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Theoretical Analysis of Transport in
Porous Media

Miche! Quintard
CNAS. Toubuse. France

Stephen Whitaker
Univarsity of CaVormes, Davie, Callomis

In this study of transport in porous media, we consider the system illustrated
in Figure | whese the a-phn reprssents u nigd, -nlwmbk solid phase
and the Sphase rep aN fuid. The wod i thin
presentation dffers from that employed in other chapters im Ihis volume
wbtn the uum. s denoted by & subscript » and the ffiwid phase by a
/. Pet profer 1o devig: Bunds using either w or »
dqmnq oo whether "‘7 are wetting of men-werting, wnd chemical engi-
neers favor g or ¢ depending on whether the fluid is & gas or & Nguid. In oer
case, we prefer & discine free nomenclature in which Greek subscripts are
w40 hentify disier regions v gaace I this chapier, we are concerned
with only two Sistingt regions in space and we refer 10 them as the a-phase
and the fhphase, as mncheated in Figuee 1. This type of nomenclature carrles
over quite conveniently 10 hierarchical porous media (Cushasaa, 1990, 1997)
where ome must identfy ariowr regions b addition 10 the severad phases that
enist in those reglons. One often thisks of hiensrchical porous media as
prolopeal i ongis and therefore a spevsil case; however, (he typical pached
bed catalytic reactor (Whitaker, 19%9) is hiermrchical is sature and trassport
processes most be examuned in both plevs snd repions
In this treatment of heat tramafer In poross media, coupling between
the porn under 5 will be ignored. There are many

'
of In Porous Media -

Vi. CONCLUSIONS

In this chapter we have examined the smple process of conveutive heat
tranafer (n & porows madium whem there v i homogensous thermal source
in the wolid phase and » heserogencous thermal sowrce at the fluid solid
interfnce. Meat transfer processes of this type are oflen voupled 1o mas
trnmafer processes; however, the coupling has sol been explored 0 this
study. The condition of local thermal equilibeium i investygnted and con-
Virwints associased with (s conditinn are grvem When local thenmal equil
brium evits, 1he energy tansport process can be described by & one
model » sagle p . Uhe total ihermal disperson
mum When locul (ermal equibrvem does nod exisl. 1he tramspor process
must be describod by u two-equation model. The details of s moded have
been p d. 1o add 10 the four ofi d and disp
tensors and the vob heat trunafer coefi one s requires infor

mation about 1he of the b 3 thermal sourse betweon
the two phases (his s nlﬂu——l by u closure problem that allows cee 1o
calosdate 1he o Both the o model and the
Iwosequation madel have mn compured with experimenial resulia, sl

bly good ap “ 4 in Dol cuses.
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NOMENCLATURE
Lotters

fau Vo imerfacial wrem por wit volume, m
oo of Ahe B o verface comtained withom the mniire macroseosic 1eeon.
w
Aop, wien oF 1he B0 interlace contmmed within the aversging volume, m'
veutor Nkl that maps V170" onte T m
vector Bkl St maps V(7,)" ontn ? -
"
"

vector fhekd Ol maps V(70" oot
vector flebd thal mape V(70" euta 7,
et fledd that maps V(T omte om0

i £ 44 £ 24 I

. wecror feld that maps 97 suin 15, m

[ Phase gromwiry lemew

L\ wonslant prossure Deat capaciry in the wphase e = Al Lig K
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This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.

Total Publications na h-index o Sum of Times Cited o Citing articles o
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II I I Average citations per item 1 Wilhuutselfcitations\l Without self citations
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2001 2020 7.1 ~ 134 // 127 Analyze
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InCites  Journal Citation Reports ~ Essential Science Indicators ~ EndNote  Publons ~ Kopemnio  Master Journal List Signin v Help v English w
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or restrict to items published between' 2015 % | and | 2020 w Go
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Mixed Micelle-mediated Cloud Point Extraction Coupled to Spectrophotometry for Fast Screening of Salbutamolin
Wastewater, Pig Feed and Pork Samples

By: Vichapong, Jitlada; iyakit, : Rodjana; etal.
CHIANG MAI JOURNAL OF SCIENCE Volume: 47 Issue:3 Pages: 542-553 Published: MAY 2020

An Alternative Spectrophotometric Determination of Carbaryl Insecticide Residues in Water Samples Using the Cerium-

