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UNARED

= P i - PN o ' aca = A v ' a
nsAneiiunsdannsieyniaRussit i lasmn sl fiseunununawdnfosuinesgitienly
ansazaedanesiunm (AgNO,) TnelidnuTadanduasanisfinayniaRuszaululasmns i Aoaudindu

109an9azaneEanefumsawazdndiuingtes Ag” 1 NO, iaanenalnnisineyn ALeIluiaelfisen

wnuAwnawsiin doyguinenzesennialundunnmeilignasmaasuficaniesqanssaiBianAsenuuLdensin

=

(SEM)  wudneyntaRuszAulntasuasflianUfieunuiunawsinigddranasuuy laun tnulass
(dendrite) wW@An (crystal) Wi (prism) wazuuuL&ule (fiber) u@nmnﬁuwmmL'Eul,wdwﬁgnﬂﬂﬂmmmu

dszAninmdmiuiduiasal jisenlunasedjisesandusesansszney 4-lulnsiuea iefnnndfisen

a o

sandusnematingd-adidaaininealnd (Uv-visible spectroscopy) WudaynIARuanwnzidwdulasyay

1 '
= A

1u‘£mmmﬂJizﬁ‘vﬁmwwiuﬂWiLéqﬂﬁﬁ?ﬂwuwr]wzgmLmﬁmmmmﬂmmﬁmim’qﬂﬁﬁ?m (0.0065 (microfiber) >

0.0030 (dendrite) >>> 2 x 10’5(crystal))

AdnAty: uleresduszavnlasmmg, UfMeunuiunauatin, lulnsiuea



Title Fabrication of Silver Microfiber with High Aspect Ratio by Galvanic Replacement Reaction
Studentname  Sukit Boonlha  ID 5433149123
Advisor Kanet Wongravee
Department of Chemistry, Faculty of Science, Chulalongkorn University. Academic Year 2015
Abstract

The fabrication of silver microstructure via galvanic replacement between aluminum foil sheet and
silver ions from silver nitrate solution was studied. Effects of the concentration of silver nitrate solution and
mole ratio between Ag+ : NO, on the morphological structures were investigated in order to propose the
growth formation. Morphology including size and shape of the galvanized silver microstructures were
characterized by scanning electron microscope (SEM). From galvanic reaction, several structures of silver
microstructure such as dendrite, crystal, prism, and fiber were observed. Moreover, catalytic activities of the
silver microstructures were evaluated using the reduction reaction of 4-nitrophenol. The reduction of 4-
nitrophenol was monitored by UV-visible spectroscopy. Rate constant of the reaction was determined though
pseudo-1st-order kinetic model. It was found that silver microfiber give the highest rate constant (0.0065
(microfiber) > 0.0030 (dendrite) >>> 2 x 10’5(crystal)) compared to the other structures. This suggests that

silver microfiber has a good potential to be used as a catalyst for the reduction reaction.

Keyword: Silver microfiber, Galvanic replacement, Nitrophenol
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1.1 AandtduninazaudIAy a9y

Ru (silver) ulanzatianilangnAneuasimunagningeennsdiniunisdunnmziliie luglueseynia
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IU1AUN ILLNAS (nanomaterial) LHA4ANNLNA, 71419 uazduguanan (morphology) ABIBUNIARUITALUN T
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o al e

wngvn liAnanTRnLANAALTaveRuUNA 1w andiinnsinldnig, andinisdudasal Jizewead, andsd

Wad wazaNtmlunigdnwmanuaide ufu Inseaas1assiuu Tuumnsreakduntsdsauuvueulalansailn

a

(anisotropic nanostructure) L1 TSI, (nanoplate), w9113 (nanorod), SIECHOTRNN (nanoprism) LAZAYALN

Tu (nanowire) MignideuazWmunaanisdunszimaniineouauliwaztinllUszendldauludausiie drudy

q 9

ca

nsdannziaynARuliNgliesie o fulaaianiznisdaunmsiRundudulassavlalanunymun uunaiy
Aaelfifunouiionlulaqiuiaduloasslane Iuiduaiunsainlilszandldidu wadimainludn

(conducting polymer)’, wnTuAanIngn (nanocomposite)’, aadindiannsafind (optoelectronic)’, 4ol

(electrode)’, aguasainel (solar cell)’, SanNENURLANNNTIAN8&UY UM (Surface Enhanced Raman

