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ABSTRACT

B 42147
In the present siudy, magnetic nanoparticles (MNPs), Fe;04, were synthesized,
chemically modified with 3-aminopropyl triethoxysilane (APTES), then applied in the
preparation of magne-tic-molecularly imprinted material and in the synthesis of

magnetic supported NMO oxidizing agent.

The magnetic-molecularly imprinted silica (M-MIS) was developed as a
selective sorbent for nicotinic acid (NA) using the modified MNPs as a magnetic core.
APTES and tetraethoxy orthosilicate (TEOS) were used as the functional imprint
precursor to form NA-imprinted silica. Various M-MISs were synthesized via a sol-
gel method using NA and its structural related compounds, nicotinamide (NAM) and
3-aminopyridine (3-APY), as the templates to obtain M-MIS 1, M-MIS 2 and M-MIS
3, respectively. Preliminary study showed that among the M-MIS synthesized, M-MIS

1 having NA as a template exhibited the highest selectivity to its corresponding
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5 12147
template, thus its recognition properties were further investigated using UV binding
experiment. When using ethanol as medium, M-MIS 1 showed the highest %Bound to
NA with good imprinting factor and provided high selectivity. Fast kinetic adsorption
of M-MIS 1 was also observed. Langmuir isotherm of NA adsorption to M-MIS
estimated the maximum adsorption capacity (Qm) and affinity constant (Kg) as
1,666.67 pmol/g and 0.0382 pmol/ml, respectively. Whilst scatchard analysis showed
equivalent binding sites formed in the M-MIS 1 with Q,, was 345.43 pmol/g andkd of
binding sites was 0.5208 pmol/ml. In addition, the binding efficiency of M-MIS 1 was

still remained after four repeated cycles.

Poly(allylmorpholine N-oxide) grafted silica magnetic nanoparticles (M-NMO) were
synthesized for use in oxidation of organic halidé. Different types of M-NMO were
synthesized by grafting the polymeric chain of aliylmorpholine N-oxide using various
reaction cénditions to obtained M-NMO 1, M-NMO 2 and M-NMO 3. The reaction
- involves the oxidation of benzyl halides in dimethyl sulfoxide (DMSO) under
ultrasonic irradiation at room temperature were performed for the estimation of
effective loading of synthesized M-NMOs as an oxidizing agent compared to those
obtained with the standard NMO reagent. M-NMO 2, prepared by polymerization of
allylmorpholine monomer in 1,4-dioxane in the presence of acetic acid followed by m-
chloroperbenzoic acid oxidation, gave the highest effective loading 2.0 and 2.2
mmol/g for oxidation of benzyl bromide and benzyl chloride, respectively. Therefore,

the preparation method was proven to have a great influence to oxidative efficiency of
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M-NMOs. DMSO and DMF were found as good solvent for M-NMO this developed
oxidation. Moreover, using the M-NMO not only can facilitate the work-up process,
the magnetic supported reagent can be rapidly separated, recovered, and possible to

reuse after pretreatment.



viii

)

A a A ¢ o s s a o
TOLIDIINYTUNUD ﬂTSﬂﬂlﬂ'ﬁ’ii?’iuﬁgf‘lﬁ"J'ﬁa‘SQfWI‘UﬂﬂWﬂﬁLNﬂiﬂﬂlLﬂiﬂuﬂ’lﬂ

[] 4 aa
W Tumanasan

v A v & Y o
e WWUITUSNY ANTNY
YSauan ININAATUIU NN (101)

la a a J 9 4 @ o J
mmsﬁ‘nﬂ?nmmmuwuﬁ H¥WAIANIINGY AT. YNAT ANTITINUD

UNAALD
T, 42147

S Ay ¢ " 4 4 4 a A Y o
lumsfnuinseil lddunsizdoyninu Tuntdman (18O UN) 138 Fe,0, 1d21imn
Y] =y = a = A 3 o 9/
ﬂﬂllﬂi‘ﬂ'\\uﬂllﬂ'w 3-a:u1uiwswa"lmmmﬂcv”lmau (LDNNDIDTW) mnuuumﬂ%‘lums

