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Abstract

Nowadays, Nano-Material have been widely developed and applied in engineering, medical,
environment, catalyst and chemical analysis. Gold nanoparticles are the stable metal particles which show
ability of unique color properties. Gold nanoparticles can change the color according to the size or shape of the

particles. With this feature, it is popular to be applied in the field of colorimetric detection. Moereover, the
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application of gold nanoparticles in colorimetric detection can be used to measure biological substances in the
body and determine the amount of metal in the environment. These applications can be analyzed simply and
rapidly without requiring complicated instruments. In the future, it can also be developed into a portable

measuring device that can perform measurements in the field analysis.
Keywords: Gold nanoparticles, Colorimetric detection

1. Uni
o a Y] dy o Y S A A A d o @ a 4 a
mawama Tulaglulvgiiuil i ldimnseslo N idmsumsasnuanenasaiuag
- 44 , D 4 a2y 4 o o
A13FINNNNBIAT (precise) 1AZLUUE (accurate) 1ATOINBIHATHAMNANNA AR 0E1NINTUNITATI
Anziriensnaaaulunumudunadon auassagy tazmsininelsn [1-2] Miasnaouviia
Y
S = = 1A o 1 < 1 . = o
W3 eYsnaesansalinazasyimmraril annsesi 1ded19sia57 1991 (sensitivity) tazianusune
a { A Aa o ) ' A =
9 (specificity) maiinnion1Flumsasrainsizd lagna 1) 1y matiaTasuTans ¥l (chromatography)
= . ~ as a
[3], ) i (electrochemical) [4], anlnlasas (mass spectrometry, MS) [5], uazoanlas 1w sa
A ' A o VY 9y Yy A A A 9 ' ) o Y
(electrophoresis) [6] LAMATIAAINA1IT19AUADITHATDINDNADUI NS GRINUALADID AR TEIF Y
AUUMINTINAATIZHINeATI AT T e o mldamsnageulumasuiursemsdiniiey o
A (a ua ] o I o @ o [ a a 1 dy v a a
anuid§iacurlnadinuiudedinadmiunsinsigdalematinmaiil [7-9] n1sasiiamed
. . . I A Aa [l [ 4 A
(colorimetric detection) 30T umanandanumiaulvegainiewinanuazainlumsdngzi ANy
Y
= 1 1 =1 = -7 1 ] 1o I~
Foudie wazlinnuduan [10] uenvIniimsaeuaueneddiisaemasaaeualeanlar lusuiludes
Yy A A do ¢ v A= 0w a P
IfinTosiloNdgudon ginsaidunsaonnmn1d manageviitunuzdrmiumasndnsizd lunmaauy
. 3w v A ada ' <
DUNIANDIVUIAU TUINAT (gold nanoparticles; AuNP) 1 udasdviamsantanuiauluiy
a 4 a wad J [ 4 [ ] vAa A A 1
wieryiesnivareauiianiuenanyaivesTaguiuiau Tumas wuauiaFuaen laamu au1a13o
v v
sUshaunsanugud 18 nazauidduswlfnsen swdimsdunsizioynianesvinau Tumasiiudl
UszdnTamgeaunsonuguuuiaeymala [11] eyniAnesvuiau Tuwasiniglinignizaisuuia
1 < I ~ =]
PUNINTZHIN 1 U1 a5 100 W Tumas suiuinswiudndisazarsoynianesvuiaul Tumas
I [ § [ a a o ) L [l
WutaquiTuilinnueadesgelasuanuioyluanuidenazmailidszgnaldodiandiene [12-14]
A wa o o q Ya A A A
o nauiia Tauuugvesoynianesynau Tuwasi lvinamsganauanuenaugeganlasu i
1 ] v
nnsedginimanlasunlacldamruiavesoyninni os ez H19TEHINEYNIATINNITINTOTUNA NS
nasunlasidreandlar [15-17] dwaaslugld 1 maldeundasdvesoynmanesvuau Tuwasiiog
o L v o a ay Jy = v Y v . A
asoshnldlumsasintamed lademalulagnisasi93u Tae 1401557067 (ageregation) 130T

[ . . { A ' (J o J ] 1
1eNA7 (disaggregation) YBIOUNAUT TUIUATNAADINNITNDAIVDINUTE TAIUAUA (covalent) W30 1o Ty

35



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

Wusy IA2aUd (non-covalent) NUENTHABINIATIVIA A1TavawaynIAneIvUIAU Tuuasavilaoud
J o a a (% § [ va

mﬂ?f"lauumn,ﬂu%umumﬂmﬂmﬂmismmnummmgmwewumuﬂu‘ﬁﬁaﬂﬂﬁ’mﬂuaum
o A 3 Ao w A A o

15 111U (surface plasmon band) 11/agua1n 523 nm 111 610 - 670 nm [18] N MY NgARPAINIDAANY A

i‘ a 9 [ ] . Y o [ d' o

WuAveseyManosvau Tuwas laratenarenumy Isee(-thioh Tiiiausumzmzsesnuaishazih

v Y ! o tg a 9 ' a a = J o ' g a
M3ns193a 14 [19] 1wy maaaulasiuiidarengulod Iniiaas 1o Inanuny Iseeuuiuiivessyn1Anes

Aa

4 y = o v A g { a L4 wa
nau Tumasie I nuAroynalinusumznuAL ueNideIn15AT193AT 12 auiiAvesoynIANe

{

i Twwasmaribiunssgaladiaglunswauunaiianisasiaiaddlng q Alanudes]s

]
=t

' Y
ﬂmm"uwwzuazmﬁﬂsmwmwﬁu

Y

) Nanorods aspect ratio

AT

50 nm
(ﬂl) Nanoshe"s 3 shell :hicknt_e_ss

140 nm

(m) Nanocages %gold

{1y

’]Jﬁ 1 Z’fsU@\1’fﬂﬁﬁw’GﬂEJ1/IEN"UL!WTLJﬂuLiJG’I51/]L‘]J’ﬁfJ“LJLL‘]J’ﬁWl111Elﬂﬁ1ﬁ’Juﬂ1uﬂ'JNG]EIEJTJSUENEIuﬂ1ﬂ (M) GEGH

50nm

msazmﬂmwumuﬂmmimﬂafmuﬂmmummwmmmmwmﬂ ) 1Az AUOIETAZAINOIVUIA

w Tuwasin)asumlasmuanududuvesoynia (a) [20]