Catalyzed Belousov-Zhabotinsky Oscillating Reaction

0 0 0 0 0 0.00
By: Somboon, Titikan; Santaladchaiyakit, Yanawath; Sansuk, Sira; et al.
JOURNAL OF THE BRAZILIAN CHEMICAL SOCIETY Volume:31 Issue:5 Pages:963-970 Published: MAY 2020

Cloud-point extraction coupled to in-situ metathesis reaction of deep eutectic solvents for preconcentration and liquid
chromatographic analysis of neonicotinoid insecticide residues in water, soil and urine samples

By: Kachangoon, Rawikan; Vichapong, Jitlada; Santaladchaiyakit, Yanawath; et al.
MICROCHEMICAL JOURNAL Volume: 152  Article Number: 104377 Published: JAN 2020

beta-Cyclodextrin Assisted Liquid-Liquid -action Based on S of the Floating Organic Droplets Method
for Determination of Neonicotinoid Residues
0 0 0 0 0 0.00
By: Vichapong, Jitlada; Moyakao, Khwankaew; Kachangoon, Rawikan; et al.
MOLECULES Volume:24 lIssue:21  Article Number: 3954 Published: NOV2019

Modified Vortex-Assisted Surfactant-Enhanced Emulsification Microextraction Using Methyl Benzoate for the

Preconcentration of Fungicides in Fruit Juice Samples and Determination by High-Performance Liquid Chromatography

0.00
By: | iiyakit, Yanawath; Sadchaiyaphum, Jittaya; Phannorit, Nusara; et al.

JOURNAL OF ANALYTICAL CHEMISTRY Volume: 74 Issue: 10 Pages: 1027-1034 Published: OCT 2019

Magnetic Stirring Assisted Demulsification Dispersive Liquid-Liquid Microextraction for Preconcentration of Polycyclic
Aromatic Hydrocarbons in Grilled Pork Samples

By: Vichapong, Jitlada; iyakit, Yanawath; Rodjana; etal.
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(@) AuUMlagidanyl Authors 3MnNTUNTONUBYLA Last name kag First name A1nHuAGNLEDN
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- O & https;//www.scopus.com

)+l ACD [ RSC Advances

Web of Science [5.. § RMUTIWorkdoad Ev... & Rmuti ESS

[ Home

0

el

Scopus Search  Sources Lists Scival » @ A E Signin
Author Sea rCh Compare sources
p >
Documents (@) Authors Affiliations  Advanced

Search tips (®

Author last name Author first name

Santaladchaiyakit Yanawath
e.g. Smith eg )L
Affiliation

[ Show exact matches only
e.g. University of Toronto

[ ORCID

e.g 1111-2227-3333-444x

(%

(o) Toyanuidenuuadildanng udeyailudail

O Aa

https.//www.scopus.com,

= ACID M RSC Advances Web of Science [v.5..  § RMUTIWorldoad Ev... & RmutiESS

[ Home

[0 Show exact matches only

Sort on: Document count (high-low)

Refine results

E All o Show documents  View citation overview  Request to merge authors
o Author Documents h-index @  Affiliation City Country/Territory
Affiliation ~
D Khon Kaen @ E 1 Santaladchaiyakit, 37 14 Rajamangala Nakornratchasima Thailand
Universit > Yanawath University of
niversity Santaladchalyakit, Y. Technology Isan
[ Rajamangala (1) >
University of View last title
Technology Isan
[]Rajamangala (1 > - 1
University of Display: results per page = A Top of page
Technology
Krungthep
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Wl (Life-time citation) Wag H-index TIu7938az1880RY 9 Aegy

) 8 https//www.scopus.com

« ACID [ RSCAdvances Web of Science [v.5.. & RMUTIWorkload Ev... & Rmuti ESS D Home

¢ Return to search results 1of1

Santaladchaiyakit, Yanawath Profile actions

View potential author matches

Author |D: 37122807500 (D 5 Edit author profile
Affiliation(s): © %) Connect to ORCID @
Rajamangala University of Technology Isan, Nakornratchasima, Thailand  View more ~

