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The investigation of this project was to study the performance of 2 differences SPME
fibers that is 75 um Carboxen/PDMS and 65 pm PDMS/DVB. In this analysis, phenolic
compounds in wood vinegar were found and compared with smoke from burning coconut shell by
Gas Chromatography and Mass Spectrometry (GC-MS) with Head Space Solid Phase Micro
Extraction (HS-SPME). It was found that in wood vinegar using Carboxen/PDMS fiber we found
10 types of phenolic compounds and using PDMS/DVB fiber we found 14 types of phenolic
compounds. In smoke from burning coconut shell we found 17 types of phenolic compounds

equally. We found that the almost of phenol in wood vinegar and smoke from burning coconut
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shell. So PDMS/DVB has efficiency in this analysis more than Carboxen/PDMS.

Keywords: wood vinegar, coconut shells, Head Space Solid Phase Micro Extraction, phenolic

compounds
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2.2 msszneviuea (http://coursewares.mju.ac.th:81/e-learning47/section2/pt331/08.html)
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caffeic acid, chlorogenic acid, N5ABH IUtyrosine, phenylalanine 8% dihydroxy-phenylalanine
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2,6-dimethoxyphenol  2-methoxy-4-methylphenol 2-ethylphenol
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(http://coursewares.mju.ac.th:8 1/e-learning47/section2/pt331/08.html)

2.2.1 mssuerHavesmsilszneviluea
asUsznovilueautialdnmaannii 3 wile dail
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2.Dicyclic phenols 12 phenol rings 1&un flavonoids tag lignans
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LDL, M3110: 140 mg/kg
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2.3 Solid Phase Micro Extraction (SPME) (http://share.psu.ac.th/blog/sci-discus/17227)
Solid Phase Micro Extraction (SPME) (Humafiafildlunisataaisazarenindiodis

110 1uTUYes SPMEadsorptive  material - 1ds NG sminsasadigaugauda
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Toonuioglu carrier gas (§1m5U GC) azog 1y liquid mobile phase (#1151 LC) TavazAos
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(http://share.psu.ac.th/blog/sci-discus/17227)
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3. thansfianegiu Iwed luinaed e 18 asdaedieiidnediu SPME udahes
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Polydimethylsiloxane Volatiles
Polydimethylsiloxane/divinylbenzene Volatiles,Amines,Nitroaromatic compound
Polyacrylate Polar semi valatiles
Carbowax/divinylbenzene Alcohols, Polar compound
Carboxen/Polydimethylsiloxane Gases, Low molecular wt.Compound
Divinylbenzene/carboxen Flavors (Volatiles and Semi volatiles )
Carbowax/template resin Surfactants
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M15199 2.5 Anudivedliiues SPME (Fiber selection guide)

o

o M3gaFL/MIgatu ANUNTI
Bare fused silica Adsorbent Unknown
7Um Polydimethylsiloxane (PDMS) Absorbent Nonpolar
30llm PDMS Absorbent Nonpolar
100[lm PDMS Absorbent Nonpolar
85|Lm Polyacrylate (PA) Absorbent Polar
65 lm PDMS-DVB, StableFlex™ Adsorbent Bipolar
65lm CW-DVB, StableFlex Adsorbent Polar
85lm Carboxen-PDMS, StableFlex Adsorbent Bipolar
55Um/30 lm DVB/Carboxen™-PDMS, Adsorbent Bipolar

StableFlex

2.3.8 lvhwos Polydimethylsiloxane/Divinylbenzene (PDMS/DVB)

Ivlos PDMS/DVB vzgnindoudIuneaes Polydimethylsiloxane 3 Ingsad1anagl
dl. = n = 4\ = 9/ [ = a3 o A ' a o
N 2.7 uagl cross-link A9 Divinylbenzene Niﬂﬁ&ﬂiﬁmgﬂ“ﬂ 2.8 I UANTONTZHINWOAUDS

Polydimethylsiloxane isiaz e Tavamauiaves lWes PDMS/DVB uaasliluaisai 2.6

A 18 e
CH;-?i—O— —?i——O-——- -—-?i—-—CH3
CH; CH; CH;

