compounds on the TLC

plate, which depends on the selected part.
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Figure 9 SPME GC—MS results of (A) the standard mixture solution (50 ppm) and (B)

correlation between log P and the weight average fraction containing each compound

after extraction using Plate B approach with the corresponding GCMS chromatograms

shown on the right (B1-B4, from the top to the bottom of the TLC plate, respectively),

by using TLC desorption temperature of 80 °C. The compound labels were shown in

Table 3 and the recoveries (%) compared with the standard solution were shown in

parenthesis.
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The compounds in the standard solution were separated onto the TLC plate,
subsequently desorbing at 80 OC. Several, the result showed that the compounds were
greatly recovered from the different fraction of the TLC plate. The recovery is shown
in Figure 9. From results can be inferred, the polar property of compounds affected
the position of separated compounds on the TLC plate. The more polar compounds
were captured by lower log P-value, which more strongly interacted with the silica gel.
The polar compounds were located at the bottom region the closest to the sample
loading position of the TLC plate. The correlation between log P and the weighted
average fraction containing each compound was shown in Figure 9B. From the result,
Part B1, B2 and B3 mostly contained compounds "Sé, S7, S8", "S2, S3, S5" and "S1,
S4" respectively. The extraction selectivity can be increased by cutting the TLC plate
(after separation) into the smaller pieces as shown by the perfume analysis with less
number of compounds obtained by cutting TLC plate into smaller pieces (7 pieces).
For example, 2-phenylethanol and 1,4-diethoxybutane were almost isolated from the
complex matrix of the perfume sample. See the experimental approach and further

discussion in 4.3 Selective TLC extraction (4- vs 7-piece approaches).

4.3 Selective TLC extraction (4- vs 7-piece approaches)

This work expected to minimize the interference in the perfume
solution. When seeing the experiment of 4.2.2 Selective volatile compound
extraction from the TLC plate, which was selected by cutting the TLC plate (after
separation) into 4 parts. From the concept of cutting the TLC plate to become smaller
pieces, the hypothesis of increasing 4 parts of smaller pieces can improve efficiency.
Commonly, the TLC plate was cutting into 4 parts will be divided into 2.5 x 2.5 cm

dimension for each of the TLC plate. If increase the TLC cutting of 4 (C1, C2, C3, C4)
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to 7 parts (D1-D7), which divide into 1.25 x 2.5 cm for each of the TLC plates. However,

the two types (C type, D type) of cutting approach were compared.
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Figure 10 SPME/GC-MS results of the perfume solution (unknown sample) extracted

onto the TLC cut after separation into 4 pieces (Plate C1-C4, from the top to the

loading position at the bottom of the TLC plate respectively) by using TLC desorption

temperature at 40 oc.
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Figure 11 SPME/GC-MS results of the perfume solution (unknown sample) extracted

onto TLC cut after separation into 7 pieces (Plate D1-D7, from the top to the loading
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position at the bottom of the TLC plate respectively) by using TLC desorption

temperature at 40 °C.

The major volatile compounds of the perfume solution (unknown sample)
were benzene, 1-methoxy-4-methyl-, methyl benzoate, phenyl ethyl alcohol and
phenyl methyl acetate. These contributed to the overall sweet, floral and fresh odors,
respectively. After loading the perfume onto the TLC plate and the subsequent
desorption temperature at 40 oc, compounds were well recovered from the plate.
(based on their peak areas in TLC before separation compared with the perfume

solution, see Table 4).
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The summation of the recovery based on peak area of some compounds
extracted with C1-C4 or D1-D7 could be >100 % which indicated selective sample
cleanup resulting in purer peak signals of the compounds with higher peak area
compared with the same peak observed in the perfume solution (coeluting with the
other peaks).

The plate was cut into 8 pieces (Part D1-D7) prior to the analysis of each piece
with SPME/GC-MS with the result shown in Figure 11. Compared with the individual
peak obtained from the 4-piece approach (Figure 10), each piece contained smaller
numbers of compounds suggesting higher selectivity of the 7-piece approach. However,
the overall recoveries of the several compounds were reduced as shown in the ‘sum’
column for the Plate D approach in Table 4. As the result, 2-phenylethanol was almost

isolated from the perfume mixture by selectively analyzing Part D3.

