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Abstract

Alizarin complexone-modified gold nanoparticles (Au®-NPs, ,) were synthesized
using an ultrasonic irradiation-assisted chemical reduction method and used as a dual-
mode chemosensor for determination of histamine. The synthesized Au®-NPs, , had a
uniform size of 17.84 + 1.37 nm. In the detection process, Au’-NPs,,, were complexed
with Ni (Il), whichhas been found to strengthen the selectivity for-histamine. The
prepared Au®-NPs,,-Ni (I} showed strong fluorescence -intensity -at the emission
wavelength of 520-nm-under the excitation wavelensth of 430 nm and displayed a
surface plasmon band at 535 nm. The detection strategy was based on colorimetric
and fluorometric dual-mode detection. In the presence of histamine, Ni (Il) can capture
the histamine molecules with a covalent bond, resulting in-a decrease in fluorescence
intensity and an increase in absorbance with the change of solution color from red to
purple. Under optimal conditions, the analytical performance of the sensor was
investigated in terms of linearity, LOD, and recovery. The linear ranges were 10-10,000
umol L (R = 0.9952) and 100-5,000 umol L (R2 = 0.9947), the limits of detection
(LODs) were found to be 59.32 umol L™ and 116.20 umol L, and the recoveries were
found in the range 94.99-103.29% and 97.67-106.88%, for fluorometric and
colorimetric detection, respectively. Moreover, the developed method was
successfully applied to determination of histamine in seafood products.

Keywords: Alizarin complexone, Colorimetric sensor, Fluorometric sensor, Gold

nanoparticles, Histamine, Ultrasonic irradiation-assisted chemical reduction
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Wieuiudruuiulunisifivansaratenasnsdaunsedt uag (B) nswdngda
AMENYUE AUNPs,, (A) @lUNATUAITAANGULEAT WATNIINTEAULAZNIT
LS o9uad (B) Time-resolved fluorescence (B1) ALz, (B2) Au’-NPs,,,, (B3)
AU’-NPs, ~Ni (I) complexes wag (B4) Au’-NPs,,-Ni (Il)/histamine. (C)
aUnATuIToUEs 3 AAv8s (C1) ALz, (C2) AU®-NPsy,, (C3) AuC-NPs,y ,-Ni (I1)
complexes wag (C4) Au’-NPs, ,-Ni (Il)/histamine

XPS atunns1uas Au’-NPs, . (A) XPS survey (B) mﬂnm%’mmmamﬁwqq
XPS 484 Au 4f Uay Deconvolution ¥es alnniuAnuagidengs XPS (C) O
1s ag (D) C 1s XPS alunns1vesansusenau ALz 8ase (E) XPS survey Lay
Deconvolution 483 awlAnsuaNuaztaenad XPS (F) O 1s (G) C 1s

(A atunas U 01w ve9 () ALz, () Au®NPs,,, (i) AU®-NPs, ,-Ni (1)
complexes hag (iv) Au’-NPs, -Ni (Il/histamine, (B) §Uuuy XRD ¥09 --
ALZ Lag = AU%-NPs,L. 4hag (C) AW SAED, HR-TEM, TEM LagATWA1INI
uHuTiasdUsEneuiunsnaiUnmsu EDX
nalnN139539TndavIlumesu AUl uNa

ML ARLADESALUATUTEY AUCNPS,, fulsosulanensiudatuasdaniud
Aty udu 5000 lulasluan odans (A) Colorimetric response (B)
Fluorometric response

NNIAANAULAL (A) WAy N1TLTe9MaT (B) U093 — ALz, == Au’-NPsx,, — Au’-

NPs, ~Ni (1) complexes way -- Au®-NPs, -Ni (Il)/histamine.

YovundwmanoUseananimees AuNPs,, dmsunisasiaiaganiiiuly
e Fluorometric responses (A) @231 uu83 Au®-NPsy ,; 0.33-1.69 11
Tuluarnedas, (B) mutdutuaad Ni (I1); 200-1,000 lulasluasadns, (C) A
IVBIUNNDS; 4-7, (D) ANUTUTUVDY Acetate buffer; 5, 10, and 15 fiad
luanadns, (E) 81aua nsun1snsiain; (Condition 1: @) Au®-NPs,,, Ni (Il),

Histamine, Acetate buffer wiag (Condition 2: @) Au®-NPs,,, Ni (1), Acetate
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4.16 Uadeiidinanoused@nsninues Au-NPs,, d@nsunisnsiadindaniduly 84

a.17

4.18

Inun Colorimetric responses (A) ANULTNTUTDY AUC-NPs, ,; 0.33-1.69 7
Tuluasedns, (B) Anutunduveas Ni (I); 200-1,000 lulasluanedns, (C) A
L@BVRIUNNBS; 4-7, (D) ANULUUIUVDY Acetate buffer; 5, 10, and 15 fiad
luasadns, (E) @1aua nsun1snsiadn; (Condition 1: @) Au®-NPs,,, Ni (Il),
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buffer, Histamine wag (F) nanunzanlunisnsaia
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asraindanifiuditiaanududu 100-5000 lulasluanedns Ingldanazd
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ANt Uy sBan fiunarAanisis oawasdi 520 wilulns Yosdsavans
AUC-NPs,» Tunisnsaainsanifiuiinasaaududy 10-10000 Lilasluane
a3 Ingldannisfimngauidnuils

N15LaPNTLNIZVY Dual signal Au’-NPs, , sensor 15 UN15R5293UTENN
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AED A193U"Y
HPLC High-Performance Liquid Chromatography
MS Mass spectrometry
ELISA Enzyme-linked Immunosorbent Assays
ALz Alizarin complexone
SPR Surface plasmon.resonance (mﬁuﬁawaﬂwa’lauauﬁﬁuﬂa)
LDSs Low-dimensional systems (5zuuiifen)
[AUCL,] losaulnnsrAaslsanLIn
[AU(ALZ)CL ) ansUsenaudisdeuiiinen Toseunnseaaslsoelsn way ALz
AUNPs BUNAUIUNDY
AUC-NPs, amgmmmiuwaaﬁ%’ﬂmLaﬁaimwé’aaazaméu

AUP-NPs  ,-Ni (1)
complexes
AU%-NPs, ,-Ni
(I)/histamine
(AU®)-NPs
(AU®) NP
%RSD

LOD

LOQ
%Recovery

FRET

PEF

MEF

LDOS
%AmMp
Dual-signal

sensor

a415U3¢naUL s uninnain AuNPsy, wae lanstnna ()
a15Useneuldegauniinann Au®-NPs,~Ni () way sandy

TARYAUNILNIAUN UV S N Y AR SN TN LR LTI
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Relative Standard Deviation (A3ULNE9099N15IASIZA)
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Limit of detection (Ind1finfgAveIN1513I370)
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Fluorescence resonance.energy.transfer (N1301ELNWAIIIULT
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Plasmon-enhanced fluorescence (miﬁ@\‘iLLaﬂﬁLa%mﬁwwmamu)
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1.1 anudunuazanudrrgyvasdyn

Samiiu (CsHoN,) Wuansuszneueiiumsdinmitduiuausssumna dedenldiu
asUsinmaudsvemanturionmaa Sailuazgnrantuluiodevesdnivua 1wy
Jan ﬁ:q Waruey LA8NIUNTEUIUNNT Decarboxylation Uosdanau (CsHoN;0,) Tuuaiuig
Usziananunsandnansganiduliuan wu nua Uauaineisa 118118 Yanensau uaviou
v s2llufisemanglaaniiisaiinuay mnanziBerenisaSayiulaveuaiise Safit
Tuewnsnsmaggrilasuludusamiiulasiuniide (1] msuslarewnsmeadivudouans
FamniulusyfugeenailiiinangdiBondnfiwandaniluls (Scrombotoxicity) 813y
vosFayniusiniAndunelulufui fdiitdalumdimsuilanemsvziaiivuidiou uazes
Tufisensnung Uanfsue ivideaen Roufisus endou esae wazlunsiiiguusiona
meladin [2] ngseieulunsesdsymadmiusesu Samiunoonsuldgeanlundn fas
P1TNglaAe 50 TadinTusaflansy [3] kazvinseaudaniduuinnin 200 dadniuse
Alansu fnaznelinaanuduivnsguain [3, 41 n1snsiaiadsunaganiivlvammeia
Fefimuddlunnsannnuidosiioraintuainnis e sudandviuusuraduniuly §
MaNvateaAsE AU TR mLIN1TRsI9 R Banifin Gesauds High-Performance Liquid
Chromatography (HPLC) [5-7] %38 Mass spectrometry (MS) [8-10] FBnswantendudes
a3 osfiorimunsinzdifearig dnvisbivanzdmsunisiesgioeauiy uenani
funeunsdensedimesitnismantdiiamuiudousnie andoderedisdindn 163
NIRALNISIUNITRTIIRlnensidmALla Enzyme-linked Immunosorbent Assays (ELISA)
(1] Fafianugnies wiugTas oghalsfinudaderaisife teulwddaunaiai Hinns
deoanmladne

YU Taquilu 1wy syniaulunesgniunldiuedisunsnateduguiges
nr29inided losanauandAvnanasiiiduiendnual (Surface Plasmon Resonance, SPR)
danalfoyninuilunansdfiunnsiadunuvuia 3519 uazansiinatslaese 1wy ans
posneedveteynawunasadnluinasiiduiazuansdvesduiuns uideoynia
nesuluflowalvgiu visiRansnudiureseuna dvesasaoanosdazidsuludud

1 [% wad o 4 o o Y & L4 v a a
1 meauandil ilveunanemnlumngdmiumsussendldlusugesnsiainged

TuauaIuRI9g 917 @R8N 91913 WAZFI0E1NNTIINYT [12-14]



uen9nil 11neAdees F. Yasumasa uazame [15] lddinsAnyinisasatadan
fiulagld Alizarin complexone (ALz) #ifimsidndiniia (1) (Ni (D) wuindaaudunizgase
nsniaBamnilu mndefvaseyniauluneiay ALz snAdeitsdumnnlunsduase
sumaulunesild ALz Wuasinwnaiiosnm Welfiluwumeimaailunisnsiavnsa
miuluenmzia Tnseynauilunesgndaaszilagldnduninud sanslednarugiu
Bssindunmaadl laelnad (1) easlsdlaslansn wae ALz asgniinbiAnduansdszneu
[AUALZ)CL] frsusadsnannaufidansiledn antuargnifadlaensidndumanadisg
NaBH, sulsidueynauilunesiill ALz iluassnwiaiosnn Fsazgninlldidusuees
maedinrainnuvaesnuadwivianyinUimagamii nenalnnisasiata Buusney
WlfAnansUsEno Ul oUsEMINg ALO-NPs,,, Wag Ni (1) Aou antiuilofudanduasly
Jeuu Famiuazifinnisasiaiuselangasanlaiaudnu Ni () dwalinisiingestsa
WUAYDI AUNPs, -Ni (Il) anad Tummzﬁmmi@mﬂﬁuum%qa%u Faududndulnonsaiu
anudutuvesdamiiy uavdvesasavasssdonanaunsluidudiog anuiasendvly
annsafnn A uuasifindulduuuassinun Ao n1sRneIunsanaIvergoaisd
udinNe1REY 520 Unluans Weldndanunsgsuiinnueninau 430 wiluns ngld
Lﬂ%laﬂ Fluorescence spectrophotometer Wag msaﬂmmmmiaﬂﬂﬁuuﬁﬂﬁqﬁuﬁmmSJ’n
Adw 535 wiluiuns aaeuas 8 UVvisible spectrophotometer @357 waund uanilas

Uszgnaldlunisnsiainganiiinluemisnzia

1.2 IanUseaAvaNUIY
1. iledunszieynauiluvesiidnuaiissnmeie Alizain complexone meldnng
Iindumaadiueiunisiieauasisanslyin
2. \fiensavapulandnyainIInANAULAY Lay N3iF0auadUBIeYNIALTLNDY
3. lewanisueesmaaiiuluuansgandulds wag- nsFewas shumnanaden
e dniia () dmiunsiainganiiiy
4. ieUszyndlfisuweimaeiinsaiauuuassnuslunismsainnuuadamiiuly
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5. fnyinaanuazAuYesds (Analytical performance)

6. Usiliumugnaesveisingluseuliieuiuisuinsgu High-performance liquid
chromatography, HPLC
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2.1.1 2nshfiganiiugs
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ABMsuUsU ANINATAUTNEN waEAINTIUYDIRAUNTY 8 M1TU1evTiadl Fan1dugeniy
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Jaivegdlimungay fegaomsnenalisaniiugs 1wy
1. ownswinees Wuniiuindseaudaniiugs eswinnsinuvesiuaiised
1% a = LY ] % I CY) 1 = 6 a v £
aeFamilu dregne laud Jandn (W vada Lweans wavada) ldnsenuidn (@1
a1l WUWelshl) NaAnAUMANNOBRRRINN (lay $87) warneranuanes
2. Uanlaze mnga visuseianiissaudanailuge lnsianizegredannlailasu
N159ANTISUTDIALAUDLILULIZAY F29879 LaLA UJarnun UauualAeLsa ung
178 Yane5au waule) basnannumdaivsin Wy U1van) [18]
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2.1.2 gUwuuIsNsiasendaniiulutaglu
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nsiesrissulssmuemsnivsinadaniugadudmdnduludagtu duly
nsmu3UsuUIsTiasiendanduidudiugisdidglunisuseiliudsuadaniiu e
A a Q PPN
wanideansusiaalangs
2.1.2.1 Fnsuasgudmsudnszidanidu
1. International standard ISO 19343 [20]
a = o = = A
Tnmsildelvanunsanenganmiluiazaisusznauiedudug lula
91MINeLa UasndandugiUszusld fegnavgnaialaenisnauiunsailasnasin wasyinli

Ananseuiusioumsueniagldunuianaslss anduaisuseneueiukardiulsenaudus



luansazganvavgnuenmemailalasunlunsiiveamvalaussauggs (HPLO) lagldaniigly
n15uen Ae AN C18 5 um 100 A (25 cm x 4.6 mm) gaungiaeaud 25 = 2°C 14 UV
detector @929 3AMIANEIAAY 254 WILUILAT AULTNTUVDITANITUATUININDRTIAIU

=~ IS

NuniAveIdandunazinsgiunieslunlsnsinuinsgiu (Calibration curve) lnsivunou

e

[

NTIATIZYR ST

A. Msw3eusietne: vinlviethaduieiortulaensuslunios
way gheloudrunagou 5 n3u + 0.1 ndu Tunasaduwiies

B. nMsana: WhunsatUesaaasn 0.2 luanedns USuns 10 Jadans
way 1,7-lnavdluaunu 6.4 Jaansumedlaaans Usuims 100 lulasans aq
Tusagns 5 nfuluneondumies ndnneiilidudedeatulnsauysal
Wtnasesunesi 8,000 n5u @unar s w4 °C

C-msfnaneayiius: dluasavargwmilanynew 100 lulAsdnsad
Tunaenneasd Winaisazaiedudleimouaisuatun 300 lulasans way
d15azarsuaudanaslsn 7.5 daansuseladans Usuins 400 lulasans
V&Rt Vortex way Incubate Wuan 5 mﬁlummﬁmﬁqmmﬁ 60 °C
anaugilasazalonlenisva oy uasifuaisagaignoa-lnsdu 100
Taansusediadans 100 lulasans 9 ndu Vortex uatiumaonldluiitiady
138115 w1 Laulngau 500 kulasdng wae Vortex telouladunidauuu
Thnniigawinfagshlslunasalm uazvidliursludaiusonssualulasiau
afnsnasade 200 lulpsansvaserdlnlulngd/dn (60/40) uas Vortex lu
funouaniny nsesensazansuaziiuluanud (vial)

. ¥
aadd v =

2. HBgnwandulegldimaliauinigiu HPLC

Tutaqdu nalln HPLC Siraduiiovanasgiudmsunisiinseh
sanilu snvadilgsunsiamaiiomnyssansnmnisitsey 91n9Liseves Sevim Kose
uazany [21] eanin1sade uaznisinsesisamiulneusuusmnitusmgiuded (1)
uashedslndudefioniu ) afnfegsdie 0.4 luasrednsvesnsalesrassnuasiy
Wibsansasedl 2440¢ luaniaziuds (0-4 °Q) (3) Araaneuiusisunudanaslsd 10
Jadnsumeliagdans Usuims 1000 lalasdns iy 2 luaves NaOH Usuas 100 lulasansuay
arsazans 25% wanlully Usuans 50 lulasdns werdndiuiuvesuaudanaslss (4)

¥ a 6"

asaraeNanalaanimsizilag HPLC sonanliibotasdnamduaindaun Inaldsnsn

Y

nslvail 0.9 daddnssieudt Usuns 20 lulasing eaumgineduil 40 °C asavdafiauen

Adu 254 ulwwes wena1niingshd HPLC lagns3adnnae Fluorescence detector lign



Wawniieldlunslesesidanfiuguiu 91nfreg19eu3duves June-Hwan Kim uazma
[22] 14 2,3-naphthalenedicarboxaldehyde (NDA) 1 uansfinaaineunusngeoiseaus
annzlunisuen Ao 19 Reversed-phase HPLC, Isocratic elution Tneldandouiine ovd
sluled/asazaraiwinesvoawa 1 Wuty 50 dadluanedns pH 6.8 Tudnsndu 35:65
TaoUsines dwmsunmsanata Tdeuenedunsedud 424 unluwes wagfnnunisSosuas
fienuenedu 484 unluwns SesilvandAaigalumslinTesiBamniud 7.58 wilundy

foladans

2.1.2.2 jUwuunsnsRIMBedd v e Fani iy

ouM At lunod (AUNPs) uansa uaudALTedq 1 uiendnualnngld
Usngn13al Surface plasmon resonance (SPR) sunawlunasgnianldiuegaunsnany
F1U3TUNITATIVIATIEVNIUATUAET 1IN W 91n91UITevee L. Huan Lavauy [23] 14
95189 AUNPs SnwafesnInalgaunualnaeriaulnanea tnalunseuiun1snsiv
ALY AzsinIstANTanuwaslaundiy (CeHyNO,) a4l AuNPs %aIuLaqagawwﬁuaWMia
AnURsenldAfUlaUTukuURsemedme lawdy dmaliAansiedvatulnalauidu
vufiuAI909 AuNPs duod AUNPs aziddsuandladaadudedn dagud 2.1 Tnsawise
fanuniswaguudaslglutnsmnuduturesdaniiiudaus 12100 lalpsnSusediadans Iy

a

fadriafnanven1sngiaia (LOD) wirfu 2.8 lasniunediaqans
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Freshness

JUN 2.1 maAanedielsituvetlamiiufineuausssiaioliuuuiiuiives AuNPs #ldlunns

ANMIUANARVBININIENTIAG [23]



uan91N{ L. Annamaria uagamy [24] IEF9LATIZA AUNPs #2833 laser
ablation 1l dudans29TaLTedH1un13nalnnssIudave AUNPs AR nnguLediy
aeldannziiowiifunans BamiluazeglusUvosUszquaniifiusyyien fuanslugd 2.2
\esannguezdluezavhin ([l pka ~ 9.4) axgnluslatun Tuvazilulasiouvenaumud
finlea (pKa ~ 5.8) azlignluslaiun aeldan1iziidunsn Famduasddnuuziiy
dicationic LiasansiangueriluoraniAnuaglulnsinuvenswnudialeasegnlusiaiue
Tuvaigdineldanineiifuva Samiluazegluguuuuiidunans anaudnvazdisiu Useq
auuu AUNPs 9z il enanUszquinvesdanifiuuianissiudatu dealvdves
AuNPs Wasuuasly Tnganunsademunisasudtaslasnisindnsndudinisganiuuas
finnuemaduausumM (Ansganduuasil 650 uilulng + AN13RANGAULASTA 900 11

luung) / A1dNYsEANSNMsAANAURANT 520 Urlwias) (Aggregation index) lagildninin

N15M5793U (LOD)-0.18 lulasluadadns

5U# 2.2 Uuuluslautunuananeiuvessaniiiy [24]

2.1.2.3 FULUUNITATITIANTIDMAEINTUIATIZITAN Y

WBNIINAINTIVIALBIEINI AUNPs Segnlaluguiuunsnsiaianisisauas
anea8 91N9WITB VB Natavan Hasanova wagang [25] ainiunislunisnsiaineiiulag
91N1730uAas AUNPs Hensiiasuasuad AuNps Aldlunsnsiafndueg funisres
YaInE n a9l Isoindole 7 LA ATN o-phthalaldehyde (OPA), Thiolate groups U84 1,4-
dithioerytritol (1,4-DTE) Uuﬁuﬁwaaaumﬂ AUNPs U@y a15UsznouLeiiufifeenIsinsees
Fauanslugudl 2.3 Tne 1,4-DTE diny) —SH aowmylulasiasne ny —SH nilsaziinlasesmiun

laanaudiu AuNPs Bnunilsaziinuisenisnesives Isoindole fiu OPA-Laiu



O Boro 114 )ql O T tUx e a O é"“ :‘J\}’j\
[pH 9.5) s /
Citrate-stabilized AuNPs _ A S \/i

1,4 DTE functionalized AuNPs

JUN 2.3 nalnnsifinansysenay Isoindole TutgnSennuaus [25]
Ineluawidodaunnn nsld AuNPs WWuwugesiSeauaszandunalnnisiu
uasvigeaisaieus w3 deiiudniesilaid dmsu Fluorescence tum on By
TiAIN151TuaNg U TneAnainaIN1sis oA 450 waluiung wayldndesnunsesui
340 WNUAT t1BANTHIUVRIETUTENBULDHUANTY NISIT0IMAILANEITU 119N

AU AT uRvaDY Laziiaran sl Isoindole WUI1HTATINAMIAANIINTIATA (LOD)

WU 4.20 wnluluasedns

2.2 ayn1AuIlunas

2.2.1 dayanly [26]

sumauluneadueynavuaaniusziuu Tuues esinunveseyniaun
Tuvesdivwimdninn Isviiliguaudfveteymauilunesunnsiluannesuinleg 1wy

auNAUIlUVASEINSINTE e kAL UaaeluNYIafhara1eaY 9 lhegeienelied

'
=

ANSYNLAAIITANNSEL uaﬂmﬂﬁmmmﬁLﬁﬂmnﬁmmaaﬂwﬁqam%éLszjaamléfdw waLdn

v =

AauURTdAY Ap lNENYAININLAIRRYNIALWNEANAINUTINNTalwe s

o

wanaueulslaluus (Surface plasmon resonance)
AUNAUIUNDIANTOAUATILVLANA1ETT 1w F53ANTuMnAll el way

mMsdaunnevisnelaies sunmaulunesdnuandimataasdidnnsedndiiduendnwal

Hesnfivuiaiién dnsndiununiireuiunnsas uazn15duveIdanaTauUUNURY fae

A &

wa a & a ¢ ) ¢ = o § va v q'
QNGMUWWNLLGQLL@%@Lﬁﬂmi@UﬂﬂWLUUL@ﬂaﬂﬂm f\]\‘i‘VI’]sLWLI‘Ui%IEJ“Uu‘SLUﬂ'ﬁEL“UQWUVI%aWﬂ‘Vm’WEJ

5A9N1TUUALAZNNTEIAINNNTINTUNNEY (Biomedical imaging and therapy) n13dden
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(Drug delivery) n15159U§]A5 81 (Catalysts) uazaunsaldidnvseidnd/gunsalidsuas

(Electronic and optical devices)

2.2.2 Tasea¥raunlu

'
[

SEUULAAT (LDSS) ABIEUUNIINIEAINTLARIA AN TR LANAI1INTEUULAT

aaa

whiullesandfifianas lneald eynieunluanunsadwunladuanudssinvmvdnaiusun

<

fio synmaulufiAmdugud (0D) nilafid (10) wazeynAuluaesdi (20) (3U7 2.9)

oD 1D 2D 3D

zero dimension one dimension two dimensions three dimensions

&S

o~
4?11% €§§§
L

clusters, quanturidefs, nanobars, nanowires, nanofilms;, nanolayers, Graphite, polycrystals,
atomic aggregates, metal. carbon nanctubes, graphene, graphene oxide diamond, graphite oxide,
nanoparticles, graphene nanoribhons two layered graphane MOF, pilared graphene,
guantum dots, fulerenes aerogels, .
Dimensions inxyz Dimensionsin xy Dimensionin ohe Dimensionsin xyz
are< 100 nm. are < 100 nm. direction, s < 100 nm. are> 100 nm.

Ul 2.4 msduunUssiavaesianuilupuseuuda [27)

1. Yaquilu 0 @ fe Yanidvuinegluseduuilumpsivannfians uazlaevialy
yurnazegluridlifuluang fegasianuilu ob laud anmeusiu symaululans was
WalaeTu

2. Yaquilu 1 §A Ae Yaquluiifllassadne 2 iemseglussiuuluians uazdnwils
firmanlailsegluszauunluuns sregnataquily 10 loun aanulu vieunly uazuviaunly

3. Yaqunlu 2 7@ Ao Jaquilufilassadns 1 Aamsegluszduuluuins uagdn 2
frmaitlallfeglusziuuluwns 1eud nsitu lauvalaauludvedlansnsuddu uayTan 2
fRdun

Taguiluyseanenee) wianfduansaaaudianiziwasiuigdmsunisidaui

wanegiumNTLIALAZJUSIS Fregadu auntAuly 0D Iamausuiiuselevilunislday
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AULNIATNALAZN15ATITUNITINWN LRI nTseaundsuiliseiies Tuvaziduain

a

wlunazviewludvszlovdlugunsaldidnnsetinduazesulndidnnseiind 1losaind

'
aad

gn3dunINeIwaziuiinggs dwnsilu wazan 2 1Adu dauaudiniedidnnselind
wagnanaiduendnuval Fedmalifianuiiauladmsunisldaulugunsaididnnsedind

WULOS LarNITUUMINEIUY

2.2.3 AMENURANNALES

Surface plasmon resonance (SPR) {uusngnisaliindudlonasvinujizendiu

4

'
1 = A

wilave nanfedednfuudivaniviainassuanuannsenulave nqudidnaseudign

=b

¥
[

ineguuiuilaunInseauIluIziiANISA U (Collective oscillation) uagilandiu
] < = d' a [ [ d'c{'a @ q.'/ o
wiwmanlviianneueniianyenaduieiuiuanunsidnasouduluouniauily 9
TMAANISANDUTU FIUATASUIALEINTLINFBLANSILAA P EDIMUY ABLEIIZANNTENULAY
dzvlounanUmIEANEIAAWYIMAL NATIANANIT L38nI1N13NT2439 (Scattering) wavlu
= o 2 P a o Y o A ' &
ouzpgn iy uilineuisvgnannauLazgnuasuluilund s unisde gauseniinsganiu
was (Absorption) laenalunailaseasd195ea Ul UTeIN 099 AATINNIEUIUNI TN TELTIUES
LAz InANANLE BepaantFvant slned furiaunazsUs19vesaun ALY 9813130
n5333UlR g TIANTSIUREULUaITeIN TS D ULAN VS BNISAANE LA
Tutaqiu SPR Tiunnldiuegrsuwsnaisd iunisiauisugesviuail wugiu
¢ Ay v & P% ~ o ¢ Ao ~S -
YaTULRsLALNLY SPR dundepdsiuuwaisaUnda laadtuauniauilulans neanss
a 1< 3 1 dy a ~ o 1 Ao v a ¢ o aaa [y
Ruidutuyie) azadeguunuiy Wethdiegrniasinesmsiaseminugisenduluana
Ngnesslivunuralane agyibiAnnisasuidasisiimnsinmuesas dwmaliiriniled
dnvisniasunadiy Fsagideudyen SPR msildsuiUasvesdyyrafiannsaiauayly
iesvyaududursensiioguesansiaseils unnlundtu lwueesouniauilulanenig
LAHLASUNITHAIUINDNITAITITAAISIATIZMNIULAL T AN AN SUD9R % a15UsEnNoU
a a ¢ | Y = ~ I N °
gunidszivedie uwavlaneudn teswindaulage (Sensitivity) AuLdaNT NI
(Selectivity) vinlw i Usglovdlunisldvuegrsuinluaniigase 1wy n1sns19deu
ANINWIAGEN NITAIVANNTZUIUNITNIGAAMNTIN ToRvg1milevadiwuwasiaidnly SPR
ApANEINNTAlUNSYINUBUULS 8alny 99281 a1N150MS9@UANULT UTUVDIAS
a v | ~ & A M 1o & % v A & ¢
Asehlneg19naLiled UBnNNT LN wUYesluINTuddltaa NS asLoLaud 34

aunsagevruwinnazUszendsiudnduaunsalnnmidniunisidnunieauulisgisinang
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Surface plasmon

Absorbance

Wavelength

JUN 2.5 @evasiounanduauiiuiauaninisdudeifiouveingudidnaseulunauimiey

WIDLaEIINNNYUBNADINIY [28]

Localized surface plasmon resonance (LSPR) 1 uﬂﬁﬂg}]miajﬁ‘l,ﬁmfmﬁa
oumeululavsruadn gonssdufeuas sheainlu SPR wuudadnitinldidalany laglu
LSPR ilpuasmnnsznuilasiaiesysuunluremes didnmseuazgnnssauliaaumieni
LagaziAnnisduieaiunasiiunannszny Ssasvilviinnaiaieulnaiingeu §9azannsa

g1enansEniNTaseveslavslazladianvsn Fssingoisainiiadutaviinegusiiuia
funanvetseuniawlulany n1sduvesdidnasoukasn1sutliiaziAntulanizusiuig
FRUUBNAWINTY WS IzRaIIINNMeuan lidnsademearnulunieludanls laevaluis

3anUsINgN1SAITIT LSPR

2.2.4  MSANYIAMANYMUZVIOYNIAUIIUNDS

nsfnwinudnuarvesey AU lunendud sdrdydmiunisianudile
AnsaNdAMIsNEnw 1adl uazdanm Fedndudmunsldauiivainvats Wy nsthdee
Tulaluees uagnsadianm wademluililuns@nvnudnvareynauilunes uans

A9 2.1



a A ol = Y]
A1319% 2.1 wadanlglun1sfinwaudnyaseeuniaulunes
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WwAalA

NannNIg

Nan e

UV-Vis

spectrophotometer

Fluorescence

spectrophotometer

Transmission
electron

microscopy (TEM)

Zeta potential

measurement

Uv-Vis iuwmaiiafildiasizinuaniivesas lngedendnnas
aandusedgIndwalnluanagnnszdu waziinsdunisly
luana lnen1saendussdvesansiuaiag Ultraviolet (UV) ke

Visible (VIS) AINEAAUUSEIAM 190-1100. nm

Tdwmaila Fluorescence Spectroscopy Ao L4 adtannseuly
lanalasunasnunautasiiminzadlugiwanillennuas’

Adalunariliddnaseusdluannizissain 108 i A

1%
=

wnaudan Iziiunazaenawieeninlugunisisesias
n&osganssaidiinmsoulidnmiiogweinung funsuade
Tng3sfmuiiialideunindidnnseunaungald msasranm
Mnndossznniiaeialdlnenisnsaindidnaseufiveauiu
A8E

'
=

ldnannisnisinaanuisalunisindouiiveseynia i ol
auliiNansuiuaeeveIaun1ANilsEy BUNAILAFIUT
U9 Ave93lnd 1 (Electrode) 1 1 Us2aRseA U4 LaeT

ANENNTAbUNSIATRUNIETUREUUSIMUTERURRUNA

awWnesunlsgaAnauLasveteyn1auly Felvideyaineariu
90 USbagANTRtuYetayna Inevaluanasuns

AANAULAIYDIDUAIAUILUNDIALUAAIYAFIGAVBINAE LS

=

Touuudiuia (SPR) §s3ungfurunauarsUInsweteynIAu
T

anndunisiSestamesansiioaas Tngingdnusaduily
iWeBudumsiiuUsansnmnsi3euases ALz fMyoynia

IRIIVION

npanauazideag i gaelieaiveyniaurlunesusas
auN1AlAlAEATY Feanunsalideyaieniuauin JUSN wae

N3ns¥esaveseln1AuIlule

2
a

Uszaiiuiaveseunauily fedutadeddgluanuatos

q

v 6

wazUfduiusiuluanadus) luansavany
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wala

Nanns

nanle

X-Ray Diffraction
(XRD)

3D-Contours
fluorescence

Spectrometer

Time-Resolved
Fluorescence
Spectrometer
Raman

Spectrometer

Tdwdnnnsiaoauusedidnd e udusiaquetoznousse
Tuanamelutanuioansiediaiu udahnisinnindeus
SaAiSndiiamsinge

Wdumad e 19lun1snsiainanisiies drainaia
Fluorescence Spectroscopy § 9un 9919910 Fluorescence
Spectrometer luAe dunIndunu Excitation wag Emission
Tnnndt 1 prueedusonisuanuniionss
m%aﬁammi’@miﬁamaqsi’?uqa #1350 TANTAAIERIVOENT
15ouas laslainail A Time Corretated Singte Photon
Counting (TCSPQ)
Juwmedaiidanudsalunisléfnseilasiadie wuse ves
luanalagldauasdaudlugeansdasg neldndnns
nszdsuaswesunngnisaisu dwsuldlunsinsesivil
Wananinkazyusun tlvinanudaeg19 (non-destructive

technique)

szyaiinansuszneu lnssaiandnvesansusnauiifiogluans
20899 9 luLfananin (Qualitative) wagid U3 uiw
(Quantitative)

wananaanstugUsuuwiuan 3 86 Wudaeaelunisnsu
anugnaauiAigelunslinssdudidnnsou ielinmaiges
wasfigsiian neluinendnusatul nmaiulszaninmnis
BesuassnsoymauTuneadududdyedradsdunsiaun

A UNATUNTI a8 20091915 ekaslusgA v luI w9
aunsaldEuiunainisaansiivesansiFosuaiiuasuuas

WmnniAeujnseansaieloudidnasewiaiu

a

awnasunisduveddatana wWealdlun1s@nwrdunsnsen

a &
LNAYU
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2.25 FEnsdansiziouniaunly
auMALIlUNIEINNTaFuATILlAaeTs Wy nsSandumaal 35n1enienn
LazI5N15M198IN N YagUuiivaredslunsdunseioyniaulunakuualsazany 499y
wand1eiulumuReulunimaaes waviielilaeuniauilunfisusauaznsnsearedai
Aean1s asAusznaulpemilulunsdunsigieuniauilulane Ao () Metal precursor: langy
AeunfeIn sduns1ea Insluldagiu Ssuuuvansasiumnnunglndentd wu nesdn Tuid
< o a 1 A & IRy 1 o 1 o A o [ ¢
Ly neadMumsuUssunviulenll nsgeenesdainuiunasdietsndunsiey

a aaa v v !

