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Platihum nanostructures such as colloidal platinum nanoparticles,
supported platinum nanoparticles heterogeneous catalyst, and platinum pentagonal
hollow fibers were successfully synthesized using “Green” synthesis approach.
The green reagent, soluble starch shows the efficiency as a reducing and a
stabilizing agent under alkaline treatment. The In SitU generated reducing species
(intermediates of starch degradation) could completely reduce platinum ions and
sufficiently stabilize the obtained platinum nanoparticles (Pt NPs) of uniform
particle size (2-4 nm). The developed green approach is further used for
preparation of hydrotalcite-supported platinum nanopatrticles catalyst (Pt NPs/HT).
Their catalytic activity is evaluated for selective oxidation of glycerol in a base-
free aqueous solution using molecular oxygen as an oxidant. They show a high
selectivity towards glyceric acid. In addition, the catalyst could be recycled at least
for three times. Platinum pentagonal hollow wire could be obtained by the galvanic
displacement with silver microfibers. Prior, the extra-long silver microfibers with
aspect ratio as high as 7500 were synthesized galvanically from silver nitrate and a
commercial alunli  m foil. The enveloped of the silver fibers sacrificed template
creates unique platinum pentagonal hollow fibers. The hallow fibers still retain the
long fiber structure of the original template even after the removal of silver
chloride precipitates. These hollow fibers with nanometer thick wall might have a

great potential for applications as catalyst.




Vi

ACKNOWLEDGEMENTS

The author wishes to express her deep and sincere gratitude to her advisor
Associate Professor Dr. Sanong Ekgasit and co-advisor Associate Professor Chuchaat
Thammacharoen for very kind assistance, generous guidance, and encouragement
throughout the course of this research.

The author also wishes to express gratitude to Associate Professor Dr.
Supawan Tantayanon, Assistant Professor Dr. Warinthom Chavasiri, Professor Dr.
Suwabun Chirachanchai, and Associate Professor Dr. Vittaya Amomkitbamrung
serving as the chairman and members of this thesis committee, respectively, for all
their valuable discussion and suggestion.

The author gratefully acknowledges support from the Thailand Research Fund,
under The Royal Golden Jubilee Ph.D. Program (TRF-RGJ). The author are thankful
for supports from Sensor Research Unit, Department of Chemistry, Faculty of
Science, Chulalongkom University, Program in Petrochemistry, Faculty of Science,
Chulalongkom University, and National Center of Excellence for Petroleum,
Petrochemicals and Advanced Materials (NCE-PPAM), for the support of chemicals
and laboratory facility.

The author thanks Professor Dr. Kohki Ebitani and Dr. Shun Nishimura,
School of Material Science, Japan Advanced Institute of Science and Technology,
Japan, for providing the knowledge and practical skill on a new methodology study
for the preparation of heterogeneous catalyst.

The author would like to express her special gratitude to her parents, family
members for their inspiration, understanding, great support and encouragement
throughout the entire her course of study. Finally, the author would like to thank all
members of Sensor Research Unit and Ebitani laboratory for their assistance in her

experiments and their kind suggestion.



CONTENTS

ABSIACT IN TR ...vieiiiii e
ADStract iIn ENQGIISN.......uiiii e
ACKNOWIEAGEMENLS.... ..o e e
(O70] 01 =] 01 KPR
LISt OF FIQUIES. ...
LIST OF SCREMES.....ceiiiiiii e

ISy o B i 1= o] =T T

CHAPTER
I INTRODUCTION. ...ttt

Il SYNTHESIS OF PLATINUM NANOPARTICLES VIA GREEN
NANOTECHNOLOGY .ottt
2.1 INEFOAUCTION. ...ttt e
2.1.1 Conventional methods for synthesis of Pt NPs..................
2.1.1.1 LIterature reVIBWS...........uvieeieeeeinirneeeeeeseasinneeeeeens
2.1.2 Synthesis of platinum nanopatrticles by green

NANOIECNNOIOGY......eeiiiiiieeiiie e

2.1.2.1 Green chemistry prinCiples........cccccccevviiirrieeeeennnns

2.1.2.2 Green nanotechnology.........ccuvvvveeeiiniiiviieieeeeene

2.1.2.3 Literature reVIBWS.........ccuurireeeeeeeiiiieeeee e e

2.2 The goal ofthe research............cccceiiiiiiiiiiie
2.3 Experimental SECHON..........cooiriieiiiei e
2.3.1 Chemical and materials...........ccccccooiiiiiiiieieiiiiiieeeeeee
2.3.2 Hexachloroplatinic acid (HiPtCI0) preparation...................
2.3.3 Synthesis of platinum nanopatrticles (Pt NPS)...........ccc.......
2.3.4 CharaCterization............cccuurrreeeeeeiieiiieie e e e e e e e