4.4 Application of selective TLC extraction approach

This work aims to increase the selectivity of separation. This was demonstrated
by spiking interference in sample solution. The analysis with interference can be
performed to test of selectivity for the TLC approach which should selectively extract
volatile compounds for in the synthetic agarwood. Plate B is used to develop TLC
condition and it was applied to analyze perfume compounds (Figure 12A) in a mixture
of the perfume solution and the synthetic agarwood (interference). Application of Plate
B that contains sample solution and the synthetic agarwood allowed identification of
the perfume compounds. The analysis of the sample solution by direct SPME/GC-MS
method showed only 62 identified compounds. Figure 12B indicated the compounds
in column "Solution" with the peak areas of >0 in Table 5 with only 35 perfume
compounds and 27 interferences. The overall analysis with Plate B results in 109

identified compounds, see the chromatograms B1-B4 in Figure 12 with 62 perfume
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compounds and 47 interferences as in Table 5. Analysis of a mixture of the sample
solution and the synthetic agarwood represented the strong matrix interference from
the agarwood leading to either signal suppression or false negative identification of
several perfume compounds in the direct analysis of the sample solution. These
compounds were highlighted in blue italic in Table 5. The perfume compounds (blue
italic) in Table 5 were not identified due to either the strong matrix interference from
the agarwood during the SPME sampling or coelution with the interference peaks in

GC-MS.
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with the corresponding GCMS chromatograms shown on the right (B1-B4, from the top

to the bottom of the TLC plate, respectively), by using TLC desorption temperature of

80 °c.

20




070 070 0¥ 0 0¥0 0 Apoom pue Adiey ‘usalb ‘feaidon  z'y 8€0T -lAysswip-/ ‘gouslieno-9'e'T -(2) 21
0% 0 0% 0 F LT 0¥0 0 A4 LE0T auswo-d €
070 vF 92 0% 0 0¥0 0 oluresfeq oljouayd asod [edoly  T'T 90T [oyoo[e |Azusg HHM _
0% 0 7F S EVFTLT  T8¥68€ TGST vy L20T 3Uaxayo[oAd -(d) “-(IAusyslAylew-T)-G-|Aylew-1 0T
GF S 07 0 070 00 0 [egay Juireads joyusw Autw - z'¢ 9201 Jouexayo|dfo -(gs vz v ) “(IAusyplAyiew-1)-g-[Aylow-z 6
0% 0 GTF 12 9EF ¢S [¥6v  v.9 Auw 2z 120T auazusq -JAyIBW-p-AXopeWw-T 8
‘snoageloydwed ‘o1jouayd ‘JAyydeu
IFTT T 0F 0 0F0 1S ¥'0- 0TOT Jouedoud-z -(AxodoidAxoylsw-g)-1 £
7F§ 0% 0 0% 0 0¥0 O€ [easayd Apublls  G'o-  L00T [oueye-(AxoypeAxoyte-z)-¢ ¢
070 0F ¢ ¥ GE 19 12 Aoids auadia) Asaddad  z'y 166 QUBIAIN-g mwc_
0% 0 0% 0 Fe 0¥0 0 A4 6.6 susuld-§ &
0% 0 0% 0 vF L €F0T ¥ 801ds autd snio auadis) Apoom B¢ 7.6 auexay[0' 7 elopAoig-(JAuslAytow-1)-T-auslhpaw-v ¥
¥ v 070 0% 0 00 § TT 1.6 ayeouedoud |Aye-Axoup3-¢ 1
0¥ 0 T¥8 $T¥F GE 0F0 19 A118yd puowije Janiq 19ams dreys buons  G'T 296 apAysplezusg mE_
EvF € 9TF 22 0% 0 0¥0 0 8T 0v6 aueing-AxoyRIp-¥'T 2
0% 0 0% 0 0¥ 0 0¥0 716 Aunuy eueueq ysaly 19ams - LT 816 ajeaoe JAuaIng-z-IAuIBIN-E T
vg ed rAc| 1d uo
nnjos uonduiasap 10po dboj 1y punodwo) #