%30 NBIAIUTANT (i) Reducing agent: 8951 15iAnUf AT IANTUYeY Au (Il g Au (0) Ju

Y

o

SntadvdAglunsAneyniaunlulany wse3iawigavinlviulaleinasddnsnis
AnUfRTenge Jadsmeteniannsaifisusiiuindeuljisewnaedilédnie 1wy amnuieu
(jii) Stabilizing agent: Ingsssurdvadlany Walaveandwduwintu 0 asnsliannissudn
fuldine dufuansinviadesnminihfiddglunisihlilansasegli Tasnnududues
msinwiatosnw Swanunsadvunvuipusseymeuilulanyddnde Weaudutuyes
as¥nwiafiesnindigseravhlinsnsymedmesenmeuluiudutasauiadnas frons
WasuleulvyesnsduangiiReniu Jsamnsalssumanszanegimeseyniauiluiiunnsis
ula

2.2.5.1. MsIandunaadl [29]

Annsfidndniianisnisdontsldansiind i ledeudionen F8nsiiaue
adausnlulwa. 2494 Tne John Turkevich wazamy iOINSENANTUIINADEUBIBYNATDY
Fauamnalnnsifinjizelugui 2.6 Bilviliawrseduesgioynaunlunesiifisunss
naw Aum. 5 - 40 wilumsld ten3sdldgmiranlilunineissountauiludu egndlsh
a1 punauIliduilfanisdinnsnseatedaitlngnind 60-200 wluins Jumeunis
dummziuavanngiimngadlumdauesyioyneluned Ae suasazaiensnaaolion
30 ANUTUTU 2.5 x 107 Tuadefing Yung 20 Jadfns augumnd 95-100 °C uagii
azanelufendingm 0.5% 1 faddns aduansazans uavinugumgiivesasavanenanlif
Uszana 100 °C aunsgsisansazarsildsuiuduas lngounaulunesiidaaseliae

YUABUNIMBENUTEUIU 20 WILULLAT
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Cls,  Cl

fast Cls,  WOOC-C(OH)CH,C00),| 4 /@
u A a
[

©
+ "OOC-C(OH)(CH,CO0), = Ul
8% g

Son c00%0d £08 20
H-0?\ 0 01, 0
CI,,S_- ) © CI,/,,_h_(:O © O .6

0
— [ACL] +CI~ + CO; +&y . \/u\/coo(f)b

U
o] hali o

u
-H,0 lCI’ el

S S) =
JAUC,] —=2Au(e) + TAuCl + 20°P ¢

JUT 2.6 nalnvesnsIsnduvemes (A) Uiisewaniuagudunus (B) nasin1suendiadu

warN13anYealdd Aulll) wag (C) A liiaunavasatdd aurous wagnisiedivetezmou

AW Turaansiau [29]

Toideveisinonsusudasdaulunsduasisiiieiunisasts vio §
s miintuldlwemwnyanldoin mneymaiiduaseildfiafosnme Wesn
legauinsaimiduissmduarassnenaiesan wasidewthisiansnad s
nszuauMIaselandsauanisiulsveseunia uonand Iiinsldasedsun Huas
Sivdlunisdunsiziouniauilured wu lelasauleoseanled (H,0,) luheululslalasm

(NaBH,) v3an3nueanaiin (CiHeO,) telitlaoumauilunesniinaaudfinuigenis

2.2.5.2. Ultrasonic irradiation
BnnsduAs ey auluneddusduuuil azorfeaiudusilaiuig

viseARUANURganT LN (Ultrasonic irradiation) Tupastissmsiiulaveseunia delumaila

nsduaszitaniAnusngmsainind (Cavitaion) AensvurumsiAnduluinanamie
asazaeldSuaiunuisansiledn vildhAnnsasuuUamismenmuazniaai T
nsiinleesluiedu (lonization) GuaﬂmLaqaﬁwzﬁqmaiﬁl,ﬁmmuﬂ?wuﬂmmamam‘w:
H,O' " + HyO — HyO" + HO'
Tnednduluthausnvesnslindunuisanslain vimnianisunnd

[
[y |

Tu Bidinaseuvzgydendsnuannisiugiserduluanauiseus wazgavineazidng

Y

[ [
U ) a 1

= a ¢ A a a 1 a Y]
YUNDUNISUAULUAIN19LAY I@EJ?"UGU?JW'NG] VILﬂﬂEUUQSLﬂ@Iﬂ']ﬁLLW?@EJ'N@E‘H%I@EJ@WF‘EJ?‘I'W
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NnUHATesErinaiu dagui 2.7 wdeanndudsennas 100-300 ulwiwnd asiinnisishlela

Favesluanau Feanfaufisennuais [30]:

H,O ~Ap €1yq + H + HO" + H,O, + HsO™ +H,

Time (s) IonizinglRadiation

0 H')O
=
Physical stage excitation Watlon
105 H,0* H,O" + e
\ l HZO \ H.O*
! ¢ ~ \ 2
Physico-chemical H, + O('D) H.0 HO* + H
stage -

| o / leo

J & H'+HO* / H,#+2HO* ~ HO*'+H,0° HO*+H,+OH e,
a2 |

Chemical stage

10¢s 1| e,q H*, HO®, HO,*,OH", H,0, H,, H,0,

A 4

sUN 2.7 nszulunsilasuLdasmianisnInLasniaaivealuanauifnadunelanisin

v )

AAUANUDDANI LN [30]

v v
=< a o

lnealTdMfaduannisisaleladaduasluianath dduszvimihduddn

v
aaa a 6

wionszAuliiaufisensnend lnednsinsiinujisenasiintuegnniadinelaanudu

[
= 1 o

aa N o = o a'
LLaz’quQNwawu GNARN I‘WLﬂﬂIf’ﬁ\‘iai’NNﬁﬂsUaﬂaiéﬂqﬂ W\TEU‘VI 2.8

Y
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® Water molecules

@ Radical molecules ;

@ Au®*ions

2 E
@ Au? atoms Q

S Q0 ) "Q\Q,".‘\ @ &1
20" @ a7 \9 v o @
)it U},’o\‘u \\Il .\) \ ! (=] . ' . 0 . ‘
Qov¥ov @0

pltra.so.nic g = High crystalline ““s@*”
irradiation FCC structures

JUT 2.8 nMmanansduaszn AuNps Tumsaseliuefeanaznisiasaiulaiduasulag

nan9lelUALAa lUNNSRIESIED ans taln [31]

219338709 J A Fuentes-Garcia Wagaaiy [31] TéoSunsUiisenadi
Aot ussminanisdaesgroyaauiluvesteglflnfeudmamans sl fnauruisans,
Tafinlisil sewinensfinUinsensandu avinwevlessoy (Anion) egadesdin fe
[AuCly], Basn, Aaatss waz lansenleaueulensy Uadeddglunisiineyniauilunes s
A mEIs0luNI3gATY [AuCl] vuiiuAIes Seed Tunsofaasounin wi [AuCl]
anunIngadUaUURUAAluTULIL Charged ion fatiun1saaduiitinduagiinainnisgady
anslugu AuCl; 11nndn wenandl n1zmavANANELTRTeseumMAnLiidessana vy
Tasnismuauig 3519 laensufudgundsnuvesndunngnsanslednild ne

L% v

U31A91NN13NTEAUAIY Mechanical stirring kaig N13MALTaNIINATBURN WaIUNTIA
anuddansletinazuladendnlunisnediveseumaliing Ty Fmdwuiigauazyinln
Aaneafwadwduininiu Jadudwdeddglunsiiaufisenisnedisusuveseynin

wagyhnlausunaeunaiigey

2.3 prudnuwuznsINwIEIETAWARBALNUATILANAN ST
Tunsldeumaunlunes (AuNPs) dmfusuanizdu (Ui 2.9) liifsudsniy
wwdeddamsiliiadonvity widifessulsmsinviaiiosnmuuiuinveseyniauily
Feansuszneunieuesdmailaitu (Moiety) Wimnziunuiug luvisnsd ansfildlunis
Snwnadesnmennil Moiety funzantuauiug egudalaslidniudeaiinsiuuss

uilulag)
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\o .
‘&9 (/99
& ? %4
Q & > & PR
$ o 2 > % 09
!l?" o . o4& §' Es
o R ] o
£ s /~gn Za
£ § / o 2 '@
E’ 1. Noble metal M > o
| nanoparticles "N\_ %, 3 & =
oy $rePp oA
; 3. Lanthanide-
doped -
rlanopa.rgicles Z
'Az /_1,=o
3 \

o

()
% for assembly/dis25®

Therap¥
JUN 2.9 Unumengs veddunuatunuesiveunau g msunasidnuludusinge [32]

nalnimuUsefanaeiussnisnidavsunnsineuafiosnmeeseynipuily Ae 113
ShwnadesanngieseauunuRtaynauily. warnasvinlieyumauluadesinganfonaves
ANzng (Steric effect) @aazulany a1swd 2.2 nisshwadBesnmieysequuiuin

) o a saa 1 & & a A S '
BUNIAILD AL IINGNIINARAUATIIUTE T LU Tensnuwiuiseynauly FBddanulsiens
a a a AL a i v a Y] .
fegronnde  waraunAwIlunlanssEnNuEznelmiauswman  (Repulsive  force)
JEUINeyNA dwabioyniaunlusasounialiianisswdiiu dusunissnviatiosniw
My Steric effect gngasiumMaiamileduuunuiiveeun AU lumelanaun
gy wu wedwes FelestulilvieunauiluudazeuniAfinnissiudiiu Wewnuaved
ANULNENEVRIEN Ul NORINDS

[ a a I3 o < 1 1 4

nssnwnaiesnnlneUszguesdunuaaiunsadnuneandunguuseau wu a3
vandian, Wealvun, dalwiun, dananles wazlnlawan 1udu waznguuszquan

Usznauslgiedu Weailu walud [33] lnevialu aedUsenauvssaynIakuut uLh e



20

¥
s o w

(Monolayer) wyjﬁqﬁ%’wﬁuﬁa%LflulﬂmuaLmuﬁﬁiﬂumié’qmiwzﬁ e HlunumaAy
Tunstiestunissiusveseyneuluilognuviuassluaniusveamamsesiliiadiossiu
wusylaeediunlaiaud uaznsnandumsllinadin (Electrostatio) [34] esandammesd
ANTBY (Affinity) fuvesingasnn Jedinslaunusfisidamesludnive Wy wwumauas
ladale 1ilovily AuNPs wafies (35] luRaveseynauTuaansnysulgslddeaunud
TIAUNIURUTEIENTI M-S (M = Au e Ag) NTanI8nauayiusyed Thiol / Thiolated
Wu lansenda (~OH), A1suanda (~COOH), tadlu (-NH,), lulas (-NO,) vilimungdmsu
mynneilessuvedavylusruunminsninded symauilulansfisnuiadosnimeony
~NH, waz - COOH funumdaglunisyszenaldifuwueesiBsddmnsunisldaunis
nadatutagiu leegaluana ~NH; veanspesiludanuainsalunisiiniuseiulessu
yodlanzuaz AUNPs 1A wasiimnuaiansalumsidendnmizdudmneuanguladuegng

f [36]



A13199 2.2 NN UADNYININVDIDUNIAUIIUA TN UATTIAF) [32]
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AYANENTINYUDYIAMN  E15INWDYIAMN naiieridy vilavesauna  vum (nm)  §Us1e
aunuauszqau Tannic acid lgason®a (-OH) Au 600-1800 Capsid-like
aunuauszqau Tachyplesin-| laasenda (-OH)  Au 65.99 Sphere
auﬂuﬁﬂszﬂau 2-Mercaptopyridine 598 (-SH) Au-Cu 148 Janus
aunuauszqau Thiophenols with methyl groups in different positions  lseaa (=SH) Au / Cluster
aLLﬂuﬁﬂszﬂmﬂ 5-Amino-2-mercaptobenzimi-dazole Y (=NH,) Au ~ 100 Core-shell,
dumbbell
Wodllos 1,2-Dipalmitoyl-sn-glycero-3-phosphothioethanol, 2- Au ~ 50 Core-shell, Janus
methylaminoethanol, polystyrene-b-polyacrylic acid
WoRLNDS Polyimidazolium cages Au 2 Sphere
WoRLNDS Poly (isobutylene-altmaleic anhydride) with alkyl Perovskite ~ 6 Cube
chains and zwitterion groups
Wodluos N-heterocyclic carbene-poly (isobutylene-alt-maleic Au ~ 716 Sphere

anhydride)
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2.3.1 nM13U5uU5eR ufiavasayniaurlunasdaearsusznauiifivg Thiol /
Thiolated uag aywus
2.3.1.1 neaa (-SH)
31N9MU3T8U83 Thomas J. Macdonald wazame [37] laviin1sduasign
oumeaulunesinuiafiosnmieansuszneuiiivylnesa lngldsdndumand Tngnsa
Aaelseain (HAUCL) aggnimdaielansululslalagd (NaBH,) laeld 1-lamanulnesa
(0DT) Wuanssnwaiiosniw Famssnwaiiosninsie DOT dawalsh AuNPs fildfivuineg
5311919 2-3 ululuns 91n3U7 2.10A uanInW HR-TEM w8 AuNPs fislunaidndian Taedl
YuneuMARAY 2.0 Uluaes (£04 wlunms) wazissesiniasenineszunuifiy 0.23 un
Tuiins (Au 111) U7 21108 symauilumesiiduaseildiansnanszanesildfuasfizuss

NINaUN

gﬂﬁ 2.10 (A) 7MW HR-TEM uansueulasanniae (Lattice fringes) ¥e9 AuNPs 4119 2 Wil

RS waz (B) MNNINIEINLRIVBT AuNPs Lasdalningiini1snszaevesuuIneunia [39]

Jozef Magura wagang [38] liviinsdaasisiauninuilunesiiaauda
Aglvosadeilssnn lngaynIAuIluNeINduaAs1eRladauInsening 7 83 45 uluuns
NNISANBIAUNRTINSAANGULAIYaIaLNIALT U duATIEle (SUT 2.11) wandli

<@ ! N < ! ISP A 1
WindeunAulunesnilisunsanay wagawindnndt 50 wiluuns awilAn1sganauggneg
Tuga9 500-550 wiluns drusuninuilunesiinawlanig woa-ngaibsleu (Au-GSH)

LLﬁﬂ\‘iﬂ'ﬁLﬁﬂ Red shift 9891aU SPR f1USLIMNAIUEIIAGY 536 UILULLAT FILEASEINTT

%J LL‘iJam'ﬁ”mauﬁLﬁﬂTgsauVuﬁuﬁ
LONATRLUULDNE 1S NAIUNIFIRTUNIS TN D NN

1UDIBUNIAUTLUNDINA S WFRLQ%LLU[G\'!W}EJ Nnova
IANYUMUU LURYLYIALAUN YYUNIUNIIAN

v v

lidnsallagiisau Snvisiuilidauvanilem wazdossnidsduimeaenamnasaifinsilld
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& | a = a A

wANANUNITANAIVDIAINITAANAURAILAZNITUTINGUOUNITAANTULANABIN 655 UlU

A Y] Ay v Yo a v < a A 9 1Y)
Was Weisuiu AuNPs Alilasnwiadesninaislvesa danaiiiesannnisasianuss
seninany lvesavewea-ngailsleuiu AuNPs

dmsueunaulunesidauaiie 1,4-lalslelnsnea (Au-DTT) awnmsy

! a d' A a ) |
LAAIAINITAANAULANENAATIAIINENIARY 720 WIlUUAT HY090UNIAUNIUNDIRES-DTT
LAAIEUNRUNTYY FIUaUaniian13n133Iuel (Ageregate) vasaun1AuIlune lag 1,4-lals
Tolnsvea Useneumussnendanesaotnsnol GIaunsaLanInIsnesives Polymeric Au-

S-S-Au-S-Au bridges g1

086
| —— Au NPs
Au-GSH NPs
05— —— Au-DTT NPs
i ( O
) J y N
(= %
= = \
S o V&
m 5
= \
0 e \
g 034 oo \
= v\
N
8 02+ \ /U,
i 4 o f
n l“\ \
< b \
0.1 A8 J ﬁ
G‘U | v I ! I ! ] ¥ ] 1 I 1 ]
450 500 550 600 650 700 750

Wavelength [nm]

JUN 2.11 alneunisganauneaveseun1ntilungmieg 19 (Au NPs) wagsnwiaiesnm

A28 1 4-dithiothreitol (Au=DTT NPs) Lay (-glutathione (Au-GSH NPs) [38]

2.3.1.2 lansenda (-OH) wuaz A1suan@a (-COOH) [39]

91N VR J. Piella wazany tavinn1sdaunsigioyniaulunesnieds
Inverse Turkevich wazldluslnnoanisdunsizsiuuursailuaeyly (Step by step seeded-
growth) lnensidunsaunudn (TA) adluasazarelalasiaunnsenaslseoisadnios way
p1faN1TIMglalasaumnszaaslseasamelufendnge (SO) nsldnsaunuinluuiuiu
Entorlutuneunsn andunisairedandea vlvausnadrseunaulunesadn

Uszana 3.5 uluns 1dn13nseanedivesvunasila (Narrow size distributions) 8un1a
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wlunesii duaszituszdauiaiaiane (Uniformity in size) hazdanwuzidulsnay

v
A

(Circularity) fiagU §U7 2.12A uagnisiiansazanelduinnasuduusdinisnenivesynia

IS v a 6 1 o v 1

Aa 3 o a 2 v Aa o a =
u'ﬂumaﬂﬂu“ﬂu’]ﬂLaﬂN']ﬂ ﬂ']{[,"?j TA Iu‘ljiﬁ\l']iulaaﬂuaﬂ'ﬂllﬂ']aﬂiﬂ’)"?]’ﬁﬂﬂ'l'] SC 4ANUAAYND

QU o
(%

nnsnesvessymarwIadnvanll egslsian lunmsduaseidnludeddasinadians

[ '
U a

viln fazdueymaildaiivunelng visilvunndoudrsnszaneliaiiaue anguil 2.128
dleldans3iaduauazuans LSPR finnuemaduiiduasiisiumia 504-505 uiluiins (Blue
shift) Fsaenndesiurunvaseymauilunesifvuindnnii luvhusadeadu msgandy
waafinme1anaY 518 wag 527 uiluans wansienisdansiesilagld SC vide TA wihiy
nn e TEM Tuguft 2,12 C uay D) symewilurasiidunsizianmsliansiiadiaes

Yilpiy Snvaeniduguivewsisymaslisnvuznanunan waziinisnszanedi

YOIVUIATILAUNIN

Sodium Citrate ' il ined. >80%
M 109%1.3nm || 0.5 -

Sodium Citrate
LSPR 518 nm

\

'S

Combined
LSPR 505 nm

=)
N

Tannic acid
LSPR 527 nm

Absorkance
o o
«

b

=
-

2 | Conversion Rata| )
‘300 400 500 600 700 800
Wavelength (nm)

o

Counts 1081
Size 3.6 £0.35nm

5 6 7 8 9 10
Diameter (nm)
gﬂ‘ﬁ 2.12 (A) 7 TEM 493 AUNPs fidainsnesilagld SC, TA wazansIadwas (B) wau LSPR

Y8I9UN1AULUNBS (C) NI HR-TEM 989 AuNPs Uag (D) Salnunsunisnizalevesvuin

aunA [39]

A< = Y o o ¥ = = S v § ¥ o [ & Y 1%
nansiiluenansianulidwiunisldnuiionisfinyirintu leyyelvihlulduselesiaunism

ldnsallagvisau Bnvivnudvidauwdaciion wazfeeg1sddiadvesenalsynasaniinisunltuly
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2.4 Alizarin Complexone

Alizarin Complexone; ALz ( C,H,,NO, ) 13 ® 2-[carboxymethyl-[(3,4-dihydroxy-
9,10-dioxoanthracen-2yl)methyllaminolacetic acid %138 Alizarin Fluorine Blue Juansd
anfildfurialulusunseiiessii onsraTalosouveslansidausuia Tnsanis
waadsunasuuniiFon Tnonsadrsasiiedoufiadosiulossuraslansluasazans dawa
THAnnsUasud Ssausansiafnnulalasldiadosadnlnsiindmes wiewadanis
Ars1zid ug Auduvesdasidudndiulaenssiuanudutuvelessuvaslansly
a1sazas [40] wnlunindu Az fallgauautfiduainieswasdndas (Flurophore) 9

annsafanunissasadlilnenisldiaseigeaisawudianlasiviniines (41]

CH

HO 0

5U# 2.13 lpssasnannaaiiuad Alizarin Complexone

NnAmaNTFETamsaRnasddeuiiadosivlanslooou uavauandRuasiios
uas Bnvia ALz SmfilsiFunaissnisuulassaine feunuidediaientd ALz uans
mnaslunsiiaufiserlunisnsiaiesizidaniiu neaslhduaissnuaidesnineynia
uilumes deounauilunesduaszrlsusnanas amnsauanaondnual LSPR 1iuda

1 1 a va A L4 1 a ¥
VIYENLATUANTNUANTILIDY waslvun ALz 8nene

2.5 Dual-signal sensor: Fluorometric and colorimetric

Dual-signal sensor uwmafian1snsiadiasiziuuulnung lnse1detanuladeai
vidoasifuusaiiesesenifiniiunuaniidmiuiagildlunisasain euanendnuali
vannuane vlunuddedlddnuTanuilufiannsouansendnualldluaeslnun fanunsn
a5 TR ELA38e Fluorescence spectrophotometer e UV-visible spectrophotometer

laginaila UV-visible spectrophotometry gnldiilaWmuin1snsi9inlded (Colorimetric


https://pubchem.ncbi.nlm.nih.gov/#query=C19H15NO8
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method) %ﬂa’mﬂ’iﬂLL‘U'\‘i“lJ'NﬂTi@fﬂﬂﬁuLLﬂﬁaaﬂLﬁuﬂii’aﬂé'ami’llﬂaLEWI wazaanuauTiule el

1%
= 1

Y A ::4 g v i 4 i a
TuegiuAueIARUYBIATRANAULAINLY [42] AN1sRANEULEIYBIATIAarYiladlAIY
Juendnwal uazaiunsaludeunlata1nisganiunaininnisiindunsn3envesans an
nsgnslunuiueymautudaulansUdsuwlainnuenadulunisganduasesasiu
a o v a £ 1 [ Y o d' & =2 va [ ada
dadAndneie agralsimuiennubinazanudmeiuintu Jaladnsvmuniznis
ATIIANNSITRIAIAENTIRALUUARLA Fudodon1TiATIEiIianyians Fluorometric

2 add o & a = 1Y = & ' v =
method WAL TUlngN1sARMILNSITBLaeddan BeldunsudesTadussinmniai
NadudleluanagadundsuianueInaunTEil nasunseRunlatulianananugiu
rdmalvididnnseusglugaiuensedu vidInuuaziinn)smendsunnnaudanuzaan
Y93N13N52AY (Lowest excited singlet state) LagtanudssndanulugUvesuasiiiondug
anrugiuvasluana (431 lurneinisgandunaniadulugisaaidesndt 10° Fud
nsrUILNIIALLARINdINEnseaAulUILTEn U N UALEINIWIN AINY 19T uaRe I
¥ a v aa 6 o CY [ al 1 1% 1 = [
ToyaLiganusunsisevesgealineiiulianauasdiniazasiogseus I ldwiloudu
NIPANFULAS

AnuduvewangeasawusL udnd ulnen s T UANIL VO I AIN T2
F'=2303*K*ly*Ebc
lngil K Ao AIAIIT09LAT 0908, |y AB ADULTUYBILENNTEAL, € AD ATAINUBINTT
AANAULEY, b Ao TxeizuadasiTalaourasindauas uay c A9 AATNTY 1H9991N
audureinssowuallilidudadiurennuduvesnamnnssu wwdeadiunisinnis

o w

Anndukas mnshivoslgesisawudigandnunn Wewnkildgnidalasariuaiunsaves

Y

LATOINBLUNITRENANUUANANITE NI IUAIRIAN SEVUAZAUTLUEINNTIINY AeLT N3

g

Yadeandudealdarududutosas Fsilinata Fluorometric method @a1u15aLiy

Y
a =

AMUA1L50UANSASIIATIZA PR B ITU

2.5.1 nssiaUseAnSnan Analytical performance #28 Dual-signal sensor

Tudlaqyu Dual-signal sensor tigninanldanumeiuadiiaseiiduaning lay
9 1dglanvaINvateyila 9918V J. Zhou kazame [44] laWauiunaniaiunis
ayadululasiffinulinazidondumzgs ngldasuouneniiielulasiau (N-CDs) (3U7
2.14) 9UAUNTEUIUNITANALUU Single-drop headspace microextraction wagyin1s
aadiamemailagadunvesigeslsiuninuazn1sing Tnedladuanududuveslulase

o - a & M A o a P ° ) a -
nsAs Uk Uasdsas Uk Uasnala tUt A lUaufedwnady d1usun1sRnnIuNISISodLad A
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Winn1siagunUasanndanuduuasgslyaudsliiianisiseuasyes N-CDs anuaadudy

vodlulasinasy
36Som . 450 nm
. = N
X e M YV o
i 1 LAY ‘)_; W Ncps
| :.: e % @’ No,
3. :

.
* - Fluorescence

I e 00D e
j“’..n..‘/ Bb \R - Colorimetry

BIG-SER W

JUT 2.14 unudauanamaianismaiiangiiuvaasinaigilgaslsiunsniaznisindaneg

aremvadbulasalufiegiaenls [44]

N3 T13A UL AATALRIUDR LardaanAAN15ITIATANAIaIA8NITHUN

& a A | 6 (v & XY o 3 Yy 1
URTLANE FulainIngIvianTsisaat krdiasalinisueaiiulamgnalaly
ANSHFINILATILNNIAAUIN LATDABENITLADNTUNIYAININUITYRINA1ITIANUITONAIUN

WLl wniisiRumInaNasiaend g (Selective reagent) aattinungls

2.5.2 nMssiuUsEansammsidans iy (Selectivity)

2.5.2.1 woufuafh (Antibody)

09U T8993 Yi-Fang Li wazamuy [45] lawaiui Fe&Co co-doped CDs
dmsunisesiaiadamilu Sidwsuiildinutuiinginssundseulniveseondina Tnsvh
nsdans1eflaeldis One-step hydrothermal Snvedasiunanuidonsmnzde wouived
Tululaaueavosny (His-Ab) Tngndnnisluntsmsraindaniuasiifiuguuains icELISA
Tunsgviun1snsiadnagyinnisiAdeu (Coating) wouAlauvesdaniiuvunaululasiiad
mnduiuganiiiuaddululasnad aue Fe&Co co-doped CDs fiflaann His-Ab nudi
wandlusuit 2.15 TasnsAsunUasdasBeunndinduaudsliffauanududusesda
nflu mnluseeslaiisamilu Fe&Co co-doped CDs fifnaann His-Ab agviUfAzentu
LLauﬁLauﬁgﬂmﬁan”i waziflowfiu H,0, waz TMB asluansazatenay Fe&Co co-doped

CDs 9z159UA381n509n3ladsening H,0, waz TMB viliAnnsiuasunwlasdidudintu
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wagynlumegeildanidu woudaui Coat Livuuiuazldmdedwsunsitavinujisen

[

fiu Fe&Co co-doped CDs b fatiu ludumeunisans Fe&Co co-doped CDs 3gnidnesn
inliniseendladludunaugavneliiiniu a1sazanedadidlalulid aeldanisimngay
wunUiuadaniiuluimegrsvatamisansiadulaeg unniiameanulinasAanusiugn

dld o U L OI = a a L 1 a U
g NYAIINANTIATIVINFAINN 0.5 Jadnsumenlanu

@ washing H,0,
—> | e % — —
P 1 ®  TMB
S EAS S &
1 A
coating antigens ‘ ‘ {
N | y" | washing | 7T H 0,
i IS
| N
74 é g 2 1 1B
2 HIS-OVA ® HIS A (Ee.Co) ¢o-doped CQDs labeled His-Ab

sUl 2.15 pmUsznouunuiaweInnIngia Indaniiulagld Fe&Co co-doped CDs fifiaan
ic-ELISA [45]

nAdedeiunudt weuAvedgnldilugisdendimigse Sanfiu 39
anunsoimungnalianisngialiesgfluguuuy Dualsignal sensor T 39 TMB 1umilalu
Chromophore/Fluorophore #iHgasnludagiu wagddlnindiinnsnsiainien wag 1Hen

FUNILDNAIE

2.5.2.2 waunuas (Aptamer)

weunwesiuledlndandlolnsaisifies (DNA wio RNA) fianunsasiuun
Tuanasennudumzvesiasiaiaiieenuuudduindlelnduieviuiisortuidmene
9E1ANIZIINA LaUN IS dRATIEARIUNST UL BN Taunseg ey

SEUUYDIALNUALAENNSIESLANTTOUSLUULENG INWW A (Systematic evolution of ligands
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by exponential enrichment; SELEX) tusngaraiduluianavuindn WWsfu nIoudus
wansunlng keunmesidelmussunansusenswllolouived fogaau weUnues
aunsaduasiziniaadld Saialderelunisudaesniwasadosnindlaiieudu
wouRven Belunindu dhvasdinmaildveslousfetunsaiondsndteldamisasimun

nagNSa1eY WnnIneiissaniuukeUnuesiiduswwesls (Aptasensor)

H

N~ Histamine
<\ ]\/\
5/ ca % Nga NH,
UACGAUC GU Uuu A

[ {1 | [ |

AUGCUAG., CA ARn, G
37 A7A L6 Ac  A1-949

a

g

b

A

H 4 ]\/\

A1-949 ( N NH,

Ky <\N]\/\NH2 .mn—u%
TRt rnnenl z )

: Quencher strand @—

JUN 2:16 (A) a1 ukaUnes A1-949 uazlassasiaaegdiviuiglag Mfold (B)
AMNUTENDULKUEIUDINITBD N UUTAN T UL UNLTWEas FamdunaUnwas (k) fe
aansasnawivane 5 wazlauinalagnu Quencher DNA strand nns3ufuvaIdaniduiu

waUNMIB3YNLY Quencher strand WAADUN A9NALIALS DILAWLNLYIY [46]

Tunanauiu n1simuILaUnIEes ANzl densivedialunis
Uszgndlduauniuesiunisimunsuesidsdiazuazssluniniiulumueasnssoauas
9MN91U398989 Mohammed Dwidar uazaaz [46] wauniuas AL-949 lagnitmungwuiees

nenatladia (FUa 2:16) Jsanunsaiinujasenduiamdudmeanuidendunus

(Affinity) WazAUTUNIES LaUNLBS AL-949 gnldifiapaniuuiaunigulweinldnig

Y

=

1S99LAY FIANUITONTIVTUAMUTLTUVRITaTuNeDe 1 Tulasluanadng

2.5.2.3 Metal affinity [47]

lesouvaslangiunumddgluszuuniadainet laslamzegedsluny
Tusfu ety Fedanusiduesndsiivsdes@nvifinfuintuanuduiussewinglesou
vadlavzuaglusfumand saludenisanadunarssyansusenoulaneiAnduognad

Jszansnmw i’JG’IL%’] LAz
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Tnssafrvenulndididyusznaudensnezdludar dsazdinguesiily
Uany (-NH,) uaznguaiuendatans (-COOH) taue 5auiia Side chain (vy R) fiflilsridudi
uane1siy nauoziluazaifuanda vie nyilaridusneg Side chain maniidusiumis
drAgylunsduivlessuvedany nindwylv (Donor group) fianunsesuiulessuredans
1o deg19ru ezartulsenauluaay Weakly coordinating side-chain donor groups
Tuvnigiidandy (Ineea) uazdannilu (3ianlea-N) Inquiiveu Coordinating g4 il¥
Tooauveaiiia (I) awsaadereumdndiatestululnduasiusiudlngld Tneazdu
fuezmaululpsiauvainquesiluviedialvavats Ineanvuzvesasdsdoudnaziindu
sUnsaUaiuazsUNTIdmasL insanniign

N91UITev0 Y. Altun wagane (48] leiAnuaasi auLaissvedans
Fedaunauaiifnduluarsazats sawluidlassadisiinas Sululdunnfigavesansnan
ﬁgﬂwu@ﬁagﬂﬁ 217 Fainu Favmiu uazlnadu) msAnwilagdaunnagitiuiilossu Cu (I),
Ni (1) wag Zn @) ifosmnlavegtsansiiadinnudandeatilusfunasiouluivanssia 2
wnudiinlvavsonguozdlusimiaiidusiumie Binding site vdndmsulossuveslavy
LLazé’wmaﬁ SeEnnsadasunsalusiauniiazdunou (Stepwise deprotonation) was
nslAeashunfinnuaivesiuiis Binding site 319 dwalminnisies v tunufiand

