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Research Title: Construction of Linear Optical Spectrometer and Optical Characterization of Metallic
Nanostructured Surface

Researcher: _Mr. Kitsakorn Locharoenrat

ABSTRACT

The aim of project is to study the optical properties of palladium-coated gold nanorods. This research
is divided into two parts. On one hand, for the first experiment we investigate the effect of concentration of
ascorbic acid on Pd-shell layer from Au@Pd nanorods served as one representative example for studying
surface plasmon resonance. From absorption spectra of our samples measured by UV-Vis spectroscopy, it
is found that increasing a ratio of ascorbic acid into our samples results in the thickness of Pd-shell. That
is, increasing a ratio of ascorbic acid will decrease the thickness of Pd-shell meaning that gold becomes
dominant. This origin therefore leads the surface plasmon resonance to be shifted to the longer wavelength
or red-shift.

On the other hand, for the second experiment we observe the influence of surrounding media by
varying ratio of toluene and ethanol on the absorption spectra of our samples measured by UV-Vis
spectroscopy. Refractive index is able to change when the ratio of toluene and ethanol is altered. This
affects a shift of maximum wavelength of surface plasmon resonance. That is, when amount of toluene
increases, it result in refractive index to be increased. Hence, this contribution can shift the maximum

wavelength to be longer.

Keywords : Plasmon resonance, absorption, noble metal.
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2.5.1 nmmrﬁm—uawmﬂ (Beer-Lambert’s law)

LHAAIMIIAUN VDI INMTaza LY IAMMInZgruLazmMMsganauRIaNms (2.1) - (2.3)

absorbing sample of

I concentration ¢ I

g -

-4— path lengthb —»

AN 2.3 uaaessdannsznudleanudu Luassidnnzgiulinnudy 1ideRunimeg

MUAITALAENTTZHZNI b

AIMINLYHIU (Transmittance) T=1/1, (2.1)
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ANIIYANAY (Absorbance) A =-log 1, 2.2)

a d a = =Y = a aa a . =1 g o [
Tums AaserFlSaveunaiiamaiindansi i lean Ydda alnlasa latlltiondevannis
~ 32 =) o ] o
AATIZHAMNYUOY Beer-Lambert's Law Fa/Smnaanududuvesmidredialumsazarwaziiy

daa1uTaonTaNUMNISGANAY (Absorbance) YBITNTATAWUUAIANMNT 2.3
A = Olbc (2.3)

& A A
o A ABAINIIRANAU (absorbance)
A o a £ A : (/7
oL A duilsza@nTMIgAnau (absorption coefficient)
b fio szoemansemadounlua1sazane (path length)

¢ flo ANuTNdUYDIEITAZTAUA DN

a wa a 1 y v @ a . ' '
TumalfiianrsenldarmsganamiissninfianudniufuvuFaduzim ldiiend
d o 1 & A 3 a  w = A A "
wefiFudvannuannsnluninzar g iezdlugs InunaannINY1IAAWAYT (monochromatic
A & da = A A L) A (Y - S £
radiation) FaRADIAIAANNEINANM I WNIL Taoud AilBr A Taza10A88 190G 11 cell AN
4 ] 3 [ g} '
youaalaouoonuazIURIAIINNUIUDA cell (path length) HazANuIddUYDITTAZAIBUIADE
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l“hlilQ‘i)'lﬂ'E]u?I‘J'ﬂ'iEJ'I"IJ?NMZTQ“HGL‘!JHﬂﬁullﬂlﬂﬂﬂulﬂ‘ﬂ'm’Jﬂﬂ'lQl"]ﬂ.l!lﬁﬂﬂﬂﬂlaﬂﬂiﬂu@ﬁi%ﬂﬂﬂﬂﬂﬂﬂuﬂ1ﬂ

wTuvealanzaanInn 2.4

Electne Held

Netyl sphere

AN 2.4 NITVIUMSTUVDINITUOU AT UBYN AN INAY

< Y o o v a o
1!ﬂﬂ~lﬂi$‘”'ﬂ1&ﬂ15ﬁu‘llﬂﬂ‘wa'lﬁﬂﬂutlﬁﬂﬁslﬂlﬁuﬂ1‘iﬂixﬂﬂﬂlﬂdﬂquﬂigﬂﬂlﬁﬂﬂiﬁu

du a

(conduction electron charge cloud) Fuiusrufiundeaiie 1A3uuaamiontuiminlnfdniungy
815ﬂmau§ﬁsngﬂmﬂmﬁﬂﬁ'tﬁﬂmsé’uﬁmTﬂaﬂﬂn?ﬁmm‘if'r"uﬁﬂi'fua;jﬁ'ummwmuﬂumm
B18NASDU (clectron density) WIAFUNNTBIANATOU (effective clectron mass) YMIAZUI19VDINT
n3£910v031/5¢q (charge distribution) d1Mumsduvesdidnasoudmiuoymaninaidnionitlaln
anaAUOULS T LU (dipole = plasmon resonance) c‘Iéi’x‘l“'ﬂztl.ﬁlﬂﬁl'N‘i]1ﬂ‘l’i’d1E‘I’S.I‘E)'Izl!E?Jf]“l';hlclm‘l‘f)”*»‘l
(plasmonexcitation) yoalanzuuuio U(bulk metal)
afAamaumsveseymau Tuved Tangaunsaesuie lddonanmsdszunana Inihada