=) [ ' ] o d g @ @ a o
WﬁUll')ﬁﬂﬁﬂﬂll‘U'UTlllaf]ﬁlllllﬂaﬂ llﬂ$1uﬂ15ﬁ\nﬂi'13?7Llﬂlﬂaﬂﬁuuauuﬂa@@ﬂ“ﬁqﬂcﬁ

aa ' ] < =] Y @ 3 A 9y o o
Fanaenuuy Tuagamiman du-19ulerwa) Idgniamutuielfiludgadu

Y

° ) v a aa a o A Y o 3 Aaw ] ] AaA
%1&W1$ﬁ1ﬂ5ﬂu1ﬂﬂuﬂ LUOYA (1DULD) Wﬁi%&@ULﬂUWﬂﬂHﬂilﬁullﬂuﬂﬁNlmlﬁﬁﬂ RNNRIRLG|

= L4 aa A 9 3 9 a o Y a & ° v
HAZIAATZIONONTDDS 15T aine (M0 1otod) gﬂ"l‘mi‘lufmmmswmwumaammmwam‘lw

o

a aa =) aa a g o a 9 9’3 9 aa
wailudanaenuuuvesiiladtin ueda wu-oulewaviadien Tdgndunsizitudeis
Twa-va Inoldiladiin ueda uazesni Inseasendieduti laatin ueda 1aun 1 ladul-

a aa = q =3
g (Bwodn) uaz 3-0xi Iuwsau G-ef) o ld 18ty Bu-Bulowe 1 18u-8u o

[

4 4 o w =< ) ' o g ~ ¢
2 10 lﬂll'lﬂilvlﬂlﬂﬁ 3 Ay 1uﬂ15ﬂﬂHWLUﬂQWHWUQ"‘1UU5591119”'&931"1916?171 NGPNEAY]

13 Q’l’ o o A A a aa a 9 o
YUNINUA !E)ll-!ﬂllhlﬂl't]ﬁ 1 mnuiﬂﬂun LUDYA Lﬂummmmummsmmmmmmmw

] 9
[ v @ wa

' o ] ]
m’]g"flﬂﬂﬂﬁ'ﬁg{ullﬂﬂn']ﬂWfIﬂ ﬂQUU?}mﬁNUﬂﬂ'ﬁ%‘uW’]glﬁ]’]gﬂ\ﬂlﬂﬂmu-mﬂ‘lﬂlﬂﬁ 1 %Qgﬂ



ix
B O PAL L
Mmnmisanyine 11U Taon1snaaeumssuiudlromanndansih leaamnIasa 1nd wan 1@
) ;) Y <1 g 9 v v a aa a
wuduiieldtomueaiiudinars iy lewd 1 uansdosazvesmssuiui lnddin uodag

4 a a a S ' °
T"slf!ﬂ G’]”JUE)&JWiuWQLMﬂLﬂmwﬂ Haxllﬂﬂ\*]ﬂ’]ﬂ'nui]'uw'lgﬁng%Qqq ﬂ'liﬁﬂ'y'mauf’nﬂﬂ;ﬂlﬂq

o d d ' A @ '
ms@,ﬂmmmmu-wu"lamﬁ 1 W'U'JnJﬂﬁ@ﬂ‘]f‘UﬂUNi'Jﬂlg’J ﬂ'lﬂllﬂﬁtﬁﬂﬂﬂi“lfmﬂiﬂl’f)\iﬂ'li@lﬂ

€

a aa a =] =] L o
villn@tin uoda vwdw-ou loed 1 nuhmanumIsaveINITgATFUIga (Q) Az

o

AMTUNTIANINYDINIYATY (K,) A0 1,667.67 TulnsTuadensy uaz 0.0382 lulnsluade

fadans  MUGIAU YZNIINNITUATIZHAIVAUAATS AUTAITIUINVDIA WM HITATUT
a J o < 9 ' (Y [ @ U 1w
wavulwdu-eulewd 1 A Q, 1M1 345.43 TuTasTuadensy uazal K, 1M1y 0.5208