2.3.4.1 UVNis spectroscopy (UV/IVIS).....cccvveeeiiiciiieenneenn.



CHAPTER Page

2.3.4.2 Attenuated Total Reflection Fourier Transform

Infrared spectroscopy (ATR FT-IR).....cccoevviiiiiinnnen. 14

2.3.4.3 Transmission electron microscopy (TEM)............... 14

2.4 Results and diSCUSSION...........uuviriieeeiiiiiieiiee e e e 15
2.4.1 Synthesis of platinum nanoparticles (Pt NPS)..................... 15

2.4.2 Influence of acidic-alkaline treatment for platinum
(o70] 01 0] [ 15

2.4.3 Investigation of starch degradation under an alkaline

TrEAIMENT...... e 19

2.4.4 Investigation of stabilization power of starch...................... 27
2.4.5 Efficiency of the in-situ reducing Species...........cccvvvvvvvnnnnn. 29
2.5 CONCIUSION.....coiiiiiiiiiiiiee et 33

1l SYNTHESIS OF SUPPORTED PLATINUM CATALYST

VIA GREEN NANOTECHNOLOGY ....cooriririnieniiniieieieieieene. 34
3.1 INEFOAUCTION. ...ttt e 34
311 GIYCRIOL ittt 35
3.1.2 LItErature rEVIEWS. ... ..uuereeeeeaaaannnniiieseessannrnneeeeeessannnnnneeeens 36
3.1.3 Green catalySt CONCEPL....ciiuurrrereeeateiiireee e e e e e e 37
3.2 The goal 0fthe research..........ccccccoiiiiiiiiinieiiie e 39
3.3 Experimental SECHON. .......uuvieiiiiiiiiiiiiie e e e e 39
3.3.1 Chemicals and materials..............cccoeiiiiiiieiniiiieeeee 39

3.3.2 Preparation of hydrotalcite supported Pt NPs catalyst

LGGINL=ET 3 1 1) T 39
3.3.3 Characterization.............uueeeeeeiiiiiiiieiee e 40
3.3.3.1 Transmission electron microscopy (TEM)............. 40
3J.3.2 X-ray diffraction (XRD).....ccceerriiiimiiiiieiiiiiiieeeeenn 40
3.3.3.3 X-ray photoelectron spectroscopy (XPS)................. 40
3.3.3.4 X-ray absorption fine structure (XANES)................ 40

3.3.3.5 Inductively coupled plasma atomic emission
spectroscopy (ICP-AES)........coiiiiiiiiicee 40



CHAPTER Page

3.3.4 Catalytic activity teSt........ccoviiriiiiii e 41

3.4 Results and diSCUSSION...........ooiuuririiieeee i e e 41

3.4.1 Catalyst optimization............ooevviiiiiiiii e 4

3.4.2 Catalyst Characterization.............cccoevvvviiiienie e eee e, 45

3.4.3 Optimization ofreaction condition.............ccceevvvviieenenenenn. 46

3.4.3.1 Influence ofthe catalyst amount...............cccceeeeeeeee. 46

3.4.3.2 Influence of the initial glycerol concentration.......... 47

3.4.3.3 Influence ofthe oxygen flow rate...........cceevveeeeeeeee. 47

3.4.3.4 Influence of the reaction temperature....................... 49

3.4.4 The reaction profile under optimized reaction conditions.... 49

345 Leaching test. ... e 50
3.4.6 ReCYCIabilty......c.cciiiiiiiiiiiiiiiiiii e 51
3.5 CONCIUSION. ..ottt 53

IV GREEN SYNTHESIS OF EXTRA-LONG SILVER FIBERS AND
ITS APPLICATION AS A TEMPLATE FOR PLATINUM

HOLLOW FIBERS FRABICATION ..cccciiiiiiiiii e 54
A1 INTrOTUCTION . ...vieeieeeee et e e e e e re e e e e e 54
4.1.1 LIEErature FEVIEWS. . cciiiiiiiiiureeeeeesaaainnreeeeeesessinnreeeeeeeenannes 55
4.1.2 Galvanic displacement technique..............cccvvreeveeeennnininnnn. 57
4.1.3 Applications of silver fibers.........cccocceviiiiiiiie 57
4.1.3.1 Template for fabrication of platinum hollow
fIDEIS .. 57
4.2 The goal Ofthe reSEarCh...........cooiiuiiiiiiice e 59
4.3 EXperimental SECHON. .........ccicuuriiiieeeee e 59
4.3.1 Chemicals and materials..............ccovmreeieeiiiiiiiiiieee e 59
4.3.2 Synthesis of silver MIiCroStruCtures.............ccccveeeeveicnveeeenn. 59
4.3.3 Preparation of platinum hollow microfibers........................ 60
4.3.4 Characterization.............ccceiiiiiiimiieiee e 60
4.3.4.1 Scanning electron microscopy (SEM)..........cccooe.e. 60