L Alerts

Other name formats: Santaladchaiyakit, Y. Set citation alert

. Set document alert
Subject area: (Chemistry) (Biochemistw, Genetics and Molecular Biu\ugy) (Pharmacology, Toxicology and Pharmaceuh‘:s)
(Chemica\ Engineering)(Engineering) (Agritu\tura\ and Biological Sc\'ences) (Sncia\ Sc\'ence;)(Medicine) (@ Learn more about Scopus Profiles
F
View all v
Documents by author Total citations h-index: @ . .
4 e Yanawath Santaladchaiyakit
37 520 by 411 documents 14 A
Analyze author output View citation overview View h-graph 37 Documents

View Mendeley profile 21

Document and 6 86
citation trends: I I

U HUAIARIINA T IUNEY el 1509 waglasun13enedeniniavundiuig deo
AT1 §MFUAN H-index YBlAI8l WU oc
(@378 b 6 UFBNNTI View citation overview AUAAINARIFUTEN FaaunsalaonyIsim

YIN15AULe WU 2015 89 2020

This is an overview of citations for this author. Author h-index: 12 View h-graph ®

37 Cited Documents from"Santaladchaiyakit, Yanawath" 4 addto st
Author 1D:37122807500

Date range: 2010 to 2020 [m] Exclude self citations of selected Exclude self citations of all Exclude citations from

1977 N author authors books
1976
00
1975
1974
1973
1972
1971

1970
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[ =) AcD [ RSCAdvances Web of Science [v.5.. & RMUTI Workload Ev... [ Home
Page

Documents Citations <2015 2015 2016 2017 2018 2019 2020 Subtotal 2020  Total
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D 1 An eco-friendly hydrophobic deep eutectic solvent-based disp... 2020 0 0
[J2  Mixed micelle-mediated cloud point extraction coupled to spe... 2020 1 1 1
D 3 Cloud-point extraction coupled to in-situ metathesis reactio... 2020 3 3 3
D 4 Modified Vortex-assisted Surfactant-enhanced Emulsification ... 2019 0 0
D 5 B-Cyclodextrin assisted liquid-liquid microextraction based ... 2019 0 0
D 6 Magnetic stirring assisted demulsification dispersive liquid... 2019 4 4 4
D 7 Ultrasonically modified amended-cloud point extraction for s... 2018 1 1 2 4 4
D 8 Preconcentration of trace neonicotinoid insecticide residues... 2018 1 6 2 9 9
[J®  Theuseof dissolvable layered double hydroxide components i... 2017 4 2 5 1 11
D 10 Cationic micellar precipitation for simultaneous preconcentr... 2017 1 1 1
I:l 11 Methyl salicylate-based vortex-assisted surfactant-enhanced ... 2017 1 1 2 2
D 12 Development of supramolecular solvent based microextraction ... 2017 5 9 14 14
D 13 lonic liquid-assisted liquid-liquid microextraction based on... 2017 2 1 3 3
D 14 Ultrasound-Assisted surfactant-enhanced emulsification micro... 2017 1 2 1 4 4
D 15 Apreconcentration method for analysis of neonicotinoids in ... 2016 1 6 2 2 11 11
D 16  Preconcentration and Simultaneous Determination of Heterocyc... 2016 2 4 3 2 4 15 15
[ Methyl salicylate: An alternative extraction solvent for dis... 2015 2 2 2
D 18  Determination of benzimidazole anthelmintics using HPLC afte... 2015 2 3 3 2 2 12 12
D 19 Vortex-assisted low density solvent liquid-liquid microexira... 2015 8 5 13 13 7 8 54 54
[J20 Determination of Benzimidazole Anthelminthics in Eggs by Adv.. 2015 2 2 1 1 6 6
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n56if o Life Time Citations

Web of Science 12 Clarivate

Search Tools v Searchesandalerts v Search History Marked List

Citation report for 36 results from Web of Science Core Collection between 2001 v and 2020 v  Go
You searched for: Article Group for: Santaladchalyakit, Yanawath ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.

Author# 1 BportDats: | SavetoBxcelfile v | 3%
Total Publications - h-index [i] Sum of Times Cited [ ] Citing articles Li ]
36 e 12 466 375 s

lIIIIlll“ Average citations per item Without self citations Without self citations
2001 2020 12.94 415 350  analyze
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Web of Science 13 Clarivate

Search Tools v Searchesandalerts v Search History Marked List

Citation report for 28 results from Web of Sci Core Collection b 2001 w and 2020 v Go
You searched for: Article Group for: Vichapong, Jitlada ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.