(s-s3Un02 ,0TX) B8JE Yedd

‘(uorMos a)dwies ayy Ul paAlasqo jou) yoeosdde H71 padojaasp ay3 Suisn paAIasqo A)210s spunodwiod auwnpuad

JNey aMg 3yl yium 23eonduy ul paulopad aiam syusuwadxe 9yl ‘SIN—I9/3NdS Yim sisAjeue o3 Joud D, 08 40 ainyesadway uondiossp

DL suisn (AjeAndadsal ‘pg-1g) 93e1d D71 9y} JO wopog 03 doy ayy woly Wd 0G'Z AIDAS UIYIM IND SUOIIDRI) JUIDHIP 1 DL Sulsn AQ

paJedaid poomiese d3BYIUAS pue awnpad ay3 Jo ainixiul ul uoidudsap Jopo pue (y = U) eale yead asesane (d §0Y) JuadIy20d Suluoiped

DIWYIIeSO) ‘(M) XopUl UOIUDIDI 94NYRISH) YIM $9)140id ($GIUI-TIU[) SDUDIDUDIUI pUB (0L-T) UoIN)0os dules Jo punodwod awnyad § 9\gel

8¢



0% 0 0% 0 0% 0 . 0 T9 00ZT sueospod 2T
wi
0% 0 €F§ 0% 0 0¥0 0 oe|i josuidiel - 97 L6TT [ouexayo|aka -(auspiAps|Aysw-T)-p-[Aylsw-T 1T
wi
0F0 0¥ 0 cIF 67 0F0 O ulw usasbasiuim 9 2611 alelfonjes [AUIBIN G2
00 9e¥ 2L 6TF 6T 0¥0 26V [esofy Apoom snuno ey susdiel suid /g 681T josuidia-» g
070 070 0% 0 0¥0 o0¢ owolnyy ‘yes| 1epad  0'Z 9/TT [o-g-uexay[o°T'elopAolg 0T
-[(0 ¢ $0 ¢0 [)-ST] ~(IAyIBApIBW-T)-T-|Aylew-y U]
0¥ 0 0¥ 0 0¥ 0 0¥0 G Auiw a1joyuaw Buijood uiwiaddad g G/TT |Joyuswons| €2
00 00 vFIT 0¥0 €€ Anniy ‘usaiBlzuim 18ems  9'g T.1T ajeozuaq 1Ay 2z
070 1721 070 0¥0 0 Auw orjoypusw Butjood  z'e 69TT Jouexayo|oho -(JApslApew-1)-z-1Aulew-g 6
wi
9F ¥T €¥GT  T9TF.T6 ZFC  869¢ [e104 pue Auniy ‘1ams  0°Z Y911 ajelooe Ay [Ausud T2
070 070 12374 0¥0 66 8 YSIT apAyaplexoqed-T-ausxayo|oko-g-|Apawin-i'e' T 8
wi
0¥ 0 0¥ 0 €6 0¥0 69 8 8eTT 3pAyap|exogued-i-aus-T-XayooAolAylswi L-€'c'T L
wi
18T ¥€S 68EF 0¥ 0 0F0 29Tv Kauoy ‘Assos ‘ysaly ‘eioy weMs  'T 9TTT Joueyshusyd-z 02
T
151 12F e TeF 2 0F0 96€T 8sol 0 660T |oojeur] 6T
pue Axem ‘Adia) ‘[eo)y ‘abuelo ‘sniiio
Fe Fe GZFETY FS €0 [eJoj} puowe usaibieuim atjousyd  T°Z 60T ajeozuaq JAUIBIN 9
wy
0+ 0 0% 0 €% 9 0¥T O Apoom ‘snujo Asuid ‘ysaly ‘1eams Gy 880T 3UaXay0]9Aa -(auaplAyislAyisw-T)-p-|AyIBW-T 8T
9%F 68T ¥¥9 0¥ 0 0¥0 .19 97 9/0T auedold -Axoyan-g'T'T g
wi
0% 0 €+ 8 0¥ 0 00 €€ Apaam o€ ¥90T 10-Z-uao0-/-|Ayswip-9'z - LT
3uf0]02 Uea|d [elOf) AW SNIID Ysal)
0¥ 0 0¥ 0 €F S ¥¥6T 0 swl Gy 090T susuidial -4 9T
pue [eaidoJy yum ‘snuio ‘1eams ‘Adisy
0% 0 0% 0 GF 6€ 2 0 yio[0 19m [eloy Auny - Ty L¥0T ausMIeI0-2'e' T-lAUBWIp-2'e  GT
2/EF 6.6 TEF oS 0¥ 0 0F0 O aljoyoge ybis  9°0- ov0T Jouedoud-T -(AxodoadAxolpAy-2)-z  ¥T
070 GF ST e 0¥0 0 199Ms ‘as0d [edoly ‘Aeuoy 8T SY0T apAysplelsoeauazusg €T
€6%F 98 0F 0 0¥ 0 0¥0 0 9'0- 8€0T Jouedoud-g-s1gAxo-,T'T 14
wj
uo
4 €d cd T4 nnio
1njos uondiiosap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