' a aa yd ] @ a a a Aa o ]
'lu'iﬂﬂnamnaaam uaﬂ%mﬁmu-mu"lmaﬁ 1 ENﬂQ?J‘lJ'ingVIﬁﬂ'lW‘ﬂﬂﬁﬁ\W']ﬂW'luﬂ'lﬁ

o 9 oy 9 q’:
s uan 4 asa

a v a o a o S ' ' 3 aa =] o <
waa(ﬂaaaueﬂﬂau Lﬂuﬂﬂﬂ“l‘ﬁﬂ) L‘vamaaumﬂuﬂuuumafmiam (1oU-1oUIDY

o CAE o N ay o /s ad 4 & d a
To) gndunsizivudmiuldlunmseendladasualaddunsd wu-owdnTeriianien gn
o u‘; 9 P ' [] a 4 v a o = < o °
mms1$ﬁﬂ1umﬂmswanﬂamuimwemuaiﬂaaaaamJmT‘NauLauaan"lcvﬂiuﬁn1azﬂ1iw1

amaa 4 o 4 4 d 4 & g 4 4 g aaa
ﬂ{]ﬂitﬂlm‘ﬂﬂ’lﬁ"] ‘ﬂﬂﬁ‘lﬁs\’ L?JM-LS'L!LEJMIEJ 1 L'em-mumuia 2 waztou-1ouoylo Sﬂgﬂitﬂ

Y A o

a @ a [L @ o a o d vy
Bf)ﬂ“lﬂﬂ‘lfu‘ilﬂﬂﬁTﬁlchﬁﬂllﬂqﬁﬂiuﬂTW\ﬂSﬁWUulmllﬂa"lm‘ﬂﬂﬂ”lclfﬂ mv%mﬂwmuaamv

'
Id o

- ay Y & s a 3 g g de o
Tyiin Ngungiiviesgniunlamemanuglssdniamveudy-ouen lendunsiziyuly

o a s < a yg g o % 3 4 g ]
msiludeendlad TaoiSouivumslFidwdulesionudniasgu Bu-Bwdule 2 &3

=) 9 a o v a o = 4 a a
wioyldnnmsnodwe lsyduveidanaves INau vouswes 1u 1,4-lasonyuitAuniaue

a ° aaa a @ [ L4 a a =
Fan awdromsirlfnsvieendiatuivwai-nae Isidesiuuladn ueda Jnug
4 a

a a ° [ a a J
UszAnamgaiiqe fiv 2.0 uag 2.2 mmolg dmSumsesnd ladiuudaluslud uaziuu

9
v @ &R a

a ¢ o w Yy a Y a aa a a
‘Bﬁﬂﬂﬂ15ﬂﬁ1ufﬂﬂ‘u muuwﬂumawqw’"lmms:mumumUuuﬂmwaﬁ ﬂszammw

o g 4 a o Jd a ' v o
youdu-owdnTo lawiadanenlyd uazlawianesinludganaaeunuiniludih



E 02149
2 2 &

{ ° [ aaa a LY { o ] < o @
azawiad vl fasvreondiaduinauivull uensiniinisldulmanafuayuds

a " A .3 slo,: o aaa A” " 3 ' q,a' 1o 9
pond lad liiflusvzide Iddunoumsilfisndugadioiumniu uadsawnsouoneen 14

v

d [~ @ A o o 9 " @ ] ad o W
FIALIY AIWTDNUNAVUAU uaznflu'hJ"lﬂmzummauuﬂ‘ﬂwnwmmnmuﬂsimﬁmm

¥
a1



xi

TABLE OF CONTENTS

Page

ACKNOWLEDGMENTS iii
ABSTRACT '(ﬁNGLISH) v
ABSTRACT (THAI) viii
LIST OF TABLES : XV
LIST OF FIGURES Xviii
LIST OF SCHEMES XX
ABBREVIATIONS AND SYMBOLS XXi
CHAPTER 1 INTRODUCTION