2. auliAanazmsdanszvioynAnesvinanlumns

2.1 aiAYRIDYMANDIVINAMNUINAS
TassadwseduinTuveanesldsuanuaulenmindseedsumsvars iesnnfiauniai oy

Gluﬁ%m meiwcvwmﬁmmﬂmmuﬁ (surface plasmon resonance, SPR) éﬂﬁﬁ@ﬂﬂﬂgmiﬁl%ﬂllﬁﬂﬁlﬁﬂmﬂ

[ an ad d‘ (] [ @ A 1 I Y] [ A A a A ] I Yy
duasns evesdtanaseuiogluTanzszauu Tuwasnuaauwiman i nandedeliaauwiman Wi

36



U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

o [}

1 a d a‘ [ a <

INAgUENUINTENY lanznqudtanaseuigniinaeg lueynnTzau TuAsIsAan1s dus Y

. . . A A g 9 A A o v W A
(collective oscillation) Hazioaauuiman Ini191nneuenNUAVE1IAAWASINUALAINIINAL
Aad A d ° Y a ° 1 < o aa A o 1 a v
sranaseunduluoymaulu szshliinamsimeudiu [21] Fduasnioniuainsziiae lanzozina la
douY Ap uaIIzANNIENULAzaziouson ldenweaaum LAY NANANANIG Fn11NMTNTZIRN

. = Y ' g A A < o d R A '
(scattering) 1oz luvazimernuIdaeunnaiuiugnganauuazgnlasu luidundsaumsdusgaiiona

A . é ) k) 9 v a g’/ a
MIAANAULE (absorption) BaTaen 2 Tudr Tnseadeszauu TumATYoINBIILAANINTZVIUMITNTZID

) Y Y

paaaznIsganaunaIFIduiAmaril azvusgnuuuiauaz Ui 19vesoyn1ANoIvUIAUT TUINAS

1 J

oNAIBENUTY DYNMANDUNTINANVDINBUFUAIFUINAVUIA 13 U1 TUINAT IZgANAUIAINAIINEGT)
A = Y = A =~ |§ o Y = I a Y
aau 520 W Tuwas Fagliasazaredauas weoymalvinalngyuliavesasazaen)dewiuain
a A é’ A P A J o Y
RUUAzANNINTUGIVY [22] W00 UNANBIFUNTAAsN (octahedral) NUVUIAAI AU I TUAL

. a4 o A o A4 o o
amsganaunaunasgideu limananueaaugay 23] dwdaalugli 2

Absorbance
o =]
3 o

o
N
a

0.00

1 A 1 i 1 i 1 " 1

A A 1
400 500 600 700 800 9S00 1000 1100
anmanay nlumns)

517 2 myganauaduuagIvesoynIane 11001 (2) Hans 1l () Nvuraeynn 20, 50, 63, 80,95, 110,

U

125, 160, 1tag 230 W1 TUuATAINEIAY [23]

4 P [y ad @ A o a
Wenasannsznu Iassad nszavu Tuvemes sanasouszgnnszau lldwaumileniuazazinams
@ 9 [ A = o Y a a A = ' '
duieanuuaainannszny ez liinanarauenlnaizasoy (JUN 3) FdW150018N0ATTHIN

' ad a X Ia a 49! dy a 1A A )
souApv0d lane naz ladanaindelsingmssinmevuiiszmasgusnadensunenvesTarzun Ty
' Y
mszuasnaieuen bigwnsadeanzginud luaeluiagld laena T3 endsingmsaiiin e
4 { a A 1 ]
amanauoms TsuusNuAIRN1IZaY (localized surface plasmon resonance, LSPR) [24] i#4NANNTLNUTN

o w an v A

£ a o a { °
NUAIVBIITAICNIBUATNIYINUITATOILUUAD fﬂiﬂﬂﬂau UHagN1INISLI Tﬂﬂuﬁﬂﬁgﬂ@ﬂﬂﬁu%%ﬂﬂﬁ}

q

37



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

a 4 = o " qya y A & o 7q U
Lﬂﬂﬂ'ﬁﬁuﬂ1ﬂiuWﬂﬂﬂJ@ﬂ'§lﬁﬁﬁJu1ﬂu']TuLiJG]5&Lﬂ$‘ﬂ$ﬂ’ﬂiﬁlﬂﬂﬂ31%5@1&%1&%\1@71%15ﬂuflﬂﬂigfalﬂ@ﬂ"]fcluﬂ']ﬁ
' I 3 v ¥ Y A A a a X a A o N
mmaamgﬂmﬂmmmu% VUENUFAINNANTITNTSLIIBIICUAITVUINIAQAUNINULFEINANNTIENUIS

annsarh lihlszgadlFlunszuaumsadummansla

e~ clouds

resonant
incoming
light

electric field

~ a 14 4 o 1T adg A o A~
:‘JﬂVI 3 msnaeslanataduous Tauuudg Tﬂﬂuﬁmmsaummﬂqumaﬂm'euiuuamwummmammq

NNNUBNADINIU [25]

w d
2.2 MIFVUATIZHIATIAI NIV UINAT
2.2.1 M3FannzhlnssaianesvinamnluuasuINIInaN
o ~Aq Y a d a g’; a @ o’d%‘
Taon lounianesvinan TuwasnldlumsinnziiFaduu deuduasizvainlugiunuve

2 A 9 I ag Aa U ~ L-i’ Y 1 ax
msazarededi lnssaradunuunsenan Taedimsnteuldlumsesoneyniau Tununii laun 33ms

[

IAONUDUIADAIY (Turkevich method) [26] TagofollfnseTianduveslelasnuanszaaoliooiia
A

N

Yy a Y & an A a o ¥ A g ¢ & oA v
(HAuCl4) ﬂ?ﬂ“ﬁl@]ﬁﬁiuu“ﬁﬁiuﬁ]‘ﬁﬂ?ﬁu“]fmi@]i]%“lﬂ']ﬂu']“ﬂ 2 Ul D L‘]J“Ll@nﬁﬂ')“lf uamﬂumma@umm%

]
an a o =

A k) = a Y [ a
oyman ldvzlvnadszana 15 nluwasuazlvinalndifesiu Taelfnseunassaumsi 1

6(AuCl,) + CHO, +5H,0 —  6CO, +24 Cl + 6Au, +18H" (1)