Scattering SERS)° wazdaisatljisaniadl " ilusiu nnsdaarsiidulevesduszdvintasmnsmnuumsaiuns
faimseilinansds wu nsvuaunnsmieailugilansazans (wet chemical)®, nsdaasziifiaemaalomaiuea
(solvothermal synthesis)’, a%lﬂﬁ?ﬂzgjmuﬁm (seed mediation)'’, wazn s usiuutaalun1sdansnssf (template

% o

assisted synthesis)'' aealafinan nnsdaAszifiaedasine lulaquiuiudeidedninluFesaneeinuas
n3lignsnivaeaintialun1sdunsns Wy a13amuLIeRaRa (surfactant), kAT W@AWE (capping agent),

Ao [ o - ' I | A ' o v o o o '
uwazansivinliingsn (stabilizer) Tunisasuangsne nsldanauannldinesusiasinliigeannlunismidneanus
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uflusiesldansailunisdansziiuae fEn1sdanszifiaaljisaunununauatin (galvanic displacement)
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= dl val 1 o/ a a v v a o a o/
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N1TNAARAY
2.1 415LAN
Farraflumen (Silver nitrate AgNO,)
Tmmen lumsm (Sodium nitrate NaNO, )
-welunzg it
-4 luTnsAuea (4-nitrophenol)
TmpenTulslalngs (Sodium borohydride)
-lanuaa (Ethanol)
-avalny ( Acetone)
-n7aluFan (Nitric acid)

lalasiautleseaanlas (Hydrogen peroxide)

2.2 1ATAINaN L TILATIEARANITNARERY
-néﬁm@;@mimﬁLﬁﬂm@mmuaf@qnmm (Scanning electron microscopy SEM )

4338 0asnTnsTindima3 (UV-visible spectrophotometer)

2.3 98N15NAAAY

2.3.1 HARIANNTNTUTALIBS lUINTR rﬁmm'a‘mﬁﬂuuﬂmﬁ'mgmmm &)












19

2.3.4 NM5VARRIANEIANNRINITDIUNSLSL JAsensandunasasilsznay 4-lulnsHuaaraadulasuy

1. WTENANTATANENIATFIU 4-nitrophenol AYHdNdW 1 x 107 mol/L 1wms 1 Hadans Taeda 4-nitrophenol

0.0027 nFuANINLENRT 1 Hadans vinldaeivam (sonicate) Wiali 4-nitrophenol avaneuug

2. FTENANTATANE 4-nitrophenol ANMENTW 1.25 x 10" molll 1Buams 10 Raaans tnaldasazans
NIMIFI 4-nitrophenol AINLENEW 1 x 10% mol/L snnms 64 lulasang uazdiuifininsansazanefoniin

nauliifi Funsqaiineiu 10 Hadans

3. wirsnansazaeTnaantulslalags NaBH, Aoadindiu 2 x 10° mol/L 15u1mns 10 Aadans Tads NaBH,
0.0081 N3 WHxtNauliRiEunsgavineiu 10 Fadans iuansavaaflangungianlaaudasazansly

RGN

'
o a o

4. Fadundaunseilalugy dendrite, fiber waz crystal MsisanlFannmeasinazespndinduianaeslunm

siannaulaenutlasdugueesiu Widumin 0.0007 nfu ivlalunaen centrifuge

v v
o o

5. nageunsieliseaAnduuazAnnuLisenfaaiAses UV-visible spectrometer tnaidldunasisil
5.1 Tminauiiuims 2 Hadans adlu cuvette 11n193@ Absorbance uaz set il blank

5.2 Thilm 4-nitrophenol 1.25 x 107 mol/L 1511619 1 Hadans naniuansazany NaBH, Aduidisdiu 2 x

10% mollL tiunms 1 1a@ans N33 Absorbance tie AL TFEN

5.3 ilanziuneenlldas cuvette Nnanatsazane 4-nitrophenol AUAIAZAE NaBH, UAZIN1g
37 Absorbance lagiAnaNN9LLALULLIAINITAANAULAITD9A13152NOU 4-nitrophenol 1 A, = 400

a = a o KR v o v = L8
nm 9N 13U Wuan 10 wn LUNNTRHA LL@%H’W%@H@VL']J'JLﬂﬁ‘?gﬂwﬂﬂ’]?‘l’m@‘ﬂﬂ