Author # 2

SavetobxcelFile v | 3F

Total Publications 4o hrindex o Sum of Times Cited 0o Citing articles (i}

28 sy i § 405 345 e

Average citations Item Without self citations Without self citations
.|.|.|III|| g i
2020 14.46 370 325  analyze
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Web of Science 13 Clarivate

Search Tools » Searchesand alerts »  Search History  Marked List

Citation report for 67 results from Web of Science Core Collection between 2001 v and 2020 v Go
You searched for: Article Group for: Burakham, Rodjana ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.

Author # 3
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xportData: | SavetobxcelFile v | 3%

Total Publications Lo h-index (i} Sum of Times Cited (i) Citing articles (i ]

67 Analyze 21 1,175 976 Analyze

Average citations per item Without self citations Without self citations

17.54 1,081 934  analyze

Web of Science G Clarivate

Search Tools v Searchesandalerts v Search History Marked List

Citation report for 113 results from Web of Science Core Collection between 2001 v and 2020 v  Go
You searched for: Article Group for: Srijaranai, Supalax ...More
This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.
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Web of Science 13 Clarivate

Search Tools v Searchesand alerts v Search History Marked List

Citation report for 20 results from Web of Sci: Core Collection b 2015 w and 2020 v | Go

You searched for: Article Group for: Santaladchalyakit, Yanawath ...More

This report reflects citations 1o source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.
sportDatx: | SavetoExcelfile v 3%

Total Publications < h-index (i) Sum of Times Cited [i] Citing articles (i ]
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Illlll Average citations per item Without self citations Without self citations
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Author # 1 Total = 20 papers, Cited = 17 papers
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Citation report for 21 results from Web of Science Core Collection between 2015 v and 2020 v Go
You searched for: Article Group for: Vichapong, Jitlada ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.
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21 e 9 151 130 i

II“" Average citations per item Without self citations Without self citations
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Author # 2 Total = 21 papers, Cited = 19 papers
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Citation report for 28 results from Web of Science Core Collection between 2015 v and 2020 v  Go

You searched for: Article Group for: Burakham, Rodjana ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.
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Citation report for 52 results from Web of Sci Core Collection bety 2015 w and| 2020 ¥ | Go

You searched for: Article Group for: Srijaranai, Supalax ...More

This report reflects citations to source items indexed within Web of Science Core Collection. Perform a Cited Reference Search to include citations to items not indexed within Web of Science Core Collection.
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(A) (B) H-Index | papers papers citations

(@) (D) (E) (F)
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Research Proposal

TRF Grant for New Researcher
Part 1 (Limited to one A4 page)
Project title
Project duration
Total budget
Principal investigator / Department / Faculty / Institute
Abstract
Keywords (3-5 words)
Research area / Sub area of this project (eg. “Biotechnology”/“Computational Molecular

Biology”, "Physics”/“Particle Physics", “Computer Science”/ “Artificial Intelligence”)

Part 2 Proposal
1. Project title
2. Principal investigator
2.1 Name / Age
2.2 Position (Lecturer/Researcher) / Academic position / Salary
2.3 Education
2.4 Department / Faculty / Institute / Address
2.5 Telephone
2.6 Weekly hours intended to spend on this project
3. Mentor
3.1 Name
3.2 Academic position
3.3 Institute / Address
3.4 Academic field of specialty

3.5 Examples of recent research outputs (Since 2008)

4, Introduction to the research problem and its significance
5. Literature review

6. Objectives

7 Methodology

8.

Scope of research

e
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9. Equipment needed for the project
10. Project duration
11. Schedule for the entire project and expected outputs
12. Budget details
Total budget cannot exceed 480,000.00 Baht for 2 years.
Please show the budget detail according to the following categories:
12.1 Honorarium
12.2 Materials e.g. chemical reagent, office material, etc.
12.3 Other expenses
Normally, equipment is not supported by this type of grant, except for some cases
where
some specific equipment is absolutely necessary for the project, which will be
considered
by TRF on a case-by-case basis.
13, Expected benefits
14, Connections with other experts within and outside Thailand
15.  Will this proposal or related proposal be submitted within the next six months
or has it been submitted to other funding agency/source?
O no
O vYes, please give the name of the funding agency, name of the project and status
of
submission.
16. The projects that the principal investigator is currently carrying out
16.1  Project title:
Project duration _ years from to
Research funding institute
Budget
Role of principal investigator in this project O principal investigator
O other (please specify)
Weekly hours spent on this project hours/week
16.2  Project title:
Project duration _ years from to

Research funding institute

®Do
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Budget

Role of principal investigator in this project O principal investigator
O other (please specify)

Weekly hours spent on this project hours/week

| hereby certify that all the information above is true and | accept that TRF’s decision is

final.