9
%

FaAtmsduasizRuuumes adytuildeiiaiEesvesvuia dausadunsizioynialdlugag 10-20
Yy 9 o 2 Y A 2 a & o 1) a @
W Tumas massmssymanlvna lngvvezaounulsnavessmsadazm e yniamanissua?
[ : o { ' = ' v Aaw [ G o 4 a
nu #9911 ldeyniandgdsraaesull Tunaenninide 185l ismsdunsiziuuumeddy
A g9 o @ o A ' = v o
e liansaduanzioymaszavu Tuwashfvmesening 15 09150 wTuwas e Tagnsdsy
P9318IUVBIATALAEFATAN VNS [27] HAazAMTAESITUANNT [28]  Jana uazany [29] latauedTams
< o X Y ' v ¢
Ugnilianey (seeded-growth) Msdunsiznilsznouale 2 suaou launmsdunsiziidanedlagisveq
nasAIY MuAIeN5gnAIeMIIAY Au(lll) LAznIALEAADI N DU AT OAUATIZHOYNIANDIVUIA

wTuwasddvuiaa q fuldlasmsnruqueasidiuveaiianoay Au(im Mduasly

38



U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

2.2.2 msdannzlassaiamesvinan N suuuIna

m3ganauaauuaevesInssadsedun Tunuuuiziaasinao s Fansasums duves
SidnasouTunuvg nazuaenveseunta Tasmsduiesvesdidnasoulunmynazifatuiina
g1InauFUN c?"%qﬁnm‘uiqmmmaﬁwwmammiTmmwﬁﬂzéﬁuagj TUAINIINE1IROAINNI (aspect
ratio) ﬁmaﬂﬂugﬂﬁ 4 M3Funszd Inssadeszauun Tusuuunaans o 1dnaeds 1aun 35m Wi

an < A v o 9
Fwnsgnidia wazissandu lag e

Absorbance

0.0

450 600 750 900 1050
Wavelength(nm)

517 4 srlanfumsganaunasveslnseadieszauu Tuuwuuuna [30]

9

F5maadl 1l (electrochemical method) M3 &A1z Iaedsiaz 1997 I o Tasyve Tua
Shunrumoaaztaua Tnasluruumandti Tasinasens woeglumsazaedianlns lad ¥anAe 1anae
wda laswFanonTuilonTuslud (C, TAB) nazase TandalaswFauon TuilouTus lud (TC AB) Tag

9| <

o Y A o A A o q ¥ Yy 9 = o Y A g
C,,TAB vgsihmihiiluanndouneuneilesnulilinesverseonawdie vazh TC,AB vhmihiiiludd
= o Y a 9 1 aaa @ J o . o aaa
mignhliina lnssadanuuunalaslfsernsdunsiznazii 1y ultrasonic bath Tumsvinlgnsenss
a a 3 9 A4 9 o 19 ¥ a ' s & 2w
wwozd Taunazisnyuas luiamios edlosnululdinaTas s luwadnudans s wazienauazilueg

oo 1 191 Taseadwnunis 311 lumsinl§azerns Inszualdthaeidunaidszana 20 wi

v v
Wd’agwd A D

aAan = d' - { a g
UfnsouailluihAfadudail nesidane Tuasznldouliiilu AuBr, a15szneunesiitiaiiuaggn
i1 H v 1 H
nszua ilndnduldinaoui ldauiuaInagauilugaiaziial §isesdndu ndannal§asesdndu

1218 Av’ Feezswdanuiadiueymadelyl U7 5)

39



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

power supply

platinum

| plate plate test tu
=1 [ I Teflon spacer I
A by
oxidization reducti non
. "
L4 L] .
.... /»——- _’\\.!
b R
sur factant

‘ st 2
m'i.-lle \_/ad-atoms

! template aggregation

water

ultrasonication

51# 5 nszvaumsdunsied Inseassaumn Tunuuuisdedsmi ih [31]

< . o ¢ < 2 o ¢
M 31gnilia (seed-mediated growth method) M3FUATIZHNBIMIBITUgNIdA oYM IANTUATIZY

=

lanvualndifesnunas 1dsuanuionogamnivats d13alan 15uvatead 5y laasondaotu Tm@en
a A [ o A= i Y IA 2
FnTa taznsaueanosin IasnquiIteNANy19819n3199219AA0 Murphy Hazane [32] Tagluvuusnag
=l < 9 o aaa 1 @ ya I o A
93ENNANDIVLIA 3.5 U1 Tumas A28MINI 381581919 HACI, 11 NaBH, tagldgasailudunaeu
Y aan dya o ¥ A g 1o A a ] Id v AaAa o a
cvﬂuﬂgﬂﬁmummmzmﬁmmﬂmmm’JmaammwGmmm"lummimﬂumamcv"l@wqmﬁgu 099EA14
d‘ o an ?,‘ A 25 1 A a
1nItveuaninarilgnsenlutiuden Tududen e Muaisazaonauves HAuCI, C, TAB 1azn5a
I Aa <3 A A H Ja o Y A I v A Aa
weanaiin aslwdanesneion3luvuusn Tagnsaueanssinaziminiludiiardeoy q luns
~ Y axd 9 I A o JY A = v '
193 8UN09A18951101992 lnoymauuunsenamdundadumidiufes Feawisoneneen 1a lagnisilu
A Y <3 < d @ A 9 1 9 ] a =y [
MI89ReANE g C, TAB FuiludnnaouTnseadwunTunuuunsez vy laswsanon Tudion@iu
v v W A < A ) v P a & 2 2 A v =< o WYY
W2) JUAUIMAsLVO AN Y3 eundarumu lalasamsueuaznatlusuasivumnasy 13 Tagdanu13ae
J s L & 4 d;; I o 1 o Y a [ 1 [
H3IaA0sas ¥avu lalasarsueutaziludirieriminalassad 1auuunun avevesae e
[4 I 1 1 [} = @ 19 1 4 é’ [ Y
TaTasamsvounimanennuevoInau TusaeIny Tasnunaraielelalasars ueueivuaszyiild

9
[

Y 1 A 1 J A [
"],ﬂl,!fl/l\TLHI'L!‘VIEJTJﬂ'NZ’ﬂfJ"],aiﬂiﬂWiUﬂuﬂﬁuﬂﬂW

40



U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

AsmssanguTagl4uaq (photochemical reduction method) gaiaue 1ag Kim, F. wazamz 1uil a.a.