4.3.4.2 X-ray diffraction spectroscopy (XRD)..........cccvvveeen. 60



CHAPTER Page

4.4 Results and dISCUSSION...........uuuiriieeeiiiiiiieie e e 61
4.4.1 The influence ofsilver ion concentration for fabrication of

SIlVEr NANOSITUCTUIES......ceeiiiiiiiiieeeee e 61

4.4.2 The investigation on the growth mechanism of silver fibers.. 64

4.4.3 The influence of nitrate ions for the development and

growth of silver microfibers.........ccccciiiiiiiiiiiiiiiee 69

4.4.4 Fabrication of platinum pentagonal hollow fibers................ 73

4.5 CONCIUSION. ....eiiiiieiiiiiitei et e e e 74

V' CONCLUSION.....ooovvviiiicvimnsssisisssissinessssssmsessssssssssssssssssssssenss B

REFERENCES......oovoooosesssssssssssssissssssssssssssssssssssssssssssssmsssssssssssssssnnsssssnns I

APPENDICES....oooovvvessssissssisisnssssssss s 88

APPENDIX Aot inssssssssssssisnsssssssssssssssnssssssssssssssssnssssssees 89
APPENDIX B..oovvvvvssiesiivvsresssmssmmssssssssssssssssssssssssssmmsssssssssssssnns 104
APPENDIX € w.oovvvvvvvssiesssiesinnsisssssssssissssssssssssssssmmssssssssssssssmmsssssssssssss 108



LIST OF FIGURES

Figure Page
21 (A) Optical image of platinum solution in acidic condition adjusted by
addition of HC1 (1-105M) and water, (B) optical image of platinum
solution in alkaline condition, (C) UV/vis spectra of platinum solution
at various acidic-alkaline conditions after reduction, (D) TEM image of
platinum solution at 102M, and (E) TEM image of platinum solution
AL LOIM Lo 16
22 (A) UVNis spectra of platinum at various acidic-alkaline conditions
after reduction, (B) optical image of platinum solution in acidic
condition adjusted by addition of HC1 (1-1 O5 M) and water, and (C)
optical image ofplatinum solution in alkaline condition...................... 18
23 Normalized ATR FT-IR stack spectra of soluble starch at various
acidic-alkaline conditions adjusted by HC1, water, and NaOH
SOIULIONS. ..ottt e e e e e e e e 19
24 Normalized ATR FT-IR stack spectra of soluble starch at 1021 M
NaOH in the region of (A) 1200-750 cm'l and (B) 1800-1200
o] 13 ot O . . 20
25 TEM images and micrographs of synthesized Pt NPs at various
concentrations of NaOH solution (A) 0.01, (B) 0.025, (C) 0.05, (D)
0.075, ANG (E) 0.1 M ..ottt ee e, 28
26 Normalized ATR FT-IR (A) stack spectra, (B) overlay spectra in the
region of 1800-1200 cm'l and (C) overlay spectra in the region of

1200-750 cm'l of soluble starch after a 20 min incubation with

0.01-0.1 M NAOH. ..ot 29
2.7 Time-resolved UV/vis spectra of synthesized platinum nanoparticles

with (A) 001 M NaOH, (B) 0.025 M NaOH, (C) 0.50 M NaOH, (D)

0.075 NaOH, and (B) 0.10 NaOH.........ccooiiiiiiii e 30
2.8 Time-dependent baseline shift at 500 nm of colloidal platinum

nanopatrticles after treatment under various alkaline conditions............ 31



ii
Figure Page
29 UV/vis spectra of colloidal Pt NPs at (A) 0.01 M NaOH, (B) 0.025 M
NaOH, (C) 0.05 M NaOH, (D) 0.075 M NaOH, and (E) 0.10 M NaOH
before and after checking the completely of the reduction with
NBBPLE. ...t n e e e eeae 32
31 TEM images of HT supported Pt NPs at various reduction times: (a) 3
min, (b) 7 min, (c) 10 min, (d) 15 min, and (e) 20 min and (f)-(j) their

particle size distribution histograms respectively...........cccvvvvviiccennn.n. 42
3.2 Pt Lin-edge XANES spectra for PUHT catalysts..............cooeeeeiieiiiennnne 43
3.3 (A) XRD pattern and (B) XPS spectrum of Pt NPS.........ccccoeviiiiiriiiinnnn, 45