(electrostatics approximation) LAAIAITUMT (2.4) - (2.5) [1-2]

Particle dipole moment p =E&,E,PE, (2.4)
E€m—Eq }

2.5

Particle polarization P= 4TCR3[
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Tagh p An'laTna Tuwummniioni
= @ A
R fio SAlvooyMIA
ad a a
g_ o ladidnninilariduveslang
| ad a o o o
g, Ao ladiannsnlansuvesdinaiy

i =]
E, A auian IWihoinmeusn

msiiaduasisoveuaatuaymau Tunsnanveslanses iuasnannsgnuifans

= - % \ ﬂ;ﬂ;. ] ' s é 3 o 1 = =y af
gAY (extinction) TunaazauaN liminudwuivvnagdinsiaves lanzuazsiinueadinans
X o iﬁ] s e 9o a A A a 3 A A
Favanudumniammnzinlduunriaveseymau Tuveslangmsgaoninavuissnauaan
ANNTTNUADDYNIANTINANYELTaNZIAAIINMINILAL (scattering) HATAANAY (absorption) UDA

aYMA

munanmsiszanamaldihadnmunsaileu extinction efficiency AIANNTT (2.6) — (2.8)

Qut =Q abs I Qscal (26)
Q. kP /6T = (83)KR' i @.7)
TR’
Q.. = kim[P] = 4kR Im [ E,-E, (2.8)
TR’ g, +2€,

4 v e - , )

Tao Q Ao duilszanTns Aaude (extinction efficiency)
1% y

Q. Ao du1lszANTNTNTZITI (scattering efficiency)

= Y = ={ A 5 i
Q,,, 10 du1)3zaANTNIYANAY (absorption efficiency)

Tungquvesil (Mie’s theory) TaiaupauiinmaaIvesoymAu TUIAAINGUATNIU1VDT
1 ad Aa o & 1 =] o o =2 = o g
nquilsggdianasoundeymanuaauuiman dihdmiveymanfnuilivuia@n  scattering
¥
efficiency 921IA11100AI1 extinction efficiency 110992 171 Q sca<<Q ext AIUUTUMS (2.6) 3zAAFUA

aAuMT (2.9)
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Qeu=Q s (2.9)
H?m%u’lﬁeg”lugﬂ extinction cross-section LLi¥ absorption cross-section |’lﬁlil’.i'l
Ce=C (2.10)

abs

iife Q= C/TR?
Absorption = OL = NC = NQ(TIR")

(e N = AnududuveinInal

NNAUMS (2.6) - (2.10) Auiananaveeymnu Tuves Tanziiunadninndunsfsonvongy
ad aa ar A o ] X ' = & g wa o
Uszgdidnasounmeymafuaduiman Ifhezsusgiuriavol Tanydaluauinmmizdn
1 é’l 3 o ' ) :’, @
(characteristic peak) ¥9UANLT1ATINNIVUBYNUVINAF T 199030y mm Tuve s Tanzmaniudmsy
ey '¢§ (Y a o - o [
auAmaaInvuegnuriaves lansuanadinini2.s Tauduina extinction efficiency H3000AN1S

o w da o 1 o
AANAY (absorption peak) xFURUTAUMIVBUALFVDIDYMAL Tuvo Tanziruoymau Tuneam

uazRuzlsIng@uaazivassnIudIal

0.08 1 { — 0'min
| 1.0 e 2 min
- T —4mn
4 d : _— man
o 0.06 - 8 min
— 10 min
5 0.04 S - 26 min
B Pos
% =
w
W 0.024
22 N
= S

700 800

300 400

Wavelength (nm)

500 600 700 800 900 1000
Wavelength (nm)

AN 2.5 ANUFURUTIZHINATINGTINAUIAIA extinction efficiency YDIDYMAU TU

noaf (3Ude) nazitu (v (3]

wa { v a ) ' ad
auiamaaveseymau Tuvealanznndremsinaninduasnsveanguilszgdianasou

{a o 4 v d a @ " o [
nieymanuaduwiman fhaunsoeiueldnnirdedidusu@onudmiveymnlangi
U v