6¢



0% 0 070 0% 0 IS 0 €9 16€T ausgagnd-® T2
wi
9% 8 6F 8T 6% 22 0¥0 0 adeab pioouoo ‘Auniy 6T EVET arejiueiyue AYIIN-+ /€
070 070 0% 0 ZFIT 0 Apoom eqtay 18ams 9 8eeT auaxayolofo -(suen-ye)  9¢
~(AyseiAyrsw-1)-T-(1AusyisAtsw-1)-g-1Aysew-y-1Ausyie-
00 TTF9¢ 6F ST 0¥0 T1S¢ Auiayo 19ems ‘eljiueA ‘Ausyd  T'T 0€ET [euossdid g€
070 070 a7 0¥0 0 Ainyyusaib  zy 2eET Jouexayojoko -sue ‘sreisoe -(IAYIBIAYBWIP-T'T)-¥ €
wresjeq [eqday AJ10 [edoj) Jepad Apoom
0T+ 8T F € 0% 0 0¥0 zzI ua1b ‘|esoly ‘B01ds uowreuuld  0'Z 0TET |Ausyd-¢ ‘|o-T-uadoud-z -(3)  oZ
wi
1% 12 1224 0% 0 0¥0 0 oljousyd juing  Z'¢ 90€T ueinjozusq -JAyewW-z-0IpAyIp-€'z - 6T
wi
070 v 6 0¥ 0 0¥0 0 eyydeu Apybiys ‘resoy T2 G621 slopul €€
0+0 0+0 €F € 00 O Ainyy zy 62T JouexayojoAd aelade ‘-(JAyelAyw-T1)-z-1Aulew-g  z¢
pue AQuiw ‘Burjood Apybirs ‘ax1-esn
070 0% 0 LF 08 0¥0 8T asluR 188MS € 9821 sjoyluy  TE
6% 6T 172 070 0¥0 0 LT 6.2T Jouey1aWaUEXaY0|oAd -|AyIBWILI-H D D-AX0IPAY- 8T
wi
Fe T ¢ 0% 0 0¥0 0 Kods 1eams 6T 0/2T apAyspleweuurd -(3) LT
wy
0% 0 T+ 1 0% 0 0¥0 0 uowss| snid - G'¢ 0.2T [euaIpeIo0-9'z -(3) -1AuBWIp-2'e 9T
wj
157 00 28F €€2 0¥0 8802 Apoom ‘uespd  6'¢ 1S2T ajeisde |Ajeurl o€
' ynum Aaids pue [eio}) ‘uaaib ‘19ams
1T 9Z¥ 19 0¥ 0 0¥0 0 Aunuy ‘Asso ‘Jeams ‘elo)y 9 SlerA joluess 62
170 0% 0 0¥ 0 0¥0 ¢€¢ [33d UOW3| [eND 188MS  Z°E orztT [elaN 82
0¥ 0 9EZ¥ V6¢E 90T+ 90T 0¥ 0 oveT SN0 ‘19aMS ‘Asol ._Eo_u— g'e 82¢T |0]|auoaD 12
0% 0 0% 0 0% 0 0¥0 9T¢ woolysnw 2’7 ceet auazuaq -(IApakxoyawip-z'z) 92
Ayues Asol [eio]) abeljoy usaib
vIF ¥ ZT¥ 9T T9¥ 18 2€¥9E 0 €2 1121 apAysprezusg -owoig-y ST
wy
070 0% 0 0% 0 12 0 v'e 1021 auszusq -|AyBLI-¥'Z' T ¥T
wi
0% 0 0% 0 0% 0 0¥0 0 s 0Y 90ZT [euedsg €T
pue Axem ‘abuelo ‘0IpAyspe ‘1eams ]
uo
4 €d cd T4 nnio
njos uonduiasap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