34 (AD-(BIl) TEM images and (A2)-(B2) particle size distribution of
Pt NPs and HT supported Pt NPS, respectively............ccccceeeeeniinnnnee. 46
35 Reaction profile of glycerol oxidation catalyzed by Pt NPs/HT at
various glycerol/metal ratios. Glycerol conversion (m close square),
glyceric acid yield (-: close circle), and glyceric acid selectivity (o:
0PEN AIAMONA).....oiiiiiiei e 47
3.6 Catalytic activity of Pt NPs/HT at various oxygen flow rate. Glycerol
conversion (m: close square), glyceric acid yield (+ close circle), and
glyceric acid selectivity (0: open diamond)..........ccccceees ceverriiiiineeeeennnns 48
3.7 Reaction time profile of glycerol oxidation catalyzed by Pt NPs/HT.
Glycerol conversion (m: close square), glyceric acid yield (¢ close
circle), tartronic acid yield (a: open up triangle), glycolic acid yield (v:
open down triangle), oxalic acid yield (*: star), and glyceric acid
selectivity (0: open diamoNd)...........eueeiiiiiiiiiiiiiiieiiee e 50
38 Reaction time profiles for leaching test of glycerol oxidation catalyzed
by Pt NPs/HT. Glycerol conversion (m close square), glyceric acid
yield (+ close circle), tartronic acid yield (.: open up triangle),
glycolic acid yield (v: open down triangle), oxalic acid yield (+: star),
and glyceric acid selectivity (0: open diamond)..........ccccceveeeriiiiiiiennenn. 51
39 Recycling of PENPS/HT catalysSt..........ccoooiiiiiiiiiiieeiiiieeeeee e 52
3.10 TEM images of recycled Pt NPs/HTs catalyst: (a) Pt NPs/HTs after 14
used, (b) Pt NPs/HTs after 2rd used, (c) Pt NPs/HTs after 3rd used.



xiii

Figure Page
Particles size distribution histograms of Pt/HT catalyst: (d) after 1g

used, (e) Pt NPs/HTs after 2rdused, (f) Pt NPs/HTs after 3rdused........ 52
311 XRD patterns of HT supported Pt NPs catalyst before and after reused:
(@ HT, (b) initial Pt NPs/HT, (c) Pt NPs/HT after 14 used, (d) Pt

NPs/HT after 2rdused, (e) Pt NPs/HT after 3rdused...........cccccvvvvevnennes 53
41 Digital images and the corresponding SEM micrographs of silver
microstructures obtained after a 48 h galvanic reaction of aluminum
foils (1.5 cm x 15 cm x 30 pm) and AgNGCs3 solutions: (A) dendrites,
(B) microfibers (C) microcrystals. Scale bars: 1 pm (SEM). Figure 4.2

shows additional SEM micrographs.......cccceevveiiiieiiie 61
4.2 Digital images and the corresponding SEM micrographs of silver
microstructures harvested after a 24 h galvanization: (A) dendrites, (B)
pentagonal microfibers, and (C) microcrystals. The specimens are the

same asthose iN FIgUre L. 62
43 SEM micrograph of dendrite grown on pentagonal microfibers a later
stage of a galvanic reaction with silver ion concentration (0.05 M

e N (O T o (U (= = PP 63
4.4 SEM micrograph of small pentagonal microfiber (~ 1 mm diameter)
generated at a later stage of a galvanic reaction with high silver ion
concentration (0.10 M AgNO3 Figure 1C). The fiber grew out of

oISy 1T ol V] r= 64
45 The time dependent SEM investigation on the growth mechanism of
0.05 M AgNCss by galvanically displacement with aluminum foil: (A)
1 min, (B) 5 min, (C) 15 min, (D) 30 min, (45 min), (F) 1h, (G) 3 h,

(H)6h, (1) 9h, (J) 12, (K) 24 h, (L) 48..ceeeeeeecieeeeecee e 65
4.6 The time dependent digital image investigation on the growth
mechanism of 0.05 M AgNO3by galvanically displacement with
aluminum foil: (A) 1 min, (B) 5min, (C) 15 min, (D) 30 min, (45 min),

(F) 1h, (G) 3h, (H) 6h, (1) 9h, (J) 12h, (K) 24 h,(L) 48...ccevreereneee. 66

47 SEM micrographs reveal the fiber pulled out from a pentagonal crystal. 67

48 SEM micrographs reveal small fiber developed atthe later stage of the



Figure

4.9

4.10

411

412

413

414

415

fIDET GrOWEN. ...