- —n

5u2.7 Tnssa$raves PDMS

(http://en.wikipedia.org/wiki/Polydimethylsiloxane)
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51Un2.8 In59a519v03 DVB

(http://en.wikipedia.org/wiki/Divinylbenzene)

13199 2.6 auiinuaa PDMS/DVB

(http://www.sigmaaldrich.com/catalog/product/supelco/57310u?lang=en&region=TH)

material fused silica

needle size 24 ga

fiber length 1 cm

thickness film 65 Mm

compatibility volatiles, amines, and nitroaromatic
compounds (MW 50-300)

2.3.9 ulﬂm@% Carboxen/polydimethylsiloxane

=

o \ 3 o . v o @
Tvwes Carboxen/polydimethylsiloxane UsgnoudaeasueuinFesaanuluanyus

=

= 1 Y = o [
AZUANTITUNTT Carboxen tN1EAUINAWOALNDS Polydimethylsiloxane A931/N 2.9 uag

AMTUUAN AN 2.7

EEMS phats Carboxen™ particles (2-10pm)

Fused Silica Rod

Analytes can migrate between
layers-increased capacity

519 2.9 dnwalWiues Carboxen/PDMS

a

(www.sigmaaldrich.com/content/dam/.../10942.pdf)
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A15197 2.7 anTAUad Carboxen/PDMS

(http://www.sigmaaldrich.com/catalog/product/supelco/57318?lang=en&region=)

material fused silica

needle size 24 ga

fiber Length 1 em

thickness film 75 Mm

compatibility Gases, low molecular weight compounds
(MW 30-225)
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nseaunalasininnsivl-usaanlnsiimes (GC-MS) (HT5uTA LAz, 2550)

a d
WINULABT

annie
Gas Chromatograph Agilent Technologies 'éu 6890N
Column HP-1 coating 100% Dimethylpolysiloxane,30m x0.25m x0.25

Time

Temperature Program

He carrier gas

Mass Spectrometer
Detector

Mode

Mass Rang / Scan Speed
Transfer Line Temperature
Filament / Multiplier Delay

Detector Temperature

pwm film thickness

40 minutes

Injector temperature : 230 °C
Oven temperature : 50 °C (initial temperature),

holding at 50 °C for 8 mins,to 160 °C rate 4 °C/min,
holding at 160 °C for 1 min

Flow rate 1 mL/min (99.999 % purity) (Praxair CO.,Ltd.)

Agilent Technologies JU 5973N
EI mode
30 - 500 amu/ 3.12 sec.

180 °C

160°C
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4.1.1 ¥hauaduldl

pnnsAnE i dEe 19 Tas 19 W83 Carboxen/PDMS HuT151 520U UBA
$1u9u 10 ¥iia uagld Wwes PDMS/DVB numslsznevuiiueasiuay 14 wiia Feanui
Phenol SJ’lﬂ‘?‘lf:J A 599041IAD 2-methoxyphenol, 2-methoxy-4-methylphenol {6¢ 4-ethyl-2-
methoxyphenol a1 ngwuiwmiﬁﬂ9ﬂmﬁmﬂu"lﬂmuﬂg “like dissolve like” Lﬁmmﬂ

v ad o & 2

v o ~ ] o de o a
ADANU GC Tlcl,‘h'ﬂ@ HP-1 Gﬁaaﬂuﬂaawﬂwm ﬂ\iuu’d"l‘iij‘i$ﬂEJ‘J_I1’11J‘1l’J‘JJ'Iﬂﬁ]$QﬂLLUﬂ?J@ﬂN']
9 F
S L% %

' 2 { = o w = {
nou ‘ﬂ'lﬂuuﬁ"l'iﬁuﬁll'lﬁﬂﬂﬁﬂﬂ‘ﬂ$gﬂuﬂﬂﬂE)ﬂiJ'Iﬂ’liJﬁ"lﬂﬁJﬂT]iJfﬁn TN 4.1 LLﬁZﬁ’lﬁNﬁ