o



1237 8TFTL 0¥ 0 0¥0 0 BAMS T T upeWNOD  0€
wi
F e 0¥ 0 GG¥ 50T 9/€F¥ 08T Aiaddad wesfeq Apoom 1ams  9°9 6EVT ausleN9-0 6y
L1ST
8ZF ITT 097 £9T 0¥ 0 0¥0 0 G'e verT ausfeyiydeu -Axoylew-1 62
wi
0¥ 0 0¥ 0 YT¥ 6€ SY¥ 2T 69T 79 6¢vT auasdolnyyp-sio gy
00 00 0ZF ¥€ 0¥0 T69 [esoly Apoomisems 0y 9zrT auouol-» gz
wi
0FT 0¥ 0 02¥F 05 JGF¥G9E 0 o1uadia) pue Apoom ‘Aaids g9 6TVT aug|jAydoled /v
0F0 0F0 VIF VT 8T¥8T O v STYT auapui[e]edoidojoAooueyisw-G'T 12
-01pAyedsplAyiawens ] -eg'y T eT-(4e9'SeS'SS Sy AT SeT'ST) I
070 070 8¥8  TZFYIT O 8 vIvT aualpeuou-g'T -(JAusys|Aypaw-T)-G-|AylswIp-2'z - 92
wi
070 070 €1¥ ¢¢ ¢L+68¢ ¥81 UsaJy 19aMs Jepad Apoom €9 TTVT auajnzeoueylaw-/, ee-HT -[(0 9
eg'd L°g eg0¢)-ye] -1Aulswens)-g'g'g'c-0IpAuexay-eg'g’ . v'e'e
0¥ 0 0¥ 0 Fv oOF O 12 9|pasu Ji} |edlpawl asol >v00>> 199MS v'9 (04" mcw_ov—_mcoq 74
wi
0.7 65T 75% 89 Va4 0¥0 &Iz 818|000y Aweaio e|IueA 188Mms  Z'T YOt IUBA 12
wi
0% 0 0% 0 [F LT GZF 18 €6 usay Axem [eqiay 8§ T6ET auexayopAd gy
-[(d¥*deo 1)-sT] -(1AusyieiAyisw-T)s1g-1'z-1Auraw-T- | Ausye-T
0F0 0F0 0¥ 0 0F0 28¢ uaalb pue [equay ‘Axem ‘Asol ‘[elol O Z8€ET ale1ade JAuelsD i
157 0% 0 0Z¥8y  09F¥9F OFE 19 18€T aus|nzeoueyaw-L 'y -[(0 €y
L0 % 1)-ST] “~|Aypawensi-6'6'y'T-01pAye100-8','9's'¥'€ 2 T
0% 0 0% 0 0% 0 €¥SE 0 Rauoy Aoids Apoom — /°G 9/€T susedod v
0% 0 0% 0 1F22 0¥0 0 I|-|osauley djedldp  L'Z G/ET ajeuordoud |AInpuene gz
wj
070 070 LT¥TC €¥ G2 12 Apoom ssow Buons /'y /€1 aua|nzeousylew-4'z'T Iy
-[(+a6°deg 0 p'dec T 01)-ST] ~|AyIowenal-eg's's T-01pAUyedsQ
0% 0 0% 0 8F ST 0¥0 92T Ainyusaib gy 89€T are1aoe |Axayojohojfing-uar-y  oF
wesjeq [egJay AJ10 [e10]4 Jepad Apoom
0% 0 0% 0 0¥ 0 ¢ 0 6'S 89¢T auspuI-HT-ousylsW-'2 T-[(+S8‘geL s Py JecoTDT) 22
-ST] *-(1AuIeIApew-T)-G-1Aylswip-e. ' T-04pAYeI00 U
0% 0 9% T0T 9EF €5 0¥0 02 Apoom ‘81| ano0 ‘Aaids ‘1eems €7 1SET Jjousbng  6¢
17 0% 0 €6F £V 0F0 ¥6ST snio ‘Aney ‘usalb ‘Aol ‘feloly  Z'v vSET |0-T-U8100-gareIsde -[Aylewip-2'c 8¢
uo
4 €d cd T4 nnio
njos uonduiasap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