1.1 Magnetic Nanoparticles 1

1.2 Surface modification of MNPs 3

1.3 Aim of this research 8

CHAPTER 2 SYNTHESIS OF MAGNETIC NANOPARTICLES AND THEIR
USE IN THE PREPARATION OF MAGNETIC-MOLECULARLY

IMPRINTED SILICAS

2.1 Introduction 9



xii

2.2 Experimentals
2.2.1 Chemicals
2.2.2 Instrumentals
2.2.3 Synthesis of magnetic nanoparticles (MNPs)
2.2.4 Synthesis of aminopropyl magnetic silica
2.2.5 Synthesis ofM-M.IS’é.
2.2.6 Fourier transform infrared spectra (FT-IR)
2.2.7 Transmission electron microscopy (TEM)
2.2.8 Scanning electron microscope (SEM)
2.2.9 Rebinding experiments
2.2.9.1 Equilibrium batch rebinding studies
2.2.9.2 Adsorption kinetic of NA onto M-MIS 1
2.2.9.3 Scatchard analysis
2.2.9.4 Binding selectivity of M-MIS 1
2.2.9.5 Regeneration of M-MIS1 and study its reusability
2.3 Results and discussions

2.3.1 Synthesis and characterization of MNPs

18

18

19

19

20

20

21

21

22

22

22

24

24

25

25

26

26

2.3.2 Surface modification and characterization of modified MNPs 28

2.3.3 Synthesis and characterization of M-MISs

2.3.4 Rebinding experiments

30

59



xiii

2.3.4.1 Binding characteristics of M-MISs in 6:1 (v/v) 35

EtOH/H,0 mixture

2.3.4.2 The effect of binding media to the binding efficiency 39

of NA to M-MIS 1

2.3.5 Adsorption kinetic of NA onto M-MIS 1 42
2.3.6 The binding isotherm o 43
2.3.7 Selectivity evaluation ' 50

2.3.8 Study of M-MIS reusability 53

CHAPTER 3 SYNTHESIS OF POLY(ALLYLMORPHOLINE N-OXIDE)

GRAFTED SILICA MAGNETIC NANOPARTICLES

3.1 Introduction 35
3.2 Experimentals 64
3.2.1 Chemicals ‘ 64
3.2.2 Instrumentals 66
3.2.3 Synthesis of N-allylmorpholine monomer 66
3.2.4 Synthesis of M-NMOs 67

3.2.4.1 Synthesis of acrylamide-functionalized magnetic 68

silica nanoparticles

3.2.4.2 Synthesis of M-NMM 1 68

3.2.6.3 Synthesis of M-NMM 2 and 3 69



Xiv

3.2.4.4 Oxidation of M-NMM 1and2to M-NMO1and2 70

3.2.4.5 Oxidation of M-NMM 3 to M-NMO 3

3.2.5 Oxidation of benzyl halides to coresponding aldehydes

using NMO in homogeneous reaction.

3.2.6 Oxidation of benzyl halides to coresponding aldehydes

using M-NMO
3.3 Results and discussions
3.3.1 Synthesis and characterization of M-NMOs

3.3.2 Oxidation of benzyl halide to aldehydes_.iwith M-NMOs
CHAPTER 4 CONCLUSIONS
REFERENCES
APPENDICES
APPENDIX A
APPENDIX B
APPENDIX C

CURRICULUM VITAE

71

71

%2

73

73

9

84

88

97

98

123

131

134



XV

LIST OF TABLES
Table _ Page
1.1 Different modifying materials which can be used for MNPs modification 5
and their applications.
2.1 Selected examples of MISs . 14

2.2 Compositions, yield and physical appearance of the synthesized M-MISs 32

and M-NIS

2.3 Binding characteristics of M-MISs in 6:1 (v/v) EtOH/H,0 mixture after 37

1 h incubation

2.4 The binding constant and the maximum number of binding sites of M-MIS 50

3.1 Summary of the representative appilcations of NMO ) 57
3.2 Synthesis condition and %yield of M-NMOs 76
3.3 Effective loading of M-NMOs in benzyl halide oxidation 80
3.4 Effect of solvent on the oxidation of benzyl chloride by M-NMO 82
A.1 Calibration curve of APTES in EtOH 98