4.2

9191 4.1 ¥Havesasdszneviusannuluihduaiuliae1¥ 1Wiwes Carboxen/PDMS

aay %’e)m‘a‘ Retention Time (min) %o of total
1 Phenol 6.027 36.719
2 2-methylphenol 7.084 2.299
3 2-methoxyphenol 7.597 13.496

4 2,4-dimethylphenol 8.778 0.898
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A #BE’H‘S Retention Time (min) % of total
5 2-methoxy-3-methylphenol 9.237 0.684
6 2-methoxy-4-methylphenol 9.485 4.482
7 4-ethyl-2-methoxyphenol 11.007 3.696
8 2,6-dimethoxphenol 12.016 1.963
9 2-methoxy-4-(2-propenyl)phenol 12.280 0.264
10 2-methoxy-4-propylphenol 12.490 0.500

M3197 4.2 shavesmsiszneviueannulinhdua ililaali lwies PDMS/DVB

aau %ms Retention Time (min) % of total
1 Phenol 6.425 28.025
2 2-methyl phenol 7.108 1.330
3 2-methylphenol 7.229 2.049
4 2-methoxyphenol 7.784 17.106
5 2,6-dimethylphenol 8.030 0.437
6 2,6-dimethylphenol 8.087 0.590
7 3,5-dimethylphenol 8.968 2.623
8 2-ethylphenol 9.298 1.910
9 2-methoxy-4-methylphenol 9.681 11.108
10 4-ethyl-2-methoxyphenol 11.207 12.248
11 2,6-dimethoxyphenol 12.149 2.616
12 2-methoxy-4-(2-propenyl) phenol 12.376 1.237
13 2-methoxy-4-ethyl-6-methylphenol 12.475 0.491
14 2-methoxy-4-propylphenol 12.596 3.220
15 2-methoxy-4-(1-propenyl)phenol 13.139 0.158
16 2,6-Dimethyl-4-propylphenol 16.202 0.165
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4.1.2 ATUDINM SO
= Y 1 Y 4 o
1AM IAAE1AIuInN1sH e 18 Tae g 1wiues Carboxen/PDMS taz lvliues

= o 1 s IS lé U dr

PDMS/DVB Wua135152nauiuaasiuiminuie 16 ¥Ha IWUI1 3 Phenol  UINAAEA
50909010 2-methoxyphenol, 2-methoxy-4-methylphenol LR & 4-ethyl-2-methoxyphenol
o @ 1 ~ =] . . . A @ o a
ey uazwuNasnesnuzIziiuliaiung “like dissolve like” 1119491NABANI GC A

& = y o ¥ 2 '

Y 5 3 Ay : b
T80 HP-1 Fuiluaeawin lifiva asiuarsdszneunfivaninizgnuenoenuiney 1101y

a}—rs} 3’, -7

. ) o . .
215 NNVITDEAINILYIUINDBNNIMUAIAUANNTVI AINITIN 4.3 AT NN 4.4

M990 4.3 sHavesmsiszneuuealuauainmswnaulasglilviues Carboxen/PDMS

CRlgET %ﬂﬁﬁ Retention Time (min) % of total
1 Phenol 6.128 28.000
2 2-methylphenol 75122 2.695
3 2-methoxyphenol 7.605 12.404
4 2,6-dimethylphenol 7.973 0.221
5 2-ethylphenol 8.615 0.508
6 2 4-dimethylphenol 8.804 0.747
7 3-ethylphenol 9.128 0.528
8 2-methoxy-3-methylphenol 9.248 0.693
9 2-methoxy-4-methylphenol 9.514 4.869
10 3.4,5-trimethylphenol 10.349 0,152
11 4-¢thyl-2-methoxyphenol 10.706 0.193
12 4-ethenyl-2-methoxyphenol 11537 0.537
13 2,6-dimethoxyphenol 12.034 0.221
14 2-methoxy-4-(2-propenyl) phenol 12.296 0.410
15 2-methoxy-4-propylphenol 12.505 0.782
16 2-methoxy-4-propylphenol 12.577 0.058
17 2-methoxy-4-(1-propenyl)phenol 13.097 0.267