v
an A

2002 FBdawsai ld laemsmonasninnuernau 250- 400 wiluwas lUdsarsazate HAuC, lu

wiaaulnaneauazwed hiia lwlsa lawiluduadou nalamuifseymam Twiannuaslinszdu Au™

Tl dsanngnszdu nasmmiwesadu lnansasyiand au” lihilu Av™ &9 Au™ vziRamsaarsdalyl
o Y

I 3+ + [ g’z a aan 9 A aan A o ag
1Wu Au LIaY Au ﬂmmﬂuum%zmﬂﬂgmm'lﬂam UYUAD ﬂ;;]ﬂifﬂﬁﬂﬂ%uﬂﬁﬂlﬂﬁﬁuqﬂﬁﬂﬂauﬁz

a ana J < % < a a o [ {
maUgAsemsaaesa liily Au’ senziRemsiiandedude lidsaumsi 2 [33]

(HAuHCl B m—» (HAuHCl 4)* ......................... excitation

(HAu3+C14)* —_— (HAuHCl3 ..... CD) reduction

(HAU' Cl,...Cl) ——» (HAW'CL)+Cl i, dissociation

2(HAuZ+C13) - HAu3+Cl4 + HAu+Cl2 ......................... disproportionation
HAu+C12 — > AV HHCIH+Cl photo reduction 2)

2.3 msdauasiuirveseumanesvina s

a A °

o a a I A o
mslFanuveseynianesvuiau TumasiumMsns19nsended Ianusuiuizdesiins
o zg’ a . . . Y [ A o o Q&I a
aauasnui (functional modification) THNANMAMIZIIZVNY THANANILTINTATIIIA Tagd) nANUA7
& o ' Y a Y Y a A =
YosoyMANeIvIaL Tumasiugnoauinlidre Tuwanaasnlinazuadenlidreasnlidiudu q 0
I a 1A A o an [
Wudaszsouneyma nqudaszve TuanaddW1sokn (binding) ¥30NOUATN3 1 (interaction) N1
[ 1 4 v
Twanadhwinefaulala [34] awaaslugli 4 mssaudasiurrvesoynau Tugniteauasusnlag
. . .. ad g . ' a a ~ v [}
Mirkin 1z Alivisatos 1Ag735n15U52n0DAD (self-assembling) Yonqu Toda Iniaas 1o lnanuwy Ineea
. . . & A 4 aa o & v Y
(thiolated oligonucleotides) DUNUAIDYMANDIVIIAWT Tumasiie 19 1un1sas19d0Ue [35] HuAmALIY
(% j’ a a ) FY d' aad a2
mmsasandasiurrveseynianesviau Tumas dewirll sl uwioasramaowe (ONA) Tisau o

A o

a o A a A ~
ieuumﬂuaz'leaaumeﬂam miﬂﬂuﬂmwumaumﬂwawumuﬂummsﬁ’aﬂmmuﬁmawwmzm
J dy o X [ a A 9 ad an A Aan [ .
mmum”lﬂglﬂumiﬂizuaummmmmwa% 395 IBUINADITNITAAFUNIINIYNIN (physical

. P A a d%‘ Y a J A a o an 1 ~ 1 ¥
adsorption) FudunszurumsnnavuIALsImMe IWihadadvsemsinaduasnsenvesaiuh luseiin
. I ~ a é’ Y <3 Aas [ P "o Y [} <
(hydrophobic) Lﬂuﬂi%ﬂ’)uﬂﬁ'ﬂ?ﬂiﬂiﬂl,ﬂﬂ"lJu"],ﬂi’Jﬂ!,5’Jl,l,a$3J’J‘ﬁﬂ15ﬁ\1!,ﬂ51$ﬁ°lﬂvlll°ﬁﬂ“]5@u E]EJNVlﬁﬂGlﬂJﬂﬁ
@ y a o Ee 1 A a 4
aaudanurtoyniAnesuuiau lumasare3smigadunienmenntiunymsulasuudasnsiiimes

' ' I ' ' A ' Y a o Ax
mTQﬂWﬂfn‘W{lﬂ ) (1B ﬂ“’rﬂlﬂaﬂuﬂi@ - AN ﬂTllﬂﬂﬂu Hagau 9) ?NWa‘h’ilﬂﬂﬂWiLLﬂﬂ@’JﬂJ'ﬂQIlﬂaqa [36] 7%

41



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

' ' '
= A axAa a =

@ J . I @ 1 1
figoq Ao N139Ug1AINAUA  (covalent coupling) (HuATHTsuINNgauaz Fiupd1auNs a18 AW
< " X o o an 1 ' Y o ' o 2 a
N3 W URGHUOUATNI 8152 IINGUNDA (Au) and nguFanles (S) dedimsdautlasiiuileoynin
4 @ a a o 4 a
noua 15 W lwmwas mensawesunl Tnduan11uedn (mercaptoundecanoic acid) AANUNUAIVDIDYN N
9 as [ 1 4 1 1 [ Jdou a d' EY [ =Y <
N0IA835MITUg InauaszINngusamlesnuMIvesoymaned e ldlunisasivialsuaazn?
< = v = = ) A4 o = 2 ¥ a
aznazdga Ieymanesivinalugyudwaliarsazmenesnzn)deudannauaauilunii(u [37] uas
[ g a k) a a 14 A Aad
msaanlasiiuAIoynIANeIvLIA 20 W1 TumNAIAIe 4-03i 1u 6-laasonda 2-wesual Ts TnsiauTy
ax o 1 o 1 U
Tuleasa (4- amino-6-hydroxy-2-mercaptopyrimidine monohydrate) ﬁ}’JEJ’J%imﬂIﬂ’NLauﬁﬁ%“ri’JNﬂQiJ

[ d v a d' 9 [ =Y = @ 1 1 [
Fanos UAIUDIDYNTIAND e ldlunmsasiviadsunauaadenludltedrsdaaizaznuamadain

