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Abstract

In this study, we mainly focus on synthesis and light absorption of hybrid
‘microgel consisting of metal nanostructures that can reversibly changeable color to
apply in sensors. Currently, metal nanoparticles are utilized in many applications due
to their unique optical property. The metal or plasmonic nanoparticles are
nanostructures with free electrons that can move along the electric field of incoming
light. In This work, we synthesize gold nanoparticles and gold nanorods for studying
the light properties. Next, we study the encapsulating process of gold nanoparticles
with silica layers in order to understand and apply to encapsulating process using
temperature sensitive polymer. Moreover, process of synthesized microgel
nanoparticles with hexagon shape has also carried out. All synthesized nanoparticles
has been characterized by UV/VIS Spectrophotometer, Nanoparticle Tracking Analyzer
(NTA) and Transmission Electron Microscope (TEM) for observing their absorption
spectrum, hydrodynamic size and morphology. The reported nanostructure can apply
to temperature sensor. Furthermore, these results can be applied to other sensing
platform by changing type of polymer depending on observing substance and also can

be modified to be flexible sensor.



Keywords : Surface Plasmon Resonance (SPR), transmission electron microscope

(TEM), Gold hybrid microgels, hanoparticles (GNP)
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3.1 gunsafldlumsdnidumsise

3.1.1. UV/VIS Spectrophotometer
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U Cary 7000 Universal Measurement Spectrophotometer (UMS)
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gﬂﬁ 3.1 LASDIUV/VIS Spectrophotometer

3.12. Lﬂfsawqum’im (Centrifuge)
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gﬂﬁ 3.2 Lﬂ%‘a\mqum%m (Centrifuge)
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gﬂﬁ 3.3 iASpamuasyilauimannioulianudou (Hotplate and Stirrer)

3.1.4 Transmission electron microscope (TEM)
v fa & de v Y ' a o P~ o
Wundesganssaidifnaseunlifnvimedravliaursdgui 3.4 1ades
. . . ¢ -3 aa a d vV o a
transmission electron microscope (TEM) Fan3eudulagisitamiiolidioynirdiinnsou
| v v v & ° v a o] . W !
Kuvrale Mmsasnmainndessenniazvilalagnsnsioindidnnsouninzariumoetis
o a © [ % al (3 L ' [l
WULDY 1ATDY TEM IMU1zd M5 uAn®1518as188n19309AUsENoUA181UY 5 DE19 LT
¢ ¢ @ d v ¢ o ¢ & vV et v al )
paUsznouneluead dnynrvendovuiead miawad Wusu Fearliseavidengand
1 4 £ a A J o W a
napganssAdrilndue e niimaweeuazyszansawlunsuanuaesieazidengunn

(MawegiaaUseanm 0.1u1luuns)

3'Uﬁ 3.4 \A3eatransmission electron microscope (TEM)
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3.1.4 Nanoparticle Tracking Analysis (NTA)
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Huiedeatlonlfinadamauadunisnsnin fauwiudiniimelianisnszdauas
WuUNain (dynamic light scattering) uavldioealu nisasrinteslusvavlulasans
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zﬂﬁ 3.5 1A309 Nanoparticle Tracking Analysis (NTA)
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3.2 grsiadinldlunsaniiuaudde

1 Tetraethyl Orthosilicate (TEOS)

2 Ammonium hydroxide solution (NH4OH)
3 Ethanol

4 Gold nano particle (GNP)

5 N-isopropylacrylamide (NIPAM)

6 BAA

7 Ammonium persulfate

8 Ethylenediamine

10 Hexadecyltrimethylammonium bromide (CTAB)
11 Precursor Au3+

12 L-ascorbic acid (Vitamin C)

13 Sodium borohydride

14 Silver nitrate

3.3 35n15A 11 0uUIY

3.3.1 Gold nanoparticle (GNP)
M5&ATIEI Gold nanoparticle w3en precursor 1 Au3+ @savansdindona

< ¢ (J ' W ‘.’ v
JUN 3.6 FuduoumeuTunesdiliamnseassiaogluiesls

gﬂﬁ 3.6 Precursor Au3+
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Andnimsld Surfactant fie CTAB Tuun 100 ml aslulu Au3+ (UR 3.7) iialw