18 2-methoxy-4-(1-propenyl)phenol 13.754 1.105
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A
¥OAT

Retention Time (min)

% of total

2,6-Dimethyl-4-(2-propyl)phenol

17.697

0.213

T = 1 o d
A13197 4.4 ¥HavesasiszneviueanwuluaTuanmswanlagld lvliues PDMS/DVB

a1y “T; 2813 Retention Time (min) % of total
1 Phenol 5.901 12.547
2 3-methylphenol 7.138 3.967
3 2-methoxyphenol 7.681 10.013
4 2,4-dimethylphenol 8.831 1.675
5 2-methoxy-3-methylphenol 9.271 2.438
6 2-methoxy-4-methylphenol 9.598 6.783
7) 2-ethyl-5-methylphenol 10.406 0.450
8 2,4.,6-trimethoxyphenol 10.809 0.922
9 4-ethyl-2-methoxyphenol 11.146 10.597
10 2-methoxy-4-vinylphenol 11.602 1.685
11 2,6-dimethoxyphenol 12.103 1.990
12 2-methoxy-4-(2-propenylphenol 12.365 1.935
13 . 2-methoxy-4-ethyl-6-methylphenol 12.464 0.826
14 2-methoxy-4-propylphenol 12.649 0.346
15 2-methoxy-4-(1-propenyl)phenol 13.154 1.434
16 2-methoxy-4-(1-propenyl)phenol 13.853 1.237
17 1,1-dimethyl-4-methoxyphenol 13.602 0.547
18 2,6-Dimethyl-4-(2-propyl) phenol 17.717 0.319
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~ i = =Y ?,‘ [y s =
110317 4.1 wunmsinsgdasdszneviluealuihduniuld Taoldlweswiia
= o 1 d a
Carboxen/PDMS @1130n5 130 e15Usznouuealddnii uaz Iliwoiviia PDMS/DVB

= o =Y 4 1 L7 {
s nEnaslszneuiueariiaduldaani aaanalunisan 4.5

M3197 4.5 msdszneviluealhdna T lilaegldlWiues Carboxen/PDMS fiu

PDMS/DVB
% msilszneuiluea
msilszneuiluoa
Carboxen/PDMS (%) PDMS/DVB (%)
Phenol 36.719 28.025
2-methylphenol 2:299 1.330
2-methylphenol - 2.049
2-methoxyphenol 13.496 17.106
2,4-dimethoxyphenol 0.898
2,6-dimethylphenol € 0.437
2,6-dimethylphenol z 0.590
3.,5-dimethylphenol < 2.623
2-ethylphenol 7 1.910
2-methoxy-3-methylphenol 0.684 ;
2-methoxy-4-methylphenol 4.482 11.108
4-ethyl-2-methoxyphenol 3.696 12.248
2,6-dimethoxyphenol 1.963 2.616
2-methoxy-4-(2-propenyl) phenol 0.264 1.237
2-methoxy-4-ethyl-6-methylphenol = 0.491
2-methoxy-4-propylphenol 0.500 3.220
2-methoxy-4-(1-propenyl) phenol - 0.158

2,6-Dimethyl-4-propylphenol 5 0.165
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M3199 4.6 a1sdsznevuealuaiuainmsiwaiulaaldllives Carboxen/PDMS  Hu