1A%



0% 0 0% 0 0¥ 0 9¥¢T 0 99 8eST ausjeyiydeu -[(veg‘deyn]) e
-ST] -(IAyeIAyiaw-1)-T-1Aysdwip-/ 'v-oipAuyexsy-eg'o'sey'g' T - |

00 00 G8¥F 122 0¥0 T0Z a1f[elaw piyoJo Apoom [eqiay [elol vy 8eqT arefAorfes |Aweos| /G
IF T 0F0 VF YT 0F0 O [eXo) 8eGT |JouByIBWIBUBZUS] 9118k ‘-(JAylawolo|yaLy)-o Ty
wi

T+ € 19 9G¥ €8T GT¥0Z 288 usalb feloly  Z'¥ €eGT eyt 9s

070 0% 0 0¥ 0 0¥0 /S [edol Auniy1ems Gy ¥2ST auo-g-uguad-T -(IA-T-uaxayooho-g-|AylewIn-9'9'e)-T G5
0% 0 0% 0 0¥ 0 ZTF0€ 0 €9 ¥2sT ausjelpydeu -(s1o Ty
-ST) ~(AyeIApaw-1)-T-1Aysowip-/ 'v-0IpAyexsy-e8'9's'e'z't -
0% 0 0% 0 0% 0 v¥F9T 0 - LIST ausfeyydeuoipAye1oo-eg'9'ser'v'e'’c' T OF
-(1A-g-ue-T-doud)-z-1Ayrswna-gey-(4eg'yery'se) i

0¥ 0 0¥ 0 6VF €61 0F0 O Joydwed oaijousyd pjiw - T°G €IST auan|olAxoIpAH parejAing 6S
wi

GF 6 F € LvF ¥92 82/F 0 99 G0ST aug|nze -/(grev,[)-ST]  ¥S

0S.T ~(JAusupelAyraw-T)-2-1Ayswip-'T-04pAyeldo-eg'g’/'9's'e ' T

0% 0 0% 0 070 LTF¥E 0 9 S6vT aueasp[0-e-glojoAoiq -|Ayrew-g-(JAuInAysew-T)-G-susjAypaw-z - 8¢
wi

0% 0 0% 0 0¥ 0 0F0 682 79 v6vT ausfeypydeu -[(d eg0 ey0 7)-yz] L€
‘-(JAuayisjAyisw-T)-z-1Ay1WIp-g ‘ey-0IpAURI0-88'9'S Y V'S 2'T U]

0% 0 0% 0 TIF ¥S GEFSF 0 g9 6611 auafelpydeu -[(oego,D1)-ST]  9¢
~(JAuaypalAyiaw-T)--|Aylswip-eg'T-01pAYeI00-€8'8 L'9'G'E'Z' T I
0+0 4374 0+0 0+0 O €9 e€6V1 auaulelede)  Gg
wj

0% 0 0% 0 0¥ 0 6¥9T 0 67 06%T susreno-g €9
0% 0 0% 0 8F €€ 0F0 652 [elo}y 19j01A Apoom Ty 08¥T auouo! [Aylswos| »  Z§
0% 0 0% 0 0% 0 €Z¥9¢ 0 L9 6LYT ausfeypydeu -(sue-Hey)  vE
‘-(auap1jAyis|Ayraw-T)- 2 -susjAylaW-T-|Aylaw-ey-0lpAyedag  uj