< a - X 4 o '
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3
(extinction) UM 1ndABanUMIANAY (absorption) AstiuTseuIsa s e avtiAMana Idvinauiia

msganaum Iagoymaut Tuvealangitvinaan1d

]
= =

msganauualaveymaut Tuveslanzam1soNezdins1z¥iay absorption cross section

A

i @ Ao X g o A A A A
(Cabs) HIUTUNIS 2.831ﬂ5ﬂﬂ1§ﬂ'1ﬂ“If'lIHI‘LI'IGI1ﬁiuu‘lluﬂﬁlzllﬂ']ﬂﬁﬂﬂﬂﬁuiuﬂ’]’lllEJTJﬂﬁuﬂ’g\‘l‘lluﬁ‘iﬂ

o o

mﬂniﬂmmuﬁmawmﬁ‘lﬁa’ﬁuwmmé‘r’uwuﬁﬁswiwm'mtmﬂﬁuua: extinction cross-section "H
\ - 4 o q ¥ A Ao A A
’ﬂi]'l-gﬂ"lﬂ‘lﬂ'jQﬂﬁ1]“\]8\‘!Iﬁﬂzll‘llu'lﬂ(lﬂﬂﬁlu%zﬂﬂﬂﬂ’J'!llﬂ'lZlﬂfluﬂllﬂ’l‘iﬁﬂﬂﬁug&ﬁﬂﬁi@ﬂﬂﬂﬂﬁ
-1 = a tg o g o 1 d'l n:l.'n:l = 2 w o o s
gandu (A_) UANNLIY ANUAIIHTIANN1IAAUNTNTEANAUGIZATITUNUTALYUIAYDY
a 4 & ¥ =
ﬂHﬂWﬂuazﬁ’l1]'1‘59@‘ﬁﬂ’lﬂllu’ﬂﬂlmﬁl‘Wll"IJ‘LIﬁ"!iElﬂﬂf\ﬂ]ﬂﬁlu1ﬂ€l‘l§ﬂ1ﬂ‘lﬁ UE]ﬂ‘il'lﬂﬁﬁluﬁ]iﬁ&’a'lﬂﬂ
UsenoudIeoyn1ANiNMINTEI1BY893UIA (particles size distribution) MINWUIIANUNFVBINTS

g}ﬂnﬁu (absorption width) ﬂzﬁﬁ'lt]flﬁ'lﬂ

2.7 antfamaniveslanzulu

Y o U ) J 'Q |
TanenTvuialuszavu TuuasaeionsamsenNanuNAMe511A5  (surface-to-volume)
{

A = ar = = v ' 1 1 o Jﬁ'ﬂ
QJNWﬂlMBLlﬁﬂUlﬂUUﬂUTﬁﬁ&ﬂMﬂlﬂﬂ’]ﬂu'ﬂnﬂlu'Iﬂ1Hﬂgﬂ']11‘l‘ﬂﬂi§ﬂ1ﬂﬂ’adﬂ1ﬂﬂ‘l}u1ﬂ 2 i luwnseg

=] Aa

' o 4 =1 3 A da 2 o & =t °
TiiunAgada 150 maruwasaonsy eeymmanasezh Itiuimigarudiumsiozaeuiiuam
1 a = 1 a ) J a o ' o o " o =
wneghuinuimthazdanaldhal s oualivuiudmiiag Idhenazdailumsdaaiulding
o 1 [ 4 a a a
UsIngmaaia199 duiio 1IN navoAATHININ
o = A da A4 " @ °
sz Tenifi ldninmamuils maiuiimveseymaun Tuimu ldedadanunemsi 1y 141y
' aan = 9 o o a = wa a w A o =
m3isalgasemniiuazms Iniluainseumumiaymsifasulasquantiamuniivesiaquio aql
a 9 é’ = a A ad a 4 : = a
Yinaezaoudmi naiue 1l a ImauInIndns wasiannseHnd (electronic and steric effects) 1A
a o a a ] o ' ad A a aan
sniwadidnnsoiindazinurtessuanunuunivyedidanseunusnugudna1alfisen (reaction
U = A’ 1 s A = 4 e LY 1
center) 1¥UMINALsEUINKTRsEYaLIUAIUBNI NAAADI NIZINEITRINUAN YL T 1UBEAIIY
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uni 3

as o = =
AIHNNIAUHUNIUIVE

3.1 ﬁlﬂﬂﬂ?ﬁﬂ'ﬁgﬂﬂﬁu‘um Au@Pd nanorods lumsazaie ascorbic acid

Tagmsiasen 0.001 mM Au@Pd nanorods WU ascorbic acid (AA) innuiduduA1aq e
Anmmavesnnunveamandsusesynau Tufifinanewataueuis TouuudanAu@pd
nanorods
311 1363 Au@PdnanorodsiiU317as 0.123 miTasnaufia DI AUSuins 14.877 mlegld