XRD patterns of silver microstructures synthesized by a galvanic
replacement reaction between an aluminum foil (1.5 c¢m X 1.5 cm X 30
pm) and 100 mL silver nitrate solutions: (A) 0.01, (B) 0.05, and (C)
0.10 M AgNCfi. The obtained microstructures are (A) dendrites, (B)
pentagonal microfibers, and (C) microcrystals, respectively. The silver
microstructures were harvested after a 24 h galvanization.....................
Digital images/ SEM micrographs of silver microstructures synthesized
by a galvanic replacement reaction between an aluminum foil (1.5 cm
X 1.5 cm X 30 pm) and 100 mL 0.05 M silver nitrate solutions. The
solution was under a constant agitation. The obtained silver
microstructures are pentagonal rods/dendrites............ccccceevvriiiiiieeeeennns

Digital images of silver microstructures synthesized by a galvanic
replacement reaction between an aluminum foil (1.5 cm X 1.5 cm X 30
pm) and 100 mL 0.05 M silver nitrate solution. The solution was under
a constant agitation, without an agitation, and without an agitation for 9
h before stalling agentle agitation.............ccccooociiiiiee s

Digital images/SEM micrographs of silver microstructures synthesized
with different amount of added sodium nitrate (NaNCri). The reference
system consists of an aluminum foil (1.5 cm X 1.5 cm X 30 pm) and
100 mL 0.05 M silver nitrate SOIUtIONS..........cccoviiiiiiiiiieeeiiieeeeeees

Digital images/SEM micrographs of silver microstructures synthesized
with different amount of added nitric acid (HN03). The reference
system consists of an aluminum foil (1.5 cm X 1.5 cm X 30 pm) and
100 mL 0.05 M silver nitrate SOIULIONS...........ccevveeeeriiiiiiieee e

SEM micrographs of platinum pentagonal hollow fibers: (A) after a
galvanic replacement (before AgCl dissolution) (B) hollow fibers (after
AgCl dissolution) and (C) a pentagonal fiber fragment revealing
nanometer-thick walls. EDS spectra of the hollow fibers are shown in
[0 0= 500 L TR

EDS pattern of platinum pentagonal hollow fibers................cccccceee.

69

70

71

72



Scheme

21

22

23

24
31
3.2

3.3
34

LIST OF SCHEMES

Long chain polymer of D-Glucose unit of soluble starch
SHTUCTUIE. ..t e ettt e e et e e e e e e st e e e e snnee e e s ennaeaeeananeens
The possible process of starch under alkaline degradation to

generate reducing end groups adapted from Nef-Isbell
MECNANISI. ...t e e e e e
The reaction pathways of monosaccharide under alkaline
degradation. Classification of the degraded products based on
carbon number was simplified (adapted from references 51-53, 58,
and 63-64). Some of the degradation intermediates contain
functional groups with reduction potential (i.e., aldehyde and a-
hydroxy ketone Moieties)........cccviiviiieiiiiiii e
Example of reducing species (Cfi) from starch degraded
intermediates. (B) Reduction of platinum ions into PtNPs...............
Overall reactions for production of glycerol from biodiesel
0 11 11 RSSO
Products from oxidation reaction of glycerol............cccociiiveiiinnnns
Key design parameter for selective oxidation catalysis...................
A possible reaction pathway of glycerol oxidation catalyzed by
PtNPs/HTITULALUINUNUIIN wWiNivLnoiL Y

Page

22

23
24
35

35
38



Table

21

22

2.3

31

3.2

3.3

41

LIST OF TABLES

12 green chemistry prinCiplesS..... ..o
Infrared bands assignment of starch...............ooooiiii i
The possible degradation products of starch in alkaline solution those
ACt @S rEAUCING SPECIE. ... uuuuuninuninetiitieteeateeeeeeeeeeeeeteeeeeee e eeeeeeeeeeeeeeeeees
Effect of initial glycerol concentration on glycerol oxidation catalyzed
DY PENPSIHT ..ottt e,
Effect of initial glycerol concentration on glycerol oxidation catalyzed
DY PENPSIHT ..ot ree e,
Effect of reaction temperature on glycerol oxidation catalyzed by
PENPSIHT .o
Electrochemical potential of relevant species relative to the standard

hydrogen electrode. ... ...



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