Signature (Principal investigator)
( )
Date
Signature (Mentor)
( )
Date
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Research Proposal

TRF Grant for New Researcher
Part 1 (Limited to one A4 page)
Project title
Project duration
Total budget
Principal investigator / Department / Faculty / Institute
Abstract
Keywords (3-5 words)
Research area / Sub area of this project (eg. “Biotechnology”/“Computational Molecular

Biology”, "Physics”/“Particle Physics", “Computer Science”/ “Artificial Intelligence”)

Part 2 Proposal
1. Project title
2. Principal investigator
2.1 Name / Age
2.2 Position (Lecturer/Researcher) / Academic position / Salary
2.3 Education
2.4 Department / Faculty / Institute / Address
2.5 Telephone
2.6 Weekly hours intended to spend on this project
3. Mentor
3.1 Name
3.2 Academic position
3.3 Institute / Address
3.4 Academic field of specialty

3.5 Examples of recent research outputs (Since 2008)

4, Introduction to the research problem and its significance
5. Literature review

6. Objectives

7 Methodology

8.

Scope of research

@D




uK1Inoaginalulagsisuvnadaiu
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9. Equipment needed for the project
10. Project duration
11. Schedule for the entire project and expected outputs
12. Budget details
Total budget cannot exceed 480,000.00 Baht for 2 years.
Please show the budget detail according to the following categories:
12.1 Honorarium
12.2 Materials e.g. chemical reagent, office material, etc.
12.3 Other expenses
Normally, equipment is not supported by this type of grant, except for some cases
where
some specific equipment is absolutely necessary for the project, which will be
considered
by TRF on a case-by-case basis.
13, Expected benefits
14, Connections with other experts within and outside Thailand
15.  Will this proposal or related proposal be submitted within the next six months
or has it been submitted to other funding agency/source?
O no
O vYes, please give the name of the funding agency, name of the project and status
of
submission.
16. The projects that the principal investigator is currently carrying out
16.1  Project title:
Project duration _ years from to
Research funding institute
Budget
Role of principal investigator in this project O principal investigator
O other (please specify)
Weekly hours spent on this project hours/week
16.2  Project title:
Project duration _ years from to

Research funding institute
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Budget

Role of principal investigator in this project O principal investigator
O other (please specify)

Weekly hours spent on this project hours/week

| hereby certify that all the information above is true and | accept that TRF’s decision is

final.

Signature (Principal investigator)
( )
Date
Signature (Mentor)
( )
Date

The university/institute agrees to support a half of the budget (not exceeding

240,000 Baht) and will facilitate the Pl in carrying out this project.

Signature
( )
Position (Department Head
or equivalent or higher)
Date
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ABSTRACT

Ordinary Differential Equations is the fundamental topic for engineering. By understanding the
Ordinary Differential Equations topic, students can further apply the knowledge in various branches of
engineering. The aim of this research is to develop the self study module on a topic “Ordinary Differential
Equations” in order to fix the problem on the student's methods to solved equations. This study
emphasize on the right steps and procedures for students to solve equations. Herein, the study module
is comprised of learning materials, practical questions and evaluation quizzes. The outcome of this
research is a module for self study which can be applied in the development of the children centered
teaching and learning method. The evaluation results from users stated that this module is moderately

appropriate to use as a study module.

Keyword: solution, Ordinary Differential Equations, study module
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Williamson Ether Synthesis for the Undergraduate Organic Chemistry Laboratory
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Abstract
The aim of this work is to offer a green laboratory experiment for undergraduate organic
chemistry course. Williamson ether synthesis of phenol and 2-chloroacetic acid in the presence of sodium
hydroxide under solvent free condition was performed. The product was obtained in good yield by using simple
extraction.  This simple, mild, convenient and fast experiment provides an opportunity to discuss S 2 reaction,

acidity, stoichiometry and green chemistry.