¥

Tinwdsuiadesniglelasledawasiinuse M-N

0
N N NH
@/YLLO” i N
\ "‘NH> / H3N '
N N
H H

JUN 2.17 lassasnamaiaiives Saiiau Saniliu uas nadu audidu
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M99 2.3 ArasivesnsusTaunLaEAIERET By, (IMALBHIMIMIPIAIBITHE) vosassnnandudn Safidu (His) Sanniu (Him) uaglnadu (Gly) 7

(25.0 £ 0.1) °C uag | = 0.10 M (KCL) [48]

Aunua log Roio1 log Boioz log Boios log B1100 log B1101 log Bi1200 log B1201 log B1202 log B1300

H QUsmau) | His 9.11 15.19 S
9.09(; | 15.11(4F | 16.81(10F | 4
i 9.79 157772 —~N W —Z—— _| N\
9.83(3° | 15.90(5) -
Gly 9.58 ff L 8—N17, S P—D \
9.56(2° | 11.92(4) - 2\
Cu () His bt AL 1 AeT~ X85
14.13(1)° 1 18.095(6)° | 23.921(5)° | 27.23 -
@ 16518 10(6)s — | 23.85(4)F | 27.48(5)F -
Him 1960 12,67 16.08 21.87 _ _
= 4 568t ige® L {glogdr ue| J1lpoe - -
Gly 8.14 11.09 14.98 19.00 - _
- 0\ 0 o0& 11 - -
Ni (Il) His 8.68 12,30 555 20.62 _ -
Ve TFRTL Tleesslon azos@) 1545669 4 20.49(5) - -
Him 687 . 11186 11.97. _ _ 15.17
\\&¥» ) 6.80@p 10517 © __ | 11.85(10F - - 15.0(1)°
Gly D o 5.80 f 10.50 - _ 14.09
N\ ¥o. SR - _NAF - - 14.00(2)°
Zn (1) His 1652 11.47 1211 18.14 - _
NS T Ebazéan B Mn22n” 2,075 | 17.89@2P _ -
Him 5.62 1245.12.1° | 1071 - - _
: - 10.20(20)* - -
Gly 4.93 - 9.23 - - 11.65
4.96(3)° - 9.19(8) = — 11.6(1)°

na184m9). Uncertainties in the equilibrium constants are estimated as +0.5 in the last significant digit (O fit (0.02) EN a—HCL, b—Solution(a)+histidine, c—Solution(b)+metal(ll), d—Solution(a)+histamine
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1 nl' 1 %} d' nl' v = 5 [ ~1 1 [
ANAITIVBINISABAD (1151991 2.3) NHHAINANSANYIHULEAAILALALBEN9T ALY
I o W = aa e . . Al = a ' Y
TAwuANULEDEITRITEUULlULISARAUARAD His > Him > Gly WaiSaufisuainainisneda
Madesveslasasidluansavareyianun uananil JUN 2.18 Sauanannuduiussening
1 d' = o % Q‘I %
AP VB LET UTAIN L0g Brigo HAE 10g Bisge MUAINU UWazlaTEADNYBANENLT 917
Funalawurlduvaadulasansdiiiuinadesnimessansidatauduluniunudldy Cu (1)
> Ni (I > Zn (I & Cu (I) AanuadeslunisnedgangaluusimaisiBedeudanau gam
P N o P v a o w a a v oy '
Ty waglnaduianus ludvdadenaiuisoeSuredrsuanuiaiesuesansilagaut laoe9n
woly dnsdveslszynesaiiodndnnudAgdusuduusn Jadenlululadug loun sad
losafinfianatiazdndlonatnfiiuau a819lsAnny Jaservuamvaii@euleaiu F951891u

InountnidnsusEuuNnan g ULaLaaNAA N UAIA UANIEN 850908519 IaLAsUd

20

18

16 |

14 |

log 1200

)

12 ¢

10

log PBiieo

SUN 2.18 AUAUNUT I8N 1988N13NUVBIAIAITLATETANN 108 Birop 48E 108 Bino
dmsudanau gandu waglnadu Avarsdedou Nidl), Cu(l) wag Zn(ll) Laziavesnouves

Taveld [(A) adidu (W) Saniu (@) lnadu d1mSuan log By waY (A) Badiau (O) Ja

milu (0) lnadiu d1usuan log R0, [48]
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dusumetnand [MHimH)** vasdaniiu n1siinaisuseneuidedauuwuuly
Tunweaiiuwalduinnndndmsussuu Cu (1) suanuduuadisinii lddnezlaedfinnlea
WIolulnsaueriily ANULANANNENTEUINeTaRAuLay FamduAaluuansTuTDIaLAUA
HA fiflUsmowden e‘z’fqﬁawammc?fﬂﬁluimLﬁ]uawawﬁqgﬂiﬂﬂmLum (Nitrogen donor
atoms protonated) lunsiivesdamiy nslressmuauuululunuaniadudiuesney

Tulasiwudiinilea Tluvasiinguesiluiduuanniuazgniusiaue

AN9197 2.8 AASTILETETAN Bocrs (IMABHIAIMPPIAIBITHE) vesnenandaunusieay

[y

UFafifu (His) Bavilu (Him) warlna®u (Gly) 91(25.0 +0.1) °C wa | = 0.10 M (KCU) [48]

M(I)  Aunua A - Buaus B log Birgg 93 o8 Alog K log X  Aggo
MAMAB KM MBA
Cu His Him 18.33 8.22 8.73 -1.38 237 0.88
His Gly 1747 7.36 9.33 -0.78 195 0.68
Him Gly 17.04 7.44 8.90 -0.70.. 282 1.11
Ni His Him 14.57 5.69 7.50 -1.18 1.22 0.78
His Gly 13.43 4.75 7.63 =105 . 081 0.10
Him Gly il 1Y 4.90 597 -1.09 1.07 0.23
Zn His Him 11.48 4.96 5.86 -0.66/--0.14 -0.23
His Gly 10.95 443 6.02 -0.50 056 -0.02
Him Gly 10.00 4.38 5.07 -055 /0.06 -0.27

MUBLUA. Uncertainties in the equilibrium constants are estimated as +0.5 in the last significant digit (G fit (0.02)

Tt M=metal ion [Cu(ll), Nidl) or Zn(IN], A = ligand A, B = ligand B, H = hydrogen ion (proton)

soudlavinIsanwmamasiinistefivesdts azanefidaunusunnnimiaeda
sensiinuansidstouuaddanyia 3 viauanisinsedt 24 wuinisiedwesansidaou
IM(HisHim)T* tanfntulgifoandn IMHIsG) wae [MHImGL)]* eraillumsizanundnonas
fuvesdunussasslundvesdnunsvosesmeudly SnvanaifeansUszneudadoures Cu

(I siodanfuaziinfivizuusaiunazdnaiguesdanily oradunaunainnisnedivesans

=

\Badiau [Cu(HisHIim)]* Afluszauan uenand dmsusanau A1 log K wansliiudaiauii

9

o
Y a

a1suszneudsdeuluwituindulauinnitiuaislilsegay (Inadu) Weiisuivanslvg

Hunane Fanniw)

v v
LY 6 =2

fatiu TunswawIneinustdsaulalany Ni (I 1INAILLONINTUNIN

< [ o Y 1 a 1% a 3 a =
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1 a a & o w | o [y <@ fa '3 = . &
9nen log X Tinndigniluddiusieund mduneumandaunusnaude Nl snlundntdu nns
o & & a YN A aa aa a a v o .
NOFIVBIABMLNANYNEN Zn(ll) ﬁ]gLﬂﬂlﬂﬂﬂU FANAMU IummgwaaﬂquuﬁﬂgLﬂﬂlﬂ@ﬂU Ni(ll) 913

gaunglauvdINezneuinuans1aiy Aeeendiauludaniiiy

2.5.3 Usngnisaliiandulu Dual-signal sensor

2.5.3.1 Plasmon-enhanced fluorescence [49]

wuwwes PEF dawsndsienulul 1991 PEF fulendnegrsirawnlnsalal
A a dy a
LIDILEILATUNAIFUBUN UN (Surface plasmon-enhanced fluorescence spectroscopy;
SPFS) w3elaneiasuvigeaisais (Metal-enhanced fluoresecence; MEF) aufiavausielyl
fUannaIn1sastauInsgIudmsuugesUssanil dmsunalavesujduiussenitanan
aveuiugealsaaus daadilaanugignnssguvesigeslslosuaswanatoudunouiag
asurenalnnsiiuAgeesagudinenataneuld wasuveinatgueuazgniiulily
awnuuadldnliduduluiuiivdsainnisnsgsu (JUA-2.19A) neuniplaneiivwindn

a . a aa a = [ & [ I
La¥NNINTEIAY (Scattering) YasBianasoulldnswawlondsul nasmuazgaulaniuniy
FoulunanuaznadoNLAANTULEITIANATENU (SUN 2.19B) ninnsuas (Dampening)
N3N BB nalanIsaa LRI IwaIaNou (Plasmon's decay) WA TUAZUNTIANAY
11U (Re-radiated) Tuarineina unaglnasenlyludnuaurvesnisnssida (U7 2.190)
an1uziinszduvasigeslsnesaunsnesuielasmeuuudtaadlalnanisuHsad@nadeiu uae
LHIUNTEUIUNINTEA U (Excitation) N15A18LEAY (Relaxation) agAaNSULAINT UK SIE
LY a v g =) - . = o aaa 1y 1 @ )=

NAULUULA—ATY (Absorption 138 re-radiation) Wevinuizennuuas agalsinu dau
unnsanddarateUsynIs anugnseutasvigeslsesiivatsuiiluszauunluiung g
IzuSedog nguusmdsannislanudeennaniuiou (Stoke's shift) wunazdunisnszids
YDINAFLOUNUNUIBANT LT wenaIntl Bidnaseuluntifnnsganduuatias Local

field velgealsnasitedlifdnliulmswiriulalnanaiaveinifididnaseunanes
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anndutesiigoelsned maiunensyiuasinduldriiuaunilnduay FRET uionanssids
(E) wanamauviudoufunsdosmasansidosias mafiunadsamsaiatuldihuoning
ioslwadnio FRET (F) msiiun1snsyiu (Fuduat) szanatedwianisuileagundlng
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uANAiUlUMLANNEANATYIINNISRANAULAENIN TR [49]

NsANEmMNENIUTERIINaauLasvigeslsveignatuanlag U duius
wuulalwa-lolna Taenalnfiudueutugnimuslnessozving duusn mnnatauouuazsiges
Tsvesogvinstulaiiin 1-10 wiluwns auwiliwssadveslalnanisaansansedulalnad
aodldt FaSeninsaemmdnuslauuusoanes (FRET) Ussansammsaieloundsa

lu FRET Fuagivladvaesusens
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1. WOANIIUYDITTEENTUTUeY AuN1sdsudauiuvesalnniy
£MININSUHTIEVRIAN T UENTEAUVRE kAT NI TRANAUAD UL TUFIUVEY
Afu Arszeenslagunfvzegluyie 3-8 wnluwnsly FRET vaananauew/
Waeslses FRET a1unsaiinduldannataveuludugeslsnesuioan
Waealswesludmaraueu
2. waraueuaunInuSns NS dvesigeslleslalagldioniving
s L3 ly A 6 14 v
wesiwas mnlalwaunSedllulnsaslanuud anuduvesnisussidazveny
& A a ¢ o A  a ¢ A
Tuiloiian1s on-slouuud wazduaudaiiang offislauuud e

Gl = U dy tﬂl 1
WSBUMBUNUNUNING

M3 endutesaiUnasusEiTIa e uLazigealsos azimuning
oG FRET vi3amofiwad uaznalnivandasnilugnsifuniefunisudiaigoslsv o$
violil mnnanausumdeniumsganaulasuesgosisves Sninsnszduresigoslswes
wfinguainafiuiing (U7 2.190) dmsusunauilulavefiganduasdundn (Primarily
absorb) @dlagunfasivuinidnnii 15 urluwns goelsnesazgnnsedusiy FRET lag
Local field Mdadiuveswaranou dwiveuninululangunslngiinszanguandundn
(Primarily scatter) 3slpeunfiaziivuaalugingn 15 uiluass msuivandululdini FRET
Tuszerlad (10 wiluming) wavieniwnsnesiwadluszoglng (10-50 uluiing) (FU 2.19F)
naifiUsEAnsnmnsnassugean ssintuldleelfounaunlufigandunauarlingside
uas SIuvieA I TLTes Local field VIBUNA (gﬂﬁ 2.196) Weasandnisuaniaoy
58%319 FRET Wagnanssnuvauneiiead nsidsuuvaduszogvinglsif uluunses
Wasuwasmsiiulsyansniwnisnszduatisun silvianinsaads wumesinouaus e
msdsuuaadnidesluanmundeosls

winwanane uUdpuTuNIIUkS Fvesrigeslsnled ausadwaliiAaianis
N3ENIFUNSUHSIE (SU2.19E) mnwgeslsilaset meluszoglifiunlunsveanan

a v

auey nsunsadazgnduadlag FRET (U7 2.19F) fiszeziAunin FRET msifinuszavsam
“U?Jx‘iLW@%L"?jaﬁ’%Lﬁﬂsﬁmﬁaﬂmﬂ Local density of optical states (LDOS) ﬁLﬁM%ﬁ%@x‘lﬁU?MW
anauedn wasnanaveuaunsansidwatlaeg1aiusEaENaNANIINTSRANAULES 22
danaliAnniaiiuUszansnmuesnisuasevgealsataus (UA 2.196) egslsfiny
izaz‘vi'mﬁmmzaufmﬁuﬂa%’aﬁﬁwﬁ’zpﬂumimuammiﬁaqu,m Y30 NIAUKEAD NITAULAS
wiindiszozviafiodlifunlumng wazezdsudumaiiuuszdvsamnsSeuas 10-100
winlugae 10-30 wiluiuns anduazeosq ndugszduaruduuosnisus¥aduniiile

szgvinudilnavateSosunluins (5Ui 2.197)
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2.5.3.2 myUszgndldusingnisaldiniu Dual-signal sensor
Alz  @wsagendusadavisoals ieanilas@aionaaiiuag
va a a ca & [ L4 1% . PRy i
AuaudRnBidnvselindiiduendnual ALz Usenausieas Anthraquinone fiiivlansen
a a 1 i a P A a =
Fa (-OH) fney wylaasenTamariliissuuBidnaseukuuasuginanisluliana Jeeunse
2 - % = a £ A A
AandulatazSamald nsgandunadly ALz iinduileluanagandulvineuvesninugny
pausumzaeludiiiveaiuiessd UV msganduiidunaunainUjduiussening
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nodle Tne iU N1IYANAUKAITIAIINEIATY 430 UTLUIAT Lag N1TLTBIRAINFLILS
520 Wnluns (U7 2.20) ﬁuLﬂ’f’JumammﬂszUUﬂaugmmﬁLﬁmﬁﬁuﬂwaiuiul,aqaLﬁaﬁﬂﬁﬁ%m
Auuas uwagluinerdnusaduiahauaudfives ALz inanudiesiy Ussgndldiduiidnem
@desnnveseynAwIlunes inlundnte synieuluaInsaiiuUsEaNEA NS guad
ALz 19 Teanisiiiunisaneloudidnaseuluszuuuuiuiiveseynia 8nnseiis ayniaunly
nosdullnnaudinisganduuatenanual nelausingnisal SPR s fumrie 535 Urluns
a o a A ay yva v a a ¢ e a o ¢ o )
AT 11150A AU L9 BNe 28 TuUANe NS T3 saulaN W uwuwesd1rsunis
v a = 2 O v L3 & =
n19dnganiidu aag Au’-NPs, , neldusingnisalnisaanaulasaznisisessasluguiuy
Dual-signal sensor 8N 1gaRAUINNTUAITNTININIINYITINGN58 Plasmon-enhanced
fluorescence 91NNTTWRBNTRUTIUAUYDY Plasmon Y840UAIANILUNGILAENITATULAIYDS
ALz
wena Nt alnefunisaanduiauasnisisesuasinduninasvioud iy

LAy LB NTNNINTE e NWIITUTENINITEAUNE LA SA AL IB YR UE NTEAULAY

dy L2 a 1 d‘ a = =1 1 v 1
FADIULNU BANNITVDY Franck-Condon [50] aﬁma’muaamﬂmmaaammmﬂaumﬂmy
wayn1siasuwdamdianniedindiineadesiunisiSesuamaznisaanduinulugisia
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2.6 ULMNYIDD9

2.6.1 MsdunmziounauTunaslasaiuaunsanslein
2.6.1.1 Sonochemical reduction method for controlled synthesis
of metal nanoparticles in aqueous solutions
MNNWITEVDY Kenji Okitsu wazaaug [51] nszurunisleluniinalasunis

o A U &

Avoshannlusnumsdaaseieymaululavsuasianisilasaanly  Addgfons
muaumsIsntuvedlessulany dadutladuddnlunseeniuunazuszyndldlyidniuns
inlUlFendugusinggld venanddsdinmsinunisdiemzioumeuiluredansdsann
199 U MnO%, Au*, Au* uag Pd?* TneFnuluannefisuayliflanssunsslunsdunszy

sunautuvedlany Jainnelaufiseisialuil



39

H,O — OH + H (thermolysis) ................. (1)
20H = HyOp e (2)
2H = Hy oo (3)
OH + H = HyO oo (4)

maﬂula%maaiuLaqamamf’]Lﬁms‘z’f}mﬁmmﬂqmmﬁuazLLiaﬁ’uqamﬂ
WosenaAmduAntuluansazany auya OH Uagaynoued H AAnTuIrTINFAY
st uRndy H,0, H, ua H,0 dwihmindilumsisndu Mno* Wy MnO, Usziam
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N1519a09asula i1 da3n15An3 ”ﬂ%umyuﬁ"umm“l,u'suauﬁwaﬂuLaﬂaLLaaﬂaaafﬂu
mﬁaumauuﬂ IMLaﬂawmmmlmauﬁqummiaﬂamlmwiuﬂmﬂm\laqmmﬁm’gmwav
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Uil 2.21 mIwdsuilamesanasunsganduvesansazats MnO, luthseninenisans

Ssdvansnletinnelaussenniaeaisnay [51]
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dll o 14 v o _ v ad a o ! a

evhanadnlanalamsisntures MnO,  eslaluialifaeg1eaziden
WU Abeiimsfnyinaveieanegediiuiiy JUN 221 wansnisiisunuasues
aunesumIanfuLauedansaraty MnO,  illenududu 0.1 Uadluadedns @9
Usgnauie 1-0imuea 3.0 dadluadedns seninnsaneivddansilafinasmiuliinaves

d = Yy W A o i

NIgANAULEITaeAABITU MnO, NinteATUUTZINM 530 UNTULIATILABYANAY WAL
Ansganduladififianuenirfulszinm 360 wluwasUsINgIW FUw MnO; gn
aNa ¢ A 14 v o a 1 1
Sdiveaiisennia MnO, uwuuasaneelagnsaeiddanslelineduuiuey lngn1san

MnO; 10U MnO, ugnasnszeziiainisaesad 14 uiil

2.6.1.2 One-pot synthesis of gold nanorods via autocatalytic
growth of sonochemically formed gold seeds: The effect of irradiation time on
the formation of seeds and nanorods

NUTTBVDY Kenji Okitsu wagamdg [52] n15daAsIghTunend nsu
symauluveuislazunstanlael#38laluaidaiionadlaseunesdluaisazane
Huih Tnefiwfialasfiawesudenluslud fanaslumsn wasnsauoanasdn dasnjuti

v

LuannsiivlauwuudassufAzersnluifvesudana s (The autocatalytic growth of gold

v a v
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No401NIFLUUATINTY L unalAAnnIsanadwad Aul) wazn1snadived A LHnTu agla
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RH + -OHN— redliging speti€s AHaO o At e (2)
RH + *H —> reducing SPEGIES 4 Hy ovvvevveeiree vt it st ssit e (3)
RH + H,O — pyrolysis radicals and unstable products............ccccecvivicniniciennce (4)
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2.6.1.3 Enhancement of sonochemical production of hydroxyl

radicals from pulsed cylindrically converging ultrasound waves
NNUITBVBY Cherie CY. Wong tazalg [53] lluaiifafonisldansd
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TWuardearnsnsyatowdsau (%Amp) funtulusesuiivanzay annsaannandildly

MAAAUATE (BR1N1THER HO» Ngetin) uazkan HO» laegneiluseavzaimannauy

500 I | |
¢
400 |- @ &
=
< 300~ N
@)
T 200} .
100~ » =
S £\ )l I
0 5 10 16
Acoustic pressure / MPa,,, .

5UN 2.24 MUHYTRIBT HO» MIANUAUAISAY [53]

U7l 2.28 wanspnuttiduwes HOs Aldsnainuesmdaananusudivnsiu 1
LLamwégﬂmméﬁ’uﬁ'miw 7.5 MPaper bdWU HO» ﬁé’ﬂmmlﬁﬁm%’wﬁﬁ%m $110.1 MPapgex 9%
ASIINUNTADE HO- AiTaLau F9Usd3 1INt Rane s nAsewing 7.5 MPapgei a1z 10.1
MPapyex wazantnsadudulfianisAnroserniasnisadesvesniuninud (Acoustic
inertial cavitation) i uwndsiianves HO- wowndgananduilged uonaiilugnis.in
fndsavesleseiniasiuruanndy Feiliresenadvunlvguauieiaigeannou
Prnanesnisuanoen laevhlvasintuilegamgiigaiu fafu fesunuiundearinntu

o = PN = P o § va a a X aaa
LLagsﬂllWE]\‘i@Wﬂ']ﬂ‘miﬂiymu%ﬂma'ﬂquiﬂm@iéﬂ”a@aigLWNEUUIUUgﬂﬁﬁJ']
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2.6.2 MaNYsEANEAWNsFauasiasayAululany

2.6.2.1 Application of Metal-Enhanced Fluorescence Technology in
Evanescent Wave Fluorescent Biosensor

91n91U3T8Y04 Yu-Zheng Su uagang [54] oynaunluliianldifiewiu
N154389LAINIUNENNTT Metal-Enhanced Fluorescence (MEF) N9t U duNUS 581319
WQ@@ISW@%ﬁUiﬁM%ﬁuﬁﬂﬂ’jﬂ AFINTINNTAAIUFIY9959F (Radiative decay engineering)
nsfiflassarululangluudnadndifesaramsadouulasanntosinedassld (Free
space) warenvdwaliiinniswdsuulasesannduegrann Aurdunaie tuiilany
ansnifiuvieansnsnsaefavessidunmgaslsresuaiiiuseiunsanemwaseuLs
Touuudl vdsanasnsziungeslsweslutesindass Wgoelsmesazausavdoslnoud

[ Ty a

1905 IN15aAn15unSed (Radiative deactivation rate; I) Msenduganiusiumegnsinislyl
WH39E (Non-radiative rate; ki) HanAnA3I0URAY (Q;) war Lifetime (Ty) vesvlgaslsnatiu

AN17LY09I99ATZUUAUA LAY

Ql):l—'f(.l—-l_km) (l)
ToF AT +ker) (2)

Nsiegvasiiuiqlavelndine 1 giugns 1N SUHSIALAUN1SENIRTT N1 TUH

[ 1%

Sedlmi@u () lunstlll nandnntausy (Q,) Uag Lifetime vasvgaslsnas (T) Inadnurn

(%
&Y

langHuagMuualag:
Qm:(rJrrm)”I’(rJrl—erkm) (3)
‘1."_]_11: 1 "f(]-—‘+]-—‘m+klll') (4)
F997nauUNIs 5198UlA 10 1A T NNTY NaRanAIeudy Q,, ILLUTU

Tuvaugil Lifetime T,, anas faguil 2.25

E @ K E

sﬂ st]
Free space condition Metal surface

UM 2.25 nalnmaiinufisensenineumaunlulanguagansisoduas [54]
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aun1Aululane 1Wu AuNPs wag AgNPs L

[y A

sundauantRnIwead

o w

dduaznsivasulasguantinisiieuaadelndiugeslsnes nsisosuasvos
wgeelanofenuiiviuniodvasiiosanieynaululavgey anuamsavesniiiia
UsyAvsnmuFentstuuadldtuogiuvanstlade 1y suinuazgUivoseyniaululans
n159aSealuiuudlalnavesgaalsnes Orentation of the fluorophore dipole
moments) T¢8g1195niNeNg o0l karauNIAUIlY AIYNaEa1eBUNIIuaTHaNER
oufuresigeslses lunull dnvifnduiisfussssisssrimigoslsosias

auMAuIlY

Emission light

Excitation light
/ A N\ /

\
Vs

Too close Too far appropriate distance

. ! Metal Nanoparticle

! Fluorophore

JUN 2.26 navessyEsvineseniveumauilulaveiayvigeslsles [54]

[

NNgUT 2.26 Usthszesinssyninaigoslseslave iz aududeddry
dmiunafindseansaimasisoaas mnoynaunlueglndiugeslswesuiniAuly
sumauTuagivBidnasounamisluanunsssuoonainvigoslses mnagsainiigosls
wofuniAuly aumusindnvidonanaueudiiiuinedldlufisigeslsrles wavazlidmaste
Ansduvesgosisawud estluszovinsiinzay nsBesuasanansnifinussansam

lppgafivszansnmlnenisaneloudiannseudaszvosvigoalsnes
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2.6.2.2 Metal-Enhanced Fluorescence by Bifunctional Au Nanoparticles

for Highly Sensitive and Simple Detection of Proteolytic Enzyme
91911398909 Jin-Ha Choi waganiy [55] Msi3eauasiiadudelany (MEF)
Hunildluiinsesatinneiildiaundulnl fafedesiunsueeamiuduresnsdes
wasndleluanavesrigeslsvlosoyindriulassaraunlulavs Localized surface plasmon
resonance (LSPR) vaslanzanunsavensnisaanaunasiinnnsgnuldotiauin ndau
anunsaagleuludaigeslsneslamnuau LSPR deurivaiunaiumsnseiuvsonsisouas
vasluanasgiidoddseszoginedivangan Tumemsaiudy ausuadmdnlilih ey
dugaiinainusngmssi LSPR amnsodumsiosuadldidesvogvirsnituiinlaved1ng
1 (<2 wiluang) fafunsmuausseyidadudeddpiteldussloninnmanseduly
Anusngnsel MEF lumuadeddslihmsfinyinspsaeinsziouleiusiloladin Tne
srgvinanInivasuadldmumiuditureselaivsilelain Jadutiadendnidma

ADANNITES DA

Fluorescence
emission

Fluorescence quenching Metal-enhanced fluorescence
(<2nm) (= 7~8 nm)

g'ﬂﬁ 2.27 MW889 MEF-based caspase-3 lulewuines [55]
Tnestiluudeulelusilelafndununenareeia Tunuidedisdiden
waaa-3 Wusumilunguiedis nalnmsnmataesifnaelinsiasuuiasseinaseming
wigoslswesuazlavy Genrududuvesuaaia-3 axlinansenusiensidesuasannsihang
ftuszvoadulng deduisdufuediebefivedosusuugsamatewuadivnzaunudndiy
fupudduveaLAaIa-3 (3U 2.27) unawa-3 dsnaseszozineivasunlasdiuvedans
wazngealsnes lnuaziin Enzymatic cleavage reaction fuanglalusiu n1ssasuasvasln

FUINTUANANTUTUYRILAALUE-3 TBe1n uaawa-3 avvhangaeldlusiauliges
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IsvlesinseaimessesvinafivangaunuaLe1Ivesany DNA Alausulsdlivuiiug lag

AMUIUVDINTEIDILAIILUINTY LIDANULVNTUVDY WAFLUE-3 UNTU

2.6.3 ¥ANN13ATIRTATANAUAILNITATIVIAAINITAANAUUAS UAT N334
LLElg
2.6.3.1 Colorimetric sensing of histamine in aqueous solution by a
system composed of alizarin complexone and Ni?** complex via indicator

displacement approach.

£
av

INUITBYBY Yasumasa Fukushima wazany [15] Tuanwidedlaniiaus
Alizarin complexone (ALC %38 AL2) lugnusiwuwesideddmsunsiaindaniduniunaln
nsuanasy Ni() Ing ALz @nansaneansussneuideouiulanglan wu AL, Cd (1),
Cu (I wag Ni (I) Ineinsiuiusslariauiiunyesiiluy asuendian mivetla uavlansen
Ba 39 Ni (1) Serwdensuwaglunisiieansussnou@deurusaniiulad duiu asidou

ALz-Ni (Il) Fsaunsonsiadugamiiulagisausinmesaainasiius (IDA) (3U7 2.28)

OH NiZ*
OH 2= ALC-Ni2*
Histamine
ALC Histamine-Ni2*

Uil 2.28 nalnmsasiaiadantiiy (15]

UfAzemsnsaiafenuUAseuaniudou Ni () szwing ALZ uagdam
fiu ansUszneudadau ALz-Ni (I) 9zuansAInsganauLaisuvLs 625 uiluluns uas
Funeuiudshaldfemivan UfAsennisareleudidnnseuain Ni () g ALz fvilwdasy
AANINEN1IENIANEmUTEY (Charge transfer transitions) Inednaiunisidnvinu]isen ALz
L Ni () @ 1: 1 mnfiganiiuegluiiegne Samiduaiunsads Ni () eenainlaseaing ALz
1o vilAiAea1sUszneu@edau Ni (I)-histamine dqwaslﬁé’igzymmiqmﬂﬁmLmﬁ 625 Uy

LUATANAINIUANLTUTUVDITANITUTMALTY LazdaziUasunauu T uALAININAILTLTY
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ve4a15UsEnaudadou Ni(I)-histamine MtAady Aenandduiun 2.29 neldnasiiiy

vaa a

Uszansnnruwesniinsiain UfAsenasiinvulaaniitey 10.0 lneg9n15n919inay

Wntuvesgamiuazeglutng 5-150 lulasluadedng uaslindninnsnsiainde 7.68 lulas

luanodns
(a) 2 (b)
Histamine Histamine (uM)
(M) 06 25 50 100 150 200 300
08 | 0
25 ‘
50 4
| =
[Tp]
8 L | S 04}
3 ®
Ko
< 2
o 02
0.2 é
0 L 0 N 1 L L L L
400 500 600 700 0 100 200 300 400 500 600 700

Wavelength (fm) Histamine (uM)
JUN 2.29 (A) aldnaTunsganaukanes ALz-Ni () AuANTuYesdaniuasus 0-300
lulasluasofnshy 10 fadluasiednsved CHES buffer 1. pH 10.0.(8) A1N139ANEULATIAIY

g1IPAY 625 WIUHRATVS ALZ-Ni(ll) AIuANUINTUTRIgaluiaanaasdriy [15]

2.9.3.2 Selective fluorescence detection of histamine based on
ligand exchange mechanism and its application to biomonitoring.