¥
= a

2 = j 1 4 = S 2 ]
aaudasiurleynianestidszyauuiniu dwwaldiileliuaadouludredralaanzarsazatoneg
1 o =1 2 = = = I ¥ a an A as
sanguiusuivuineynialugiunazlasudnnaisazareduauilnindv [38] 35nd1ude 35
a Jo { a Jd a
mwzinzasved luanaaunuany TuanadhnineNdesnsinsizd 1wy synianesvuau Tuwasgnan
) a s A adg A 9o o v A a A = ) A 4
uinAIgLEUATER YIeA eI ldd 1M uMInTTalsnaneufnurTe TuanammizALeUADBA
3’, 1 o j’ a Yy ad A P = = A
1Y 9 15 m3aaulasiuAleynanemieAd e iiesnnanummzveudue1s §15 uaz 15 e l4lu

MInsriamssaigealisau [39] 5Wudu

. —— —— O

+ M=/ Bams
danlaaiii )-{( 3IUfIVBIBYNIANDY ) 0)—{-(
)-i( ¢ 4
T

. BUAANDIVHIAM L LIRS )_i( aymanavnanlusiasigaulasiiui

' » = = g
= < w = e
- aunsudvansmanlilumsaaualasinga & AIEFNADIMIUNTIZH

1 Y
317 6 mIaauasiuFEIarMITINAINUYDIBYMANDIVLIAL TUNAT [38]

42



U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

Qv
3. madszgnaldeoumanasvinainlumns
a dAa A 9 g [ A A csé
fﬂi’JLﬂ‘HZ'Hlei\iﬁiﬂflslsli’ﬂiélﬂ1ﬂﬂ@ﬂﬂ]uWﬂ‘LﬂTum@li‘L!“L!Eﬂﬁfl’ﬁll‘u@]‘VINLL?NLLQZﬂ?‘ilﬂﬁﬂuuﬂﬁ\iﬁ%ﬂ

drulvginannmsisndveteynianedau Iuwastazmsldsunlaeglsamiessos n1asznag

v o

[ v 3
oy MysmdInuveseymavuaut luwasitvianmunz auh ldinanata Tuws Tsuuuvesiuii

v
A o

v 3 a A = 1 A < o [l 1 v v

suiluaumgnildnanmsuldsundasdlusriaunsoveuiu’ld Meodruru mssiudinuvesoynin
' 4 @ I a '

nosvwa Tuwas (durigudnats~ 20 nluwas) Tasmssautlasiiuiadieny lnesaldiidsygavuin

£ A o a 9 Ay R Y a ¢ A o qw

Yulianurnzaunuuaadeudnihvinendesmsasinia i ldnaus dWihadadmiienildeounia

= v 9 = @ B o Y v o A
1’]ﬂﬂﬂﬂﬂﬂﬂuﬂ?ﬂﬂ’i%i]‘]J'Jﬂ“llf]\ul;ﬂm“]fflilﬂﬂllﬁﬂﬂglu21]1’] 7 m“l‘ﬁmgmﬂwawumuﬂummmumnume

|§ A @ J A A :g o Y
ﬂluTﬂﬂHﬂTﬂiﬂiy“Uu ﬂ311]8113?1?]‘1!1"1@1?111]1!&5T%Lmuﬂlﬂﬂulﬂﬁﬂ’NZJEJYJﬂEm‘VIQQ“UuVIﬂﬁﬁﬁﬁ%aWﬂﬂHﬂTﬂ

£

] v
vadA v A

A = = Y ¥ a Y Y 2 A Yo
nosvau Tuuasdsudnnduaaiumiku [38] Areautianasci lanauddigiheynianeswuia
uTuwas Tl Fedraunsnareluaudsodd wu msdmsizinlSuaasvy [40] ar5ilson [41, 42]

NoIUAa [43, 44] Tas3le [45] uaalley [46] azna[47] wazuuisey [48] Adaadlunisan 1

OH

4 N y - - -
wAsINANS

;o ewmanesvmanTumasidaulasituia

1\ i,
Iy
Fisl =
0y
P 3
F v
I 5
| f :
A i
A ’
S ]

sminiuesaniaarfen
(Aggregated AuNPs)

Bgﬂ!ﬂﬂad%ﬂ}ﬂhﬁlﬂﬂﬂi

"ty

~ Y A = = 3 2y a a a
sUn 7 mitmmaﬂuﬂjmwmﬂﬂawmﬂuﬂummuazmiLﬂaﬂummmmmﬂuﬁumuTﬂﬂamwammm

U

Y A o A a o a Ag a ¢
Ul‘l’\l‘V\ITﬁﬂﬁﬂﬁ]?ﬂﬂ?iﬂﬂuﬂﬂ\iwuﬂﬁlﬂ‘l}‘!ﬂ?ﬂTl?]ﬂﬂ‘]J‘lJ'i%i}ll'Jﬂall'fNLLﬂaL“]fEliJ‘V]ﬂfNﬂWi'JLﬂﬁW%‘ﬁ [38]

43



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

A @ 1 A a o ’q ¥ Y axa a
AT NN 1 GI’J’E]ﬂ1ﬂﬁ?§ﬂgﬂ3lﬂ51$ﬁ%1ﬂﬂ15ﬂﬁ$Qﬂ@1%@1§ﬂ1ﬂﬂENGUHWﬂu1IuL3JG]5@'JfJ'JﬁL‘INﬁ

d‘n d =~ y = o = a
iy | asmiildlums | Yasnalums | vinauazdues | nalnmsasio 91904
(Y3 &' a (Y d‘ Y a d
aanaanui "5340 oUMANDITIT N
d
oymanssving | (lulasluad) | anlumas)
wlwuns
A151Y (As) nga 15 Tou 0.064, 0.016, YUIROYNIA 15 | N1TTINAUVO [40]
(Glutathione, GSH) | 0.080 W Tuwag UYNIANDIVUIA
la'lsTensnoa /aguan M TuwasNNg
(Dithiothreitol, ATATAWAUAT | YAAUTZHINET
=y =2 I A ?,’ a @ ]
DTT) Hamnou Wik vynunylsesa
. [} 4
(cysteine, Cys) uawyjaaﬂulcm
Usen (He) 0.24 oUNIA A1TTINNUVD [41]
NIINITLUDBN BYNIANDINY
dasaanig | dsen
A0817 1.8
sy 1.6
X
AAVNINIY
fsazans
= a ¥
Waguanain
a I =
Ul uauag
4 @ o Y
101 T3 0.2 PWIROYNIA 13 | N155I0A291 1A [42]