20



uny 3
NANITNARRILALANUSIENANITNAADY

ayn1ARuszAvlnlasun s uns amnsaduansiiuljiseunuiunawsiinssuineleseuses
TaneRuiuudulans i A AndIndsandunindaléa 38n1ssanaaduldsnine Tddufeuiinisaaunuiladed
a o K

. e a A (o o A o ey PN o Y aa
@QN@M@@Mﬂﬂuﬂ‘ﬂﬂLQuLWﬂ\ﬂNﬂmeLLﬂi EJ]QQEQQ'&HI@‘V]@%@QLﬂﬁ‘qzﬂlﬂuiﬂm@qNuiuiz@ﬂiﬂiﬂﬂ,ﬂmi@']ﬂ'Jﬁﬂqi

~ A o a ° aca = A o \ a A jasa al
LLWHWLLH@LLQHHﬂUI@“X@x@]NLuﬂll (Al Imﬂluﬂqﬁ'mqﬂ{]ﬂiﬂqLLWHWLLﬂ@LLQuﬂﬂULLNu@zQNLuﬂll Imﬂﬂﬂﬂﬂ?ﬂqw

NATUAIRNNNT
Anode : Al(s )— A*(aqg) + 3e’(aq) (E° =1.66V vs. SHE) (1)
Cathode : Ag’ (aq) + e_(aq)—> Ag(s) (EOred =0.80 Vvs. SHE) (2)
Combined reaction: Al(s ) + 3Ag (ag)—> A’ (ag)+ 3Ag(s ) (E°=2.46 Vvs. SHE) (3)

WATANNTTDEUANN1T Nernst Equation tHsat

E=E° —Eln [Alh]

nkF [Ag+]3

Toel R A8 ANANUa9LRE (8.314 J/mol K )

[ar]

g |

=2.46-0.00871In

F A A1peanaeanasivindy 96,485 C mol”
o . -« 4 -

n Ae auuresdidnasauidnalewlulfeen
A a a 1 o

T An gouugd IneflAinty 298.15 K

WananugnspudniusssrdnanNdindues loglAg ] AuAAne AN 15l



2459

22



23



[ A



25



(111) plane

/

f

(110) plane

26



111 plane

N\

(111) plane
Growth direction /
(100) plane /

Pentagonal fiber



28



29



30






32

Aatdelnzen duiln (mg) k(s K(s'g") LANR15BI9DY

TAC-Ag-1.4 4.0 1.65x10° 0.41 29

TAC-Ag-1.0 4.0 5.19 x10” 1.30 29

Fe,0,@Si0,~Ag 1.0 7.67 x10° 7.67 31
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AgNPs@Pro-ESM 0.27 2.92x10° 10.8 25
SPAG 0.0259 8.16 x 10° 315 24
AgNP-PG-5K 0.004 5.50 x 10 1375 23

= oy PN o oo S aaa a e 1 11 | e 1 jasa
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RUNTU1 AN N RTINS NN 1M1 911AR894 Rashid kazAnse ARWeNTA W1sRmaswindy 1.30

1 %

s'g" dmiuinulassinigisandnatznnia (coral-like dendrite), 0.41s”g" dmiuaulassindgisendiely

U

n&nel (banana leave-like dendrite), waz 0.09 s%g’1 Z%WM?UﬂiéﬂﬂﬂuﬁTuWNﬂﬂu (spherical Ag nanostructure)
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49



10.

1.

12.

13.

35

LANAITDI9DY

Abbasi, N. M.; Hagjie, Y.; Li, W.; Zain-ul, A.; Wael, A. A.; Muhammad, A.; Hamad, K.; Yongsheng, C;
Muhammad, S.; Ruoli, S.; Shan, J. Preparation of Silver Nanowires and Their Application in Conducting Polymer

Nanocomposites. Mater. Chem. Phys. 2015, -, 1-15

Kumar, K. A.B.V,; Jianwei, J.; Chang, W. B.; Dong, M. S.; Longhai, P.; Sang-Ho, K. Silver Nanowire/Polyaniline

Composite Transparent Electrode with Improved Surface Properties. Mater. Res. Bull. 2014, 57, 52-57

Zhang, K.; Du, Y.; Chen S. Sub 30 nm Silver Nanowire Synthesized Using KBr as Co-nucleant through

One-pot Polyol Method for Optoelectronic Applications. Org. Electron. 2015, 26, 380-385

Park, K. W.; Jeong, H. S.; Park, J. H.; Deressa, G.; Jeong, Y. T.; Lim, K. T.; Park, J. H.; Lee, S. H.; Kim, J. S.