Keywords : Williamson Ether Synthesis, Solvent free condition, Green Chemistry
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Introduction

The best practice to learn organic chemistry is to understand the mechanism of organic reaction
pathway via laboratory exercises. Due to the limit of time for doing experiment finished within 3 hrs, we aim to
present a new design for teaching laboratory including the organic reactions and organic synthesis skill within
a short time. For these reasons we chose Williamson ether synthesis for undergraduate chemistry students to
learn S, 2 reaction (Sarju, Danks and Wagner, 2004 and Smith, 2006). The reaction involve a primary alkyl halide,
2-chloroacetic acid, react with phenoxide salt under solvent free condition (Rajchakit and Netkhun, 2008 and
Reungsakul and Sumdangpai, 2012). This experiment not only offers learning S, 2 reaction but also enriches
knowledge of acidity of substances (McMurry, 2008), stoichiometry and introduce green chemistry (Cave and
Raston, 2005 and Bu and et al., 2006).

In this study, we report a very simple, mild, convenient and fast method for the synthesis of
2-phenoxyacetic acid (Ali and Shaharyar, 2007) under solvent free condition. The only single product was
obtained in good yield. The experiment described here was carried out for the second-semester second year

student in chemistry major and required 3 hours laboratory periods.

Materials and Methods

This study was divided into 2 parts. The first part, we have investigated the optimum solvent
free condition, temperature and time, for synthesis of 2-phenoxyacetic acid which was performed by senior
project students. In each condition was run by only a group with 2 students. The product was identified by IR
and NMR spectroscopic technique (Field, Sternhell and Kalman, 2007). The other part was performed by
the second year student in chemistry major in organic chemistry laboratory course to show the efficiency solvent
free method by comparison percent yield of crude product with traditional method (Williamson, 1852 and Hill and
Barbaro, 2005). There were 8 groups, 2 students in each group, in the class to do the experiment. The part
described here was carried out duration of two 3 hours laboratory periods. In the first period, each group
performed the reaction under reflux temperature. In the second period, each group carried out the reaction under
solvent free condition.

Melting points were determined on an Electrothermal melting point apparatus and are
uncorrected. Infared (IR) spectra were recorded as KBr disks with a Perkin Elmer Spectrum One
spectrophotometer. 'H and "°C NMR spectra were obtained using a Varian Mercury Plus 400 spectrometer.
Chemical shifts were recorded on O (ppm) scale using CDCI, as the solvents. The internal standard was
referenced from the residue of these solvents. 'H NMR data were listed in order of the number of protons,

multiplicity [singlet (s), broad singlet (brs), doublet (d), triplet (t), quartet (g), and muitiplet (m)], coupling
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constants (J) in Hz and assignment of nuclei concerned. Thin layer chromatography (TLC) was carried out on
MERCK silica gel 60 F,., TLC aluminium sheets.
Reflux condition

A mixture of phenol (0.63 g, 6.7 mmol), sodium hydroxide (0.77 g, 19.3 mmol) and
2-chloroacetic acid (0.50 g, 5.3 mmol), in ethanol (20 ml), was heated at reflux temperature for an hour.
Then the reaction mixture was concentrated under reduced pressure. The mixture was acidified with 10% HCI
and then extracted with CH,Cl, (2x10 ml). The combined CH,ClI, layer was washed with 10% NaHCO, (2x10 ml).
The aqueous layer was acidified with 10% HCI and then extracted with CH,Cl, (2x10 ml). The combined organic
layer was dried over anh.MgSO, and evaporated to dryness to give 2-phenoxyacetic acid as white solid.
The collected crude solid was recrystallized from water to give 2-phenoxyacetic acid (0.66 g, 81%).
Solvent free condition

The mixture of phenol (6 mmol) and sodium hydroxide (18 mmol) was grinded in a mortar.
Water was added dropwise (10-15 drops) to the mixture and 2-chloroacetic acid (5 mmol) was then added.
The reaction mixture was heated in an oven for 1 hour at various temperatures (60, 90 and 120 °C). After that
the reaction mixture was cooled to room temperature. The mixture was acidified with 10% HCI and then extracted
with CH,CI, (2x10 ml). The combined CH,Cl, layer was washed with 10% NaHCO, (2x10 ml). The aqueous layer
was acidified with 10% HCI and then extracted with CH,Cl, (2x10 ml). The combined organic layer was dried over
anh.MgSQO, and evaporated to dryness to give 2-phenoxyacetic acid as white solid. The collected crude solid was
recrystallized from water to give 2-phenoxyacetic acid.