0¥ 0 0¥ 0 0¥ 0 2102 0 69 ELVT susInze -/(g, vrgrsv)-41] 19

~(JAuayeAysw-1)- - 1Aurawip-# T-04pAyeI0-£ '9's' v ee ‘€2 T
F 1¥2¢ 0F0 0F0 0 ysedj Uswe[oho [edol  ¢'E 99pT apAyapeuordoadjAylsw-z-(jAusydjAdoados|-v)-¢  0g
0% 0 0% 0 0¥0 [ETF¥0Z O L9 29vT audIp-y'z-eleydeWIH €€
wy
0% 0 Fe 0F0 2/2¥0S9 O €9 LSYT aus|nzeoueylsw-/ eg-HT €
-(geg. g DY) “-|AUPswensl-6'6'y' T-0IpAYexay-eg'g'.'9'c'z U]
0% 0 0% 0 €ZF €2 G8TF 0 (587 LyvT augInze[s]edoidopoho  Tg
T.1T -HT-04pAye100-g.'e/ '/'9'y'g Z eT-1Aylswens -/ v'T'T |
uo
4 €d cd T4 nnio

1njos uondiiosap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

47



8¥ 81 YIF 12 €EEF69L  €8IFCIV O €L 1281 arelsuAw (Adoados| 69
0¥ 0 0% 0 0% 0 0¥0 02 lepad  /'g 08.T auoueyss -(JA-g-us|nzeoueysw 89
MSNW Jayres| Jaquie JaAllaA Apoom -/'ee-HT-1Ay1eWeia1-8'g‘9‘c-0IpAyeXay-e8‘s‘ /. ‘v'e'2)-T

v SFv 9/% 90¢ 0F0 6627 |egJay AJ10 wesjeq 19ams uie) 0 29/T aleozuaq |Azueg /9

T+ 7T T+ 7T v¥¥ 02T 0¥0 029 Axem [equay utwsel usaib [ejol yssyy 6y GSLT [eue1oo -(susjAyiewihusyd)-z 99

070 070 1782 LT¥02  vE LS vTLT auapul-HT-|Ausyd-g-|Ayswin-g T'T-0IpAYIP-€'2 69
0% 0 0% 0 6F 9 0¥0 (L€ - GB9T |0Us-G-03P0JABUBIAYIBWIP-0T ‘p-|Adoados|-£-(3'SL°HT) €5
w

0¥ 0 0¥ 0 02+ 9¢ 0¥0 06T 8y €691 3UO-T-U3IPRIAPOIIAD  $9

-1'e -(3'3) ‘-(suspnAuislAyBw-T)-0T-|AyBwiIp- '€

0¥ 0 0¥ 0 LT¥ 92 0¥0 6/GT T 2L9T [ojos1buojosi-(-) Joyse |Ayw €9
€€ Fe 0¥ 0 0F0 O 8y 19971 Joueylswaus|nze-g -[(og‘decng) 2
-Se] -1Ayrawens)-g e 00-01pAYeIo-2'9's'yee'e 'z’ T I

1+ ¢ 51 L2+ 16 0¥0 0 vy 2991 apAyspleweuuld -|Ausd-» 29

0¥ 0 /¥ 6 €F ¢ 0F0 O 12 6791 p1oe o118oraURIULdOojIAD Ja1se |Aylew ‘-|Aluad-z-0x0-¢  T9
070 070 0% 0 0¥0 2§ - 69T auouaguaAbuo TS
wi
070 GF g 070 070 /2T SnIHo ‘|esoyy ‘Auniy 1eams - L'z 6v91 a1e1a0e(|Ausdoofo)Aiuad-z-0x0-€) JAYIBIN - 0§
w
I¥ ¢ F¢€ 86F 9¢¢ 0¥0 806 Jl||eloW S0 Wesjeq  g'S Ge9T auouaydozuag 61
w
0% 0 0% 0 0% 0 0¥0 Gt - 96GT [orens gy
w