Flexible Powder Electroluminescent Device on Silver Nanowire Electrode. J. Lumin. 2015, 165, 216-219

Jang, I.; Kang, T.; Cho, W.; Kang, Y.; Oh, S.; Im, S. Preparation of Silver Nanowires Coated with TiO,, Using
Chemical Binder and Their Applications as Photoanodes in Dye Sensitized Solar Cell. J. Phys. Chem. Solids
2015, 86, 122-130

Zhang, L.; Wang, B.; Zhu, G.; Zhou, X. Synthesis of Silver Nanowires as a SERS Substrate for the Detection of
Pesticide Thiram. Spectrochim. Acta, Part A 2014, 133, 411-416

Liu, H.; Bai, J.; Wang, S.; Li, C.; Guo, L.; Liang, H.; Xu, T.; Sun, W.; Li, H. The Preparation of Silver
Nanoparticles/Carbon Nanofibers as Catalyst in the Styrene Epoxidation. Colloid Surface A 2014, 448, 154-159
Zhai, A.; Cai, X; Jiang, X.; Fan, G. A Novel and Facile Wet-chemical Method for Synthesis of Silver Microwires.
Trans. Nonferrous Met. Soc. China 2012, 229, 43-948

Zhigiang, Y.; Haijun, Q.; Hongyu, C.; Anker, N. J. One-pot Hydrothermal Synthesis of Silver Nanowires via
Ctrate Reduction. J. Colloid Interf. Sci. 2010, 352, 285-291

Xiao, M.; Moo-Chin, W.; Jinyang, F.; Xiujian Z. Effect of Solution Volume Covariation on the Growth Mechanism

of Au Nanorods Using the Seed-mediated Method. Acta Mater. 2015, 85, 322-330

Peppler, K.; Janek, J. Template Assisted Solid State Electrochemical Growth of Silver Micro- and Nanowires.

Electrochim. Acta 2007, 53, 319-323

Zhang, G.; Sun, S.; Mohammad N. B.; Li, R.; Cai, M.; Sun, X. Morphology-Controlled Green Synthesis of Single
Crystalline Silver Dendrites, Dendritic Flowers, and Rods, and Their Growth Mechanism. Cryst. Growth Des.

2011, 11, 2493-2499

Lv, S.; Suo, H.; Wang, H.; Wang, C.; Wang, J.; Xu, Y.; Zhao C. Effect of Additives on the Morphologies of Silver



14.

15.

16.

17.

18.

19.

20.

21.

22.

23

24

25

36

Nanostructures Prepared by Galvanic Displacement Reaction. Solid State Sci. 2010, 12, 1287-1291

Chien, L. K.; Kuo, C. H. Nitrate lon Promoted Formation of Ag Nanowires in Polyol Processes: A New Nanowire

Growth Mechanism. Langmuir. 2012, 28, 3722-3729

Klos, C.; Koob, M.; Kramer, C.; Dekant, W.; p-Aminophenol Nephrotoxicity: Biosynthesis of Toxic Glutathione
Conjugates. Toxicol. Appl. Pharm. 1992, 11, 98-106

Lunar, L.; Sicilia, D.; Rubio, S.; Bendito, P. D.; Nickel, U.; Degradation of Photographic Developers by Fenton's

Reagent: Condition Optimization and Kinetics for Metol Oxidation Wat. Res. 2000, 34, 1791-1802,

Abdel-Ghaffar, M.A.; Abdel-Wahab, N.A.; Sanad, M.A.; Sabaa, M.W. High Performance Anti-corrosive Powder

Coatings Based on Phosphate Pigments Containing Poly(o-aminophenol). Prog. Org. Coat. 2015, 78, 42-48

Wang, N.; Wang, Z.; Niu, X.; Yang, X. Synthesis, Characterization and Anti-diabetic Therapeutic Potential of
Novel Aminophenol-derivatized Nitrilotriacetic Acid Vanadyl Complexes. J. Inorg. Biochem. 2015, 152, 104—
113

Nasrollahzadeh, M.; Sajadi, S. M.; Vartooni, R. A.; Bagherzadeh, M.; Safari, R..Immobilization of Copper
Nanoparticles on Perlite: Green Synthesis, Characterization and Catalytic Activity on Aqueous Reduction of 4-

nitrophenol. J. Mol. Catal. A-Chem. 2015, 400, 22-30

Peng, Y.; Leng, W.; Dong, B.; Ge, R.; Duan, H.; Gao, Y. Bottom-up Preparation of Gold Nanoparticle-
Mesoporous Silica Composite Nanotubes as a Catalyst for the Reduction of 4-nitrophenol. Chinese J. Catal.