SIRTSIEY (papain) “7]
wuwnluens
wzazne W
ol lungu

Tasauea (protease)

W Tuas
nlaguan

=}
T aAUAg

Fudig

aunANeUasU

a

44




A @ ] A a J I ¥ k) a a A [
M7 1N 1 GI'J’E]fJNZ’fﬁ'I/IQﬂ’JLﬂﬁ1$Wiﬂﬂﬂﬁﬂ§$falﬂﬂsl%’ﬂlélﬂWﬂ“I/l00%“1@1!111!&31@]5?133313!,‘5\1?( (919)

U

%

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

d‘n d =~ y = o = a

asnannzy | maedinlylums | dadinalums | vinauazdves | nalamsasie 913904

(Y3 &' a (Y d‘ Y a d
aaudasnuia 53090 oUMANDITIT ATITH
d
oymanssving | (lulasluad) | anlumas)
WA
NowAd (Cu) | Hagn 2.5x10° YUIADYNIN MIAITIATNDON [43]
122 N Tuwas | 91NHEIDYNIANDY
lasuan Taeneuna
A150LMTUAY
Id a2 ?,’ a
SVATR ARSI
uoa-yemnou (L- | 10 YUIADYAIA 13 | M3LAA sandwich [44]
Cys) wluwas complex3ZHIN
1lasuan Teounewasiy
A15azYAUAY | LDA-HAINDY
v A 4 %

TasWley (Cr) | $A%N05 (Meso- | 0.01 VUIADYNIA 14 | MITINAIVO [45]
23- TR RITETCE DUNANDY
dimercaptosuccinic aguan
acid) A150LANTUA

Id 2 ?,’ a
SV AT ARSI
upaion (Cd) | la —tiewalTsa-2- | 0.016 VIABYNIA 13 | uAAeNTeI [46]
Neuoa wnn'ls W Tung Itnguansy
v F
Tou (Di-( wasuan aautlasiiun
1Hpyrrol- 2- y1) 1502 0TUAT | OUNIANDITINGD
methanethione) AudiikEu Y
Az (Pb) nga1 15 Tou 10° YAeYNA 5- | Mg i [47]

8 W IuAs
RIGEIER
ATaTAeTAUA

Fluming

NANITIINAD

45




P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

A @ ] A a J I ¥ k) a a A [
M7 1N 1 GI'J’E]fJN?ﬂi'I/IQﬂ’JLﬂﬁ1$Wiﬂﬂﬂﬁﬂ§$falﬂﬂsl%ﬁll;lﬂWﬂVIBﬂmu1ﬂu11uluﬁiﬂﬁﬂﬁﬁl‘1ﬂﬂﬁ (919)

asidnnz | asmiinlilums | Faswalums | vinauazdves | nalnmsnsie 81904
Faulasivufin A33970 oumANoaiily BILEAEY
aymanesving | (llaslum®) | anlwans)
s

uAaIEoN (Ca) | 4-0zilu 6-laa 76.25 VUIADYAIA 20 | MITINAIVO [38]
sonda 2-weual W Tuwag DUNIANBINN
IERTEREITIPY wdeuan TWthadndves
Tulawsa (4- A15azeTIA ﬂfjumiﬁﬁyuﬁa
amino-6-hydroxy-2- Sty PYNIANBIN
mercaptopyrimidine upaFeuaaLLla
monohydrate)

uuiFen (Ba) | nsawesuailln 2500 YUIROYNIA 13 | MITIWAIVD [48]
HYATUR W Tung DUNAND
(Mercaptosuccinic Lﬂa gUN
acid, MSA) GREI RGN

Sty

4.a71
99 9 A 9 < o a a da a 9
ﬂ’lﬁﬂigQﬂﬁi%ﬂuﬂ’]ﬂm@ﬂﬂ]u’]ﬂu’]Tulll@'lﬁLW@GlGIfLﬂuﬁ'Jﬁ5'3%9’]@9’]13J1uﬂ15')1ﬂ§131(71(’]1\1?( ’ﬁ13J’]§fIGl°]f
a v d v 4 v ¢ A 0@ A
Glufni'Jl,ﬂi’]gﬂﬂlﬂﬁa1ﬂﬁa18]1/]\11/”\1ﬂ1uﬁ\1!>mﬂa@l| NWMITUNNY LAZNITAIVANAUNTINDINT fl’ﬂ'J’]l,ﬂu’E]ﬂ

A A A A Y aA A a A ' v
'Vnﬂla'ﬂﬂiﬁ”ﬂuWﬁuslﬁ] lu’ﬂ\iﬁ]Wﬂ'ﬂ‘E!ﬂWﬂWﬂQmNW@]uWIuluﬁiuﬂlﬂﬂﬂﬂ f‘TnJTiﬂLl]aﬂua@1uﬂ]u1ﬂﬂ§ﬂ§ﬂ51\1llﬂ

7 ] 1o o < 4 o A '
Tagdinsiziamnsaveunudeanani ldasoiauniiuglnsaiasinianldaude nomazain

° a ¢ YA Y o dtg a A o [ Yy A o v
mmmm'lﬂamiww“lumﬂaum"lﬂ NN m‘wumwmmmmmimuﬂaﬂmﬂmaummmmmzmﬂu

v

A v a S Y TR o ) I Aa o
ﬁ1i1’]@@\1ﬂ13@53%31ﬂ51$ﬁ1ﬂﬂﬂ16ﬂ@3~] ﬁ]\j'V]11ﬁ@1§ﬂ1ﬂ1’]aqmuqﬂu11uluﬁilﬂu‘ﬂuijJTHﬂTﬁL“UlII

X Aav a l J
Uszgna ld lunuidedededaunsvials

46




U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

191391909

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]
[9]

J. Rick, M. C. Tsai and B. Hwang, “Biosensors Incorporating Bimetallic Nanoparticles,” Nanomaterials,
Vol. 6, No. 5, 2016, pp. 1-30.

V.S.A. Jayanthi, A .B. Das and U. Saxena, “Recent advances in biosensor development for the detection of
cancer biomarkers Biosens,” Bioelectron, Vol. 91, 2017, pp. 15-23.

A. Neves Dias, V. Simdo, J. Merib and E. Carasek, “Use of green coating (cork) in solid-phase
microextraction for the determination of organochlorine pesticides in water by gas chromatography-
electron capture detection,” Talanta, Vol. 134, 2015, pp. 409-414.