MUV Daisuke Seto wagamig [56] LanauIsn1snsIaindaniiiy
TngldlnsuSeas Suduansdsdousening Ni (1) wasupadu lnsenfonalnnisuanideud
uAus AnuduNsSesuasuadlnsuazgniUaniesan lessuves Ni (i) fndunsaieleu

vosdidnmsoululuanadegui 2.30 luansuszneuil 1
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N
9]
= e oy
o | 0 T ONH, 6 |
COOH | COOH
H(Q_ T ~-on ( HO‘J"\

o STy R f\/—N - M “\x},—N
0 ’ _,I'\_/ OLAO L\n—‘OH 1\\ HDT’{HO /I”D/\ o Hr
Ni?* -0 4 \, o o

) N
\ / ¢ “]
~___~"quenching ,;,J\/x_NH strong fluorescence
5 N-
| (l P A 2
= \N _
Vi N
HN--4 Hy

sU 2.30 nalnmsmsaainsamiiulaeldansuszneu 1 [56]

N19L5 09LAIYRIEAISUTENDU 1 9INNBYDALARTUILAUAIDY19UINAY
nansEnUves Ni (1) isutulesdfveiniesnlulnesdnn WewkuFanriuadluasuszneu 1
Ni (1) Tuansuszneu 1 amiduazaiuasads Ni () iugeesnainlaseasnawaziialu
ansUsTneuaIsITseu Bavailu-Ni () fafunsiEeauass afisdy a9nran133AsIzside i
wWalnsalnUarsdaeaesiuniuinislowuud (NMR) wuliganiduiaiuaendnnizlunis

WNaasUsEnaUagaunany Ni (1) wag Ni (D) ¥aUrasinndnsiasgouddan auuInnin

A B
L\ Tonly  GABA glu;g;:;ic serotonin
500 |
dopamine ¢lycine histamine
400 |
: =]
P 300

200

HQ
e

“NH,

o Oy~
HG'/L o -NH: Y

100 HO

dopamine GABA glycine

0
. Ho_ 0 -

o NH 2 _»T\/NHX

% 4
Mg h"l/y\/ 2 ¢ N‘\
HO —NH H
glutamic acid histamine serotonin

SUN 2.31 Anuidendinizuesasuseney 1 dwmsudaniilu (A) N13neUauadveInIsiIes
Laevesa1sUsEneu 1 Aeansdeuszanangg (B) nwaieuesansuszneu 1 nduazludlau

il GABA lnad@u nsangailn damiu wlsivilu (O lassaemuniivesansdoussam [56]

OH

OH
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=2 I [ ada L3 o a
AANYIALLEDNTINIZVDIIDIATIERIAEVINNSIRNEISUSENDU 1 aﬂu

a

ansavaneiidiansdeusaveineg U 2.31A wansmnudunisiSosawosansdseneu 1
mueedY 515 wlumsrdaainnisidulamiiu GABA lnadu nsanganiin Saniiu uas
wlsTndy MsBesuamesansuszney 1 Wasuwlaudfisadndenilefinsiuansdouszam
TusniefienuduresnsFouanfinduesnaiulddaidodfaniuey mafiulurosnudy
¥93n1513pauAss Uil paunannsiiu Fanfiuamnsouenueylied1sdi1nisainaisie
Usvanidu femian (U 2.318) Feaunsneiuigliandeitaasediidaniuivngus
fnlwauaznguoziluiieglndiu dwalifiAnnisiedvosansidadou Ni () Mafos (U

2.310)
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A5N15ALUUIUIVY

mATeildusunounsiiunueenidy 4 dw el

1. mié’ﬂLﬂswﬁaqmﬂuﬂumaaﬁ%’ﬂmmﬁaﬁmwé"w ALz (AU-NPs,.,) Tagld38n1s
Sendumaaiissunsldaduauisansilein

2. Anwnalnnisasratedanifiunazaneimnzanlunisnsiada Tnefisulsi
Anwn fadl anadudues Au-NPs, . winuoslavensiudadiy, anududulansnsudaduy,
ANTleYYeIEsaTanat e sosdnn, AnuNTuTesansaratstesasdinm, arnulunis
Puasazatonsiate uay avlflunninyjasen

3. Ainwnuanwuzlauyesds 1wy Fatanuiduidunss anullunisinsies

ANUENIsaluNIsIAIIEE) Anldendg wasIATNANNEAtuN1TNTININ

4. Uszgnald AW-NPsy, tumuwaslunisiiesiziniusuadanifuludiegis

[
[ = v a

2IMINELA karAn¥IAINYNADIWRIT INElUSEUTIEUNANITIATIENIINTIIHAUAUAUTS

wesgulasuvasfveavanaussausgs (HPLO) Tneldisnismsadia

3.1 wilnadiuazaunsal
3.1.1 @seiiildlunisnaaes

A15199 3.1 5198LLR8RESRAN LN NAaDY

GUHEH] gasluiana/dota U3EmilnGn
Histamine CsHgN3 Sigma-Aldrich
Nickel (II) chloride NiCLl, Carlo Erba
Alizarin complexone (ALz) Cy6H;5NOg Sigma-Aldrich
Gold (Ill) chloride trihydrate H-AUCL,O;5 Sigma-Aldrich
Sodium borohydride NaBH,4 Sigma-Aldrich
Sodium acetate C,H3zNaO, Carlo Erba
Acetic acid CH;COOH J.T. Baker
Sodium hydroxide NaOH Carlo Erba
Potassium dihydrogenphosphate KH,PO4 Carlo Erba
Sodium sulfate Na,SO, Carlo Erba
Sodium chloride NaCl Carlo Erba
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L-Cysteine C3H/NO,LS Sigma-Aldrich
Dopamine hydrochloride CgH1,CINO, Sigma-Aldrich
L-Lysine monohydrochloride CgH1aN50O, Himedia
L-Threonine CqHgNO4 Himedia
Serine C3H/NO5 Himedia
Valine CsH11NO, Himedia
L-Tryptophan Ci1H1oNL0, Himedia
Phenylalanine CoH1NO, Himedia
L-Isoleucine CgH1sNO, Himedia
Perchloric acid HClO, Sdfichem
Sodium bicarbonate NaHCO; Sigma-Aldrich
Dansyl chloride CioH1,CINO,S Sigma-Aldrich
Acetone CH,COCH,4 THOMAS BAKER
Ammonium acetate CH;CO,5NH4 Loba Chemie
Ammonium hydroxide NH;OH Sigma-Aldrich
Acetonitrile CH;CN Carlo Erba
3.1.2 gunaaliiaziaiaciie

— Jmwnes = UIRFUBNY

—-  Viaannyn _ e

—  WLAAUENT - lulmsUss

~ nswventhnay ~ YOUFNENT

~ pesthuniu = PInUFudTuIng

—  fleviwas —Toledo AG 8603 Switzerland

_  dusiaenlessu- ZENEERUP 900, Human

- UV - visible spectrophotometer - SHIMADZU UV-1900i, JAPAN

- Fluorescence Spectrofluorometer - Jasco FP-8200, USA

- WSusvswdnesudursusaanlasiines IRTracer-100 (Shimadzu, Kyoto,

Japan)

~pSewmmaiaenasdinuisndi (Rikagu smartlab, Japan) 19 Cuka (A= 0.156406

nm) AFIAINAILYL 26 S¥1IN9 of 5°- 80°

~  NdewansIAudLanasaukuUdesiu JEM-2010 model, JEOL Co., Ltd Japan
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- @ndd@n (Malvern, UK)

- lesulnnslveuvatlsednsninas sefuszuuinaAinisisaauas (LC-20 series,
Shimadzu, Kyoto, Japan) ADEN C18 (4.6 mm x 150 mm x 5 uym particle size,
GL Sciences, Japan) a9t 17UN1sAABE N LC-18 (4.0 cm x 10 mm x 5 um

particle size).

3.2 JupauNMIAEuIUITe
3.2.1 Mmsdauanezieynmaulunesifnuiaiesnindoe ALz
3.2.1.1 Anw138MSEUATIZA AUC-NPs, ,

1 MsdaaszrisuniaunlunasdaeIsn1ssanduniauaiisauiu
AAuANDSans I lin

ANTFRATIZH AUNPs,, Adun1saielinisliaduainud sans
loilnsauivuisnassnnduniaail Inanaulnas (I Aaslsalnslawnsn 10 Hadluanedns
V31105 1.0 fladans wavinusieantosey Usinns 6.4 deaans adludnines wdwenniu
Ay ALz 10 fadluanedns USuns 0.6 faddnsatludsazasnaunazyilidniuse ndu
Audsansledn 35 %Sonic amplification tdutia 10 w17 Aus-eifiu NaBH, 50 dad
Tuadedns USums 2.0 dadans wazldnduauisanslednaoidunan 40 urd Tuneu
anvne ansazanedmdosvAeudulanitnadunnsusunisdie Aw-NPs,.

2. psdaasziounIaulunaclasIsn1sTantuniuall

N15ENASIZN AUC-NPs,, MIe355AndunIAiliiesagumed vle
TneniswanTnas (1) aslsa lnslawmsa 10 Tedluasnedns Usu1ns 1.0 daaans wasin
Usirannlessy Y3uns 6.4 faaans esludnned wdeeantu @u ALz 10 dadluasedns
U3es 0.6 fiadansashuansazanonaaaztiuniuiigamgivieadtuna 10 und museds
NaBH, 50 fiadluasedns U5uins 2.0 fiadans uazdunusoitiunan 40 wil Tunougavine
arsaranedindesnsdsudnduasiuaranagnoulunaidendofislinineynialyl

anansanssieglaluasazany

3.2.1.2 Anwrdadendenanavuin U wazauanesaInlunis
73 'S 0 v ad = o [ = Y d' d' Y a
F91A5129 AUC-NPs,, A283501530NTUN19LATISUNUATUAMNDDans  Ladln

1. AnwIAULTNTUVDY ALz NYlunNIsSnwILEDesAIN

[

AU UTUYeT ALz Allun1sdaas1ed AW-NPs, , WDutladaddey

o

lunismruavuin way Auasisluaisavate Ingounirulunasfduaseiagldning

WUTUVDY ALz Aankanal lunns1en 3.2 saludl
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[

M19197 3.2 AN Turngeg ves ALz Nldlunisdunseiouniaunlunes

o o/ 1 v v a 3 1
BRI INTVIFIUAULVUVY Jsunsasadsenaunigs (ml)

H7AUCl4O3:C19H15NOBZ NaBH4 (mM) Gold ALz NaBH4 HZO
IO0mM 10mM 50 mM

1 1:02:10 1 0.2 2 6.8
2 1:04:10 1 0.4 2 6.6
3 1:06:10 1 0.6 2 6.4
4 1:0.8:10 1 0.8 2 6.2
5 %1 Qo0 1 1.0 2 6.0

2. @nw1 %Sonic amplification A4 lun1sdwATIZH AUC-NPs,,

pudunsineraulnaa (I paslsa tnslainsn 10 Jadluans Usuns
1.0 fladans warinusirainlessu U3uans 6.6 tadans adludnines ndeeantu by ALz
10 fiadluadodns U3uins 0.6 dadansasluaisavasnauiazylmdfusienduniuiea
asladin 20, 25, 30, 35 WAy 40 %Sonic amplification 1waan 10 W% mumaeLfiu NaBH,
50 fadluasiodns Usuans 2.0 siedans uaslinaunnuasansaletnaeiduna 40 wnd

3. Anwnnandilelunisdansizt Au®-NPs,,,

sfiunisiaewasinas (i) paslss laslewnsn 10 adluand uavin
Usrnnbosey Usuns 6.4 fiadans asludnnesuasyilidiiusmerduauidsanslain
35 %Sonic amplification e i iu ALz 10 fiadluadedns Usuias 0.6 fiadansadly
ansavasnanaslinduauisansledasoifuiar 10 unfl auaei@n NaBH, 50 fiad
Tuasiodns Usums 2,0 daddnsuavlvraunanuisansledngelduman 10 udt vig-lae

WaguLaIaIR1el NaBH, 1agiiailauaniananisnan 3.3

o 1 d' o L3
M15197 3.3 e nllunasdanseieuniauilunes

IaNTIANa L2AWAINLAN ALz 1281%AINLAN NaBH,
20 W 10 wi 10 u¥i
30 W 10 u¥ 20 W9
40 w1 10 u¥ 30 W
50 W 10 u¥ 40 W9
60 Uil 10 u¥ 50 191
70 Uil 10 u¥ 60 19
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3.2.1.3 nMsngaiandnualvasayniaun lunasisnyianesnmele ALz
Nsfigallendnualves Au-NPs,, NduAsziila agvinmsfnwinuanue
P99 19U N1IRANALLEAY NMSiTosuaN way duguiven Wudu lngldesediofigailiondnual

AIRM19799 3.4 sl

M19197 3.4 asesenldlunsiigatiiondnual Au-NPs,,

GELRHG! nsigatiandnual
UV-visible spectrophotometer mmﬁaumms@ﬂﬂ%um
Fluorescence spectrophotometer A5 UAINITLIDINES

Transmission Electron Microscope, TEM | mwaaugﬂﬁw VUINVDIBUNA ANSNTLAYR?
Zeta Potential Analyzer mmaawsza}uuﬁuﬁ’s
X-ray Diffraction, XRD ATIVADUNANTVDIDUNIAUILUNDS
3D contour fluorescence spectrometer | #5998 UANNISIIDILELUY 3 TR
Time resolved fluorescence ATIADUAINTAAIUF VIR TLTDIUAS
spectrometer ’

Raman Spectrometer | asaoulassaimeiinasURRseNEning

lutana

3.2.2 Msaaseviysunadandulagly Dual-signal Au’-NPs,, sensor
3.2.2.1 Anwaniaziianzanlunisnsanindanfiudie AuC-NPs,,,

1. nsANEIUBIASTIANIZANYaT AU-NPs,

Yvunarsazany Au-NPs,, 4.7 ululuanadns YSu1as 250
lulasans mumae Tnda () Aaslse 600 tulasluanedns Ysuns 500 lulasdns luvasn
nnas waulhddusaens Vortex 1unat 5 unil annduifiuasazaneganiiluiinany
Wudum99 (100, 500, 1000, 2000, 3000 waz 4000 tulasluanedng) Usuns 1 Jaddns
arudaeLiy Urliles Acetate/Acetic  pH 4.0 10 dadluasedns auasuUsuIng 3.5
8805 wazns397nA28A3 84 Fluorescence spectrophotometer wag  UV-visible
spectrophotometer A1UA1AU a1 10 Uit g laelasulsinnsues AW-NPs, , 1Tu
500, 750, 1000 tag 1500 lulasdng

2. MsAnwUsznnloeauvaslansnsuddu

Junarsazans AU-NPs,, 4.7 urluluanadns YSuies 750
lulasans mumae dnda (1) Aaslse 600 lulasluanedns Ysuns 500 lulasdns luvaen

neand wanlidnTusienis Vortex tutan 5 Uil andulfivaisazanefanianuidudy
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7149 (100, 500, 1000, 2000, 3000 Waz 4000 lulasluadedns) Usuns 1 Jadans a1
Ay Siles Acetate/Acetic 7 pH 4.0 10 Sadluasiedns auaAsUUSHINT 3.5 TadanT uas
599 TAdELA3 e Fluorescence spectrophotometer Wag UV-visible spectrophotometer
AudU Anan 10 Wil v laewasulavediu Ag (1), Ca (), Cd (), Mg (1) uay Zn (1)

3. msdnwanududuiivunzasves Snda (1) aaalsd

Ywansazany Au’-NPs,, 4.7 unluluasausunns 750 tulasans
aueae dntia (1) raslse 200 lulasluaredns Usuins 500 lulasdns Turaonvnass wau
TAdniumIens Vortex Wutian 5 widl mﬂﬁ?ulﬁmmiazma%amﬁummwﬁ’wﬁumﬂ6] (100,
500, 1000, 2000, 3000 Wag 4000 lulasluaneans) USuans 1 Jaddns aumeiiy dwines
Acetate/Acetic 7l pH 4.0 10 fiadluadedns auAsUUSUAS 3.5 Ta8anT warnTiadae
1384 Fluorescence spectrophotometer Wag UV-visible spectrophotometer asa1aU 7
nan 10 Wit Fdlaeasumaudutuesdnia () Aeelss 400, 600, 800 uaz 1000 Ty
1asluasiofng

4. M3fne pH fivivnzanlunisnsaadn

YiUpansarang Au-NPsa, 4.7 unluluanedans Ysuins 750
lulpsans enunae dnia (1) aaslsn 600 lulasluadeans Usuang 500 lulasdas luvaen
naaes wenlidfusenns Vortex Wunan 5 wiit annthudnenseratedamiiunnududy
71499 (100, 500, 1000, 2000, 3000 Way 4000 ulasluadedns) Usuans 1 Jadans ausmae
A Tniles Acetate/Acetic 1 pH 4.0 10 fadluasedns auAsulsuIns 3.5 1adans uay
A5G EA3 e Fluorescence spectrophotometer ey UV-visible spectrophotometer
ALY a0 10 UT vhenTaedeu pH 11 5.0, 6.0, wag 7.0

5. msAnwanudiduiivsneatvesinmes

Juumnansazany AU-NPs,, 4.7 ualuluamnedans dSuans 750
lulasans aumae dntha () Aaalss 600 lulasluanedns Ysuans 500 lulasans lunasn
nnaes wanlidrTudents Vortex iunan 5177 aantuiiuansazanedananududu
71499 (100, 500, 1000, 2000, 3000 Waz 4000 lulasluanedns) Usuins 1 Jadans aumie
Ay SWiles Acetate/Acetic 7 pH 4.0 10 Aadluasedns auaATUUSNINS 3.5 TadanT uay
599 T 8LA3 89 Fluorescence spectrophotometer Wag UV-visible spectrophotometer
AUEU Aan 10 wift v laedsurududurestie?d 10 way 15 Sadluadedns

6. MsAneanulun1snsIInTanidiu

Jiumansazany Au-NPs,, 4.7 urluluanedans ySuams 750
laulasdns muaae dnia (1) Aaslse 600 lulasluanedns Usuins 500 lulasdns luvaen

neand waulmd fua18n1s Vortex- 1uiian 5 Ul antuinaisazangdaninnuiudu
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7149 (100, 500, 1000, 2000, 3000 Waz 4000 lulasluadedns) Usuns 1 Jadans a1
Ay Siles Acetate/Acetic 7 pH 4.0 10 Sadluasiedns auaAsUUSHINT 3.5 TadanT uas
599 TAdELA3 e Fluorescence spectrophotometer Wag UV-visible spectrophotometer
auEIRU e 10 Wi wasfnwddunisasatadiudulaeSssdidunsidude i) Au-
NPs,, i) Dnia (1) aaalse i) Sandu iv) Unwles

7. MsAnEIa 1IN INTENIY

Uiunarsazay Au-NPs,, 4.7 unluluaneans 4Su1ns 750
lulpsdas aaueae dntfia (1) Aaslsa 600 lulasluadedns 500 lulasdns Tunaoannass
wenlidiudaens Vortex e 5 unft st uiiuansazanedaniuanududusineg
(100, 500, 1000, 2000, 3000 Lag 4000 lulasluanedns) Usuns 1 Aaddans auagify
Uvlied Acetate/Acetic 7i-pH 4.0 10 Sadluasedns auasuuiutns 3.5 Haddns uay
A319¥dELAS 0 Fluorescence spectrophotometer ey UV-visible spectrophotometer

FNUSIFU 381 10 U ideeilasunaiinsIadadu 3, 5, 7, 10, 15 wag 20 w1

3.2.2.2 MIANYIAMAN BAULVDITINATIEN

Uumansazany Au-NPs,, 4.7 uiluluasadns Usues 750 lulasans way
a1savareiniia () aaslsa 600 lulasluasiedns 500 lulasans lunasanaassauin 5
flaaans wazyinisiendneLnses Vortex mixer Wuian 5w nduidusamiuiiaig
Fudusiee aausaeifiy Owiles Acetate/Acetic i pH 4.0 9uAsLUSIAT 3.5 faddns v
115 Vortexansazaruwaniduinan 5uiihaznsi193na1uias 89 Fluorescence
spectrophotometer Wag UV-visible spectrophotometer Aua1ay ﬂmé’ﬂwmmaﬁ%ﬁ

= @ -
ANWYILLAAIANRNITNN 3.5



6

o =< (% ada
f1919N 3.5 NIANYIAANYEUSVDIITIATIS

58

AMENEALY d1sarargunsguntdlunsitasasi

Amszviganfu (Linearlity) 3000, 4000, 5000, 7000 waz 9000 lulpsliansans
|
2.ANWIAIULT B9YDINITALATIER | FayTunA1wuTy 500, 2000 way 4000 lulasluase

(Relative Standard Deviation; %RSD) | &#s

3.Anw1UATNAR14AYBIN15ILATIER | UUTIRRIN e

|
|
(Limit of detection, LOD) wazaaanng |
AgATBINITIATIEL TSI (Limit
of quantitation, LOQ) |
4.8n¥1N15L8NINNITVBIISILATIEN | nsnoyd Ly (Acetaldehyde, Cysteine, Leucine, Lysine,
(Selectivity study) Phenylalaning, Serine, Threonine, Valine,
Aminobutyric acid) waglaugleaauw (Mg (), Zn (), Ca

(N, K (), way Na () famududu 1,000 Tlastiasoans

sneazRean Y lunsuseiliv

NAADUNANUINIUAY 2 9N
AS9AUNTHEUNTIAINY = MX + C
WamwuaduUseansmssnaula ()

SD
RsD (%)= =X 100

= o ~ YR
W RSD = Anduletuuansgudusing
X = ARREYaIYnvaYs
SD = AU uLNINTFINYBINITINGT 10 4

3 (SD of Au®-NPsAL,-Ni (Il) complexes)

melB) =
Slope

149 SD = AEULT8RUULIATFIVYBINITYINGT 10 91
lnefduUseansueAdetuuninsgiuves LOQ = 10

NAADUNANUTUTUAE 2 TN
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3.2.3 ANWN308AZN1SAUNAUVDII0LATIZI (YoRecovery) Tufaaeingo1ms
nzia 1ngly Au®-NPs,,,

nsiaseimUsinaganduludiegeemsveia 4 via lowa fewn feane
o Yanuniinnseaes wazlainiingn ﬁlé’mﬂsgt,ﬂa%m%ﬁm TnedumaunisnIsudiogis
dmdunsinssidussl dunsn uadeg ity uasNad0g TR UNTUALEY
5.0 ndufudhusieanlossy 10 Sadans antuduniudunat 10 uilugrsiuds mu
fedudanifiuninsgu (Spiked standard histamine) auidudusagg @ 100, 400 wag
1,000 lalasTuarodns luaisazatesiega Juntusedunal 1 und ansudund e
ansazanenauil 2,500 seuseUITTwIaT 10 mﬁﬁqmmﬁ 4 peAAgYE NTRENTAYANE
drufiifuvesnailaniunszaiensss Whatman No. 42 wagldnsosuuusuluasuvuing

o o 1

W3 0.22 luasew MNUUE1MENI NN M INZIENT 4 ¥Tiadns1eilaeld AUSNPs,,

o o

HAGNSTLARINNTIATIgNTINIAN NI YA NS AUNTUAILENNTS

Spiked sample - Sample
%Recoveries= x 100
Standard

~ ; a v v = ~ o oA a = a
1319 Spiked sample fia AVIUNTUYBITaNITUL UM IBE 1WTRNA1TTaN U9 T
Sample Ap AULTNTRTDITaNIHUT A9 M TYELA

Standard A9 AMUINTIUIDIENTEANITLNINTFIU

3.2.4 asradevANNlTldve s IvaLITURUNMTa ARSI B anniiugae
walla HPLC

LU%‘UULﬁsummgﬂéfamﬁ%‘ﬁﬁmm%ﬂumﬁLﬂiﬂzﬁ%ﬂ%ﬂﬁuiuﬁaat’mmvmi
neaiuIsunsgulasuinnsfveuraladITauras lngdnsun1siasieinlg HPLC
mageazAenilmineyiusiow (Derivertization) tngldi5ues |. Altieri uavaae [57] uay
fnsUsuasudndosdsd duusn Taunndniegiseomnsnziadiinunisvildiduie
WeiuUsENM 5.0 N3U Kaudunsalesaassn (HCLO,) 0.4 Tuanadnsusuing 10 addns
Tnotunuegrsiaidoddugrsiugs wdsaniu 10 wnd msazmamamggﬂﬁuﬁ AT
AILEY 2,500 souseuTiluan 10 wiifl 4 °C anntufvauiduvesnarlason uay
afmnzneusnadadunsaednanin 0.4 Tuasedns 10 fadans Junulusraiudaduna
10 uit ndudunivednads dhdruiifuvewnasladiuuunsesriunsea1enses
Whatman No. 42 ansayiusgnifsmgasganiiuuinsgiuanudutusieg As 100, 400

wae 4,000 lalasluanedns vasannduiiaisaranssieg1anay 1.0 Jadans LAuse
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lawneulansanlan (NaOH) 2.0 luanednsusuins 200 tulasans wazaisavanloiney
Talasiaumsuaiun (NaHCO,) 20 luaseansusuins 300 lulasdans andudnansazalsuay

Famaalsn 10 dadnfu/laddns Usuns 2.0 Taddnsadluansazarenay udiusenaumall

40 serwaldua Wunan 45 uil ndswniEsaduuise unudaraslsaduiuazgnind

U
panMITENTaray NH.OH 25% v/v Ususs 100 lulasans lnewesewlesluniadunan 1
2119 AndulsuUsuesansazatenaus 1003 lalulnsd auAsU 10.00 Hadans N594
& v

a1sazatveuiusmeiinsotuiusuluaauruIngngy 0.22 luaseu neun1siAsievinae

HPLC Tagdlan1izsinde) U99AT09alun1T NN 3.6

A51971 3.6 @BV High-Performance Liquid Chromatography, HPLC

WITALADS sgazidYn
Column C 18 - Reversed-phase
4.6:mm x 150 mm x5 pm particle size
Column temperature 25 °C
Detector Diode array (UV) detector (254 1nluins)
Mobile phase 0.1 Tuareans wenludenesdwne/estlalulasa
Stationary phase C 18 — Reversed-phase
Flow rate 1 Jadansmnaunil
Separation time 0-6 U
Injection volume 10 lalAsans
Gradient conditions nan (W) dadlagdsanasves - dadulaeUinnms
wonlutdenozing yosordlnlulnsa
0.0 50 50
19.0 10 90
20.0 50 50
29.0 50 50




unil 4

NAN152281azN159AUS19NE

ATeildunsimuwwgesuuy Dualsignal sensor Ingyinn1sdaasigieynia

wlunesiiaaulasnie Alizarin complexone (Au’-NPs, ,) nelaisn13anduniaaiisaniu

=

Adunuidansiletin neld ALz waz NaBH, Wuassneiaiiosnmuazansviniuisen
FONTU MUANU NAIINFUATIZAGULDI LILAIEVIINITANYUBNANBAIAGY VOUTULYDS
wazUssgnaldioueeas Au-NPs, , dwmsuasiaidinendaniuluemsnsianismnailaiged

wagnsInnIsiseas sanandluun 4.1

JULUUNSHRINLS LYY
1. FuAT1E9 ALNPs, Tnedsni3andunianiisautuniuanud sansiledn (gﬂﬁ 4.1
A) MelanisiindunsiselaeasaunlalauAveIEIsUsENoURIwaY [Au(ALZ)CL]
LAIARMIINTUNE BHy, H, Hy HO', HO*, o H,0, (50 4.1A1)

2. fauINIsidaendnnnevewuwasaelarysnalsiiniia (1) aeldnisiiadunsisen

=i

TApoiAualaauAvasa15UTENoU Au’-NPs -Ni (Il) complexes (5U7 4.1 B)

3. WAL UL N19052397Ass%8an du neldnisiingunsnsen Ligand
complexation (Au®-NPs,,-Ni (I)/histamine) (g“dﬁ 4.1 Q)
4. NMIUARINANIIRTIVIAT B eUSInallususuuTnaing (Colorimetric response ua

Fluorometric response)



o OH
1
o b OF ﬁ
! CH,—~C—O0~
4
1 * CcH -~
a”| ~a RN
a A CH;~C—0',

(8]

Tetrachloroaurate ion Alizarin complexone (aq)

Quantitative based dual-signal sensor

of histamine (umol L)

AbS AL | re3s o = 0.000024 [Histamine, pmol L '+ 0

R

Colorimetric

romietric response
52
s3m — -0.0927 [Histamine, pmol L] 211722

OH radicals

BH ions

An’ ions

[Au(ALz)CL,| complexes

| BN 3 o

Au’-NPs,, ,

2t ®

58 .‘\

| o o
Ultrasonic assisted
chemical reduction OH &
% [
NaBH, (aq) O‘O /cu!—c—o
Ultrasound irradiation powers : 130 Watt CR—N
Amplifier : 35% o CHy—C—0
Reaction time : 40 min
Ni (IT) ion
Vortexed

Room temp.

Histamine (C;H,N;)

Quantitative based dual-mode
Acetate buffer pH 4

detection of histamine

Vortexed
Room temp.

(umol 1.1y

JUT 4.1 (A) nnUsenoukNuRaveInIsduaTIEY AW-NPs, ,, (B(C) nalnn1snsiainganiiiu

62
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4.1 NISHAATIZH AUC-NPs, ,

4.1.1 nalnn1sdaas1zy Au’-NPs,,,

AN5EATIZR AL-NPs,,, tAaneldnsSdindumand Tngldmduninuisansd
Teiinlunisiseufisenisiinansidedouseninslosasumnizaaslsonisn [AuCly waz ALz
Tnerdudansilafinazneliin Acoustic cavitation meluansazats Fedawalininnisuan
ﬂ’uﬁzmaﬂmaqaﬁ;’]Lﬁmf]ua%alaimwu (H) wazeuyalansanda (HO) J9a1U150LT
UfRseliAnansUszneudstoues [AUALZCL] IefsuFAelugui 424 Tasansuszney
ALz \Juansuszneulalansendueuniailuy Uszneusedelulasiauwazeandwuiidy
fumuslunsadiaiusslaoesaunlanaudiin MsnnasUszneultou [AuALZCLT
wiinnuBrnaNeaNBIIU 2 Bzaeulunguasuedia (—C=0) uaznylansenda (—OH) veq

ALz siiusglaeeiwiuluguiuy Bidentate-bridging

«l (&
"\lv
o on o o
Complexation of [An(ALZ)CY, |
) S0y + < u.—i‘—o‘ . L A CH _‘l_l
o | ~a f P x St y=C—0
a C “:._\-\ Ultrasomic irradiation C ll.—.\/
CHyp—C—0 ® N
Tetrachloroaurate ian o v o z CH,—C—0
o (Au"), 1]
Au® At o
7 ?
7 ’
“ g 0 & b
BH, ions OH = OH &
Dechlorination O‘O o BH, ions,  HO" . FAu’ O‘]O 0
CHy—C—0 CH,~C—0
Ultrasonic-assisted ST : Ultrasonic-assisted -~
chemical reduction QR N chemical reduction 2
L CHy,—C=—0 S CHy;—C—0
JAn'),
l)\ll ("\u\,'“"
b Q. o 0
OH o OH
I i
CH,—C—0 ;
Continuously ulirasomic-assisted (-,L___\/ i Nano particles formation et \/( Hy~C=0
chemical reduction process = v —"
o CHy—C—0 il Nc "'_(| 0
|

o

[y

sU 4.2 (A) nalnn15AnaNsUSENBUINYBusEINg boaaumasEAanlsantsm [AuCl] Ay

Y

a

ansusegnau ALz (B) nalnnnsdaiasnest Au®-NPs,, 1a835n15anTun1uAls1uiuAdy

ANUDTANI NN

a15UsEnauladou [AUALZCL,] MARTU LaAIAMENYMENITAANTULAIEIER

o
Y aa A

(\,..) Neumia 594 unluuns Fea1susenouedaun laduildden (SUN 4.3A) warkile

Y
1%

Wisuieuivanignldinislirdudansileiin wuildansazaneifidinanas (5Ui 4.38)

Feusrtamaiinansdsdounliauysel Inenaisuseneuidedou [Au(ALZCLT oraindule
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Wosnnviseliiintuae Ay pdudanslelindidiugislunisissuizenlunisasiaiuse

lraasAuslaaunved [Au(ALZ)CL] 1aa

1.0
0.8
;f Aiseae =235 M
0.6 - :
S
g
=
T
.2 YD Xy = 394 nm
<
02 1p
‘.\
0.0 T - ® 1
400 500 600 700

Wavelength (nm)

JUT 4.3 (A) aunasumsganaulasas (A) [AUALZ)CL,] complexes ngldnisladudans
1oiln, (B) [AUALZ)CLT complexes nuldantizldiinausansilaiin, (C) AU-NPs,, Ala
1350153 ANTUNILATSIWAUARUAINA DAl way (D) Au-NPs,, 7931735015

a v o A 1 a
TIANTVUNWEAULNEIBYNRAYT

aelfIBnsIendumaniismdunislviadudansleingedmaliguvgiiuay
arufumeluasaraegaiuain ndsnniinanadedou [AUALZCL] Wi Torourames
() melulaanaves [AUALZ)CL] azgnsaataie NaBH, agesanisinigldanizaumngl
wazANudugell denaliansideiou [AUALZCLT anas wasinnsnosveseyniauluves
75 Az uanssnenadesaan (AL-NPs, ) ¥89990n157 989089 AU-NPs,, T1dn17%
paunniiuazAuiugs [58] pduarudsansileinazvharsussresluanaiiuisdiy
ooniduriseyyalelnsiau (H) uareyyalensenda (HO) Fsanunsaundnszarsluginaves
ansarany BHy dawaliiAnissufAzenidndu LLaz%L%':umadaéfﬂﬁ’lmyjﬁuﬁuaqaumﬂ B
41113019R3AI8N13AATY (Adsorbed) (Au®),-NPs,, VU UAv99 (AL, -NPs,., nol#iAn

(AUO)ssNPsaL, %58 (AU, NPss; Iae?l m Aailapdgaradauniaunly kag m+n ABNTS
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FAulnvesadaines (U 4.28) msidvlnvessuniaiinainnissaudaduldies
(Spontaneously assemble) ety urAUes (ALY, NPs, , 38 (ALO),..-NPs,,, Ineviluaz
FudulaenunsIsndumanives NaBH, Tamfupduaudsansledn uaunataueuses
AUC-NPs, ﬁé’amiww‘lé’wudwﬁm@mﬂﬁmmqqqqmagfﬁmmmm?{u 535 UNLULUAT WA
Usingdvesasazaroiudunady (g‘dﬁ 4.30) Tumansafudng AUC-NPs,, fidaasIziae
SEmssdndunaaiifissetafsanuitaisazaneiildiidiina wavanady SPR veq

aunIAUIlUVEITfLIYY 535 wiluwnes SAnsgandunasiinnun (3UA 4.3D) Jauliu

D

founaunluneuinutasuin wazanuaiesn Jsagulaiinisldissandunisaiisiuiu

3

AAUAINNDDANT TN AIUITATHUATIENR AU%-NPs,, 10ag198UsE N5 A NUINNIINISIE30

a o

U a A 1 a
TANYUNWEANLNEIBY N

4.1.2 nasAnenaneiwanzanlun1sdaasiei Aul-NPs, ,

anMERvNEauE RS UMSFIATIER AL-NPs,y, Ievnnsanen 3 duus dei 1)
AT uves ALz Insfnwadius 200 39 1000 lulasliaseans, 2) Sonic amplification
Tnefnwsus 20-40% was 3) SsEoznanmslinaunuisansilein Tnednwdaus 10-60
Wi Tnefnwrannaududusudures [AuCl] 7 1000 Tulasluasedns uwaz NaBH, 71 10