The above experimental was repeated by heating the reaction mixture in an oven for 30 minutes

at 60 °C. The reaction was expected to give the same yield with shorter time.
2-phenoxyacetic acid

mp 97.8-98.2 °C; IR (KBr) V., 3012, 2950, 1701, 1698, 1595, 1499, 1223, 751 and 787 em’; 'H
NMR (CDCl,): O 7.31 (2H,t, J = 7.6 Hz, 3- and 5-ArH), 7.02 (1H, t, J = 7.6 Hz, 4-ArH), 6.93 (2H, d, J = 8.4 Hz, 2-
and 6-ArH) and 4.68 (2H, s, CH,); C NMR (CDCl,): O 64.8,114.6,122.1,129.7, 144.6, 157.3 and 173.2 ppm.

Results and Discussion

Since green chemistry has gained to be interested, organic reaction carrying out in the absence
of conventional organic solvents receive more attention. We have investigated the solvent free condition of
the Williamson ether reaction. Therefore, we examined various conditions for a simple grinding experiment of
2 equivalents of sodium hydroxide with 1 equivalent of phenol and 1 equivalent of 2-chloroacetic acid.

All examined reactions were carried at 6-7 mmol scale and the results were shown in Table 1.
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Table 1. Percent yield of 2-phenoxyacetic acid obtained from various conditions

Entry Temp (°C) Time (min) %yield
1 120 60 61
2 90 60 78
3 60 60 78
4 60 30 83

As shown in entry 1-3, the reaction was heated in an oven for 1 hour at 60 % gave the highest

yield. Therefore, we tried to carry out the reaction at 60 °c by reducing time to 30 minutes to find for better time.

Among various condition studied, Williamson ether synthesis of phenol and 2-chloroacetic acid
in the presence of sodium hydroxide under solvent free at 60 °C for 30 minutes was the optimum condition

because the yield of 2-phenoxyacetic acid was obtained the highest yield in shortest time.

The optimum solvent free condition of synthetic of 2-phenoxyacetic acid was performed by
the second year student in chemistry major in organic chemistry laboratory cause. The result of the obtained
product was compared to those from under reflux. Each group typically achieved yields between 75-95% in both
methods. The range in yields for both methods was due to varying student extraction abilities and their removal of
the solvent from crude product. Among the obtained results from solvent free condition and under reflux.
It illustrates that the solvent free condition could be used as alternative condition for preparing of 2-phenoxy

acetic acid.

Solvent free experiment presents three major advantages compared to traditional experiment.
Firstly, faster due to shorter of the reaction time and skip of removing of the solvent before working up. Secondly,
more convenient cause glasswares were not necessary and third, this experiment represented in the green
direction because the solvent free reaction avoided to use hazardous and toxic solvent and minimized generation

of waste.

Formation of 2-phenoxyacetic acid could be explained by reaction mechanism as shown in
Scheme |. The acid-base reaction was first occurred. Sodium 2-chloroacetate and sodium phenoxide were
generated from the reaction between 2-chloroacetic acid and phenol with sodium hydroxide, respectively
(eq 1 and eq 2). The phenoxide salt reacted with sodium 2-chloroacetate via S, 2 mechanism (eq 3). Then

the obtained adduct was acidified with HCI to give 2-phenoxyacetic acid (eq 4).
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Conclusion

The propose of this work is to offer an alternative laboratory experiment for undergraduate
organic chemistry course. Williamson ether synthesis of 2-phenoxy acetic acid under solvent free condition gave
similar high yield compared to the traditional method. We had found that solvent free experiment present more
advantages than traditional experiment such as faster, convenient and green direction.

We would like to conclude that this laboratory experiment was suitable for second semester
second year undergraduate organic chemistry laboratory course. We wish to offer this laboratory experiment for

undergraduate organic chemistry course to use instead the traditional method.
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