PDMS/DVB
% msilszneviluea
msdsynevilues
Carboxen/PDMS (%)  PDMS/DVB (%)
Phenol 28.000 12.547
2-methylphenol 2.695 2
3-methylphenol = 3.967
2-methoxyphenol 12.404 10.013
2,6-dimethylphenol 0.221 -
2-ethylphenol 0.508 -
2,4-dimethylphenol 0.747 1.675
3-ethylphenol 0.528 C
2-methoxy-3-methylphenol 0.693 2.438
2-methoxy-4-methylphenol 4.869 6.783
3.,4,5-trimethylphenol 0.152 2
2-ethyl-5-methylphenol . 0.450
2,4,6-trimethoxyphenol B 0.922
4-ethyl-2-methoxyphenol 0.193 10.597
4-ethenyl-2-methoxyphenol 0.537 §
2-methoxy-4-vinylphenol = 1.685
2,6-dimethoxyphenol 0.221 1.990
2-methoxy-4-(2-propenyl)phenol 0.410 1.935
2-methoxy-4-ethyl-6-methylphenol - 0.826
2-methoxy-4-propylphenol 0.782 0.346
2-methoxy-4-propylphenol 0.058 -
2-methoxy-4-(1-propenyl)phenol 0.267 1.434
2-methoxy-4-(1-propenyl)phenol 1.105 1.237
1,1-dimethyl-4-methoxyphenol - 0.547

2,6-Dimethyl-4-(2-propyl)phenol 0.213 0.319
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Type of fibers
No. of Peak PDMS/DVB Carboxen / PDMS
Name % of total Name % Of total
1 Acetic acid 7.51% Acetic acid 31.46%
2 Oxime- methoxy-phenyl 1.20% 2(3H)-Furanone 0.56%
3 Phenol 28.03% Thieno[2,3-b]pyridine 0.33%
4 2-methylphenol 1.34% Phenol 36.72%
5 2-methylphenol 2.05% 2-Cyclopenten-1-one 0.35%
6 2-methoxyphenol 17.11% 2-methylphenol 2.30%
7 2,6-dimethylphenol 0.44% 2-methoxyphenol 13.50%
8 2,6-dimethylphenol 0.59% 2-Cyclopenten-1-one 0.15%
9 3,5-Dimethylphenol 2.62% 2,4-dimethylphenol 0.90%
10 2-ethylphenol 1.91% 2-methoxy-3-methylphenol 0.68%
11 2-methoxy-4-methyl-phenol 11.11% 2-methoxy-4-methylphenol 4.48%
12 3,4-Dimethoxytoluene 1.69% 2,3-Dimethoxytoluene 0.36%
13 4-ethyl-2-methoxyphenol 12.25% 4-ethyl-2-methoxyphenol 3.70%
14 Benzene, 4-ethyl-1,2-dimethoxy 0.46% 2,6-dimethoxyphenol 1.96%

1474
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Type of fibers
No. of Peak PDMS /DVB Carboxen / PDMS
Name % of total Name % Of total
15 4,7,7-Trimethylbicyclo[3.3.0]octan-2-one 0.54% 2-methoxy-4-(2-propeny!)phenol 0.26%
16 2,6-dimethoxyphenol 2.62% Benzoic Acid, 4-methoxy 0.59%
17 2-methoxy-4-(2-propenyl)phenol 1.24% 2-methoxy-4-propylphenol 0.50%
18 2-methoxy-4-ethyl-6-methylphenol 0.49% 4-methoxy-2,2,5-trimethycyclopent-4-ene-1,3-dione 0.53%
19 2-methoxy-4-propyl —phenol 3.22% 2,3,5-Tﬁmelho¥ytoluene 0.40%
20 2-methoxy-4-propyl —phenol 0.25% (38)-2-chloro-1-phenyl- 1-penten-3-ol 0.11%
21 Benzene, 1,2,3-trimethoxy-5-methyl 0.32% Dibutyl Phthalate 0.06%
22 2-methoxy-4-(1-propenyl)phenol 0.16% Phytol 0.10%
23 3-Hydroxy-4-methoxybenzoic acid 0.89%
24 2.4.6(1H,3H,5H)Pyrimidinetrione 0.24%
25 2,3,5-Trimethoxytoluene 0.60%
26 Morpholine-4-carbaldehyde 0.12%
27 Diethyl Phthalate 0.38%
28 2,6-Dimethyl-4-propylphenol 0.17%
29 6-Methoxy-3-methyl -1,2,3,4-tetrahydro 0.17%
30 Silicate anion tetramer 0.08%
31 2-Methoxyphenyllactic acid 0.08%
32 Octadecanal 0.05%
33 4H-Pyran-4-one 0.11%