Tadluanedns

4.1.2.1 fneraududuvee ALz

=

SUN

Y

918U AT8INITIANTUNMLANTINAUATUANNADANT AN aefnyIALtuTuALANGIa

4.0A uansaUnaTUNITAANAULAIUDY AU-NPs,, NHLATIERTUlAY

fuves ALz (200~ 1000 lulasluasedsns) ankanisunassnuit Weld ALz 1Wutu 600 1y
lnsluasedns asUsInguau SPR daauign Inenuiinaiue1Iadu 535 uiluwes Jadu
Juenanwaluea Au-NPs, , Tunaizil ALz ianidudy 400 wag 1,000 lulpsluasiedns T
| a A o ! P a | Y] el A9 v g 1 a
AINIIAANGULAINAINIT uazd 200 lulasluasedns liusinguautenanualigedliiauing
faunmaulunetindy Wesniianududusi ALz ldaunsasnwinisaeiaveteyniala
PEINEIND LazilaNa13u1N N TEM wazdalvinsunisnssanemivesuineyn1nued Au'-
NPss, MSNwNadesaInee ALz AUty 400, 600 wag 1000 lulasluasiodng (FUN
4.4B) WU Aup-NPs,, 1 d9ias1esibalidnwaensanay duuinaynin 23.23 + 4.26,
20.02+4.36 WAy 17.63+4.07 wlwang aua1su 3nvueianasilidunaunainanududy
ALz N11nTU WeANUUNTureansinvaiesn gy usaHan (Repulsive force) 581319
= X ' v & ' I3 1% a v v a

91N1ATEITY demalivuinvetouniadnas ag1alsiaunisly ALz Aenududugaiuly

912UAUTIAENA YIRS Au-NPss, LA S3UD9AIUNENEYBIlASIE5 19 ALz N187190RY214
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N15N0AI903 (AUO),-NPss, U (AUO),-NPs,, L9 Fevinlsiaanududuresouninninazly

ansadunaiwendnuainisgandunasls daiuluawl

600 lulastuamadns Tunisdans ey AuC-NPs,

[

J3uaenld ALz AUty

Y

3]

1.2
0.6
a
= 2
© /N
1.0 8 104 ¥ B
= i ' "\
éc 0.2 L ®
-~ 0.8 1 @ #
i < 00 —_——
: 0 200 400 600 800 1000 1200
& - iy
E 0.6 1 ALz concentration (umol L)
g Yo SISO 5000 imol L
0.4 ——400 umolL:!
——600 pmol L
02 ——1000 pmolL-l
|
650 700 750

/

5 10 15 20 25 30 35
Size (nm)

1w 15

20
Size (nm)

25 30 35

15 20 25

Size (nm)

30

SUN 4.4 (A) alnaTuNISOANAULAIVRIATTAZANY AUC-NPs, , NAULTUTUR 199909815

SnwnanesnIn (B) A TEM wed AUC-NPs,, NEULATIZMAE ALz AUUNTUNWANF19AU

Wz FalninsunNIINTEUMIVeIVUINEUNA
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4.1.2.2 #nw¥1 %Sonic amplification Alglunsdaunsizii Au®-NPs,,,
lun1sAnwdnsnavaaulswesndudansleindavuauasdugIuineg)

99 AUu’-NPs, , l9vi1n5Anen Sonic amplification 91 20 - 40% 2MNNTNAABINUIN LiBLAY

1Y

Adsvesrdunuisansledn a1 A, Anmsideulunsnnusniaduduas (Blue shift)
LLazﬁﬁhmmmﬂﬁmLmﬁqﬁu (3Uf1 4.5A) usidleLiias Sonic amplification Faust 359% auly
WuIau SPR Livinnns shift Tnq Feduiusiunsnesivetsneaasss AWC-NPs,, 990
TEM LLazéaImmiﬂugUﬁ 4.58 i Au-NPs,,, fiduaseilagnisldmdmesnnnudd
10, 20 @ 35% HYUINBYAIA 26.96+6.11, 25.69+4.50 Uag 23.15+3.56 WILULUAT Feanas
ANLENFU UBNIINTNTHAATISHATET 10% Wuarausalunisiofiduedoares Au-
NPs,., 9£LinTud %”mmaﬁaﬂ’]idaﬁwmaqmﬂ YINN158N13NTENLVUINBUNIAVDS
AWC-NPs,, n319(19.66 unluliins = 38.18 Unlutuns) @1u15adalnnltaainnIn TEM 4
wuadawmesasesaflumysaisesuiiotu widlaldnsdanseifidngs 35% sasnns
%ﬁﬂ%’uwgmﬁ'uﬁumﬂﬁu danalinisns¥aEvwIneUNIAYaY AUSNPs, WAUAST 18.56 U1
Tuasiia 2841 wluss sefudadentd 35% Sonic amplification Tun15gwas1ze% AU-
NPsa,
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1.2
=
w;
1.0 - %04 1 ® ¢
"
£029 4
08 3
= 2
g < 0.0 ; , ; ;
g 20 25 30 35 40
E 0.6 Amplification (%)
)
5 hmax S35 nm
0.4 A
0.2 1
0-0 L)

400 450 500 550 600 650 700 750
Wavelength (nm)

510 15 20 25 30 35 40 5 W15 20/ 25> 30, 35740 5 10 15 20025 30 35 40
Size (nm) Size (nm) Size (nm)

sUT 4.5 (A) alnaFun1saanauuasvesansasay Au-NPs,, 11 %Sonic amplification 14
Tun15daLAs1gi (B) n W TEM 903 Au®-NPs,, Md4LA592% %Sonic amplification Miuanang

Milunsdansest Lagdalninsun1snTzaevoUINeUNIA

TunsaingaasIzyt AU-NPs,, A838N1TIANTUNIWATIEIDE1RAD LaAILH

[ [ 1 1 [ A v L3 PN
windnuildnuainesumgandusasendnualveseun1auilunes (FUN 4.6A) wazain
AN TEM U7 4.68 uandliiiufianissiudiii (Aggresated) wion1snnaznouiniu Usila
DIANUADYTAINAIVBIBUNIA BIEUTATUSUTTUANTIRIUAAYVDIATUAINDTANT

lgtingianisnesiives Au-NPs, , anvisdalidutglunisannisnszateiivesruineyniali

LAUAIDNAIEY
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0.8
“ —Ultrasonic-assisted chemical reduction

—Individually NaBH, chemical reduction

0.6 1

0.4 -

Absorbance (a.u.)

0.2

0.0

400 450 500 550 600 650 700 750
Wavelength (nm)

SUN 4.6 (A) aUnATUAITAANTULEIUET AU-NPS, , N UATIENAI8ITANTIANTUNILAT
SunuAdRANND D ans lelniguAUITAISIANTumaeTliig 08 19Re7 (B) AW TEM v89

AU%-NPs, NEWATILHAILIDNIIIANTUNIALLNEDE14RALD

4.1.2.3 fneaailalun1sa9as929% AuC-NPs,,

Svwavesszezannsvrausansledn laviinaseneilugag 10 - 60 wadl
NAkARSAT 3U 4.7A Femudrdiansnandusaiiigedu amussegainisiadudansileding
UILTY ey A1 A, 1AR Blue shift 910 562 Yaliisss (@ 10 wad) 8y 535 wiluwwns (3
40 w17t Ful) wansliiviugn Wonadansleiinufisiy dealvivnneunin Au*-NPs,, (5U
7 4.78) 18nasan 25.02+2.70 ululams Wae 17.84+1.37 wlUMIAS WaZNAINITZANV0N
ﬁummaumﬂamaaLﬁai%’na’wé'amﬂsnﬁﬂmu%u Fufunaiiiosnainszovnaiuiuiy adu
mmﬁé’amﬂ%ﬁﬂmmma%ﬁqa%a (€ aqp H'y Hay HO', H3O*, warw Hzoz)lé’mm%u [31] d9na
WLﬁmmiL‘i'@dﬁﬁ'%ﬂﬁﬁﬂ%’umaami&?qﬁu [AUCLT waznsiiuTaued AuC-NPs, , unniy
wardarelWnisnszatseunaTn1snszanedaiia (Dispersion) fyurnflasiaus

(Uniformity) wagaanatdun@n (Crystallinity) v89 Au-NPsy, ool [59]
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SUN 4.7 (A) @anasunsnAna ulasvedsazaty Au-NPs, , Maatuansineiuluns
FuA5189% (B) 0 TEM 189 AU-NPs,., Mtaatuanarsfulunisdansizit wagdalnunsunis

NITNYVNVUNNBUNTA

4.1.2.4 Anwnadesnmuss A-NPs, , fidaas1zile

nnsAnwEN1ElUNSEUATIZA AU-NPs, mmaaaqﬂamwﬁmmzau
Taad 1) 149 ALz Wty 600 lalasluasiedns 2) 35% Sonic amplification way 3) sans
TofinBuian 40 undl Fanuan Au-NPs,, fidupseiladuaisnoaassnfisdnnuaiesis
Wouneldszozina 60 Tu (3U 4.84) waznsindng@nuansliisiugl adndluiiuy
Hufrves ALC-NPs,,, agj'ﬁ -38.17 = 3.01 daalian (E‘U‘ﬁ' 4.8B) FeUs¥aPuaT SRR ves

ADARDYA
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JUN 4.8 (A) NTMIANGOATENINAMIIRANTURAY UaE AINITTDUAIUDS AUS-NPs,, LiEY

3
fusnuiulunsiiuansaraterdainisdaunsedt wag (B) AsMENSTn1vea Au®-NPs,,

4.1.3 Wgarlienanuaives Au®-NPs,,,

awnnsuni1sganauias UV-vis Lazalunasun1snszn uiazn1sisoauasves Au®
N lﬁLLamﬂiﬁugﬂﬁ 4.9A anATUNITAANTURAIVDY AUSNPs,, LAAILAUNTITAANGY
LAIADILAUT 430 UNATRAY 535 UTIAT FUARINNITUE BUTEAUNS 191U VB9
sianasouan T—* lunerlsmin C=C vasaisusyneu ALz Uuﬁuﬂwaaai‘gmﬂ [60]
uaglelngns LSPR v AuC-NPs,,, [61] aud iy A ue1IAdunIsiSosnasgignuos Au’-
NPS ., aejﬁﬂizmm 520 UNlULUAS Imsﬁmﬁmzﬁuﬁ' 430 UNTULUAT aqmﬂmiwmﬁ
dpeity TdmdelumsdaaSunsiosnuasmes ALz vuiulgeseynia Liesinnsiy
Hou (Overlap) Mudniey 5x1I1NIIYANAULET LSPR (535 wiluuns) wazalnniunisises
Wad (520 Wilums) MaAnsunsasetuse sevinsiuinzay auuwdwanliniiiannnisdu
YInaa@Nay (Local density of optical states) 98¥78an¥039119945% (Free space light
incident) 184 ALz ¥iliAnn sslouuuduesdidnaseuldunndy o wduiigeduan
nsnseu T—F yesezlsuafin C=C lu ALz IgeeloulUsaiuin AL-NPs, , §sansnsa
diunssTouuuduosnduitiudninii (Electromagnetic resonance) fidauviufiu viilsnns
Soauasateynmalae st uedivedify Ussdnsamuesnindeuadifisiy

o Ly

asunstuduiaialagld Fluorescence lifetime wagnmyinawnnsuvelgesisaigud 3

—

f gﬂﬁ 4.9B (B1-B2) wansatunnsu Fluorescence lifetime 89 Au®-NPs, , WU31 A1 T =

= )

3765 ns au1nninansuseney ALz 8ase (T = 4.3360 ns) wandlsiiiuiinisudulss

Uszdnsninveseuniaulunasie ALz dulldiudislunisdeasunissesaawuulauniin

a

16" (Dynamic enhancement) BslUniniiu alnnsuvosgosisaisud 3 A (U 4.9C (C1-

Y

C2)) wandAAuEINITNIZAUNSIDUET 1aTNITTOUATIANTY MNURURILOURUTIEWAS]
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U51nn11904 Iagazuud n1siiudsednsnimisoauasuas ALz 31nN15daATIe Au’-

NPs,., dardunadisa

1.0 3000 35000
- 4 - Bl e ALz t=4.3360ns
hex 430 nm dey 520 nm ~
o8 o 2500 30000 B2 o Au®NPs,,,, T =4.3765 ns
o 2000 3 : 25000 “ B3  Au"-NPs,,,-Ni(ll) complexes, T = 4.3575 ns
El 2 5 7
206 ; iz s B4 o AUSNPs, NI histamine, 7= 40161 ns
' { 2. £20000 s
g 5 1500 % E .
§ 04 ; E §1s000 H
E « | 1000 £ 3
< | £ 10000
02 3 s | z 3
—— Absorption gl 500
—Excitation < 5000 8
—Emission
b —— b o E—
360 385 410 435 460 485 510 5357560 585 610 o TP 7w 7i S0 852 84 8 8 90
Wavelength (nm) Time (ns)
100
C
80
60
40
20
o
460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
' EM Wavelength(nm)/EX Waveleagth(nm) 60
{
|
N 80
'
{
! g 60
e
40
20
o
460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 ' | 460470 480 490 500 510 520 530 540 550 560 570 580 590 600
! ]

= RS A g, R el Y N PAN

gﬂﬁ 4.9 AANWAE AU-NPs, , (A) aLﬂﬂm%’aJmi@mﬂﬁuLLm LLasmiﬂszéjuLLazmiﬁaqLLm
( B) Time-resolved fluorescence ( B1) Alz, (B2) Au’-NPs,., (B3) Au®-NPs, ,-Ni (1)
complexes wag (B4) Au®-NPs, ,-Ni (Il)/histamine. (C) atUnasuisasias 3 J@uas (C1) ALz,

(C2) AU™-NPs,,, (C3) Au’-NPs,,-Ni (IIl) complexes wag (C4) Au®-NPs, -Ni (Il)/histamine

wANANUNITNANTUATATEIVDI ALz UUBUNIA AUC-NPs,,, lavinsfnwiiiuiislag
1 X-ray photoelectron spectroscopy (XPS), Raman spectroscopy, X-ray diffraction
(XRD) wag Transmission electron microscopy (TEM) awnasu XPS Teiedudunsausznau

FIkaTANIUENINATIID AUS-NPs,, a@Unmsu Full survey 989 AuC-NPs,,, kagaidnnsud
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vn15ve18een (Deconvolution) Wes Au 4f, O 1s, uay C 1s LLamﬂugﬂﬁ 4.10 gﬂﬁ 4.10A
wanslviiunisiogvas Au 4f Saudu O 1s, N 1s wag C 1s T AuNPs,, ke XPS A4
azldgngda (HR-XPS) vosaunady Au 4f wansaIna1augainig (Binding energy; BE) 7i
YALAUFDIAN (gﬂﬁl 4.10B) Ao 87.9 eV Wway 83.9 eV & sdonAdoary Audfs,, wag Audfs,,
pEU alnpsuiignue1eesn (Deconvolution) W84 Au 4f LagnisUfulduls (Curve
fitting) Wanalwisiu Spin-orbit splitting @uaila (@a1ugesndiadu) @ sy A, Aut uag
AU Taeen BE fishuvus 87.9 uas 83.9 eV uansdslans Au (AU®) 09 Au 4f;, Waz Au 4f,,
Tuszsuwnunans (Core levels), MUEIFU LazA1 BE fisunua 90.1 eV, 89.3 eV, 87.3 eV
Way 85.9 eV WAAIAT AU 4fss™ Aubfs 5™ Auaf,,™ ey Au 4f;," s udsu Fadsuennig
fagvadlanenas (Au®) T Au*-NPsy wonannis gﬂ‘ﬁ 4.10 CUa¥ D WAnIATNANLEIANYDY
O 1s uag C 1s B9ARIN ALz FsAFuULRURAv84 AUC-NPs, , WlalseuifisuiuAmdsay
(3Uf 4.10 EF) vosansusenau ALz Saszlunisiei 4.1 wudn-Amdanufisumises C=0
(C 15) Y09 AUNPs, , Ao 288.363 3V Falasundasivann asUseneu Alz @e 289.248 eV
7 9A9nAZ DIRUAMNEIILTIRIWNU 1983 0=C-0 (0 1s) TUdsuutashy ( 533.213 eV 1u
532,484 eV) Fauvddn sisnidlunisflydidu ansUseneu ALz iadu nduanuendauuas

winUaslsu AN lulATIEs19
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A "
. . Au 4f
be . Au df 0 A‘; a1y,
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| 2 o
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gﬂﬁ 4.10 XPS aUnn 31203 AU’-NPs,, (A) XPS survey (B) asUnafuniiuazidenads XPS
¥84 Au'4f uag Deconvolution 484 atunnsuALazLadgngd XPS (C) O 1s lag (D) C s
XPS @Unns1999a135UsEnau ALz 8a3y (E) XPS survey ez Deconvolution 994 alunnsul
ANUAELREAEY XPS (F).O 15 (G) C 1s

A157991 4.1 Binding energies 484 C 1s uaz O 1s, uaz A (eV) ¥99 ALz Lag Au’-NPs,,

d1susenau  AundeAn . A YU AVDI AUAUATL A (eV) TU AV
wasu - €V qiyse WAL Wuse
C 1s (eV) O 1s (eV)

ALz 285.049 = C-Cor C-H 531.764 - Cc=0
286.521 1.472 C-O 533.213 1.449 0=C-0
287.696 2.647 C=0 534.529 2.765 C-O-H

289.248 4199 CN

Au’-NPs,, 285 - CCorCH 531536 - C=0

286.548 1.548 CO 532.484 0.948 0=C-0

288.363 3363 C=0 533.687 2.151 C-O-H
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U 4.11A (HI) ardnasusauves ALz uanauauiendnwalianiziisums 1660,
1455, 1196 1055 uag 798 cm™ Jedonadasfunaun1sduues C=0 stretching, Sym-OH
stretching, Sym-ring stretching Wag Hyn, wagging ¥8439unIuaslsuIfin a1uaIfyu [62]
yonani ﬁhmsamﬂ%uﬁ%’mwﬁﬁmms shift lUentae o dwsmde 1,658 cmt va9 Au’-
NPs, LLamﬁqmsé{"umawjm C=0 stretching Ua9uwmULaUNIT A3 lUUlUlATIES 1984 ALz
Fafutunsinsunsisuniuiuves C=0 vuituRaves AU®-NPs,,

uonaniflg@nunlaseadrsadnues AU-NPs, , 91naUnmasi XRD 989 Au®-NPs,,, Tu

SUN 4.11B k@MIAINISREBUUNYY 20 AFuutsAe 38.1, 44.3, 64.5 way 77.5 F980AAAD4

Y 9

[y

11U Bragg reflections 11n35§11%84 (111), (200),(220) ag (311) muaay FeUstaeszuy
U84 Face-centered cubic (fcc) (JCPDS 04-0784) [63] #ugnuingwazlaseas1eved Au'-
NPs,, A3 LAS1gMona nwallaewmata TEM (ﬁ“ﬂﬁ'uamﬂugﬂﬁ' 4.11C WU AU-NPs,, &
Fugruinedugunsanas @usiugudnasads 17,84 + 1.37 wilues tngwuininng
nsza19egluraT 16.30-20.04 uiluiums lon1nnIw HR-TEM sezvinq Lattice spacing
Y83 AUC-NPs, A9 0.37 Wluing waz3UluUves SAED 1§Usdnnal Reflections (111), (200),
(220) nag (311) voINBY fcc Uuﬁugmmaqmswsmﬂ d serumudeauui 0.27 uly
AT, 0.22 wiluag, 0.17 waluwas wag 0.14 WIlulAT MNaIAY wazainmsu EDS Lans
fiAveamasit 027 keV. 2.12 keV, 9.62 keV Way 11.44 keV e nnansnuadidiuinanuised

AU50TFUATIER AuSNPsy, Iluradisa
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- C-N stretching —
- =0 stretchi 21328.1303, HumgWagging
C=Ostretching . 1467 cm! ;- - e
1641 cm'! f 1266 cm ;
! Asym-NHi*
+ rocking

C=0 stretching ------ e

1641 cnr'! =

wagging
-y . 812cm’!
Sym-ring stretching |

i 1163 cm’]

1333,1298, / \ WA

1261 em!
Sym-OH stretching _.____ /. \___

Intensity

-1
m 1407 e ym-OH stretchin, su'etglmi:
C=0 stretching 1474 et A0 "Symring stretching 9

1658 cm b prppet¥inmacd N 1206igmel i
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ey ath )
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gﬂﬁ 4.11 (A) aUanTusI0UL8Y (i) ALz, (i) AUPNPs, ; (i) Au®-NPs,,-Ni (Il) complexes
wa (iv) Au®-NPs, -Ni (Il)/histamine, (B) 3UlUU XRD ¥99 -- ALz Uag = Au®NPs, . uay (C)

AW SAED, HR-TEM, TEM LAz NSy aaRUseneuiunsnawnndy EDX

4.2 N13737339FeNTUAILaUNIAUILUNBININBLADYININGE ALz NaTniAg
()

N139539Indanfiuazendeufisernisiinaisusenaulisdouseninaganidiuiu Ni
dil a a

(n Mduansdenarndendnmizuuiuiiveseynia waziinnisaeleudidnmseulussuy

Sendng Fanndly, Ni () uag ALz vuiurtoynAulumes lunuilaldeuniauilunsaiie
a a a A Y a a a & a
dinUsgansamnisesuatlagendudidnnsoudassuuiiuia (Electron clouds) ¥a%euna

wilunsaiievenedyqudmiunnsain lngausaauegliuunisnsaliasgilads

dodlnun Av Colorimetric response Wy Fluorometric response Imaﬂalﬂmﬂﬁﬂﬂgﬂsm

1usadl
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‘ b e, i  Splendid wquid Fluorometric responses
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Ultrasonic assisted chemical reduction of Au®-NPs,,,

SUN 4.12 nalnnisesiinganilusigeumanilunes

WS NYINASIRI NT (D) Lot ALNPs, a¥1eWusEi@sdou (Coordinate covalent)
Fu Ni (1) o Tagdt Ni(1 3glidsunIun1sganfunaIued AUC-NPs, , wasdiadlia1n1sises
wasg) Tnsglhifuanstneiisandmnzdofaniiy dseinnsrunirauddoiinetes
Wu31 Nl flaula (Sensitivity) wazaruidensiz (Selectivity) fodanifiufia [64-66]
axldandedon AuC-NPs,L-Ni () Gaduasusznoudsdouludhway Pseudo-octahedron
geometry (E‘Uﬁ' 4.12) Arensialpeesfund sundseinesaeuvedlulasian (N) uas
p9NTLaU-(O) vosa1sUsyney ALz Uuﬁuﬁwmaumﬂ wazlAeasALUAINARIAILMLIAIN
lansonludlesnu (-OH) uwarluanarasn MmMsnumwTsanssmUlFTnsAnw3nana
voslaouvedlanzaiingaee 9 Ni () Cu ) waz zn () fesauisalunisdensinizse
naueziluutniign dmvenideildidon Ni () asfanarsniadendtniziiiosnin lu
ovnsnzaiingueriiluiivainvans iliAnuiisensudstulumsinasusznouidedou
LaZINUIIBUBA Y. Altun wazany (48] wansliiauaa Ni(l) ausanisiing1susznay
L%q%auﬁ’uﬁamﬁuﬁﬁﬁqm LAYINANISNAABINISLADNTILNIY j;d‘ﬁ' 4.13A Au%-NPs, -Ni
(I)/histamine UARIAINIAANEURASEIEA 1A JUT-4.138 AUC-NPs,-Ni (I)/histamine uan
AmaiFesuawiign euninnsfuuasmnnaifaasseney Histamine uufiuiaves
oA MNRanIMAaesaziiuledn Ni () dinnudenduwiziiadedaniiiu uavaiunsa
Aamunisdsuuvasldluasdlvuareanisniiain ‘V‘?qmimni’mmﬁi’mmmiamﬂﬁuum

(Colorimetric response) LaznN15M512IANT503LES (Fluorometric response)
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sUM 4.13 nsiinlaeasauntuaas Au’-NPs, , fulessulansnsiudadtusaydaniunainu

L)

Wty 5000 lulasiuaseans (A) Colorimetric response (B) Fluorometric response

NUUIAY AuC-NPsy,-Ni (II) complexes snlidulauigeslunsnsaainganidusa

dodlnua LANaNIATIVNATIENRG JUN 4.14 drnsulruan1sInAIn1sannaLwead Au’-NPsy -

U

'
al

Ni (II) complexes wandilan Ay, 1535 Ualuans lnvansayaigazdadunaudy (Vivid red)
dowdusandudaly fr A asifenisi@sulunisranuemeduiieniy (Bathochromic
shift) L&ntfas Tngdannléd 545 wlians uasfisnsgandunasiiadu uagdasazansay
Wasududihg (E‘U‘ﬁ 4.14A) dusulnuan s innisidosuas AUCNPs, , Soauafininy
§129AAY 520 u’ﬂ,ummmsiéfmmmm?{umimzéju 430 ULULURS LLazmiﬁmLmeuQﬂ
fuasedraiitfuddnmdsaniinu§sendedoudu Ni (1) (U-4.14B) msilegues Ni (1) vy
WNufin AUC-NPs Lﬂuﬁaé’]’aé’ﬁﬁ'ﬁyAdqmaﬁfammvﬁmaqmiﬁamm Hoswnnisansleu
Wé’qmumﬂamuzmzﬁuﬁﬂqm (Lowest excited singlet state) 989 AU-NPs, , lUgsan g
518nM5aind Octahedral d® Ni (Il) dawalAnn1siEesuasanas wdsntunisiSouaay
anad (Quenched) agaliadAgyrasanindanfiuluseuu Wanaganduusenaunie
wnudfinleauaynguoziluozarnin (imidazole ring wag aliphatic amino group) @iy
Awnuslunsigiufaselunisiinansusenauidstouaas Au’-NPs,-Ni (Il)/histamine
mwﬂ’wﬁﬂg’jﬁ?mLﬁm‘ﬁ'ﬁwLLMﬁﬂﬁmﬁia‘?\lﬁﬂumamLwﬁﬂez? AUC-NPs, -Ni (II) N1un19LAn
Ligand complexation auLAna1sUsenauLTstou Au®-NPs, -Ni (Il)/histamine (gﬂﬁ 4.1C)
Lﬁaa'ﬁmmﬁmﬁmﬁmﬁ’waﬁ%miwdwﬂ,uLaqaisw’jﬂq%amwﬁuiﬂaa%ﬁLumﬁ"u AU-NPs,,,-Ni

() complexes la71n15M513@0UA 28 Raman spectroscopy Way Fluorescence lifetime
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muﬁuamﬂugﬂﬁ 4.10B-II aLUﬂm%’uiwuqu%LﬁamiaaaauUﬁﬁ‘%mmmﬁuuﬁuﬂmm Au’-
NPs, , @LUAATUTINIUTDIANTITIGOU AUC-NPs,,-Ni (Il) LLamLmumiamﬂﬁuﬁﬁ%mﬁa 1641
cm’t, 1467 et way 1163 cm'? fisdaensdunns C=0 stretching mamejmm%uaﬂ%l,aﬂu
1A39a5719 ALz, Symmetric OH stretching ke Symmetric stretching Ua9isuniulensend
BUNTIATLIUUYRY ALz AUEIRU NTYANAUAINAILIAL (Triple peaks) 7l 1261, 1298 way
1333 cmt 16U 89 N-NFO/N [67] 91n3UA 4.108-V TdBuduaudnsalunisiinans
WF99au Au’-NPs,,-Ni (II)/histamine ImSJLLamLmumﬁamﬂﬁuimiﬁﬁmmm 1,193 cm™ 94
Asymmetric NiH;* rocking Us1ngdu Usdnluanadanifiuiinufiserfuaisuszney
W99 Au’-NPs,-Ni (II) mWﬂiﬂﬂiwﬁ?uﬁmsLﬂﬁauLLﬂaqﬁﬁwﬁ@ﬁ 1266, 1303 way 1328 cm’
! 999 N-Ni-O/N angnsadiudulen samiiuinizuuiiuin AW-NPs, , Tnerulanzianans Ni
(I N1971AT12% Fluorescence lifetime U89 Au®-NPsx5-Ni (Il) complexes edFanidu
anusaduusunsAseniiiadudatandlusud 4.9ba Wefidavnilu Fluorescence lifetime
2939 AUC-NPs, »-Ni (Il) complexes anasinda 4.0161 ns-n13i9umudiiailea (Imidazole
ring) Tulutanadaniiu vi1lvikAnlasea31e Conjugated Ferelvamnsagaloudidnnsou

maluluanaldesadivsgdansnmananiug T—-T* dwaligadondanuainnisunssa

(Radliative energy) tagaduazdl Fluorescence lifetime duas

0.8 u
N '
4000 — Au’-NPs,,

=) An"NPY, 5
" Au’-NPs,,,,=Ni(11)

= Au"-NPs,,,-Ni(Il) A : el
0.6 T AW'NPs,, , -Ni(I)/histamine e Au’-NPs,  -Ni(ll)/histamine

,,
2
2

é

Absorbance (a.u.)
FL Intensity (a.u.)

1000

400 500 600 700 475 525 575 625

Wavelength (nm) Wavelength (nm)

gih?'i 4.14 NIYANTULEI (A) WAz N1TIT0UAT (B) U89 — ALz, — AUC-NPs, ,, - AUC-NPs, -Ni

(I complexes wag — Au’-NPs, ,-Ni (Il)/histamine.
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4.3 Anwadn12einunzauluni1snsIInganI1dun8 Au®-NPs, ,

4.3.1 A ufiviunzauves Au®-NPs,,,

Igvhnsanudinududu 0.33, 0.68, 1.01, 1.35, uway 1.69 wiluluasedns 910
NaN15ILATIZRlUlRLA Fluorometric response (g‘uﬁ' 4.15A) oM ududunes AW-NPs,,,
sty dawaler Sensitivity 999NIATIVIAANTUAIY TuAIEITIYES AUC-NPs,., (1.01 1
Tuluasiedns) darfinefdenisiAnufAzerfuuTumaes Ni () aglianududunssia
‘1'71%3@ wazidioanududuros Aw-NPs,, anmiuly agvhliaudy ey AduUsyansnig
dndula (RY) Tunismsratnanas tdunauiainnisualanisis e awaavas Au’-NPs, ,-Ni (Il)
complexes 210 AUSNPs, Tiunniune Faliauisofnmunisdsuulasrinisdeuasd
Wasuuasls suflananisitasgi Colorimetric response JUM4.16A Bnde wuinadny
Fuweq SPR 98T wil Ui Au-NPs, 1Ty LLasﬁwmﬁamﬂﬁuuawmﬁuqaqmLﬁa
audadu 1.01wililiadadesveseymautlunes diuiadenanududureseyniau

Tuna99 1.01 unuluanadns dmsunisAnwdussly

4.3.2 mifnwrnuiduduiivanzauves Snfia (1) raslsed

WInSANEINaYe IR U YR Ni () AiAnuidudy 200, 400, 600, 800 Lay
1000 lillasTuadedns lekasssun 4.158 uansnsilinsnguvassaniusiold Nid) fiaan
WU U 91091UATBV8Y Yasumasa Fukushima uazandg [15] lakans Job’s plot 983
ansUsznouBedon ALz-Ni (1) Ust41 Ni (D findunshseide ALz Tusnsidau Stoichiometric
1:1 uagannsdasndnaelualusyided wudh N fanadudy 200 uaz 400
lulasluasiodng laisaneaedufuaiu waedinmdudu 600 - 800 lulasluasiodns
weglutisimngdmsuuiasen 1:1 ALz +N) dlefiansanannsvlinsmguiinududy
600 lalasluasedns wandiiufenudunazadudszansmadnaula (R) gean uazns
T4 Ni (1) Fiaonsdadu 1000 latesluadedns dusnmiunelunshuiazen lngamiud
fu Ni (1) Tdeanufizen Wunaly Sensitivity lumsiasgiia wudediulunisnsaie
398 (Colorimetric) mufluandluguil 4.168 nsmuandliiiuin 600 lulasluasedns 1
fsrAvinmsdndula (R?) geandnde dduladenamududuues Ni () 7 600 lalaslua

I a & Yy v A a'
2RI LUUF’YNNLGUQJTUVILWN']zﬂNV@W

4.3.3 nmsAnen pH Mnunganlunisnsiada
WWeAnN1B8MENaT0IAT pH sio Sensitivity Tun15951970U99 AU®-NPs,, Tudunau

gavneansazatengy Au-NPs,, agvinsusuen pH lngldansazanevlnesnien pH fneq
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AT ALAAIAIIUN 4.15C NT1NUAABNTNAVRIAT pH (4.0 83 7.0) INHANITNARBIAT pH
1 A 1 % 1 1 d' = dy a dl’ = va
INNTINTBIINAY 5.0 Adimadon1siUasunladdves ALz vuiuRIveseunIA Failnnaudn
\Ju pH Buftanes 893 pKa = 5.54 Fsawnsainnisaelusnou [H lenduwnus -OH Tu
1AS9A5 19U UL UL UNIIAI UL [68-69] dnalidves ALz WasuwUadlusig &
a A a X a ¢ & ! & a a
nslasuwUasdnindusuniun1sIieseiilueg19u1n wanaIntl weANTIUTOINITIDILET
warn1sasukUasnuandanisadluyie pH 11 <6< azuanaaiu Au®-NPs,,, +883370
Y] ¢ a & a | o oA =~ |
LNANYAINITAANAULEAIYDY ALz UUTURIYDIDUNARANANAY o Ll pH <6 Aguanml
N1sRANGUNAVILS 430 unluwng e pH >6 IzlaniAn1sganfiuLastauiuiuLay SPR
289 AU-NPs, , M99 520-540 U UUAT FR@ LA d1150Rnn N AN aswasilasuld
19 Funalaanavesarndulazdudsed@nsnissndula (R a1 waztilafasanuss@nsan
Tun130539 3N Y3930 Au®-NPsx, A24adg391AY pH 19AN37 3.0 taeua vy e dueans
UBNTANYDY ALz VUNUAIYeUNIALIA pKa i1 2.40 uagiuiieaiulun1snsiainids

a7 pH¥INNT1 6.0 Msaendunationdnualvas T—T™* avlsuifin C= C vos ALz Uu

D

a

WURIVDIDUNAKAY LAY SPR U8 Au’-NPs,, Viudauiu aaeiviall Mswdsuuuaiveiuay
SPR Fslyanunsafnaniuld asandusun 4.16C mswaguudaslunswunsngiui pH 6.0
wag 7.0 Yulin1aan a9y pH 4.0 Jegnidenldiduiieviimunsauiiagalunisvnaes