CTAB iusluvieruaymeuilunesdiianansnassagluls Sslaeund Surfactant CTAB
Yy v v U & o @y o o v Y

vaseiulunsenay daudaildouniaulunesmnduasiziladuilunsenay Gold

nanoparticles)

Au3+ Surfactant CTAB

3U# 3.7 1d surfactant CTAB Tuti 100 mt adluTu Aus+

waanuuld L-ascorbic acid (Vitamin C) w3ai3eninmdnediannsoustaspuliiu
PN o & Sy v ogqu
aalulu Auz+ Pfloynipurlunesifiannseasslutilauds villwein Aus+ naneidu Aur

ﬁagﬂﬁ 3.8

Au3+ ‘ L-ascorbic acid

Au+

A d o J “©a L 4 °
JUN 3.8 lioldidedianasoungresauasiulu Aus+ azvinlvinanailu Au+

1 J L | o/ 4 ™ % o/ 1
UAL9991151909n15 Au 39ld Seed MLBnuINgASl Sodium borohydrides (2318

didnmsoustady) Anegmsatluiitu Tnedasarsazaty Sodium borohydrides Turidu
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v ! * o 8§ v Y < voow < Y
udrrelanalulu Aur Foilwann Au+ naneidu Au imetuldundnsauiudegun 3.9 du
winemui seed MdrluAidumilou template Woyniaurlunssdunlidvurnlng

JumuusvSuuTlddnly

Au+ ' Sodium borohydride

Gold nanoparticles

UM 3.9 1d Seed AadnuIngilil Sodium borohydride Anagfeasluiia Sairlon
Au+ nansitu Au
anaradunisdaasizdt Gold nanoparticles upnanilimindeanisdansies
Gold nanorods @113 lan8381Ae U Gold nanoparticles iflgausnoald Silver
nitrate Vsinaudntiorasluialu Surfactant CTAB Turh 100 ml ﬁaguﬁ 3,10 foufiazaily
Tdlu Auz+iitel CTAB ad1siufunsisn sufufaildeyniaulunessiidansielfiu
Wuwuuune (Gold nanorods)

Surfactant CTAB Silver nitrate

3U# 3.10 1d Silver nitrate Viinaudniosaslutiisily Surfactant CTAB Tuih 100 ml
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3.3.2 Coat Silica - Gold nanoshells
MM5IN3ENASIUMUITLALYIINSIO3EN Ammonium hydroxide solution (NHAOH)

210 30 % IWRBINEY 10 % uasinsen TEOS ethanol solution
Tun151m388 Ammonium hydroxide solution (NH4OH) 10 % %i1lalae3dn1s

dilute @15 Aan1synarsarareutuliiiosasdnuuluamaralunouLay¥aINIsnINLIe

NTIA N UANINAUNTS

C1V1 = C2\/2

C1 - ANUNTUAISAYA1UNDURDIN (mol/dm?)
C2 - AnuNYUEISATA1IMEAID 1 (mol/dm?)
V1 - YSunsansavanenauiiodn (dm?)

V2 - USunesaEnsaraneviadidnans (dm?)