[4%
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Type of fibers
No. of Peak PDMS /DVB Carboxen/DVB
Name % of total Name % Of total
1 Acetic acid 1.88% Acetic acid 1.97%
2 2-Furancarboxaldehyde 8.95% 2-Furancarboxaldehye 15.45%
3 Phenol 12.5475 Cyclopentane, 1,2-dimethyl-3-methylene 1.86%
4 2.3.4-Trimethylfuran 0.90% Oxime-, methoxy-phenyl 1.59%
5 3-methylphenol 3.97% Phenol 28.00%
6 2-methoxyphenol 10.01% 2-Cyclopenten-1-one, 2-hydroxy-3-methyl 0.66%
7 2,4-dimethylphenol 1.68% 2-methylphenol 2.70%
8 2-methoxy-3-methylphenol 2.44% 2methoxyphenol 12.40%
9 2-methoxy-4-methylphenol 6.78% 2,3-dimethyl-4-azaphenanthrene 0.48%
10 3,4-Dimethoxytoluene 1.44% 2,6-dimethylphenol 0.22%
11 2-ethyl-5-methylphenol 0.45% 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy 0.09%
12 2,4,6-trimethylphenol 0.92% 2-ethylphenol 0.51%
13 4-ethyl-2-methoxyphenol 10.60% 2,4-dimethylphenol 0.75%
14 2-Undecanone 1.17% 3-ethylphenol 0.53%
15 2-Methoxy-4-vinyphenol 1.69% 2-methoxy-3-methylphenol 0.69%
16 Benzene, 4-ethyl-1,2-dimethoxy 0.76% 2-Methoxy-4-methyl-phenol 4.87%
17 4,7,7-Trimethylbicyclo[3,3,0]octan-2-one 0.51% 3,4-Dimethoxytoluene 0.41%

3%
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Type of fibers
No. of Peak PDMS /DVB Carboxen / DVB
Name % of total Name % Of total
18 2,6-dimethoxyphenol 1.99% 3.4.5-trimethylphenol 0.15%
19 2-methoxy-4-(2-prppenyl)phenol 1.94% 4-ethyl-2-methoxyphenol 0.19%
20 2-methoxy-4-ethyl-6-methylphenol 0.83% Benzene ethanol, 2-methoxy 4.43%
21 4,5,6,7,8,9-hexahydrocyclooctalc]furan-1(3H)-one 5.60% 16-oxosalutaridine 0.13%
22 2-Methoxy-4-propylphenol 0.35% 2-Undecanone 0.24%
23 Biphenyl 0.45% 2-Methoxy-4-vinylphenol 0.54%
24 Benzene, 1,2,3-trimethoxy-5-methyl 0.48% Benzene, 4-ethyl-1,2-dimethoxy 0.12%
25 2-methoxy-4-(1-propenyl)phenol 1.43% 2.4-Dihydroxy-3-methylacetophenone 0.11%
26 (1,1-dimethylethyl)-4-methoxyphenol 0.55% 2,6-dimethoxyphenol 2.36%
27 Benzene, 1,2,3-trimethoxy 1.24% Eugenol 0.41%
28 2-methoxy-4-(1-propenyl)phenol 4.25% Benzoic acid 0.72%
29 Benzene, 2-(2-methoxy-1-propenyl)-1,4-dimethyl 0.49% 2-methoxy-4-propylphenol 0.78%
30 Furan, 2,5-dibutyl 0.56% 2-methoxy-4-propylphenol 0.06%
31 Dodecanenitrile 0.64% 4-Hydroxy-2-methoxybenaldehye 0.25%
32 2-Tridecanone 0.55% Decanoic acid 0.17%
33 Dibenzofuran 1.00% Benzene, 1,2,3-trimethoxy-5-methyl 0.12%

1’44
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Mass spectrometer components
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4.) Detector
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