A.2 The effect of APTES volume/MNPs weight ratio to loading of amino group 99

on aminopropyl magnetic silica surface

A.3 The effect of reaction times to loading of amino group on aminopropyl 100

magnetic silica surface

A.4 Calibration curve of NA in 6:1 (v/v) EtOH:H,0 101



Xvi

A. 5 Calibration curve of NAM in 6:1 (v/v) EtOH:H,0
A.6 Calibration curve of 3-APY in 6:1 (v/v) EtOH:H,0O
A.7 Calibration curve of NA in 1:1 (v/v) EtOH/H,0
A.8 Calibration curve of NA in EtOH

A.9 Calibraton curve of NA in MeOH

A.10 Calibration curve of NA in MeCN

A.11 Calibration curve of NA in 4:1 (v/v) MeCN

A.12 Calibration curve of NAM in EtOH

A.13 Calibration curve of NTA in EtOH

A.14 Calibration curve of 2-CNA in EtOH

A.15 Calibration curve of BZA in EtOH

A.16 Calibration curve of 3-APY in EtOH

A.17 The binding study of 0.2 mM NA in 6:1 (v/v) EtOH:HZO with 10 mg

of M-MIS 1 and M-NIS.

A.18 The binding study of 0.2 mM NAM in 6:1 (v/v) EtOH:H,0 with

10 mg of M-MIS 2 and M-NIS.

A.19 The binding study of 0.2 mM 3-APY in 6:1 (v/v) EtOH:H,0 with

10 mg of M-MIS 3 and M-NIS.

A.20 The binding study of 0.2 mM NA in 6:1 (v/v) EtOH:H,0 with 10 mg of

M-MIS 1, M-MIS 2, M-MIS 3 and M-NIS.

102
103
104
105
106
107
108
109
110
11
112
113

114

114

115

115



Xvil

A.21 The binding study of 0.2 mM NA in various media with 10 mg of 116

M-MIS 1 and M-NIS.

A.22 %Bound of NA on to M-MIS 1 in various times 117
A.23 %Bound of NA on to M-MIS 1 in various concentrations 118
A.24 %Bound of NA on to M-NIS in various concentrations 13y,
A.25 Qpound of NA on to M-MIS 1 in various concentrations 120
A. 26 Scatchard plot of M-MIS 1 121
A.27 Selectivity of M-MIS 1 121
A.28 Reusability of M-MIS 1 122
B.1 GC data for bromobenzene internal standard 124
B.2 GC data for benzaldehyde 124
B.3 GC calibration curve of benzaldehyde 125
B.4 GC data for oxdation of benzyl chloride using M-NMO 1 126
B.5 GC data for oxdation of benzyl chloride using M-NMO 2 126
B.6 GC data for oxdation of benzyl chloride using M-NMO 3 127
B.7 GC data for oxdation of benzyl bromide using M-NMO 1 127
B.8 GC data for oxdation of benzyl bromide using M-NMO 2 128
B.9 GC data for oxdation of benzyl bromide using M-NMO 3 128

B.10 The % yield of the oxidation of benzyl halide using various NMO oxidants 129

B.11 GC data for oxdation of benzyl chloride using M-NMO 2 in various 130

solvents



Xviii

LIST OF FIGURES

Figure

1.1 The possible approaches for surface modification of MNPs
1_,_2 Silica surface coating of a magnetic nanoparticle
21 The molecular imprinting process

2.2 Step-wise description of the sol-gel process

2.3 The physical appearance and magnetism properties of MNPs
2.4 TEM image of MNPs and distribution curve of particle size
2.5 Synthesis of aminopropyl magnetic silica

2.6 The effect of APTES volume/ MNPs weight ratio to loading of amino

group on aminopropyl magnetic silica surface

2.7 The effect of reaction times to loading of amino group on aminopropyl

magnetic silica surface
2.8 Schematic illustration for synthesis of M-MIS with NA template