A5 INTEAN AU

4.3.4 A1SANEIAMUYUTUNNUNZaUVBIU WD

AN RIS U Y andaionvdsnanaUs s AN AINNISATINIATIER

v
P=1

A o o‘dy 1 ' N L% % I a o
M’Iﬂ@‘téﬂﬂﬂuﬂu%@ﬂﬂ/lﬁﬂLﬂﬁﬂ%‘lﬂ‘UUlﬂJﬁ?iliﬂVluG]BNa‘U@\‘]Lﬂa@‘-\]’mUWLW@ﬂ@LLG]I‘LJ\?"I‘L!’J’*DEJ‘IJ

v

ANAULTNTUYBIUNBS lldanana AU-NPs, , 1101 LAgNaN1SIASIEAARNULTINTY 5, 10

(%

way 15 dadluaneans lien Sensitivity lunisasiadalnaiAssny Tuauideddddaiiu

Wuduresiviesi 10 Hadluasieding WewwmeAdulszansnisanduls (R) Nasiian (SUN

9 Y

4.15D wag 4.16D)

4.3.5 n15AnEa1aulun15nsIINTENIHY

AsAnwIEITUNSRENENSavapdmSURTIa A iy Tnedrdunuudl 1 Wiude
PR UNAINUNHBS (AU’-NPs,,,, Ni (), Acetate buffer, Histamine) hag SULUUT 2
nauUNwes (Au’-NPs,.,, Ni (Il), Histamine, Acetate buffer) lun1snsaaindaniiuasiin
W1ud15UTEnoULT 4% U Histamine-Ni(ll) complex Uuﬁyuﬁwaqaqmﬂuﬂumaq R

asUszneudistauilasiinenilledefitoyioandn 5 tesanganiduazgnlusiawun villi
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AransUszneudadoudu Ni (1) Iéenanntiu @ pKa, , veanguilsituasiiluvesdaniiull
Aty 5.8 waw 9.4 muddu) [25] fefusiteliiAn Histamine-Ni(l) complex ot udds
USuanfilorvasansazanslivingu ¢ Sadenldddunisuaunuudl 1 dmsunisasiatadam
fiu Taenaanguil 4.158 mansraiamgesisawud wuinanutureansmawuLuua 1 g9

11 Fanadulvlwinendeatuiunisnsiaingdduandluguil 4.16€

4.3.6 nMsAnwLIaTluN1INIIITRTanEY

navaaalunInsIniauansdagui 4.15F lagldvinnnsdnudaniiuianiny
Wugu 10, 500, 2000 waz 4000 lulasluasodns Iﬂaammmmﬁmﬁﬁ%mﬁgﬂLm'nm 3-20
uit wuiaranduresmateuasasaeanniolu 2 wiitusn anduenuidunisidesuasas

ana39819919 Lagn UM 4.16F wanshiuitrinisgendunandululuvihvensiendu e

¥
=1

Inazaindenisyimmesedlusnddeldufenldalumsuisey 5wl dmsunisiing
poly
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L2
S
=
z 43/ nmol 14
Z 1000 4 u (.33 nmol L',
o 068 nmol 1,y =-0.0801x = 1102.2, R* = 09819
500 s 10lnmolL !, y=-0.0047x « 1068.8 , R* = 0,9844
o ¢ 135nmol L,y = -0.0844x + 1126.5, R* = 0.9405
A 1.69 nmol L, ¥ ~ 0.0032x + 644.3 , R — (.0R96
0

0 1000 2000 3000 4000
Histamine concentration (pmol L!)
3.000
h
2,500 ‘A o
g2000] S F 00N A
= P ..,,_‘_i
= 3
o
,f,
$ 1500 1.4
E i } 4
g =
= 1.000 ’ ' ....;;;:;::::n::::::A.;;: 2
ApH A, ¥ - -0.1835% = 2553 [ R*« ().9842
500 ¢pl Ly =-0.1308x =1487.2 . R* = 0.5653
WplA.y = 0.0196x 5 884,41, R’ = (.8350
opll 7,y = 026275+ 1849.8 | R*~ 0.9685
0
0 10010 2000 3000 <000
Histamine concentration (umol L)
.
Wy -1 EA3 X 2364.5,R2 - 0.9264
23001 [ aym 92.469% 242017, R: 20,999
=
§2.3 4 ?
v
g
= .
2,100 4

100 500
Histamine concentration (umol L)

1000

20 nm

wi

&

Intensity@520 am

Intensity

Lntensity@S20 nm

2500

2000

1300

1000

500
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@ 200 pmol L', y =-0.135x + 3288.5 , R*=0.9855

® 400 pmol L7, y=-0.1269x + 2749.5 . R* = 0.9699
y = -0.1601x + 2558.7 , R* = 0,994
® 800 pmol L1, y =-0.1175x 1 2229.7 . R* = 0.9459

® 1,000 pmol L', ¥ ~+0.1266x 1 2089.6 , R* = 0.9581

® 600 pmol L,

0 1000 2000 3000 4000
Histamine concentration (umeol L)
2,000
i
1.500 4
1,000 4
500 o Somal L, v=e0.2114x + 21806 . R = 0.9962
o 10mmolL!, ¥y=-02108x+22439  R* = 0993]
® 1Smmolly, ¥ 0.372x 121222, R = 0.9784
0 -
1000 2000 3000 4000
Histamine concentration (nmol 1.7)
2,500,
H
2.000 4
1,500 ¢
1,000
~&= 10 ymol L'
300 #5500 ymol L'
~8— 2000 pmol L !
—&— 3000 umol L!
0 T T . T
0 2 4 6 8 10 12 14 16 18 20

Reaction time (min)

JUN 4.15 Jadeiidenadouse@nsainvas Au=NPs, , dmsunisnsivindanidiululvun

Fluorometric responses (A) A0 UTUTDI AU-NPs, ; 0.33-1.69 urluluanodns, (B)

ANMILTNTUYDY Ni (I1); 200-1,000 lulasluasedns, (O) Movvastvwas: 4-7, (D) AINULUTY

9849 Acetate buffer; 5, 10, and 15 dadluanesans, (E) a1

[y

YAIMITUN15715739799; (Condition

1: @) Au%-NPs,.,, Ni (Il), Histamine, Acetate buffer ag (Condition 2: @) Au®-NPs,,, Ni

(I, Acetate buffer, Histamine wag (F) Lianmungauluni1snsiaia
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14 q .
® U353 nmol Lt, v =(0.0056¥107) x +0.1138 , R = 0.9623

12 e 0.68 nmol L, y=(0.0134%107) x+ (2254 , R?=0.9389
@ L0l nmol L1, y=(0.0190>10-%) x +0.3365, R2=(.9719

=
a

E
£ L0 g 1 asmmol 17, y=(0,0262410%) x +0.5222 R* = (17629 &
w03
& o |® L69nmol L, y = (0.0072<10%) x +0.7101 , R*=0.6922 'i;’
& | T . B
£ :
= 02 9 200 ymor L 247 243 R
.g 8- 2 o 200 pmol Ly = (0.0247<10+ ) + 0.3243 | R? = N.97R81
.5 04 - .4 < © 400 pmol L~y = (0.0205<107 ) + 0.3322 , R*=0.9452
R i A S R 01 {8600 pmol L1, v~ (0.0192X10% )+ 0.3525 . R* — 0.9866
02 ". Adoy= STw 3 S04 2 =) QKRS
j i—— ° s AR Do ® 800 pmol L4y = (00157107 1+ 0.3596 , R2 = 0.9665
i i . 00 121000 pmal L1 - (0,019?:10-‘ 1= 03611, R - 09555
0 1000 2000 3000 400 0 1000 2000 3000 4000
Histamine concentration (jmol L) Histamine concentration (umol L)

|

- il
S A o 03 &
E ! g ’°._, B
o F 4 . 2 )
i “ i
i M & @
g 2102
: :
£ =
2 02 3
- b E
o T % = 0.1
ApILd, y=10.0173x10) x + 0.3253, R*=10.0827 } @ 5Smmol LY, y—(0.0156x 109y x.+ 0.26%0,, R* = 0.9645
0.1 | #PHS, y=(0.0203%107) x ~ 0.3876 , R* = 0.9604 ; - ] |
] Ay = (00153% 10 %) x +0.2470, R? = 0.9867
WplL6, y = (0.0031x10%) X + 0.4488 5 R2 = 03560 8. Bgohbiisit 2, 3 "
®pH 7. v =(0.01232103) x + 0.2687 , R2 = 09627 ‘0 ® 15 mmol L, ¥ =(0.0128< 10-*) x4+ 0.2350 | R* = 0.9613
00 - . : { T T '
0 1000 231001 3000 4000 0 Jupy 2000 3000 4000
Iistamine concentration (umol L) Histamine concentration {umol L)
.25 n n
_ 04 4 4 |
¥y=0.0037x+0:2109, R2=0.5822 -
024 10 my = 0.007x + 0.2108 }R2 = 0.9934 \, | §
Coh & e o e
E 2053
7023 - . 2
& i &
o “
- 7 g
E . - F02 1
‘E 0.22 4 5
= | | == 10 umol L!
~#— 500 pmol L-!
0.21 R i
—8— 2000 umol 1.7
3 & —o— 4000 umol 7
000 ! — ——— - - 0.0 &—— —————
n 100 500 1000) 00 2 47 & % 10 12 14 16 I8 20
Mistamine concentration (umol L. 1) Reaction time (min)

gﬂﬁ 4.16 JadufidananaUszansamues AW-NPs,, amsunisasiaiadandululuun
Colorimetric responses (A) AMULTNTUIBI AUC-NPs, ,; 0.33-1.69 Wiluluanedns, (B) AW
WuTuwes Ni (I); 200-1,000 lulasluasiodns, (Q) fitervaatiwines; 4-7, (D) ANULTNTUUD
Acetate buffer; 5, 10, and 15 fadluanadns, (E) a1audmiuni1snsaadn; (Condition 1: @)
AUC-NPs, ., Ni (1), Histamine, Acetate buffer ikag (Condition 2: @) Au®-NPs,.,, Ni (II),

Acetate buffer, Histamine wag (F) naniwmungaulunisnsiaia
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nNsAnEImaneivngadlunsvinganfiulaenisideyniaunluneiisnm
i@desnmegazdgnsunoumnanlyy (AU-NPs, ) auseasuaniizimunzlunisnsiainla
FIR1519N 4.2

A1319% 4.2 angiivinzaufidwanan1InsinUsinaganiiumeayniauilunes

Fauusfianen anmeiivden
AMUTNdUYBIRUYNIAU UMDY 1.01 nmol L
Uszansninvasansazateiiniia (1) 600 pmol L

UszAnSn e pH fivuneas pH 4
Uszandnmaasirinasimunsay 10 mmol L
UszAnSnnvasdfuiimanzay (i) AUO-NPs5, (i) Ni (1), (i) Sannily,

(iv) Uvlulas

Useansnmvasaniglunisnsaadnganidy 5 uid

4.4 NISANYIAMENBATVDITTIATIZH

4.4.1 Anwrarnududunsewasnisnsiaiadanifiugae Au-NPs,,, Tneldin3as
Fluorescence spectrophotometer waz UV-visible spectrophotometer (Linearlity)

Mnnanisneapadleldannefivinzailumsnsiatanuit arnnsunisdosuames
oumauilunes 520 uiluluns anagidunualdusiueandudure sSanmiiufigedu way
anasunNIsaANauLaIuas Au’-NPs,, fenfududuunlimuaududuresdaniiiud
a9t wagilovmaiildunatensmidunss dwsulnuanisininisganduuas nawidunse
waenszyinANdatuve s TudumMsgenduuasd 535 uiluwing wuintiennady
dunsaogluria 100-5,000 lulasluadedns tnedaiduuszdans msdadula (R winfu
0.9947 (Ul 4.17A) IngdwisulnuanisIndanisiosuad nsvlidunsanaonseninening
uduvesBamilufurinisiSe s 520 uiluaes wuindisanududussiogluga 10-

10,000 lalasluasedng fianduUszansnsdnaula (R) Wiy 0.9952 (§Ui 4.178)
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0.5 [
ﬂ A b 520mm L e
W - o gy
\\’;-;,:'///—:E'\ E i
:000 ‘a 1.500 -
04 g
£ Loy | 1520= 00927 [Histmioc. panol L] + 21172
\ g ’ R =0 952

10.000

3 1500

. i
SORtALLLLLLLL

203 3
i 03 | & L 2 3
-: 1000 2000 Joon 000 S000) > o 2000 00 H00 KOO0 1000
Z Histamine concentration umel L) z Histamine cuncentration (wmol 1.7}
;- 8
s —Blank -]
£02 4 = 1000
2 ] —100 pmel L -
3 -
—250 pmol LY
5 i 3000 umol Lt
—500 pmol L4
— 1000 umol L . 4000 pmol L4
0.1 2000 wnsol L 500
3000 pmol L
1000 ol L = .
—5000 wmol L —
S—

0.0 T T 0 T - v T
450 500 550 610 650 (%) 750 475 500 525 550 575 600 625
Wavelength (nm) Wavelength (nm)

Ul 4.17 (A) adnasumsgandunas day nsvlidunsmaonszminsanuiduturesdaniiu
LazANIIRARALLAsT 535 ualuumns lunnsnsaadadanmiiuidisaaiadudy 100-5000 L
1asluasadns (B) atUnasunisisadiad wag AIvEUATINannTE®ingmslidd uyes8an
flunavAinsdosuasd 520 uiluwes Tunisasrataganadiufivasainudady 10-10000 1y

1Asluanaang

4.4.2 Anw1ANailBsvaINITIATIN

vinnnsassaiaganafiuiieniadadu 500, 2000 way 2000 lulasliadoding A
duduag 10 A% aauthan daasmadesunnassudivE (%RSD) LAnIIn1ed
4.3

A15199 4.3 WAL UL ULNINTFIUAUINSUINTATIVINaNTava8Tan Iy

Methods Standard Found value Accuracy Precision
added (umol (Mean + SD, umol - (%) (%RSD)
L) L™
500 503.78 '+ 7.07 100.76 0.23
Colorimetric sensor 2000 2017.06 +3.03 100.85 0.37
4000 4031.43 +1.99 100.79 0.43
500 506.62 +6.73 101.32 0.10
Fluorometric sensor 2000 2026.53 +4.48 101.33 0.37

4000 4051.01 +3.59 101.28 0.54
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NH15199 4.3 LAYIN15AsI9TRaTaraneFan1dufiA1ududy 500, 2000 way
4000 lulasluasiedng ANudutuay 10 ATe Wud1 dmsulnuansnsiainnisganauuasd
ANdEAUULINIEINENTMSTosay 0.23, 0.37 kar 0.43 MINE1AU Lagluuan1snIIainng

Soauas desesas 0.10, 0.37 kay 0.54 mUawU FauansliiuIndsiwmuduilduisng

GRRFRTIINGR

4.4.3 AnwlinsiaAgauasnsnsaadn (Limit of detection, LOD) wazdndniin
MEnveINTAAIEIFWIUIAL (Limit of quantitation, LOQ)

Tuns@nwimindadnsigelunisnsiada (LOD) uazdndrinmanlunisingey
(LOQ) l#vhnsmmatassaratsiuasis sy 12 At antuhusunman LOD uag

LOQ Ingldaunis aeil

3 SD of Blank
oD = —SivVi— =
Slope

bbeles

10 SD of blank
| S0 e o Lrvdr ]
Slope

Falddn LOD uay LOQ iy 59.32 uay 197.74 lailasluasadnsmugisudnsy
N159152979 MU NLANISES DaLad waY LaAn LOD kag LOQ ¥infu 116.20 way 387.33 lulas

luadednsanuaaudmiunsnsavialulnuanisaanauwas

4.4.4 ASANEIAIULADNINNIZVDIIS

Tumsnvimssumusesansiaglsviinimsainansiietssunuljnsendisleglu
2IMNTNTLA LU ASARLILlY LLaziaaausuaﬂamsuﬁwhm (Acetaldehyde (C,H,0), Cysteine
(CH3CHO), Leucine (CgH3NO,), Lysine (CgH1aN,O,), Phenylalanine (CoHi1NO,), Serine
(C3H;NO3), Threonine (C4HNOs), Valine (CsH;NO,), Aminobutyric acid (C;HsNO,), Mg (II),
Zn (1), Ca (I, K (1), wag Na () Inganududuyesasmsunivaininaududurasdaniiiy
50 Wi (1,000 lulpsluanedns) WetwaildunUssudioutunansnsiaingamiu dmsu
TynmsinArnsganduuasil 535 wlung uanassguil 4.18A wazdmiulnuanisiaainig
Fosuasdi 520 wiluuns LLaméﬁ’qgﬂﬁ 4.188 wuinsneviilu uarleseuvedlanzydingneg
vhmsdnw  lisumunsiesssiwiodls  Seaguldiisiiaundund  danmden

FUNEABNITNTIVINTAN UGS
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5UN 4.18 n1siieniannzves Dual signal AU>-NPs,., sensor @msunisasiaduganiiuly
HARSUIIMITHAY (A) AINTTYANGULAI 535 WILULRT (B) AIN1SIS09MAT 520 Wiluiins
Tnganudiadurasanssunaugnasuptligendiaaiutuvesdaniiiu (1,000 lulasluasie

am3) 50 Wi

4.4.5 n3nsdaganidulusiaagneie

denrnasumndulifuerisiiautundlunsienesimuiinasaniuly
729819959 39ale Dual signal Au®-NPs,, sensor Tun153tAs1zAmIUsuudaniiulu
HARAIMTVIELE Lakn N9Y Neaede Yainiinnsenss wasnindny dmsunisvegey
IehAnansBamiunsngruanuiduduiuiueu (100, 400 uaz 1,000 lalasluasedns) adly
fegnaiiensiaiauazAnnaiesazn1sAundy (%Recovery) Toyafildunazudamsned 4.4
dmsulnuanisinAinisaanduuas Sevavnishundunveylugie 97.67-106.88% dmisu
Tnuan1sadnisiFesuas nuaglutag 94.99-100.91% wazarmanansalunisvheives Dual

signal Au’-NPs, , sensor N7 5.64%RSD
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Dual signal Au’-NPs, , sensor

o . Added HPLC standard method
72819 Colorimetric responses Fluorometric responses
(umol L)
Found (umol L")  Recovery (%) Found (umol L) Recovery (%)  Found (umol L) Recovery (%)
f’jw'l'a 0 438.00 - 447.26 - 443.35 -
100 541.46 103.46 —+1.10 547.52 100.26- + 1.30 544.52 101.17 +0.99
400 830.85 98.21 +1.00 840.55 9832 +1.52 837.08 98.43 + 259
1000 1414.75 D7 8L+ QI 1418.17 97.09 +0.57 1421.47 9781 +1.73
f’l:\‘imal,?ia 0 848.68 = 845.42 - 846.89 -
100 949.82 101.14 "+ 1.04 943.14 QAT > 135 947.30 10041 +0.52
400 1255.60 g 76 1258.59 joeiolls ) &7 1260.75 103.47 +1.70
1000 1857.22 100.85 +0.54 1853.37 100.79 +0.51 1856.42 10095 +1.41
%ain 0 1425.09 1 1433.72 - 1431.80 -
NITADI 100 1523.36 98.27 +1.37 1528.71 94.99 +0.17 1534.61 102.82 +2.61
400 1819.81 98.68 +1.74 1819.00 96.32 +0.18 1817.36 96.39 + 1.50
1000 2431.33 100.62 + 0.21 2412.80 100.91 ~ + 0.29 244552 101.37 +1.70
nindng 0 1429.68 £ 1435.70 - 1434.60 -
100 1536.56 106.88 .+ 0.76 1534.22 9852 +0.22 1535.20 100.60 +0.97
400 1836.51 101.71 +0.68 1820.38 96.17 +0.39 1823.47 97.22 +221
1000 2462.64 103.30 +0.08 2432.10 99.64 +0.43 2442.53 100.79 +0.11
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4.4.6 asradeuANldldvesIEIRRLITUiUNMT AT zTUSInaBanniiudoe
watla HPLC
uananil arldldvesisdgniioudiussvimadwsilléain Dual signal Au’-
NPs,., sensor AUNadnsilaanda HPLC UINIFIU Fawansinsnzsilaliianuunneng
98 N UBAAYAINNITIIUTIUNEUNIIAT AR 1875 ANOVA (Feur = 2.83 x 10 g Foy =
3.20) (11319 4.5) Sﬁaga%aﬁuﬂﬁdw Dual signal Au®-NPs,,, sensor thufiguwiniuls HPLC

W139g1U @nunsaldenateld wazlanuuludigedmiunmsiniaeiganiiy

A5197 4.5 Anova: Single Factor

Summary

Methods No. of sample — Sum  Average  Variance
AU’-NPs,, , Colorimetric method 16 22601.4 141259  354378.06
AU-NPs,, , Fluorometric- method 16 22600.7 141254 = 348599.37
HPLC 16 226229 141393 = 351462.85

Anova results

Source of variation SSt Df? MS? Fetat Py e Fert

Between methods  19.9356792 2 9.96784 2.83596E-05 0.99997 3.20432
Within methods 15816604.1 45 351480

Total 15816624 ar

SSt = Sum of squares due to the source
Df? = Degrees of freedom in the source

MS? = Mean sum of squares due to the source

wona i gelalssumeudsz8nsaaneed Dual signal Au-NPs, , sensor U

=Y

NUITEAUT MAYTIEURDUNTN ATUAINITNN 4.6 FanuI AuC-NPs,, NFWATIZRT UMY

Fadndumaaiismiuaduanuisansleinligalddmsunmsasiaiadanidiuuuy Dual
mode (Colorimetric/Fluorometric) finnududuluszaululasluanedng (umol L) fivas
M3l gdaduiininendt waznalunsnsaiaiifininisauninenuieunth
uiHrdnsianisnsaada (LOD) vesnuiiagganineuddeuise wififianulanslesgh

WganweNazasiaindandulundnsuienvisnziaasale
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Materials Method Analysis Linear range LOD %RSD Ref
time (min) (umol L) (umol L)
DNAzyme with peroxidase-mimic activity Colorimetric 20 1170-2700 342 4.69-8.97 [45]
Polyvinyl ALzohol (PVA) sol-gel entrapped Colorimetric 20 54-675 2.79 1.50-3.60
2,3 naphthalene-dicarboxaldehyde sol-gel ol
Alizarin complexone and Ni (I) complexes Colorimetric - 5-150 7.68 - [15]
Graphite phase carbon nitride (g-C3Ng) Fluorometric 15 5-800 2.34 10 [71]
Tryptophan (Cy;H;,N,0,) capped Au-Ag Fluorometric 6 0.85-4 0.09 3.50-4.20
bimetallic nanoclusters el
La (lll) doped upconversion nanoparticles Fluorometric 20 90-1800 66 1.13-4.32
Colorimetric 20 224-1800 225 0.44-9.30 3!
Dual signal Au®-NPs,, colorimetric and Fluorometric b 10-10000 59.32 0.32-0.80
fluorometric sensor Colorimetric 5 100-5000 116.20 0.81-1.07 This work




unil 5
AJUNaN13IBuasUaLEUBLUE

Tunuideidszavanudusalunsdauaneeunaulunesiigautasie Alizarin
complexone (Au’-NPs, ) d1msulssendldlunisasiaiagamiulundndudiomsmea
TnonsdaasEh AL-NPs,,, THld35MsSsnduniaaisng NaBH, Sausurduauidansile
fin eyneillatigusimsanas TuaeyMmARALeYT 17.84+1.37 uiluwns Tnefiuouiees

iananaueuasan (SPR) finueniniu 535 uiluwns tneannzildlunisduasziiu

(%
(%

9l
() Sosrauildlunnsdauasigd Au (1) : ALz NaBH, Ao 1.0.: 0.6 =10 mmol L
(i) ‘Sonic amplification power fig 35% Amp
(i) nanslirauauaSsdans lednfldlunisd et AWC-NPs, , fi 40 undl

i o

punaulunesiidanszituldgniniiadmiunmansriassisamniu Ty
mé’i’aﬂ’mﬁmjﬁﬁ%mmatﬁmmsﬂwma‘uL%a%’auﬁwfmﬁuﬂaawmﬂuﬂumaaﬁ“ﬂaméffma’m
Ni (I) wazBanifiu lnenuiraniaefimaunganyeaissasazt fe (1) aaududuves Au®
NPs,, A® 1.01 nmol L1 (2) anaduauves Nil) s 600 pmol LT (3) A0t W04
acetate buffer pH 4.0 A9 10 mmol L (4) d10un13a592 399 Au=-NPs,, Ni (Il), histamine
WA acetate buffer (5) hanlunasnsnatade 5w aeladaneiivazay Usyansaiwly
n3nsaadaduded dmiunisngaaTins1gsiluzuluu Colorimetric response las
Fluorometric response %¥34A23Ld UM 5308 Ty 100~ 5000 umol L wag 10-10000
umol L Iadaian15¢s22ia (LOD) JAnynAU 116.20 way 59.:32 umol L A1sesaznisAu
navegluyie 97.67-106.88% wag 94.99-100.91% a1ua1iy LAY AINANL O TUN YN
294 Dual signal Au®-NPsy,sensor #1097 540 %RSD 91NNANITNAADIT 1A ULAAIT
AMuAnsalunsnsInseidanfiuldeg1siif ey fviansnsndinsieifining was

ansaUszandldlunisnsrainganiiuluiiegaaiela
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AMANUIN N

nsseNaTaratedmsunIsAnyInalnusen

a1sazarennvdadurianiniiasisi (Analytical reagent grade) uazin3aulngly

iusmanlessudiléaina3es ZENEER UP 900 (8% human corporation, Usginen1wa)

1. Msmsguansazaialnan () raslsatasiawnsn Wudu 10 daaluans
azarelnas () paslsdlaslawmse 0.1970-A5U Asu1UsiAnlasaudwIuLENT oY
WAAN L EAVINTAUSUIRSIUIN 50 Tadans YSuusuinstuasu 50 Jadans Aieu1usIAann

loaau

2. nswseNasazanglufsulansonlundudu 50 daaluans
azanelafaulensanlasd 0.1999 n3u sretusiaanlasausiuiwaniies wanlduin

FaUSURsILNe 100 Hadans USuUsunnsiinsu 100 Jaaans aeuiusiAantessy

3. N1SLHsENEA1TaTANENsAtalasAaasALTNTY 1 Tuans
Yilsasazaansalalansnanindusi 8.3 1aaans taluwininusuinsvuin 100 daaans

USuUsuansivinsy 100 Jadans Aeuiusidantenay

4. NISNSUNEITATAERLAYITULTNTY 10 Nadluans
aza8mezavnsu 0.0958 nfululuneulansanlan 7 Hadans wawnldavininlsunng
U9 25 Jaddns Usuysunsliasy 25 fadans Mmeuiusirinloasu wasntu Usu pH

Yesansazanallu pH 4.0-4.5 munsalslasrasin 1 luans

5. n1swseNasazanglaneululslansigddutuy 50 daaluans
azanelamsnlulslansies 0.0478 ndu sgiUsiAanlesaus IuILENT Y LAl

IIPUSUINTIUA 25 Tadans USuUSuInsiiasu 25 Jadans sneuiusiaantessu

6. NswseNa1sazanetiniianaslsnAINTY 10 Tadluans
avaedniiaraslss 0.1189 nu srsiusFaInlessusuIUENTes wamldvinin

USumsuune 50 faaans Ysuusuastyiasu 50 Sadans sneuiusiaanlessy
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7. mawssuansazanednifanaslsdiinnududu 0.4, 0.6, 0.8, 1.0, waz 2.0 fadluand
a1sazarefiniia (1) aaslse 0.4 dadluansgninseulaenistivnatsazateiiniia (1)

Aaplsa 10 Taaluais 1 Taaansadtuvininusuinsauie 25 Jaaans vsudsunstviasu 25

fladans metusiranlonsu wisuaududy 0.6, 0.8, 1.0 uaz 2.0 fadluaislaonisd

W 1.5, 2.0, 2.5 war 5.0 Jaaansvesarsazarednia () maslse 10 Jadluans suaieu

8. N1sHseNE1SaTaNgFaNduANUTUTY 10 Raaluans
avaedaniiu 0.0556 N5U Me1UsIAINleRRUIILIWENTRY waldrIninUsuing

UM 50 Haaans Usudsuiwsliiasu 50 fiadans sagurusieaintessau

9. nanIsuasaTateBamiluiiaanandudu 10, 50, 100, 500, 1000, 2000, 3000, 4000,
5000, 7000 waz 9000 lulasluadadns

Uwwansazane Saniduitudu 10 Jadluaisun 0.01, 0.05, 0.25, 1.25,, 2.5, 5, 7.5, 10,
12.5,17.5, waw 22.5 Uaaass batuwaninusuiasuuia 25 Gadans og19azyan Usuusuins
TWasy 50 fadans metiusirnlesey axldansazate ‘Famdududu 10, 50, 100, 500,
1000, 2000, 3000, 4000, 5000, 7000 wgaz 2000 lulasluanadasmuainy

10. MswS8ua15azane Sodium acetate buffer tdutu 10 Aadluas pH 4, 5, 6 uas 7

wisulatpenesdwadudu 10 fadluats 100 faddns Inon1s99a@1s 0.0820 nSuuaz
USuUBinasliiasu 100 Inedusamanlesau

WSUUNTADLTANILUL 10 Taaluans 100 Haddns lneTiunans 57 lulasansuasusu
Usinmslasu 100 Taeindsimannlesay

WwIsuaENTazals lhunezding Tvwes pH 4, 5, 6 uay 7 lagldususnsidiudiung

LNADFHBNTA
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AMANUIN UV

m1s1eRan1maaaslunisAnenalnUfiseuazaniisiuunzausiig o

1. Anwranmsimunzanlunisdaassioyniaulunas
1.1 AnW1AMUTUNTUVBIAISNEFDYTAIN

M1319 V.1 UAAIAINIIAANTULAIYDIDUNIAUNIUNGINAUTUTUAG VD3 ALz

AULTUTUVDIAISNWEDETAIN (UM) A535
200 0.0812
400 0.2294
600 0.5110
800 0.3344
1000 0.1765

1.2 Anw1 %Sonic amplification Ndlun1sdaAssialAIALIlUNEY

A3 V.2 UAANAINIIYANTLUENYDIBUNAWIN NG %Sonic amplification NFNWIA9Y

%Sonic amplification Ab35
20 0.1608
g 0.21528
30 0.2842
35 0.4088
40 0.4433

1.3 Anwaannldlunisdaasioyniauilunag

M1319 9.3 UAAIAINIIYANTULAIYRIDUNIAUITUNBINHUATIEAILLIAIANY

a1 (W) Amax shift Abs (a.u.)
10 542 0.36923
20 539 0.40244
30 539 0.42456
40 538 0.46558
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181 (W) Amax shift Abs (a.u.)
50 538 0.51559
60 538 0.60397

2. NMIANYIMIANILNMAZANVBINITIATIZAAEBYNIAUITUNDY KU

fananslanziniia (1) NFENIAUAMUMTUTURAY

2.1 M3ANYIIUTNINTIMIITaNVDIDYNIAUITUNDS

M1319 V4.1 WAAIAINITAANAULET 535 Wilulinsvese AUl lunes

AMULUTUVD Usunnsvesaun1auluneg
Fan1au (uM) 250 pL | 500 pL- | 750 pL 1000 pL 1250 pL
0 0.1128 | 0.2163 | 0.3323 0.4907 0.7213
100 01146 { 0.2302 | 0.3337 0.5208 0.6996
500 0:1161 | 0.2339. | 0:3491 0.5405 0.7157
1000 0.1217° /| 0.2405 | ~0.3596 0.5687 0.7177
2000 0.1255 | 0.2557- | ~0.3821 0.5991 0.7173
3000 0.1277 | 0.2697 | 0.3891 0.6147 0.7365
4000 0.1374 | 02731 | 0.4104 0.5988 0.7389

A1319 U.4.2 WEAIAINISLIBENT 520 WNTUIATVOIOUNIAUIL LN

Aududuvag USH19n U899 1AUI LUNGY
Famau (uM) 250l | 500 pL | 750 pL | 1000 puL | 1250 pL
0 1654.21 2588.28 2501.53 2692.31 1420.05
100 1661.14 2497.09 2459.31 - 1470.76
500 1641.15 2444.67 2350.69 2503.04 1534.90
1000 1582.29 2269.48 215491 2294.78 1515.70
2000 1418.57 214582 2005.36 2140.09 1519.39
3000 1213.28 1874.13 1827.87 2002.06 1501.25
4000 1063.26 1753.83 1599.19 1874.62 1490.32




2.2 A5ANE1UsenN 10U lansns UV UNNUNEL

M1519 U.5.1 KAASAINITIDANN 520 UNLUUATVBIDUNIAUILUNDS
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Usznnlansnsudadu 1520
With out adding any metal 1668.72
Ag (IN) 1650.08
Ca (I 1744.07
Cd (In 1579.20
Mg (1) 1801.30
Ni (1) 847.30
Zn (IN) 1960.86