DI Water

NH40H 30 % '

NH40H 10 %

U 3.11 nsiaea NHAOH 10 %

N15IMIBY TEOS ethanol solution vilalasldaunisisuifeanuiunisiniey

Ammonium hydroxide solution (NH4OH) 10 %
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TEOS

Ethanol

4

TEOS ethanol solution
gﬂﬁ 3.12 N5A3BY TEOS ethanol solution

11 Gold nanoparticles ugnlanasanaasanasnas 1 ml 1usuu 11 nasn

nthailudiedes Centrifuge Tagl¥8ns11%2 6000 rpm Huiaa 15 wiiguit 3.13

gﬂﬁ 3.13 1a304 Centrifuge 198n51139 6000 rpm Wutaan 15 urft



21

naa1nIuINd supernatal @an WAl pellet LAWIIMS5IAN DI water asly

0.5 ml L& GNP 13 10 viaemansauiu a¢l# GNP 5 ml fagud 3.14

gﬂﬁ 3.14 Gold nanoparticles v'?q 10 viaaAN152uNU 921R Gold nanoparticles 5 ml

Wnseay Litmus 1139A1 pH w8 GNP yinliidu pH10 agvihnsusuen pH Tne
19 Ammonium hydroxide solution (NHAOH) 10 % Tiw3eulimendiay 2 ul sie 1 nes au
16 GNP #ifien pH10

#&391nl# Gold nanoparticles 711 pH10 19zl lUnuasAASRINIuEns 1y

an 1 20 Taeyng 5wt awyimsmen TEOS ethanol solution Tim3esly 28 ul wdann

g & 1% a aaa Y et o o =
T3 ¥ansiinUfazen uddnihluindiieies UVVIS Spectrophotometer wag TEM

3.3.3 Microgels PNIPAM
Tun1sdaasiest microgels PNIPAM fldunediue suasuamandinugumgd
arslunszvumsiifivisasifinduguusiuasuansiimssevesaidann Safeasvalasyse
Tumsimsnaasaduegiann
Tovazriimsindouansluvin vanfl 1 3UA 3.15 1nTeuas NIPAM fu BAA Tu DI

water 15 ml
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NIPAM BAA DI water

3U 3.15 ¥aai 1 @5 NIPAM fu BAA Tu DI water

drwvand 2 E'Uﬁ 3.16 1d Ammonium persulfate lu DI water 2 ml

Ammonium persulfate DI water

gﬂﬁ 3.16 ¥20#l 2 Ammonium persulfate Tu DI water

wazai 3 1d Ethylenediamine Tu DI water 2 ml

Ethylenediamine DI water

gﬂﬁ 3.17 ¥2a# 3 Ethylenediamine lu DI water

° ) < v ) a vy X 2 W O <
M swauiuwIng 1,2 uag 3 meiu Lazialivuy magnetic stimulate aI9INUUI
° & a ¥ E
11 microgels PNIPAM nidaiasigvilalugoynimunlusieimies UV/VIS Spectrophotometer,
. . d _— :
Nanoparticle Tracking Analyzer uazLA3®83 Transmission Electron Microscope (TEM) \ie

QAMANTALAY TR Wazoun1AULY
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3.3.4 Coat microgels PNIPAM
n15%1 Microgels — Gold nanoshells ¥ilalagag1ausnaosin  Microgels PNIPAM

Tdududu 3 whmnﬂnaﬁagﬂﬁ 32.18 uaddaldaslulu GNP 'luﬂ‘%mmﬁmmsanﬁagﬂﬁ 3.19

gﬂﬁ 3.18 Microgels PNIPAM gﬂﬁ 3.19 1d microgels PNIPAM #i concentrate

Wududy 3 win ua2 3 i1 aslu gold nanoparticles

wmsrzmmnanaiuly GNP asiinns aggregate unaunnmzneu ldaunsadunly

mﬂﬁﬁagﬂﬁ 32.20

o N a v W
3UN 3.20 Gold nanoparticles INANM$5UAINUIUANAZNDU
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Electron Microscope (TEM) uae Nanoparticle tracking Analysis Tun1sfingieyaiauilu

o é 1 ¥ @ J
o Fawuimanisiasuutasilaidused
4.1 n15daA15E9 Gold nanoparticles

o ¢ o da wa < v v
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LIGHT ABSORPTION SPECTRUM OF GNP
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oymauilunesiangui 4.1 sefdunwsinsnnnesdiund Wethluinannduns
gANAuLAITIBLATEY UV-vis spectrophotometer aﬂﬁnﬂwuamﬁaguﬁ 4.2 910NN
sumawilunesdmsinavariliallnniunsganduuatedi 523 nm wazilerhlunsdag
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U 4.3 nweynmaunTuvesdvsanauainia3as TEM