M. Khate, A.L. Escosura-Muiliz, D. Quesada-Gonzalez and A. Merkog¢i, “Electrochemical detection of
plant virus using gold nanoparticle-modified electrodes,” Analytica Chimica Acta, Vol. 1046, 2019,
pp- 123-131.

G.L. La Torre, M. Saitta, F. Vilasi, T. Pellicand0 and G. Dugo, “Direct determination of phenolic
compounds in Sicilian wines by liquid chromatography with PDA and MS detection,” Food Chem,
Vol. 94, 2006, pp. 640-650.

M.M.A. Omar, A .A. Elbashir and O. J. Schmitz, “Capillary electrophoresis method with UV-detection for
analysis of free amino acids concentrations in food,” Food Chem, Vol. 214, 2017, pp. 300-307.

S. Wang, T. Chinnasamy, M.A. Lifson, F. Inci and U. Demirci, “Flexible Substrate-Based Devices for
Point-of-Care Diagnostics,” Trends Biotechnol, Vol. 34, 2016, pp. 909-921.

S. Choi, “Powering point-of-care diagnostic devices,” Biotechnol. Adv., Vol. 34, 2016, pp. 321-330.

A. Nilghaz, L. Guan, W. Tan and W. Shen, “Advances of Paper-Based Microfluidics for Diagnostics—The

Original Motivation and Current Status,” ACS Sens., Vol. 1, 2016, pp. 1382-1393.

[10] D. Chang, S. Zakaria, M. Deng, N. Allen, K. Tram and Y. Li, “Integrating Deoxyribozymes into

Colorimetric Sensing Platforms,” Sensors, Vol. 16, 2016, pp. 2061.

[11] Z. Wang and L. Ma, “Gold nanoparticle probes,” Coord. Chem. Rev., Vol. 253, 2009, pp. 1607-1618.

[12] S.H. Qaddare and A. Salimi, “Amplified fluorescent sensing of DNA using luminescent carbon dots and

AuNPs/GO as a sensing platform: A novel coupling of FRET and DNA hybridization for homogeneous

HIV-1 gene detection at femtomolar level,” Biosens. Bioelectron., Vol. 89, 2017, pp. 773-780.

[13] J. Bai, X. Zhang, Y. Peng, X. Hong, Y. Liu, S. Jiang, B. Ning and Z. Gao, “Ultrasensitive sensing of

diethylstilbestrol based on AuNPs/MWCNTSs-CS composites coupling with sol-gel molecularly imprinted
polymer as a recognition element of an electrochemical sensor,” Sens. Actuat. B-Chem., Vol. 238, 2017,

pp. 420-426.

47



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

[14] M. Mascini, S. Gaggiotti, F. Della Pelle, J. Wang, J.M. Pingarrén and D. Compagnone, “Hairpin DNA-
AuNPs as molecular binding elements for the detection of volatile organic compounds,” Biosens.
Bioelectron, Vol. 123, 2018, pp. 124-130.

[15] AM. Baetsen-Young, M. Vasher, L. L. Matta, P. Colgan, C.E. Alocilja and B. Day, “Direct colorimetric
detection of unamplified pathogen DNA by dextrin-capped gold nanoparticles,” Biosens. Bioelectron,
Vol. 101, 2018, pp. 29-36.

[16] K.L. Kelly, E. Coronado, L.L Zhao and G.C. Schatz, “The Optical Properties of Metal Nanoparticles: The
Influence of Size, Shape, and Dielectric Environment,” J. Phys. Chem B, Vol. 107, 2003, pp. 668—677.

[17] G. De Luca, P. Bonaccorsi, V. Trovato, A. Mancuso, T. Papalia, A. Pistone, M.P. Casaletto, A. Mezzi,
B. Brunetti, and L. Minuti, “Tripodal tris-disulfides as capping agents for a controlled mixed
functionalization of gold nanoparticles,” New J. Chem, Vol. 42, 2018, pp. 16436—16440.

[18] S. Wu, D. Li, J. Wang, Y. Zhao, S. Dong and X. Wang, “Gold nanoparticles dissolution based colorimetric
method for highly sensitive detection of organophosphate pesticides,” Sens. Actuators B-Chem, Vol. 238,
2017, pp. 427-433.

[19] J.R Reimers, M.J. Ford, S.M. Marcuccio, J. Ulstrup and N.S. Hush, “Competition of van der Waals and
chemical forces on gold—sulfur surfaces and nanoparticles,” Nat. Rev. Chem., Vol. 1, 2017, pp. 1-25.

[20] E.C. Dreaden, A.M. Alkilany, X. Huang, C.J. Murphy and M.A. El-Sayed, “The golden age: gold
nanoparticles for biomedicine,” Chem. Soc. Rev., Vol. 41, 2012, pp. 2740-2779.

[21] S. Eustis and M.A. El-Sayed, “Why gold nanoparticles are more precious than pretty gold: Noble metal
surface plasmon resonance and its enhancement of the radiative and nonradiative properties of nanocrystals
of different shapes,” Chem. Soc. Rev., Vol. 35, 2006, pp. 209-217.

[22] P.N. Njoki, LI. S. Lim, D. Mott, H.Y. Park, B. Khan, S. Mishra, R. Sujakumar, J. Luo and C. J. Zhong,
“Size correlation of optical and spectroscopic properties for gold nanoparticles,” J. Phys. Chem. C, Vol.
111, No. 40, 2007, pp.14664—14669.

[23] E. Yasun, H. Kang, H. Erdal, S. Cansiz, I. Ocsoy , Y.F. Huang and W. Tan, “Cancer cell sensing and
therapy using affinity tag-conjugated gold nanorods,” Interface Focus, Vol. 3, 2013, pp. 20130006.

[24] C. Li, K.L. Shuford, M. Chen, E.J. Lee and S.0. Cho, “A facile polyol route to uniform gold octahedra
with tailorable size and their optical properties,” ACS Nano., Vol. 2, 2008, pp. 1760-1769.

[25] C.M. Cobley, J. Chen, E.C. Cho, L.V. Wang and Y. Xia, “Gold nanostructures: a class of multifunctional

materials for biomedical applications,” Chem. Soc. Rev., Vol. 40, 2011, pp. 44-56.