2.3 n1sAnwIAMNTNTUNMNIZEN YR Dniha (1) Aaslsa

A1979 V.61 LaAIAINITAANEULAT 535 WlulnTUeIUNIAUNLUNEY

AUt UD Anudutuvesiiniia (1) aaalsa
Fanndy (uM) 200 uM | 400 uM | 600 pM | 800 uM | 1000 uM
0 0.3267 0.3311 0.3494 0.3534 0.3504
100 0.3291 0.3250 0.3547 0.3581 0.3618
500 0.3256 0.3011 0.3648 0.3722 0.3762
1000 0.3506 0.3600 0.3685 0.3798 0.3856
2000 0.3806 0.3854 0.3971 0.3929 0.4079
3000 0.3988 0.3942 0.4095 0.4095 0.4207
4000 0.4199 0.4067 0.4271 0.4179 0.4340
M99 U.6.2 LLﬁﬂQﬁWﬂ’ﬁﬁ@ﬂLLﬁx‘iﬁ 520 uﬂummmaaaqmﬂuﬂumq
AMuduTuve9 ANnududuvasiinifa (1) aaslse
Fan1du (uM) 200 uM | 400 pM | 600 uM | 800 upM | 1000 pM
0 3291.08 | 2737.93 | 2580.64 | 2186.04 | 2049.62
100 3286.92 | 2741.65 | 2514.74 | 2183.60 | 2050.16
500 3240.26 | 2671.93 | 2466.03 | 2184.74 | 2034.82
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ANAUTUVD AMunduestnia () aaalsa
Fan1dy (uM) 200 uM | 400 pM | 600 uM | 800 upM | 1000 pM
1000 3104.10 2607.62 2403.94 2159.68 1995.11
2000 3039.20 2530.76 2260.78 2059.76 1903.55
3000 2866.98 2420.82 2083.46 1864.49 1713.64
4000 2760.38 2191.06 1904.31 1723.78 1538.31
2.4 m3finw pH fimunzaalunisnsiada
A998 2.7.1 LLammmﬁ@mﬂﬁuLLaﬂﬁ 535 UIlUINITVDIDUNIAUIUNDY
AMUTUTUYD T aNITY pH vasasazateUnines
(pM) pH 4 pH 5 pH 6 pH 7
0 0.3197 0.3859 0.4614 0.4675
100 0.3255 0.3808 0.4417 0.4549
500 0.3382 0.3981 0.4490 0.4531
1000 0.3462 0.4159 0.4491 0.4359
2000 0.3621 0.4329 0.4509 0.4439
3000 0.3757 0.4470 0.4585 0.4515
4000 0.3929 0.4603 0.4642 0.4512
AT 2.7.2 WARIAIMITF0aLa 520 urluinsveseyniauluves
AMUTUTUVDITdNITUY pH vasdsazanatnines
(M) pH 4 pH 5 pH 6 pH 7
0 2616.56 1314.85 861.95 894.17
100 2508.89 1835.01 888.49 930.82
500 2430.14 1337.72 896.76 941.67
1000 2334.92 1278.58 919.32 960.37
2000 2206.99 1139.48 934.31 960.35
3000 2019.36 1076.87 949.07 972.97
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AUINTUVBITANITU
(uM)

pH vasd1sazanatinines

pH 4

pH 5

pH 6

pH 7

4000

1808.78

1041.71

949.21

975.96

2.5 N15ANYIAMANLTNTUNMNNTENVD NS

M1319 ¥.8.1 UAAIAINITAANTULAIT 535 WnlulunTvedaunIAUnlunes

AU NTUVRITANIEU

AMUUTUYBIEITazaeUNWas (MmM)

(uM) 5 10 15
0 0.2629 0.2420 0.2287
100 0.2657 0.2487 0.2350
500 0.2786 0.2578 0.2446
1000 0.2875 0.2641 0.2517
2000 0.3038 0.2784 0.2648
3000 0.3135 0.2938 0.2725
4000 0.3241 0.3060 0.2833

M1399 U.8:2 LARIAINISLIDNAIN 520 UNLULLASYBIRUNALI LN

Y v = =
AINULVNVUVDITENIUY

ANUTUTUVBIETATANEUNWRS (MmM)

(uM) 5 10 15

0 2192.57 2291.05 2171.02
100 2152.97 2223.60 2113.82
500 2078.09 2115.66 2044.25
1000 1935.95 2002.53 1933.72
2000 1784.57 1803.81 1835.96
3000 1559.13 1628.58 1704.76
4000 1320.01 1407.73 1597.82




2.6 N15ANEIa1UIUNISASIINTaNHU

M1319 ¥.9.1 UAAIAINITAANGULA 535 WlulunTueunIAUIlunNes

109

AN TUVR TN U

anulun1snsiadn
0 uM 100 uM 500 uM 1000 uM
AuNPs-Ni(I)-Buffer-His 0.2172 0.2170 0.2169 0.2296
AuNPs-Ni(I)-His-Buffer 0.2184 0.2237 0.2315 0.2390
A1519 2.9.2 LARIAINISISD9LET 520 TN TYReRYN AU LN
. ¢ AU NI UVR TN U
anaulun1snsaadn
0 M 100 uM 500 pM 1000 pM
AuNPs-Ni(I)-Buffer-His 2351.23 2341.42 2336.01 2314.93
AUNPs-Ni(Il)-His-Buffer 2355.83 2285.16 2215.79 2137.39
2.7 MSAN®ILa1lUN15A5IINTANITY
A1519 2.10.1 LARIAINIRANALLAST 535 wlulNpsveseumAuIlLNes
. { AMULTNTUVBITANITY
LA lUN15A5A9A (W)
10 uM 500 uM 2000 puM 4000 uM
3 0.3301 0.3463 0.3767 0.4206
5 0.3283 0.3424 0.3723 0.4189
7 0.3271 0.3406 0.3704 0.4169
10 0.3259 0.3389 0.3698 0.4160
15 0.3246 0.3346 0.3667 0.4115
20 0.3235 0.3338 0.3650 0.4108
A1579 9.10.2 LAAIAINTSIS9UEST 520 W ULUATVRIBYN AU LN
y . AU NTUVR TN
LA UN5ASIIA (W)
10 uM 500 UM 2000 UM 4000 UM
3 2377.51 2297.83 214574 1790.41
5 2357.58 2285.16 2130.52 1775.41
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a1 luN5AsIIA (WIiN)

AU NTUVR TN

10 pM 500 uM 2000 pM 4000 pM
7 2349.84 2270.04 2114.18 1762.23
10 2334.19 2246.82 2098.42 1749.87
15 2322.06 2228.39 2078.20 1746.36
20 2302.65 2209.12 2050.05 1728.29

3. NSANYIANAN YLV MATIEN

3.1 nsAnwanuludunsawsinisnsradadanifivdsayniaunlunas

19719 9.11.1 LLﬁﬂﬂﬂIWﬂﬁﬁﬁ]ﬂﬂa‘HLLﬂﬁﬁ 535 UWIULNG]?U@QQHQWQU’]INW@Q

AMUTNTUYRITENITY (UM) A535
0 0.3489

100 0.3555

250 0.3621

500 0.3700

1000 0.3828

2000 0.4062

3000 0.4292

4000 0.4491

5000 0.4741

M1519 ¥.11.2 UAAIAINITITLATN 520 UILUIATYDIDUNIAUILLUNDY

AMUTNTUVRITEANY (UM) 1520
0 2163.55
10 2144.66
100 2116.01
250 2091.05
500 2052.51
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AMUTNTUVRITENTY (UM) 1520
1000 1992.57
2000 1906.12
3000 1826.67
4000 1741.92
5000 1634.68
7000 1490.48
9000 1295.97
10000 1188.17

3.2 MIANYIAMINTIENDINITAIATIZALUNITNTIVINTaMAUAEaUNIAU UMDY

M1319 9.12.1 UAAIAINISAANGULEN 535 UTUURTUDRUMAUILUNEY

. . P ANIINANEY /3 4
AN UYLTAN \ Andeauu AT UNNIATTIU
- W 535 w1lu 21,
a4y (uM) 11A3g1U (SD) dUNNS (%RSD)
RS
500 0.3007 0.0032 1.07
2000 0.3146 0.0025 0.81
4000 0:3341 0.0030 0.89
AT .12.2 uandAIN TS oA 520 uilusinsveseyniauluves
arududuvesdant | Aanisizeaussil Aoy andeauuannsgiu
1y (um) 520 unuwAT | 11935711 (SD) duWNS (%RSD)
500 2386.4175 7.5267 0.32
2000 2327.8763 18.7266 0.80
4000 2035.6629 13.1719 0.65
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3.3 Msfnwnavasasazareanasunulumsasindamiudigayniaunlunas

A159 9.13 ATINLEAINATDIAITAEAETID1ATUNIUNITATIIA

#13623UNU A535 1520
Blank 0.3278 2306.52
Histamine 0.3906 964.15
Acetaldehyde 0.3262 2251.50
L-cysteine 0.3310 2264.78
Iso-Leusine 0.3266 2296.20
Lysine 03310 2279.52
Methanol 0.3328 2271.52
Phenylalanine 0.3317 2287.02
Serine 0.3265 2222.82
Threonine 0.3292 2267.00
Valine 0.3325 2200.27
Y-Aminobutyric acid 0.3288 2226.35
Mg (I) 0.3267 2229.06
Na () 0.3255 2199.52
Zn (1) 0.3318 2069.78
Ca (I 0.3292 2114.96
K (D) 0.3252 2203.71




()
S
(1]
'Sy

]
;

a - - f\@\q
“ag,nant®

- = Y o 1% £4 = = Y 1 ¥ o v (53 v
wnanstluenansianubidmsunisidnuiensfinyivingu ldeugalnhluldusslevdaunis

Lidnsallagiadu Snveudilvidaudaiion uavsesdnddiadivesenansynasaninisunlly



AMANUIN A

114

AUNATUNANITNARDI LUNITNRAIUINITASTIDIATIZTTaNIEIU

1. Anwrannazimuzanlun1snsaaInganidiune Au-NPs, ,

1.1.1 aUnAFUN1TAANAULAIYDY Au-NPs, , Tun1sAneaduiduduvasaynianldlu

N15M57290

Absorbance (a.u.)

Absorbance (a.w.)

0.15
0.10
0.05
0.00
400 500 600 700
‘Wavelength (nm)

0.6 0.8
AuNPs 1.01 aM 0.7
0.5
Blank 0.6
0.4 - : L
=== Histamine 100 pM i 0.5
] [ <
0.3 === Histamine 500 pM é 04
2
Histamine 1,000 pM 2
é 0.3
0.2
= Histamine 2,000 pM
0.2
01 ~—=—— Histamine 3,000 pM
0.1
——— Histamine 4,000 pM
0.0 0.0
400 500 600 700
Wavelength (nm)
0.8
0.7 -
7
0.6
e —
205
hat
@
1
2 04
=
s
é 0.3
0.2
0.1
0.0
400 500 600 700
‘Wavelength (nm)

AuNPs 0.33 nM

Blank
~=—Histamine 100 pM
Histamine 500 pM
Histamine 1,000 pM
———Histamine 2,000 pM
—Histamine 3,000 pM

———Histamine 4,000 pM

Absorbance (a.u.)

500 600
Wavelength (nm)

700

500 600
Wavelength (nm)

AuNPs 1.69 nM
——Blank
Histamine 100 pM
Histamine 500 pM
Histamine 1,000 pM
—— Histamine 2,000 pM
—— Histamine 3,000 pM

= Histamine 4,000 pM

700

AuNPs 0.68 nM

= Blank
Histamine 100 pM
Histamine 500 pM
Histamine 1,000 uM
- Histamine 2,000 nM
~=— Histamine 3,000 uM

= Histamine 4,000 uM

AuNPs 1.35 1M

—— Blank
—— Histamine 100 pM
= Histamine 500 pM
Histamine 1,000 pM
—==— Histamine 2,000 pM

2 Histamine 3,000 pnM

Histamine 4,000 pM

ii A.1 A.0.33 nM B. 0.68 nM C. 1.01 nM D. 1.35 nM ilag E. 1.69 nM
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1.1.2 aUnasuN19139ua99a9 Au-NPs, , Tumsneanududuvasaynianldluns

M52990

o~

600

Intensity (a.un.)

AuNPs 0.33 nM

Blank

Histamine 100 pM
-Histamine 500 uM
Histamine 1,000 uM
Histamine 2,000 uM
Histamine 3,000 pM

Histamine 4,000 uM

525 373

Wavelength (nm)

625

525 575
‘Wavelength (nm)

Intensity (a.u.)

475

AuNPs 1.01 nM
——— Blank
~——— Histamine 100 pM
~— Histamine 500 uM
Histamine 1,000 pM
——— Histamine 2,000 uM
~——— Histamine 3,000 uM

——— Histamine 4,000 uM

i ﬂ

1,200

Intensity (a.w.)

AuNPs 0.68 nM
—— Blank
——— Histamine 100 pM
Histamine 500 pM
Histamine 1,000 uM
— Histamine 2,000 uM
Histamine 3,000 uM

= Histamine 4,000 uM

525 575
‘Wavelength (nm)

625

1,000

Intensity (a.u.)

AuNPs 1.35nM
— Blank
~——— Histamine 100 pM
—— Histamine 500 uM
Histamine 1,000 uM

— Histamine 2,000 uM

— Histamine 3,000 uM

Histamine 4,000 uM

525 575
Wavelength (nm)

AuNPs 1.69 nM
——— Blank
— Histamine 100 pM
Histamine 500 uM
Histamine 1,000 pM
== Histamine 2,000 pM

Histamine 3,000 pM

Histamine 4,000 uM

25

575

625

Wavelength (nm)

31]17; A.2 A. 0.33 nM B. 0.68 nM C. 1.01 nM D. 1.35 nM uag E. 1.69 nM
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1.2.1 arnasun1snanaunaeuas Au®-NPs,, Tunisinsiadududuves dndia (1) Aae

lsanlglun15ns2999

Absorbance (a.w)
=
[

0.1

Ni(I) 200 pM
—— Blank
~— Histamine 100 pM
Histamine 500 pM
Histamine 1,000 pM
- Histamine 2,000 pM
=== Histamine 3,000 nM

——— Histamine 4,000 pM

70

0

Absorbance (a.u.)

Ni(ID) 600 pM
= Blank
—=— Histamine 100 pM
= Histamine 500 pM

~ Histamine 1,000 M
== Histamine 2,000 nM
~———Histamine 3,000 pM

——— Histamine 4,000 pM

Absorbance (a.w)

0.0

Absorbance (a.w.)
=
=~

0.1

0.0

0.5

0.4

=
-

Absorbance (a.u.)
=
"~

0.1

0.0

500 600

Wavelength (nnt)

700

500 600

Wavelength (nm)

Ni(IT) 1,000 pM

Blank
~—— Histamine 100 pM
= Histamine 500 pM
= Histamine 1,000 pM
= Histamine 2,000 pM

- Histamine 3,000 pM

——— Histamine 4,000 pM

500 600
Wavelength (nm)

700

700

Ni(I) 400 pM

——— Blank

Histamine 100 pM
Histamine 500 pM
Histamine 1,000 pM
- Histamine 2,000 pM

= Histamine 3,000 pM

Histamine 4,000 pM

Ni(II) 800 pM
= Blank
- Histamine 100 pM
—— Histamine 500 pM
Histamine 1,000 pM
=== Histamine 2,000 M
—— Histamine 3,000 pM

Histamine 4,000 pM

Ul .3 A. 200 pmol L B. 400 pmol L C. 600 pmol L D. 800 pmol L uag E. 1000

pumol L
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1.2.2 @iUnASUNISISDILEIUBY AUC-NPs, , MN1SANEIAMNLINTUYRY dntia (1) Aaslse

nglun15n52999

Ni@) 400 pM

——— Blank

== Histamine 100 uM
Histamine 500 pM
Histamine 1,000 uM
Histamine 2,000 uM
Histamine 3,000 uM

= Histamine 4,000 nM

4,000 4,000
. NiD) 200 pM ﬂ
3,500 4 3,500
—— Blank
3,000 » 3,000
== Histamine 100 nM
7 2,500 3 2,500
< Histamine 500 M =
£’ 2,000 £'2,000
£ Histamine 1,000 uM. £
2 1,500 = 1,500
Histamine 2,000 M
1,000 1,000
—— Histamine 3,000 uM
500 500
= Histamine 4,000 nM
0 0
475 525 575 625 475 525 515
Wavelength (nm) ‘Wavelength (am)
4,000 4,000
AN M n
3,500 3,500 3
=~ Blank
3,000 3,000 1
— Histamine 100 uM
~ 2,500 ~ 2,500 4
2 2
< Histamine S00 pM. &
= =
= £72,000 4
£ Histamine 1,000 pM &
ci 2 1,500
Histamine 2,000 nM
1,000 -
Histamine 3,000 uM
500 1
Histamine 4,000 nM
L] T T
475 325 575
‘Wavelength (nm) ‘Wavelength (nm)
4,000
Ni(II) 1,000 pM
3,500 4
= Blank
3.000
~—— Histamine 100 pM
= 2,500
3>
= Histamine 500 i\
£ 2,000 4 =
; Histamine 1,000 uM
& 1,500

1,000
500
0 T T
475 525 573
‘Wavelength (nm)

SUN
U

pumol L

- Histamine 2,000 uM

= Histamine 3,000 uM

— Histamine 4,000 uM

Ni(IT) 600 M

=— Blank

= Histamine 100 pM
—— Histamine 500 pM

Histamine 1,000 pM

— Histamine 2,000 uM

— Histamine 3,000 uM

Histamine 4,000 uM

625

A.4 A. 200 pmol L B. 400 pmol L C. 600 pumol L D. 800 pmol L™ wag E. 1000
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1.3.1 arnafun1snanaunasvas Au®-NPs, , Tun1sinuiiileyvesansasareininasily

Tun1snsiada

0s as
“
pH 4
0.4 04
—— Blank
z s Histamine 100 p\I e
dos Aoa
4 Histamlne S00 VT 4
£ H
é 4
g02 Histamine 1,000 g0 s o2
o s Htstamine 2,000 M X
o1 Histamine 3,000 gt o1
| —— Histamine 4,000 uM
0.0 oo
00 00 60 0 00 00 w00 00
W elength (wu) Wveleagih (wm)
pH 6
— Blank

ABSOIDaBCe (.11]

00

200 609 00
Wavelength (i)

v

Histamine 100 M
Higamine 500 4V
Histamine 1,000 g0
Histamine 2,060yt
Wistamise 3,000 0

Hilsta e 4000 0

Alisorhamce (au )

0

©00 Soo

Waveleagth ()

5UT .5 A pH 4 B. pH 5 C. pH 6 way E. pH 7

pHS

—— Blank

Histamine 100 M

Histaoine 500 0

Histamine 1,000 M

s Histamine 2,000 pM

Histamine 3,000 pM

~— Histamine 4,000 M

yH 7

——— Blank

Histamine 100 0
Histamine 500 M
Histamine 1,000 pM

Histamiue 2,000 ;M

~Histarnine 3,000 1M

e Histaine 4,000 A\

1.3.2 édnASUNISL529Ud U89 AuC-NPs,, Mn1sAneINasvasasazaneuiesilylu

N15A5290

Intensity(an)

Intensity (a.u.)

pH 4

== Blank
~——— Histamine 100 pM
~— Histamine 500 pM
— Histamine 1,000 pM
== Histamine 2,000 pM
— Histamine 3,000 uM

——— Histamine 4,000 pM

525 575 625,

Wavelength (nm)

pH 6

—— Blank
Histamine 100 pM
~—— Histamine 500 pM
Histamine 1,000 uM
~——— Histamine 2,000 pM
—— Histamine 3,000 pM

= Histamine 4,000 uM

525 575 625

‘Wavelength (nm)

Ul .6 A. pH 4 B. pH 5 C. pH 6 Uag E. pH 7

)

Intensity (a.u.

Intensity (a.n)

1,600
pH 5
1,400
1,200 ——— Blank
1,000 Histamine 500 pM
800 «Histamine 1,000 pM
600 —— Histamine 2,000 M
400
= Histamine 3,000 uM
200
= Histamine 4,000 M
0
475 525 575 625
Wavelength (nm)
1,200
]ﬂ o
1,000 .
—— Blank
800 Histamine 100 pM
~——— Histamine 500 pM
600
Histamine 1,000 pM
e ~——— Histamine 2,000 nM
200 ~——— Histamine 3,000 pnM
= Histamine 4,000 pM
0
475 525 575 625
‘Wavelength (nm)
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1.4.1 arnasun1IaAnauLaIvas Au®-NPs,, Tunsinenanududuvesaisazany

Unwlasnlglun1snsaain

Intensity (a.u)

5 mM

= Blank

~———Histamine 0.1 mM

Histamine 0.5 mM

Histamine 1 mM

~——Histamine 2 mM

Histamine 3 mM

Histamine 4 mM

475 525

575
Wavelength (nm)

Intensity (@.u)

O E—

2,500

2,000

Intensity (a.u.)
= =
g ¢

g

475 525 575

Wavelength (nm)

625

525 575
Wavelength (nm)

15 mM

e Blank
—— Histamine 0.1 mM
s Histamine 0.5 mM
Histamine 1 mM
s Histamine 2 mM

——— Histamine 3 mM

Histamine 4 mM

10 mM

——— Blank

~——— Histamine 0.1 mM

Histamine 0.5 mM

Histamine 1 mM

—— Histamine 2 mM

e Histamine 3 mM

— Histamine 4 mM

5Ufl A.7 A 5 mmol L B. 10 mmol L wag €. 15 mmol L!

1.4.2 dWnasun1si309uaIvag Au®-NPs, , TunisAnwnuiduduvasaisazateinivas

NYlun15152999

Absorbance (a.1.)

500 600

Wavelength (nm)

Absorbance (a.u.)

0.3

o
2

0.1

0.0

5 mM
—— Blank
~—— Histamine 100 pM
~—— Histamine 500 p\
Histamine 1,000 pM
Histamine 2,000 pM
Histamine 3,000 pM

Histamine 4,000 pM

S “

0.4

=
w

Absorbance (a.)
e
I

0.1

0.0

10 mM

Blank

- Histamine 100 pM
Histamine 500 pM
Histamine 1,000 pM
Histamine 2,000 pM

Histamine 3,000 pM

Histamine 4,000 uM

400

400

500 600

‘Wavelength (nm)

500 600
Wavelength (nm)
15 mM
—— Blank

~———— Histamine 100 pM
Histamine 500 uM
Histamine 1,000 uM

= Histamine 2,000 uM

== Histamine 3,000 uM

| = Histamine 4,000 pM

gﬂ‘ﬁ A.8 A. 5 mmol L' B. 10 mmolL! wag C. 15 mmol L}
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1.5.1 anasun1saanaunasvas Au®-NPs,, Tunsinedidulunisasiaingdanidu

0.5

Blank
- Histamine 100 uM
0.4
Histamine 500 puM
= =
Zo3 Histamine 1,000 pM
g N
= S
2 =
=
H
é 0.2
0.1
-
-
Au-Ni-Buf-His
0.0 |
400 450 500 550 600 650 700

‘Wavelength (nm)

750

) H

—— Blank
Histamine 100 pM
0.4
Histamine 500 pM
203 Histamine 1,000 uM
It
g
=
E
2
s
é 0.2
0.1
Aun-Ni-His-Buf
0.0 |
400 450 S00 550 600 650 700 750

Wavelength (nm)

UT A9 A. () Au%NPs;, (i) Ni (1D, (i) tlisied, (iv) Bavnitu wae B. () AU-NPs,, (i) Ni

an, Gii) Family, (v) Tnwas

1.5.2 dlUnAsUNISSaaauas Au®-NPs, , tunrsaneanulunisnsiaindaniiiv

2500
f\/\ Blank
" A
\ e Histamine 100 uM
2000 Iy
I
f \‘ ~—— Histamine 500 pM

7 1500 \ Histamine 1,000 pM
S f
P
g )
2
E 1000

500

Au-Ni-Buf-His
0
475 525 575 625
Wavelength (nm)
o
IUN

Intensity (a.u.)

\rf

500

Au-Ni-His-Buf

0

— Blank
—— Histamine 100 pM

Histamine 500 pM

Histamine 1,000 pM

475

(), Gii) amdiy, G(v) Tiwles

525

575
Wavelength (nm)

A.10 A. (i) AUC-NPs,,, (i) Ni (1), Gii) Unwles, (iv) Sanidiu way B. () Au’-NPs,., (i) Ni



1.6.1 arnasun1snanaunaavas Au®-NPs, , Tun1sfinwianlunisnsiainganiiiu

E‘Uﬁ A.11 A 10 pmol L™ B. 500 pmol L €. 2000 pmot Lt wag D..4000 pmol L™

1.6.2 & UNASUNISLI LA VDY AUC-NPs, ., MNI5ANELIAT LN InTaNH Y

3
U

U

=)
7

Intensity (a.)

Intensify (a.un.)

Absorbance (a.u.)

Absorbance (a.u.)

0.5

0.4

0.3

0.1

0.0 n

0.5

0.4

400 500 600 700
‘Wavelength (nm)
2,000 pM ———3 min
— 5 min
7 min

10 uM

—3 min

5 min

7 min

\ 10 min

400 500 600 700

3000
10 pM e 3 I
2500 F. e & min
[ M
! [* & =7 mim
2000 { | \
10 i
1500 4 | \\ =15 nin
\
WY “——=20 min
| \
1000 hY
N
=200 \' .
A
0 T - 4
475 315 53 625
Wavelength (nm)
3000
2,000 pM 3 min
LS00 5 min
T 7 iy
2000 -
Tl wivi
—15
1500 15 min
20 min
1000
S0
o n

‘Wavelength (nm)

475 N3 s 615

Wavelength {nm}

(an)

Intensity

Absorbance (a.u.)

Intensify {an.)

0.5

0.4

500 pM

=3 min

5 min

7 min

10 min

500 600 700
‘Wavelength (nm)

0.5
4,000 pM ———3 min
S min
0.4
7 min
Iy N 10 min
203 =
¥ N ——15min
g \
E
F-] N =20 min
202 \
2
N
A
LN
0.1 \
0.0 u
400 500 600 700

‘Wavelength (nm)

3000
500 M — 3 min
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Seafood products

Alizarin complexone-modified gold nanoparticles (Au’-NPs,,) were synthesized using a proposed ultrasonic
irradiation-assisted chemical reduction method. Ultrasonic irradiation powers, reaction time and alizarin com-
plexone concentration had been proven to be the main parameters for controlling the nucleation and growth of
AuO-NPsALz. In the synthesized ultrasonic irradiation-assisted chemical reduction conditions, AuO-NPsALZ had a
spherical oriented morphology with a uniform size of 17.84 + 1.37 nm and are shiny red with a surface plasmon
resonance (SPR) of 535 nm. A rapid colorimetric and fluorometric dual-mode detection strategy for selective
detection of histamine in seafood was developed based on the self-assembly of Au’-NPs,;,-Ni (II) complexes. Ni
(ID) can capture the histamine molecules close to AuO—NPsALZ surfaces, making changes in the colorimetric and
fluorometric responses of the solution. The quantitative analysis of histamine was realized through the variation
of dual-signal colorimetric and fluorometric responses. Such Au’-NPs, |, sensor offered good detection sensitivity
for histamine with a detection limit (LOD) of 59.32 pmol L' and 116.20 pmol L ! and wide linear response
within the range of 10-10000 pmol L™ (R? = 0.9952) and 100-5000 pmol L™} (R? = 0.9947) for colorimetric
and fluorometric measurement, respectively. Recoveries ranging from 94.99 to 103.29 % and 97.67-106.88 %
for colorimetric and fluorometric assay were obtained, showing low levels of matrix effects. Particularly, the
results of the dual-mode sensor were also validated by comparing with the HPLC method for improving the assay
accuracy and dependability. Ultimately, the developed Au’-NPsy,, colorimetric and fluorometric probe performs
excellently in practical applications, with promising results for detecting histamine in seafood products.

1. Introduction Continuous consumption of seafood products containing histamine re-

sults in intoxication, food poisoning, and illnesses that include rashes,

Histamine (CsHgN3) is a naturally toxic metabolite biogenic amine
compound that is widely used to estimate spoilage indicator criteria of
seafood products. Histamine is produced in the tissue of saltwater fish,
shrimp, and shellfish through the decarboxylation of free histidine
(CgH9N3052) by exogenous decarboxylases released by microorganisms.
The country-by-country regulations for maximum tolerable levels of
histamine in seafood products are 50 mg kg~! [1] and with histamine
levels over 200 mg kg~ are usually causing toxicity to health [1,2].

nausea, vomiting, diarrhea, and allergic reactions [3]. Consequently,
evaluating histamine concentration with high sensitivity and selectivity
in seafood products is sorely required for both clinical diagnosis and
food quality control. Several alternative methodologies have been pro-
posed for measuring the content of histamine including
high-performance liquid chromatography (HPLC) [4-6], gas chroma-
tography coupled with mass spectrometry (GC-MS) [7,8], and capillary
electrophoresis (CE) [9]. Even though some of these instruments can
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detect histamine with high sensitivity and accuracy. However, these
instrumental methods generally require laborious, complicated sample
pretreatment, and are expensive. Therefore, developing a simple, short
analysis time, inexpensive, appreciable sensitivity and selectivity, and
good reproducibility sensor for histamine detection is still desirable.

In the last few years, a variety of plasmonic sensing-based colori-
metric and fluorometric systems have been developed for evaluating the
spoilage of seafood products [10-13]. Gold nanoparticles (AuNPs) have
been known to exhibit unique plasmonic responses to various external
stimuli. The localized surface plasmon resonance (LSPR) property of
AuNPs is widely exploited for chemical and biological sensing. The
position and intensity of the LSPR wavelength peak are dependent on
various factors such as environmental conditions (dielectric surrounding
of the medium), the shape and size of AuNPs. This feature has been used
in the development of various plasmonic sensing [14-16]. To maximize
the potential of AuNPs, researchers have investigated various strategies
for controlling/fine-tuning their plasmonic-responsive properties. An
approach involving ligand surface modification of AuNP moieties has
been widely employed. The ligand-functionalized AuNPs can be chem-
ically modified to provide specific interactions with desired analytes,
resulting in high selectivity and sensitivity of plasmonic sensors. For
instance, histamine level can be determined by AuNPs functionalized
with polyethylene glycol ligand [17]. The detection probe was estab-
lished from the as-prepared AuNPs and dopamine (CgH131NO3). The
histamine molecules interacted strongly with dopamine through a
polymerization reaction resulting in a formation of the polydopamine
layer on the surface of AuNPs. The color of AuNPs were changed from
red wine to black among the histamine concentration of 1-100 jig mL !
with the limit of detection (LOD) 2.8 pg mL L, Furthermore, 1,
4-dithioerytritol was used to modify the surfaces of AuNPs [18]. A
fluorometric detection for estimating histamine content in food samples
was prepared with the incorporation of o-phthalaldehyde (OPA) on
AuNPs surfaces. The observed fluorescence arises from 1-alkylthio-2-al-
kyl-isoindole formation on 1,4-dithioerytritol functionalized AuNPs
with OPA and histamine. The LOD was found to be 4.20 nmol L™}, Other
reported ligand-functionalized AuNPs have been extensively researched
and utilized for their potent plasmonic sensing [19-23]. As mentioned
above, the cross-linking between ligand moieties and AuNPs results in
enhanced colorimetric and fluorometric responses to histamine. How-
ever, these approaches merely utilized single fluorescence or absorbance
as the detection signal, which are easily influenced by anthropogenic
factors or the surrounding environment, resulting in inaccurate detec-
tion results. To boost the accuracy of the detection, dual-signal sensors
that combine colorimetric and fluorometric methods can largely elimi-
nate anthropic errors, making the sensors have high anti-interference
ability, extending the detection linear range, enhanced accuracy and
reliability, excellent visualization, and increasing application flexibility.
To our knowledge, based on a comprehensive review of the literature,
there are no applications of AuNPs in direct dual-signal mode of color-
imetric and fluorometric for histamine assay.

This study reported a novel dual-signal responsive sensor for hista-
mine detection in seafood products using alizarin complexone-modified
AuNPs (AuO—NPsALZ) as dual-signal materials. AuO—NPsALZ was synthe-
sized by ultrasonic irradiation-assisted chemical reduction method.
Combined chemical reduction and ultrasonic irradiation had been
shown to be very attractive in accelerating chemical reduction reactions
in AuNPs synthesis. Specifically, Ni (II) ions were covalently coordinated
with alizarin complexone, resulting in the final Au’-NPsyr, -Ni (ID
complexes sensor being selective to histamine. The prepared Au’-
NPsar,-Ni (II) complexes sensor not only exhibited excellent color
change by histamine, the fluorescence signal of the Au’-NPsa,-Ni (II)
complexes sensor was also preferentially quenched. The correspondence
between the variations in dual-signal colorimetric and fluorometric
sensors of Auo-NPsALZ-Ni (II) complexes sensor can realize convenient
quantitative detection of histamine. Both detection modes provided high
sensitivity, accuracy; precision, wide detection range, and-high degree
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of visualization. Furthermore, the developed dual-mode assay was suc-
cessfully applied to the determination of histamine in various seafood
samples.

2. Experimental
2.1. Reagents and instruments

Analytical reagent grade (AR grade) of alizarin complexone
(C19H15NOg), gold (III) chloride trihydrate (HAuCly-3H20), histamine
(CsHgN3), nickel (II) chloride (NiCly), acetaldehyde (CH3CHO), cysteine
(C3H7NO,S), leucine (CgH13NOs3), lysine (CgHp4N202), phenylalanine
(CoH11NO3), serine (C3HyNOs3), threonine (C4Ho9NO3), valine
(CsH11NO), aminobutyric acid (C4H9NO3), and sodium borohydride
(NaBH4) were all purchased from Sigma-Aldrich (St. Louis, USA, www.
sigmaaldrich.com). Acetate buffer (10.0 mmol L Yat pH 4,5, 6,and 7
were prepared from acetic acid (CH3COOH, Carlo Erba, Italy, www.ca
rloerbareagents.com) and sodium acetate (CoH3NaO,, St. Louis, USA,
www.sigmaaldrich.com). Ultrapure deionized-distilled water (DI water,
Milli-Q® EQ 7000 ultrapure water system) with a resistivity of 18.2 MQ
cm and total organic carbon (TOC) < 5 pg L1 at 25 °C was used
throughout the experiments. All glassware utilized in the experiments
underwent an overnight immersion in 10 % v/v nitric acid (HNO3) and
were thoroughly rinsed with DI water.