4.2 n15 coat Silica - Gold nanoshells

Tun1s coat Silica - Gold nanoshells 1unswIBYAIALITUNDIAIUVUNSINTUDN
! 5 J v ! o v ° ' o
WUUWIEUNT coat IANYUYRY TEOS s udnhanuieuiigunuuananfiy
' a 1 a ™ B ' o o ' ' v [l o
ayn1AU ULUULYIsUNRARBUNIE coat silica wuindndunalalifianuuansniuededniou

o W J
WNUNINFUN 4.4

31Jﬁ 4.4 Gold nanorods Way Silica - Gold nanoshells ﬁm'ml.'!'iuimlm TEOS
UANA1NY
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\ile1i Silica - Gold nanoshells Al#lUIngaIUnAFuAsgANFULES WUAULANGATY
vosUnaumspanduLaansfegUil 4.5 mnnsmiaymauTuvesdexiimanadieyd
532 nm @ GNP+TEOS100 Wag GNP+TEOS200 asfifnatunn¥usgi 534 nm wirfu av
WiulFTAanadun1sganduuasea Silica - Gold nanoshells ffiadmidudu TEOS
unnARfuusnduInAManasunsgAnauLaL1iv Humneaiamdudures TEOS
finasovuIAYee Silica - Gold nanoshells isadnesauliannsainldfeinies UV-vis

spectrophotometer wieo13lifinatay

LIGHT ABSORPTION SPECTRUM OF GNP AND SILICA-GOLD

NANOSHELLS
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4.3 N15EAATIZN PNIPAM
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LIGHT ABSORPTION SPECTRUM OF PNIPAM
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NANOSIGHT

Concentration (E6 particles / ml)

. PR Y
Size (nm)

FTLA Size / Concentration graph for Experiment
PNIPAM-1 2061-01-18 02-56-13

Results

Stats: Merged Data
Mean:

Mode:

SD:

D10:

D50:

D90:

PNIPAM-1 2061-01-18 02-56-13

Concentration (E6 particles / ml)

s o

LRIFT & & -
Size (nm)

Averaged FTLA Size / Concentration

Red error bars indicate +/- 1 standard error of the mean

193.1 nm
163.7 nm
93.2 nm
68.6 nm
185.3 nm
291.5 nm

Stats: Mean +/- Standard Error

Mean:

Mode:

SD:

D10:

D50:

D90:
Concentration:

200.6 +/- 11.8 nm

183.2 4/- 13.0 nm

87.0 +/- 9.5 nm

94.3 +/-17.8 nm

185.2 +/- 13.2 nm

291.0 +/-8.6 nm

3.08e+008 +/- 6.01e+007 particles/m|
15.6 +/- 3.1 particles/frame

3Uf 4.11 WA Nanosight %24 PNIPAM
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500 nm
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4.4 Coat microgels - gold nanoshells
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uAILANA1991n (1) GNP 1ol PNIPAM Tut3anms 1 ml iéntfes usislegiteuiy (a) GNP
leld PNIPAM TutBina 2.5 ml uay (2) GNP iileld PNIPAM TutBana 5 ml sxafasuly
sthaiulddaeu Tne () GNP wleld PNIPAM TutBina 2.5 ml szwdsuandunsnaneidud
13 way (9) GNP 1ileld PNIPAM Tut3anas 5 ml szifnnisanagnaudsi insneyniauilu
sashfunanefutoulng Fearnnadildiilevsinnmes PNIPAM Rldlulu GNP iy asvh
TouniauTunesddimssaiiuanntu dunsldndves GNP Snmsidiunndudosq 9n
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LIGHT ABSORPTION SPECTRUM OF GNP AND
PNIPAM - GOLD NANOSHELLS
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