48



U %

Aan @eunmie / 115a1533msUnaiu U7 9 :17ufi 26 Muensu - Sunau 2562

[26] J. Turkevich, P.C. Stevenson and J. Hillier, “A study of the nucleation and growth processes in the
synthesis of colloidal gold. Discuss,” Faraday. Soc., Vol. 11, 1951, pp. 55-75.

[27] D.A. Handley, “Methods for synthesis of colloidal gold,” In Colloidal Gold: Principles, Methods and
Applications,” M. A. Hayat (Ed.), Academic Press, Inc., New York, 1989, pp 23-27.

[28] A. Henglein and D. Meisel, “Radiolytic control of the size of colloidal gold nanoparticles,” Langmuir,
Vol. 14, 1998, pp. 7392-7396.

[29] N.R. Jana, L. Gearheart and C.J. Murphy, “Evidence for seed-mediated nucleation in the formation of gold
nanoparticles from gold salts,” Chem. Mater., Vol. 13, 2001, pp. 2313-2322.

[30] C. Wang and C. Yu, “Detection of chemical pollutants in water using gold nanoparticles as sensors:
areview,” Rev. Anal. Chem., Vol. 32, No. 1, 2013, pp. 1-14.

[31] C.J. Huang, P.H. Chiu, Y.H. Wan, W.R. Chen and T.H. Mee, “Synthesis of the gold nanocubes by
electrochemical technique,” J. Electrochem Soc., Vol. 153, 2006, pp.129-133.

[32] C.J. Murphy, T.K. Sau, and A.M. Gole, “Anisotropic metal nanoparticles: synthesis, assembly, and optical
applications,” Journal of Physical Chemistry B, Vol. 109, No. 29, 2005, pp. 13857-13870.

[33] F. Kim, J.H. Song and P. Yang, “Photochemical synthesis of gold nanorods,” J Am Chem Soc., Vol. 124,
No. 48, 2002, pp.14316-14317.

[34] C.A. Mirkin, R.L. Letsinger, R.C. Mucic and J.J. Storhoff, “A DNA-based method for rationally
assembling nanoparticles into macroscopic materials,” Nature, Vol. 382, 1996, pp. 607—609.

[35] A.P. Alivisatos, K.P. Johnsson, X. Peng, T.E. Wilson, C.J. Loweth, M.P. BruchezJr and P.G. Schultz,
“Organization of nanocrystal molecules using DNA,” Nature, Vol. 382, 1996, pp. 609-611.

[36] J.J. Tan, R.G. Liu, W. Wang, W.Y. Liu, Y. Tian, M. Wu and Y. Huang, “Control lable aggregation and
reversible pH sensitivity of AuNPs regulated by carboxymethyl cellulose,” Langmuir, Vol. 26, No. 3,
2010, pp. 2093-2098.

[37] C. Fan, S. He, G. Liu, L. Wang and S. Song, “A Portable and Power-Free Microfluidic Device for Rapid
and Sensitive Lead (sz+) Detection,” Sensors, Vol. 12, 2012, pp. 9467-9475.

[38] P. Duenchay, O. Chailapakul and W. Siangproh, “A Transparency Sheet-Based Colorimetric Device for
Simple Determination of Calcium Ions Using Induced Aggregation of Modified Gold Nanoparticles,”
Int. J. Mol. Sci., Vol. 20, No. 12, 2019, pp. 1-12.

[39] X. Wei, Z. Chen, L. Tan, T. Lou and Y. Zhao, “DNA-Catalytically Active Gold Nanoparticle Conjugates-
Based Colorimetric Multidimensional Sensor Array for Protein Discrimination,” Anal Chem., Vol. 89,

No. 1, 2017, pp. 556-559.

49



P. Duenchay / Pathumwan Academic Journal, Vol. 9, No. 26, September - December 2019

[40] S. Zhan, M. Yu, J. Lv, L. Wang and P. Zhou, “Colorimetric detection of trace arsenic (II) in aqueous
solution using arsenic aptamer and gold nanoparticles,” Aust. J. Chem., Vol. 67, 2014, pp. 813-818.

[41] M. Rex, F.E. Hernandez and A.D. Campiglia, “Pushing the limits of mercury sensors with gold nanorods,”
Anal. Chem., Vol. 78, No. 2, 2006, pp. 445-451.

[42] Y. Guo, Z. Wangb, W. Qub, H. Shao and X. Jiang, “Colorimetric detection of mercury, lead and copper
ions simultaneously using protein-functionalized gold nanoparticles,” Biosens. Bioelectron, Vol. 26, 2011,
pp- 4064—4069.

[43] A.R.M. Salcedo and F.B. Sevilla, “Citrate-capped gold nanoparticles as colorimetric reagent for copper (II)
ions,” Philippine, Sci. Lett., Vol. 6, No. 1, 2013, pp. 90-96.

[44] W.R. Yang, J.J. Gooding, Z.C. He, Q. Li and G.N.J. Chen, “Fast colorimetric detection of copper ions
using l-cysteine functionalized gold nanoparticles,” J. Nanosci.Nanotechnol., Vol. 7, 2007, pp. 712-716.

[45] W. Chen, F. Cao, W. Zheng, Y. Tian, Y. Xianyu, P. Xu, W. Zhang, Z. Wang, K. Deng and X. Jiang,
“Detection of nanomolar level of total Cr[(III) and (VI)] by functionalized gold nanoparticles and a
smartphone with the assistance of theoretical calculation models,” Nanoscale, Vol. 7, No. 5, 2015,
pp- 2042-2049.

[46] Y. Sung and S. Wu, “Colorimetric detection of Cd(II) ions based on di-(1H-pyrrol-2-yl) methanethione
functionalized gold nanoparticles,” Sens. Actuators B, Vol. 201, 2014, pp. 86-91.

[47] F. Chai, C. Wang, T. Wang, L. Li and Z. Su, “Colorimetric detection of Pb2+using glutathione
functionalized gold nanoparticles,” ACS Appl. Mater. Interfaces, Vol. 2, No. 5, 2010, pp. 1466—1470.

[48] J. Zhang, Y. Wang, X. Xu and X. Yang, “Specifically colorimetric recognition of calcium, strontium, and
barium ions using 2-mercaptosuccinicacid-functionalized gold nanoparticles and its use in reliable

detection of calcium ion in water,” Analyst, Vol. 136, No. 19, 2011, pp. 3865-3868.

50