2.9 Structure of templates, silane precursor and cross-linker used in

M-MIS synthesis

2.10 FT-IR spectrum of MNPs, aminopropyl magnetic silica, M-MIS 1,

M-MIS 2, M-MIS 3 and M-NIS

2.11 SEM image of MNPs, aminopropyl magnetic silica, M-MIS 1,

M-MIS 2, M-MIS 3 and M-NIS

Page

10

11

26

27

28

28

30

31

31

34

36



Xix

2.12 %Bound of NA onto M-MIS 2 in various media

2.13 Adsorption kinetic curve for binding of NA on to M-MIS 1

2.14 %Bound of M-MIS 1 in various NA concentration

2.15 Adsorption isotherm of NA onto M-MIS 1

2.16 Langmuir plot of the adsorption of NA on toM-MIS 1

2.17 Scatchard plot of M5M1'31 for NA

2.18 Structure of compounds used in selectivity study

2.19 %Bound and selectivity of NA and its analogues on to M-MIS 1
2.20 The binding efficiency of M-MIS 1 with the number of recycle times

3.1 FT-IR spectrum of MNPs, aminopropyl magnetic silica, AA-Si-NPs,

M-NMM 1-3 and M-NMO 1-3

B.1 The 400 MHz "H-NMR (CDCl;) of allymorpholine

41

42

44

44

47

49

51

52

54

78

123



XX

LIST OF SCHEMES

Scheme

3.1 Upjohn dihydroxylation
3.2 Oxidation of TBA trifluoroborate using NMO/TPAP system
3.3 Oxidation of cinnamyl bromide with NMO

3.4 P-K reactions of a range of alkynes with norbornene promoted by the

polymer supported NMO

3.5 Oxidation of alcohol to corresponding aldehydes or ketones using

TPAP and polymer supported NMO

3.6 Oxidation mechanism of oxidation reaction of organic halide using solid

supported tertiary amine N-oxide

3.7 The step of synthesis of of poly(allylmorpholine N-oxide) modified

magnetic silica nanoparticles
3.8 Synthesis reaction of allyl morpholine

3.9 Synthesis of poly(N-allymopholine) modified magetic silica nanoparticles

Page

56
56
p9

59

60

62

67

73

74



AA

Abs

APTES

3-APY
BnBr
BpCl
BZA

Ce

2-CNA

CDCl
3

DVB

FT-IR

Ky

XX1

ABBREVIATIONS AND SYMBOLS

Acrylic acid

Absorbance

3-Aminopropyl triethoxysilane
3-Aminopyridine

Benzyl bromide

Benzyl chloride-

Benzoic acid

The free analytical concentration at equilibrium
The equilibrium concentration
2-Chloronicotinic acid

Deuterated chloroform

Divinylbenzene
Fourier Transform Infrared

Affinity constant



MIS
M-MIS
MIPs
M-NIS
MNPs

M-NMM

M-NMO

NAM
NA
NIS
NMM
NMO
NMR
NPs

NTA

xxii

Molecularly imprinted silica
Magnetic-molecularly imprinted silica
Molecularly imprinted polymers
Magnetic-non-imprinted silica

Magnetic Nanoparticles

poly(N—allyﬁmpholine) modified magetic silica
Nanoparticles

poly(N-allymopholine N-oxide) modified magetic

silica nanoparticles
Nicotinamide

Nicotinic acid

Non-imprinted silica
N-Methylmorpholine N-Oxide
N-Methylmorpholine

Nuclear Magnetic Resonance
Nanoparticles

Nicotinaldehyde



Qcq
Qm
SD
SEM
TEM
TEOS

mM

)\-max

xxiii

The amount of adsorption at the equilibrium
The maximum amount of adsorption
Standard deviation

Scanning Electron Microscope
Transmission electron microscopy
Tetraethoxysilane

Millimolar

Wavelength

The wavelength of maximum absorbance
The imprinting factor

The selectivity t;actor

Chemical shift

Dielectric constant