T+ € 92+ 6V LSFT6 ZFC 1011 v'C 65T ajefeuud Aylela - 09

0+0 0+0 CTT+ GET 6+6 0 9v €841 p1oe o10zuaq J83sa |Ayuad ‘-AxodpAy-z 65
0% 0 0% 0 9T¥ 22 0¥0 0 Aauoy Adids Apoom  /'G v/ST joueylsw /¥
-g-8ud-£-03p[(2'2)0' 0" v1ofAo -(1ApelAupaw-T)-g-Aysw-T - 1u|

0¥ 0 0¥ 0 96T+ 192 FT  8sy Annuy reardosy 198ms [elofy oisiue Aisung  6°Z 69ST sreifing 1Asiuy 8
0% 0 0% 0 0% 0 0¥0 €8 vy T9ST ausoeluyjue -olpAyedspenal 9y
w
070 15 ¥ 070 0F0 O Axem Aj10 Asealb poomepues Apoom €'y 6GGT 10-T-uaIng-Z -(JA-T-uswado|oAo-¢-|AYBWII-€'2'2)--1AQe-g G
w
0% 0 0% 0 0% 0 ET¥€C 0 Koids Aypres Apoom 9 1SST 8UBIPRIAPOIIAD  pY
-G'T -(3'3) '-(suspnAyislAylaw-1)-g-|AyIBWIP-G'T 1|

uo
¥4 €d rAs| 1d nio
1njos uondiiosap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

ey



‘yoeosdde H71 Syl WOI) PISA0IDI 10U DI9M Y] S9DUDIDHIDIUI UDASS
pue spunodwod sawnpad 1ysia 21aM 2J9Y3 18y} 910N vg-Td MO)04 A12AI3Dadsal spunodwiod ¢T pUe ‘TT ‘6T ‘9Z 2Je 90UI9443Ul JO JUNOWe
UM ‘pg-19g 03Ul pateiedas alom aduaiahaiul JO spunodwlod ayy ‘pua Siyl o “ZT 24n8i4 Ul paAI9SQo punoduwod Yoes JO 4 80) UOI3R 40D
Syl uo spuadsp 21e1d DL Y1 Suoje spunoduwod Jo uonisod Syl ‘AlUowwo) ‘SIsAleue SIN-DD/IINS DYl 01 1US 2iom ydiym ‘sued

DL USSP 03Ul spunodwod awnyad pasapuly 3y} WO S9dUJaUaiUl 94} Suljeledss 1oj poylaw e se pado)aAsp sem g aied

1+¢ T+1 Y1+ ¢CE ¥+ . 60S9T *74 T48T uelAdozusq 0/
-z-[Bleyuadojoho - Aysowexay-g'g'L'9'9' -01pAyexay-g'2'9'y'e'T
070 070 00 0¥0 2S¢ Xemsaaq ¥ 98T auouo|- g -suedy g
Jeardoay A11aq Aunuy 19ams Apoom [elojy Wi
74 €d [AS| Td I M M
1njos uondiiosap 10pO dboy | punodwo) #

(s-53Un0d ,0TX) BaJe Mead

144



45

CHAPTER V
CONCLUSION

This thesis represents a new simple and cost effective approach for improved
performance in volatile compound extraction, making contribution to selective sample
preparation research which has not been previously reported. To this end, TLC based
sample preparation approach was developed with the application demonstrated for
selective extraction of perfume compounds in the strong matrix interference of
synthetic agarwood in SPME/GC-MS analysis. The selectivity can be approximated
according to log P value of the target volatile compounds. Improved number of
identified compounds was obtained with good linearity range in the calibration curves
for the selected standard compounds after the TLC based preparation. Good
recoveries of the compounds were also obtained, especially for less polar and volatile
compounds with not too low/high molecular weights. The limitation of low recoveries
of several compounds could also be overcome by application of a larger TLC plate
with increasing sample loading amount together with the improved selectivity which
can be performed by cutting the smaller part of the TLC plate. Since the developed
system relies on application of TLC plates, this is thus simple, fast, cost effective and

applicable for selective extraction of volatile compounds with improved peak capacity.
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