2015, 36, 1117-1123

Pandey, S.; Mishra, B. S. Catalytic Reduction of p-nitrophenol by Using Platinum Nanoparticles Stabilized by
Guar Gum. Carbohyd. Polym. 2014, 113, 525-531

Zhimin, W.; Cuilian, X.; Xin, L.; Zhaohui, L. In Situ Green Synthesis of Ag Nanoparticles on Tea Polyphenols-
Modified Grapheme and Their Catalytic Reduction Activity of 4-nitrophenol. Colloid Surface A 2015, 485, 102—
110

Baruah, B.; Gabriel, G. J.; Akbashev, M. J.; Booher, M. E. Facile Synthesis of Silver Nanoparticles Stabilized by
Cationic Polynorbornenes and Their Catalytic Activity in 4=-Nitrophenol Reduction. Langmuir 2013, 29,
4225—4234

Narayanan, R. K.; Devaki, S. J. Brawny Silver-Hydrogel Based Nanocatalyst for Reduction of
Nitrophenols: Studies on Kinetics and Mechanism. Ind. Eng. Chem. Res. 2015, 54, 1197—1203

Miao, L.; Rongxin, S.; Renliang, H.; Wei, Q.; Yanjun, Y.; Libing, W.; Zhimin, H. Facile in Situ Synthesis of Silver
Nanoparticles on Procyanidin-Grafted Eggshell Membrane and Their Catalytic Properties. ACS Appl. Mater.
Interfaces 2014, 6, 4638-4649



26

27

28

29

30

31

37

Xia, Y.; Xiong, Y.; Lim, B.; Skrabalak, E. S. Shape-Controlled Synthesis of Metal Nanocrystals: Simple Chemistry
Meets Complex Physics. Angew. Chem. Int. Ed. 2009, 48, 60 — 103

Zhao, P.; Feng, X.; Huang, D.; Yang, G.; Astruc, D. Basic concepts and recent advances in nitrophenol
reduction by gold- and other transition metal nanoparticles. Coordination Chemistry Reviews 2015 287,114 —

136

Elias, C. W.; Eising, R.; Silva, R. T.; Albuquerque, L. B.; Martendal, E.; Meier, L.; Domingos, B. J. Screening the
Formation of Silver Nanoparticles Using a New Reaction Kinetics Multivariate Analysis and Assessing Their

Catalytic Activity in the Reduction of Nitroaromatic Compounds. J. Phys. Chem. C 2014, 118, 12962 — 12971

Rashid, M. H.; Mandal, T. K. Synthesis and Catalytic Application of Nanostructured Silver Dendrites. J. Phys.

Chem. C 2007, 111, 16750—16760.

Tang, S.; Vongehr, S.; Meng, X. Carbon Spheres with Controllable Silver Nanoparticle Doping. J. Phys. Chem.
C 2010, 114, 977—982.

Chi, Y.; Yuan, Q.; Li, Y.; Tu, J.; Zhao, L.; Li, N; Li, X. Synthesis of Fe,0,@Si0O,-Ag Magnetic Nanocomposite
Based on Small-Sized and Highly Dispersed Silver Nanoparticles for Catalytic Reduction of 4-Nitrophenol. ACS

J. Colloid Interface Sci. 2012, 383, 96—102.



38

o

wagna Yoyndn Nniladui 30 1neu ungAN WA, 2536 N4andinassls ddansAnedulsanAnsneulans
| a a o o o a =ﬂ| IS =2 =} ' o a o a a

anlaaleuiyamends dadnanys Wetnsdnen 2553  dWindnmselundngmainemansingin n1ade
o oA . Ao A s o o vy e d .

WH AMEANENANERT ainansaiuanendt Wetlniefinmn 2554 Negianisonnsald fuaen 62 wy 5

ANUATEIATIN 8 namu N Aaninantd svialilsuelel 15220 Bwa sukit bm@gmail.com



	ปกนอก
	ปกภาษาไทย
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 การทดลอง
	บทที่ 3 ผลการทดลองและอภิปรายผลการทดลอง
	บทที่ 4 สรุปผลการทดลอง
	เอกสารอ้างอิง
	ประวัติผู้วิจัย