Au@Pd nanorodsHHILAS AT oNFaTiA IS LT 0,001 mM 131105 15 m]

312 wdounsa AA TavFaasIdiimtn 0.0176 ¢ udnitluwausuih pr AiTUSuIRs 10 ml 9214

n3m AA fkumsseneiinnududy 10 mM ludSuias 10 ml
3.13 11 0.001mMAu@Pd nanorods 910 3.1.1 WU AA 910 3.1.2 innmidudy 10,5, 1, 0.1, 0.01,

0.001 mMIusasdan 1:0, 1:1, 1:2, 2 ludwmiBinas 3ml fams19A 3,10, 3.12, 3.13,

3.1.4, 3.1.5 uaz3.1.6 Mua1aL sﬁaﬁ'ﬂmmi@ﬂnﬁumaum 917 17399 UV-Vis- spectroscopy

AWAINN 3.1.1

M1319% 3.1.1 0.001 mM Au@Pd nanorods + 10 mM n5A AA

Au@Pd : AA 0.001 mMAu/Pd 10 mMAA
1:0 3ml 0 ml
1:1 1.5 ml 1.5ml
1:2 I ml 2 ml
2:1 2 ml 1 ml




16

A131497 3.1.2 0.001 mM Au@Pd nanorods + 5 mM N3 AA

Au@Pd : AA 0.001 mM Au/Pd S5mM AA
1:0 3ml 0ml
1:1 1.5 ml 1.5ml
1:2 1 ml 2 ml
21 2ml 1 ml
ﬂ]iN‘?’ll 3.1.3 0.001 mMAu@Pd nanorods + 1 mM NIA AA
Au@Pd : AA 0.001 mM Au/Pd 1 mM AA
1:0 3ml 0 ml
ol 1.5 ml 1.5 ml
1:2 1 ml 2 ml
4| 2 ml 1 ml
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A131497 3.1.4 0.001 mMAu@Pdnanorods + 0.1 mM 3R AA

Au@Pd : AA 0.001 mM Au/Pd 0.lmM AA
1:0 3ml 0ml
1:1 1.5 ml 1.5 ml
1:2 1 ml 2 ml
2:1 2ml 1 ml

M3197 3.1.5 0.001 mMAu@Pd nanorods + 0.01 mM NTA AA

Au@Pd : AA 0.001 mM Auw/Pd 0.01 mM AA
1:0 L\ 3ml 0ml
1:1 1.5 ml 1.5 ml
132 1 ml 2ml
2:1 2ml 7 1 ml
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M13197 3.1.6 0.001 mM Au(@Pd nanorods + 0.001 mM NTA AA

Au@Pd : AA 0.001 mM Au/Pd 0.00lmM AA
1:0 3ml 0 ml
1:1 1.5ml 1.5 ml
1:2 1 ml 2 ml
2:1 2 ml 1 ml

3.2 mnATHMIQANAUYEY Au@Pd nanorods '?';fiﬁqfﬁﬁnmmaqumﬁnqﬁ’u
Taumsteson 0.001 mM Au@Pd nanorods Wery 1U@15aZa 18HASEN 19 Ethanol AU Toluene
fanududusieg lﬁaﬁnmwaﬂmaﬁﬂﬂa1a‘luaqmﬂuﬂuﬁﬁdawmﬁuamﬂmmuf'fmnAu@Pd
nanorods
32.1  If300 Au@Pd nanorodsAUS11A3 0.123mL  Tagwauduth DI #5u1as 14.877 ml 214
AuPd¥aiiauudi 0.001mM317A3 15 ml
321 WAN0.00ImM Au@Pd nanorods TM63UN9IN 3.2.1 MWW Ethanol/Toluene ludasidau
1:1,1:2,2:1,1:0,0: 1 1182 0:0 g3 1371 3.2.1 luRaan5inas 3ml ifo faaulnnunisganduain

IA509 UV-Vis- spectroscopy AWATNN 3.1.1
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ﬂ'l‘iN'?; 3.2.1 0.001 mM Au@Pd nanorods + Ethanol : Toluene ﬁ wﬂﬂ‘d”mﬁhﬂ"] i
Ethanol : Toluene 0.001 mMAu@Pdnanorods Ethanol: Toluene
1:1 1.5ml 1.5 ml
1:2 1 ml 2 ml
2:1 2 ml 1 ml
1:0 3ml 0 ml
0:1 0 ml 3 ml
0:0 0 ml 0 ml
o

=i o o @ =
,MKn3.1.1 vlﬂﬂ%uﬂi ums ﬂﬂQﬂﬂimlﬂﬂT‘iﬂﬂﬂﬁullﬁﬂ
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uni 4

=
WNaN13IVE

4.1 anlnATuN39ANAHYBI Au@Pd nanorods 1HA130210 ascorbic acid
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