The surface morphologies of Au’-NPsy;, were studied using a
Transmission electron microscope (TEM, JEM-2010 model, JEOL Co.,
Ltd, Japan). Raman spectroscopy (Spectrum one, Perkin Elemer Co., Ltd,
US) was used to characterize the chemical structure of Au’-NPsy[. X-ray
photoelectron spectroscopy (XPS, AXIS Ultra DLD, Kratos Analytical Co.,
Ltd., England) was used to confirm the elemental compositions and
chemical state of Au’-NPsa,. The crystal structure of Au’-NPsy;, was
characterized using X-ray diffractometer (XRD, Rikagu smart lab,
Japan) with CuKa radiation source (4 = 0.15406 nm) in the 20 range of
30°-90°. UV-visible spectrophotometer (UV-1800, Shimadzu Co., Ltd,
Japan, Kyoto, Japan) with deuterium-discharge (D3) and tungsten (W3)
lamp was used to acquire absorbance spectrum of Au’-NPsy;, in the
wavelength range between 200 and 800 nm. Fluorescent properties of
AuP-NPs,, were performed using a Spectro fluorophotometer (RF-6000,
Shimadzu Co., Ltd, Japan, Kyoto, Japan). The change in fluorescence
over time of Au’-NPsyr, was investigated using lifetime fluorescence
spectroscopy (Horiba DeltaFlex™, Horiba scientific Co., Ltd, UK). Sur-
face charges of Au’-NPs,;, were examined by a Zeta potential analyzer
(Zetasizer nano ZS, Malvern Co., Ltd, UK).

2.2. Ultrasonic-assisted chemical reduction synthesis of alizarin
complexone-modified gold nanoparticles

Au’-NPs,;, was prepared by ultrasonic irradiation-assisted chemical
reduction method. Briefly, 600 pmol L~ 'of alizarin complexone (ALz)
was mixed with 1 mmol L™ of gold (IIT) chloride trihydrate in 10 mL of
DI water. The mixture solution was further sonicated with a high-power
ultrasonicator (VCX 130, Vibra-Cell™, USA) at room temperature for 5
min. Then, 2 mL of 50 mmol L™} NaBH, was rapidly added to the
mixture solution under continuous ultrasonic irradiation for 40 min.
After the above reactions, the obtained brighter-red of colloidal Au’-
NPspp, was stirred for an extra 10 min, then cooled down to room
temperature and stored in the dark amber glass bottle at 4 °C for further
use. In order to control the synthesis and assembly of uniformly sized
and shaped AuO—NPsALZ, a number of synthesized parameters including
ultrasonic irradiation powers ranging from 20 to 40 % amplification,
reaction time of 10-60 min, and alizarin complexone concentrations of
200, 400, 600, and 1000 pmol L7, were investigated. The optical
characteristics, size and surface morphology, and stability were evalu-
ated by UV-vis spectrophotometer, fluorescence spectrophotometer,
TEM, and zeta potential, respectively.

The concentration of colloidal :Au%-NPsx;; was calculated according
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Fig. 1. (A) Schematic illustration of Au’-NPs,;, formation, (B) coordination complexes of Au’-NPs,;, with Ni (I), and (C) sensing mechanism for detect-

ing histamine.

to the method described by Wolfgang Haiss et al. [24], By utilizing
Beer-Lambert’s law (A = ebc); where A is the absorbance measured by
UV-vis spectrophotometer, ¢ is the molar extinction coefficient (M *
ecm™Y), bis the path length (cm), and c is the concentration of Au’-NPsa;,
(mol L™1). The concentration of Au’-NPs4;, was calculated to be 4.7212
+ 0.06 nmol L.

2.3. Assay procedure of dual-signal

Au’-NPsy;, with the dual-signal colorimetric and fluorometric re-
sponses, were developed for the determination of histamine by self-
assembly of Au’-NPsy,;, with Ni (II). The specific coordination of Au’-
NPspp,-Ni (II) complexes can capture the histamine molecules close to
Au®-NPsy;, surfaces, making changes in the colorimetric and fluoro-
metric response of the solution. The process of Ni (II) assembling onto
Au-NPs,;, surfaces and dual-signal testing were as follows: 500 pL of
600 pmol L~! of nickel (I) chloride was mixed with 750 pL of 4.7212
nmol L1 of Au’-NPs,;,. The mixture solution was vortexed for 5 s then
incubated at 30 °C for 5 min. After incubation of Au®-NPs;,-Ni (I)
complexes, 1.0 mL of different standard histamine concentrations
ranging from 10 to 4000 pmol L} were added to Au’-NPsa,-Ni (II)
complexes, followed by adjustment of the pH of the sensing solution to
4.0 by 2.25 mL of 10.0 mmol L™! acetate buffer. All detection experi-
ments were fixed at a constant volume of 3.5 mL. After 3.0 min of in-
cubation, quantitative analysis of histamine can be achieved by
colorimetric and fluorometric assay. The colorimetric signal was eval-
uated by monitoring the change of absorbance at 535 nm. Meanwhile, a
fluorescence emission spectrum (excitation/emission wavelength: 430/
520 nm) was employed for the fluorescent signal.

2.4. Preparation of real samples

Four seafood products including white shrimp, giant tiger prawn,
cuttlefish,;) and) -splendid; ) squid: jwere | purchased; from <aj premium

supermarket in Krung Thep Mahanakhon (Bangkok), Thailand. At first,
each sample was homogenized using a blender (MB520138, Tefal Co.,
Ltd, France). The accurate weight of 5.0 g of homogenized seafood
sample was mixed with 10 mL of DI water and stirred for 10 min in an ice
bath. Then, different standard histamine concentrations of 100-1000
pmol L~ ! were rapidly spiked in the sample solution under stirring for
another 1 min. The mixture was centrifuged at 2500 rpm for 10 min at
4 °C. The supernatant solution was filtered through a Whatman No. 42-
filter paper (CHM™, Barcelona, Spain) and 0.22 pm pore size nylon
membrane syringe filter (CNW Technologies, China), respectively.
Finally, the samples were kept in an amber glass bottle at 4 °C until
analyses.

2.5. Validation method

To ensure reliable and accurate results from Au®-NPsy;, dual-signal
colorimetric and fluorometric assay for histamine detection, the re-
sults obtained from the developed method were compared to the stan-
dard High-Performance Liquid Chromatography (HPLC). For the
analytical procedure, histamine was derivatized by the methods of I.
Altieri et al. [25] with some modifications, the derivative mechanism
was shown in Fig. S1. Briefly, accurately weigh approximately 5.0 g of
homogenized seafood samples were mixed with 10 mL of 0.4 mol L™}
perchloric acid (HClO4) under continuously stirred in an ice bath. After
10 min, the mixture solution was centrifuged at 2500 rpm for 10 min at
4 °C. Remove the supernatant carefully, the pellet was re-extracted with
10 mL of 0.4 mol L™} perchloric acid, left on an ice bath for 10 min, and
then centrifuged at 2500 rpm. At last, the two-times supernatant was
combined and filtered through a Whatman No. 42-filter paper (CHM™,
Barcelona, Spain). For the derivatization step, a 1.0 mL of pretreatment
seafood sample was spiked with different standard histamine concen-
trations of 100, 400, and 1000 pmol L1, Afterward, 1.0 mL of spiked
sample was mixed with 200 L of 2.0 mol L ™! NaOH and 300 pL of 20
mol L7+ NaHCOs solution.: Afterward; 2.0 |mL of 10 mgmlL7! dansyl
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Fig. 2. UV-vis absorption spectra of AuO—NPsALZ in the synthesized conditions (A) effect of ALz concentration (200-1000 pmol L’l), (B) amplification (20-40 %), and

(C) irradiation time (10-60 min).

chloride solution was added into the mixture solution and incubated in
water bath at 40 °C for 45 min. After the reaction, the excess of dansyl
chloride was removed by 100 pL of 25 % v/v NH4OH solution with
continuous shaking in the dark for 1 h. Then, the mixture solution was
adjusted to 10.00 mL with acetonitrile. Finally, the derivative solution
was filtered with a 0.22 pm pore-size nylon membrane syringe filter
(CNW Technologies, China) prior to analysis with HPLC. HPLC (RF-20A
Prominance LC-20 series, Shimadzu Co., Ltd, Kyoto, Japan) equipped
with a C18 capillary column (4.6 mm x 150 mm X 5 pm particle size, GL
Sciences, Japan), and photodiode array detector (PDA, SPD-M20A)
monitoring at a wavelength of 254 nm was used for histamine detec-
tion. The column was equilibrated at room temperature (25 °C) with a
flow rate of 1.0 mL min~*. The 20 pL aliquots of samples were injected
into the HPLC system and eluted using 0.1 mol L' of 50 % ammonium
acetate, and 50 % acetonitrile mobile phase. Subsequently, acetonitrile
proportion was elevated to 90 % over a duration of 19 min and main-
tained for a 5-min interval. Chromatograms were acquired and pro-
cessed by LabSolutions software version 5.92.

3. Results and discussion

3.1. Preparation and characterizations of alizarin complexone-modified
gold nanoparticles

Alizarin complexone-modified gold nanoparticles (AuO-NPsALZ) was
prepared by the ultrasonic irradiation-assisted chemical reduction
method with alizarin complexone (ALz) and NaBH4 as stabilizing and
reducing reagents, respectively. Ultrasonic irradiation was used to boost
or alter the chemical properties of Au’-NPs,;, upon the synthesis pro-
cess. As shown in Fig. 1A, alizarin complexone is a dihydroxyan-
thraquinone compound containing nitrogen-oxygen rich coordination
environment. The tetrachloroaurate ion [AuCl4]” are easily attracted and
adsorbed onto two oxygen atoms in the carbonyl (—C=0) and hydroxyl
(—OH) groups of ALz via coordination bonds in a bidentate-bridging
mode, resulting in [Au(ALz)Cly]" complexes. The mechanism pathway
in Fig. S2A demonstrated the formation of [Au(ALz)Cly]" complexes,
ultrasonic irradiation causes strongly complete [Au(ALz)Clz]” complexes
formation, whereas in the absence of ultrasonic conditions, [AuCl4] and
ALz compounds become either much weaker or completely absent in
[Au(ALz)Cl;]" complexes formation. High-power ultrasonic irradiation
causes strong acoustic cavitation in a reaction system, leading to the ALz
compound present in the surrounding liquid phase of the collapsing
bubbles to be subject to direct attack by [AuCls]’, thus probably accel-
erating coordinated covalent [Au(ALz)Cly]" complex formation. The
absorbance characteristic of [Au(ALz)Cly]” complexes revealed an
absorbance of their Apax to 594 nm, which had a brighter green color
(Fig. S3A). Under un-ultrasonic irradiation conditions, the dark brown
hue solution was obtained (Fig. S3B). After performing the reduction of

gold (III) ions in [Au(ALz)Cly]" complexes solution using ultrasonic-
assisted NaBHy4 chemical reduction, [Au(ALz)Cly]” complexes solutions
were rapidly reduced to Auo-NPsALZ. The relatively strong reductant
NaBHy reacted first with [Au(ALz)Cl;]" complexes, rather than ultra-
sonic irradiation, to form spherical Au’-NPs,;,. After the formation of
AuO—NPsALZ, high temperature (5000 K) and pressure (1000 atm) con-
ditions in ultrasonic irradiation [26] will partially split the water mol-
ecules (H20) into both hydrogen radicals (H®) and hydroxyl radicals
(HO®). The HO® may diffuse into the bulk BHj liquid phase and initiate
the growth of AuONPsALZ. The (Auo)n-NPsALZ, can be strongly adsorbed
onto the surface of (Au®)y,-NPsar to give (Auo)mHNPsALZ or (AW, 4
n-NPsa1,; where m is nuclei of nanoparticles, and m + n is cluster
growth. The nanoparticles spontaneously assemble by adsorbed
(Au®),-NPspr, on the (Au®)m-NPsar,, which also occurs to grow the
particles. Therefore, the size of the (AuO)mHNPsALZ or (Auo)m + n"NPsap
generally increases via the ultrasonic irradiation-assisted NaBH4 chem-
ical reduction method. The mechanistic nucleation and growth forma-
tion scheme for AuO—NPsALZ was summarized in Fig. S2B. The surface
plasmon resonance (SPR), which involves the collective oscillation of
electrons on the surface of AuO-NPsALZ was found to be 535 nm and the
color of the solution was brighter-red (Fig. S3C). In contrast, Au’-NPsyr,
produced by the individually NaBH,4 chemical reduction method reveals
a brownish color. The characteristic SPR peak at 535 nm was decreased
with a shoulder at 550-600 nm (Fig. S3D). The performance of the ul-
trasonic irradiation-assisted chemical reduction method in the synthesis
of Au’-NPsy;, resulted in an SPR peak that was significantly more
noticeable compared to the individually chemical reduction method. As
proposed in a previous study [27], an early synthesis of plate structure
was noticed by SPR bands located at approximately 520-540 nm, which
were ascribed to the transverse surface plasmon band (SPt) of the
AuNPs. This was similar to those previously reported for AuNP synthesis
[28,29]. The combination of ultrasonic irradiation and NaBH4 chemical
reduction had considerable advantages over the NaBH4 chemical
reduction method.

3.1.1. Synthesis conditions for alizarin complexone-modified gold
nanoparticles

The synthesis process for optimizing Au’-NPs,;, was carried out by
keeping [AuCls]” concentration of 1000 pmol L™ and NaBH, of 10
mmol L™! as constant and changing the process variables including ALz
concentration varied from 200 to 1000 pmol L™}, sonic amplification of
20-40 %, and irradiation time of 10-60 min. The illustration of Fig. 2
represented the UV-vis absorption spectra of Au’-NPsar, under the
synthesized conditions. Fig. 2A showed the UV-vis absorption spectra of
the synthesized Au’-NPsyy, by the ultrasonic-assisted chemical reduc-
tion reaction with varying concentrations of ALz (200-1000 pmol L™1).
The Au®-NPsy;, was prepared by 600 pmol L7! of ALz stabilizing solu-
tion, which possessed a greater ‘advantage in NPs:formation. A strong
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absorption peak at 535 nm showed an SPR characteristic, suggesting the
formation of AuO—NPsALZ. Fig. S4A1-3 showed TEM images of freshly
prepared Au’-NPs,;, in the presence of 400, 600, and 1000 pmol L lof
ALz stabilizing agent, Au’-NPs,, were found spherical in shape with a
particle size of 23.23 + 4.26 nm, 20.02 + 4.36 nm, and 17.63 + 4.07
nm, respectively. As the concentration of ALz increases, the size of Au’-
NPsap, were decreased due to the adsorption and stabilizing effect of
ALz. In contrast, there was no observable presence of absorbance peak
(Amax) at 535 nm for the ALz synthetic reaction of 200 pmol L‘l, indi-
cating that it was difficult for NPs formation. Interestingly, the ALz
compound can serve as a stabilizing property, which restricts the ag-
gregation of nanoparticles.

The influence of ultrasonic power on the size and morphology of Au®-
NPsar, was investigated by controlling sono-amplification power of
20-40 %. After performing the ultrasonic radiation, UV-vis hyp-
sochromic shifting was observed in the spectra (Fig. 2B). The spectra
revealed a broadband localization at 535 nm after 35 % of irradiation
power, associated with colloidal AuO-NPsALZ formation. From the TEM
images and histograms in Fig. S4B, it was evident that the freshly syn-
thesized Au®-NPsy;, using 10, 20, and 35 % irradiation power had
particle sizes of 26.96 + 6.11 nm, 25.69 + 4.50 nm, and 23.15 + 3.56
nm, respectively. When the irradiation power was 10 %, the nucleation
speed of Auo-NPsALZ was slow, and the growth formation was dominant,
which made the particle size distribution of Au’-NPsy;, wider (19.66
nm-38.18 nm). With high irradiation power (35 %), the reduction rate
was accelerated, resulting in a narrow particle size distribution of Au’-
NPsppz of 18.54 nm-28.41 nm. In the absence of ultrasonic irradiation,
the Au®-NPsar, prepared using the NaBH,4 chemical reduction method
exhibited obvious either agglomeration or precipitation occurred
(Fig. S5A), further confirming the effect of ultrasonic irradiation-
assisted chemical reduction on the formation of Au®-NPsa, and the
improvement of dispersion. According to the above analysis, an ultra-
sonic power with an amplification of 35 % is suitable for the synthesis of
Au’-NPsy1,. As shown in Fig. 2C, with the prolongation of ultrasonic
time (10-60 min), the absorbance peak intensities of AuO-NPsALZ grad-
ually became higher, while the 1.« was slightly blue-shifted from 542
nm to 535 nm and reached equilibriumvat 40 min. Accordingly, the

optimal ultrasonic synthesis time of Au®-NPs,, was determined to be
40 min. Fig. S4C shows the TEM images and histograms of Au’-NPsALz.
Upon ultrasonic synthesis times of 10, 30, and 40 min, the particle size of
AuO-NPsALZ was found to decrease from 25.02 + 2.70 nm to 19.19 +
1.68 nm, and 17.84 + 1.37 nm, respectively. The size of the Au’-NPsy;,
decreased slightly, and the uniformity of the dispersion increased upon
the increase of ultrasonic time. These were due to high-intensity ultra-
sound generating reactive radicals (e3q, H®, Hp, HO®, H30™, and H505)
[301, allowing for controlled reduction of [AuCly]” precursors and
improved nucleation and growth of AuO-NPsALZ. Moreover, the impact of
increased sonication time enhanced the dispersion, uniformity, and
crystallinity of AuO—NPsALZ [31].

The as-synthesized Au’-NPsp;, had been found to have excellent
colloidal stability under a period of 60 days (Fig. S5B). Zeta potential
measurements reveal the Au®-NPsy;, was found to be —38.17 & 3.01 mV
(Fig. S5C), which indicated high dispersion colloidal stability.

3.1.2. Characterization of alizarin complexone-modified gold nanoparticles

UV-vis absorption spectra, and excitation and emission spectra of the
as-synthesized Au’-NPsa;, was shown in Fig. 3A. The absorption spectra
of the prepared AuO—NPsALZ exhibited two absorption bands at 430 nm
and 535 nm, which attributed to t—x* transition of aromatic C=C of
ALz stabilizing domain [32], and dipolar Localized surface plasmon
resonance (LSPR) mode absorption of the Au’-NPsyy, [33], respectively.
The maximum emission wavelength of the colloidal Au’-NPsy;, is
around 520 nm with an excitation of 430 nm. The fluorescence of the
surface-attached ALz was expected to be enhanced by Au®-NPs,;, due to
the negligibly small overlap between the LSPR absorption (535 nm) and
the emission (520 nm) spectra. The higher-energy excited states of the
n—7n* transition of aromatic C=C in the ALz stabilizing domain were
transferred to surface-bound Au’-NPsay, centers, which enhanced the
electromagnetic resonance coupling of NPs. Such an emission enhanced
the electromagnetic resonance coupling, and the fluorescence of
Au®-NPsy;, was perfectly increased. The fluorescence enhancement was
further confirmed using the fluorescence lifetime and 3D fluorescence
spectra measurement. As shown in Figs. S6A-B, the fluorescence lifetime
of AuO-NPsALZ (t'= 4.3765ns) was longer than that of ALz compound (t
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= 4.3360 ns), demonstrating that the enhancement process of Au®-N-
Psap, could be attributed to dynamic enhancement. Moreover, according
to their 3D fluorescence spectra (Fig. S7A1-A2), confirm the presence of
ALz in the structure of AuO-NPsALZ mediated fluorescence enhancement.

The successful assemblies of ALz molecularly linked in the structure
of Au®-NPsy;, were further confirmed using Raman spectroscopy, X-ray
photoelectron spectroscopy (XPS), X-ray diffraction (XRD), and TEM
analysis. In Fig. 3B, the Raman spectra of Au’-NPsy1, showed the
characteristic band in 1660, 1455, 1196 1055, and 798 cm ™!, which
correspond to the vibrational of C=O0 stretching, Sym-OH stretching,
Sym-ring stretching, and Hyjng wagging of the aromatic ring, respectively
[34]. In addition, the strong absorption peak at 1658 cm™! was caused
by the stretching vibration C=0 group of the anthraquinone ring of ALz,
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which confirmed the coordination of C=0 on the surface of Au’-NPs,,.
The XPS spectra were used to confirm the elemental compositions and
chemical state of Au®-NPsup,. Full survey spectra of Au’-NPsy;, were
recorded, and the signals for Au 4f, O 1s, and C 1s were shown in Fig. S8.
Fig. S8A shows the wide scan XPS spectra of Au’-NPsy1,, which dem-
onstrates the presence of Au 4f along with O 1s, N 1s, and C 1s. The
high-resolution XPS (HR-XPS) Au4f spectrum shows the two
well-defined binding energy (BE) peaks (Fig. S8B) at 87.9 eV, and 83.9
eV, corresponding to the Au4fs,, and Au4f; ,, respectively. The broad-
ening spectra in the Au4f region and its curve fitting show three
spin-orbit splitting species (oxidation states) for Au®, Au*, and Au®".
The well-defined peaks at BE values of 87.9 and 83.9 eV were attributed
to the metallic Au (Au®) for Au4fs,; and Au4f;,» core levels,
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respectively. The peak at BE values of 90.1 eV, 89.3 eV, 87.3 eV, and
85.9 eV were attributed to Audfdh, Audfil, Audfis, and Audfih,
respectively. These results confirm the presence of any oxidized species
of gold in Au’-NPs,;,. Moreover, peaks corresponding O 1s, and C 1s,
were also seen with Au signals which were due to ALz functionalized on
the surface of AuNPs (Figs. S8C-D). The main connection mode, binding
energies of C 1s, and O 1s, and the parameter A (eV) for Auo-NPsALZ were
shown in Table S1. The successful Au®-NPsar, synthesis could be
affirmed by the specific binding of C 1s and O 1s, which is mainly
attributed to the ALz compound on the NPs surface.

The XRD spectra were used to analyze the crystal structures of Au®-
NPspp (Fig. 3C). The Au®-NPsp;, represented by four diffraction peaks at
260 of 38.1, 44.3, 64.5, and 77.5, which corresponded to standard Bragg
reflections of (111), (200), (220), and (311) planes of face-centered
cubic (fcc) lattice (JCPDS 04-0784), respectively [35]. The
morphology and structure of Au®-NPs,;, were characterized by TEM. As
shown in Fig. 3D, Au®-NPsp, hada spherical morphology and exhibited
uniformly dispersed with a size distribution of 16.30-20.04 nm and an
average diameter of 17.84 + 1.37 nm. As measured from the HRTEM
image, the lattice spacing of Au’-NPsp;, was 0.37 nm. The patterns of
SAED were indexed according to (111), (200), (220), and (311) re-
flections of fcc gold on the basis of their diffraction rings d-spacing
values of 0.27 nm, 0.22 nm, 0.17 nm, and 0.14 nm, respectively. EDS
spectra showed the obvious peaks for the gold, near to 0.27 keV, 2.12
keV, 9.62 keV, and 11.44 keV, confirming the successful synthesis of
Au®-NPsy;,.

3.2. The feasibility of dual-signal colorimetric and fluorometric sensing of
histamine

With the well-proven colorimetric and fluorometric detection feasi-
bility of Au’-NPs,;, for histamine, we then utilized the probe for dual-
signal response in detecting histamine. Firstly, AuO-NPsALZ were then
complexed with Ni (II). Coordination of AuO-NPsALZ with Ni (II) has been
found to strengthen the sensitivity and selectivity for histamine (Fig. S9)
[36-38]. AuO—NPsALZ—Ni (I) complexes showed Ni (II) in
pseudo-octahedron geometry, with four coordination sites occupied by
the nitrogen and oxygen atoms of the ALz modified NP and two other
coordination sites occupied by hydroxide ions (—OH) and H30O [39].
After confirming that the probe AuO-NPsALZ-Ni (II) complexes were
successfully constructed, we investigated their colorimetric and fluoro-
metric detection feasibility for histamine. The colorimetric property of
the synthesized probe was preliminary investigated (Fig. S10A), and it
showed that Au®-NPs,;,-Ni (II) complexes displayed a strong absorption
peak at 535 nm with the solution turning vividred. Furthermore, with

the introduction of histamine, the wavelength of Au®-NPsp1,-Ni (I)
complexes showed a significant bathochromic shift with observed at
545 nm with the color changed to purple as observed by the naked eye.
The feasibility of the fluorescence detection mode was shown in
Fig.,S10B. Au®-NPspp, had strong fluorescence at the emission wave-
length of 520 nm under an excitation wavelength of 430 nm, and the
fluorescence was significantly quenched after complexed with Ni (II).
The impact of Ni (II) on the Au’-NPsy1, surfaces is an important factor
affecting the fluorescence intensity due to a transfer of energy from the
lowest excited singlet state of Au®-NPsyp, to octahedral d® Ni (ID) elec-
tronic state, resulting in fluorescence decreased (Fig. S7A3). The overlap
of electron clouds between AuO-NPsALZ and Ni (II) leads to weak exciton
coupling, thereby decreasing the fluorescence lifetime to 4.3575 ns
(Fig. S6C). When histamine was presented in AuO-NPsALZ-Ni (II) com-
plexes system, the fluorescence emission was obviously decreased
(Fig. S7A4). The histamine molecule consists of an imidazole ring and an
aliphatic amino group, which serve as reaction sites. Intramolecular
nucleophilic attack by imidazole and aliphatic amino group on Au’-N-
Psa1,-Ni (II) complexes Fig. 1B-C, thereby ligand complexation
(Au®-NPsa1,-Ni (ID)/histamine). To further elucidate the intermolecular
interaction by which histamine coordinated with Au®-NPsa1,-Ni (ID
complexes, Raman spectroscopy and fluorescence lifetime were exam-
ined. As revealed in Fig. 3B-III, Raman spectra was used to investigate
the chemical interaction on the Au’-NPs,;, surfaces. The Raman spec-
trum of AuO—NPsALZ—Ni (ID) complexes showed the bands at 1641 em ™,
1467 cm™!, and 1163 cm™! assigned to C=O0 stretching vibration of
carboxylate group of ALz, symmetric OH stretching, and symmetric
stretching of hydroxyantraquinone ring of ALz, respectively. The triple
peaks at 1261, 1298, and 1333 cm ! were assigned to scissoring
N-Ni-O/N [40], as confirmed by the successful complexation of Ni (II)
with Au®-NPs,,. The Raman spectrum of Au®-NPsa1,-Ni (IT) complexes
in the presence of histamine was also shown in Fig. 3B-IV. The new band
at 1193 cm™! of asymmetric N;HF rocking appeared, indicating the
histamine molecules closely interact with the Au°-NPsALZ-Ni (I1) com-
plexes. Undergoing significant shifts in the triple peaks at 1266, 1303,
and 1328 cm ™! corresponding to N-Ni-O/N, confirming histamine
bonded onto Au’-NPs,;, surfaces. Analysis of the fluorescence lifetime
of AuO-NPsALZ-Ni (II) complexes in the presence of histamine seemed to
support this evidence (Fig. S6D). Already after the introduction of his-
tamine, the fluorescence lifetime of Au’-NPsa;,-Ni (II) complexes was
down to 4.0161 ns. The presence of an imidazole ring in histamine
molecules allowed the formation of a conjugated structure, which en-
ables the molecules to adopt a stable t—n* excited state upon excitation.
This conjugated structure enabled efficient electron transfer within the
molecule, ~resulting in lower , radiative - energy loss and shorter
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Table 1
Summary of the recovery study of histamine in real samples.
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Samples Added (pmol L™ Dual signal Au®-NPs,y, sensor HPLC standard method
Colorimetric responses Fluorometric responses
Found (pmol LY Recovery (%) Found (pmol LH Recovery (%) Found (pmol L’l) Recovery (%)
White shrimp 0 438.00 - 447.26 - 443.35 -
100 541.46 103.46 +1.10 547.52 100.26 +1.30 544.52 101.17 +0.99
400 830.85 98.21 +1.00 840.55 98.32 +1.52 837.08 98.43 +2.59
1000 1414.75 97.67 +0.27 1418.17 97.09 +0.57 1421.47 97.81 +1.73
Giant tiger prawn 0 848.68 - 845.42 - 846.89 -
100 949.82 101.14 +1.04 943.14 97.72 +1.35 947.30 100.41 +0.52
400 1255.60 101.73 +0.76 1258.59 103.29 +1.37 1260.75 103.47 +1.70
1000 1857.22 100.85 +0.54 1853.37 100.79 +0.51 1856.42 100.95 +1.41
Cuttlefish 0 1425.09 - 1433.72 - 1431.80 -
100 1523.36 98.27 +1.37 1528.71 94.99 +0.17 1534.61 102.82 +2.61
400 1819.81 98.68 +1.74 1819.00 96.32 +0.18 1817.36 96.39 +1.50
1000 2431.33 100.62 +0.21 2442.80 100.91 +0.29 2445.52 101.37 +1.70
Splendid squid 0 1429.68 - 1435.70 - 1434.60 -
100 1536.56 106.88 +0.76 1534.22 98.52 +0.22 1535.20 100.60 +0.97
400 1836.51 101.71 +0.68 1820.38 96.17 +0.39 1823.47 97.22 +2.21
1000 2462.64 103.30 +0.08 2432.10 99.64 +0.43 2442.53 100.79 +0.11

fluorescence lifetimes.

3.3. Analytical performance of dual sensor

To achieve better detection performance of dual-signal colorimetric
and fluorometric sensing of Au’-NPsy;, for analysis of histamine, we
optimized some effective factors including Au®-NPs,;, concentration
varied from 0.33 to 1.69 nmol L’l, Ni (ID concentration of 200-1000
pmol L’l, pH varied from 4 to 7, acetate buffer concentration of 5, 10,
and 15 mmol L}, order of sensing reaction, and incubation time of
1-20 min. The best results of fluorometric (Fig. 4) and colorimetric assay
(Fig. S11) can be successful under the following experimental condi-
tions: (1) The optimal Au’-NPs,;, concentration of 1.01 nmol L™%; (2) Ni
(I) concentration of 600 pmol L 1; (3) The acetate buffer pH 4.0 with
the concentration of 10 mmol L1 ; (4) The order of sensing reaction was
@) AuO-NPsALZ, (ii) Ni (II), (iii) histamine, and (iv) acetate buffer,
respectively; and (5) the optimal reaction time of 5 min. Under these
conditions, the sensitivity of dual-signal sensors was evaluated by
varying histamine content (Fig. 5). The colorimetric responses of Au’-
NPspp; at the maximum wavelength of 535 nm were gradually increased
with enhancement of histamine content, and a linear relationship was
observed from 100 to 5000 pmol L1, A regression equation was done as
found to be; Absorbance 535 n,m = 0.000024 [Histamine, pmol LNt
0.355163, with a correlation coefficient (R?) of 0.9947. The Limit of
detection (LOD; 3o/slope of calibration curve; where ¢ is the standard
deviation of blank measurements calculated to be 0.00093 pmol L’l)
and the Limit of quantitation (LOQ; 10c/slope of calibration curve) were
116.20 and 387.33 pmol L™}, respectively. In the fluorescence response,
the fluorescence intensity of Au’-NPsy;, at the emission wavelength of
520 nm decreased progressively with increasing histamine concentra-
tions under the fixed excitation wavelength of 430 nm, and there was a
strong linear relationship between 10 and 10000 pmol L. The LOD (o
= 1.83308 pmol L’l) and LOQ were calculated as 59.32 and 197.74
pmol L1, respectively. The linear regression equation was Fluorescence
520 nm = —0.0927 [Histamine, pmol L7+ 21 17.2, with R? of 0.9952.
Furthermore, under the optimized conditions, the accuracy and preci-
sion of the dual-signal Au®-NPs,;, for colorimetric and fluorometric
responses of different histamine concentrations were evaluated
(Table S2). The accuracy was evaluated using the recovery percentage.
The ten repetitive measurements of 500, 2000, and 4000 pmol L~}
histamine concentration were found in the range of 100.76-100.85 %
for colorimetric responses, and 101.28-101.33 % for fluorometric re-
sponses. Additionally, the precision (relative standard deviation, %RSD)
of colorimetric and, fluorometric responses was calculated to be in the
range of| 0.23+0:43 % and: 0:10-0.54 %, respectively.|Overall, it\was

revealed that the Au®-NPs,;, sensor had good detection for histamine.
The data presented above demonstrated a great linear relationship be-
tween colorimetric and fluorescent dual-signal sensing for histamine.
Au®-NPsy;, dual-sensing probe can be mutually checked, guaranteeing
the dependability for histamine detection.

3.4. Selectivity of method

The selective AuO-NPsALZ based dual-signal colorimetric and fluoro-
metric sensor for detecting of histamine was examined in the presence of
various substances and metal ions that can be found in the real seafood
product samples. As expressed in Fig. S12, it was observed that the
absorbance values at 535 nm of Au’-NPs,, significantly increased only
in the presence of histamine, while the fluorescence emission at a
wavelength of 520 nm was quenched, indicating that Au’-NPsy;,
exhibited high specificity towards histamine assay. This could be
attributed to the specific bonding ability of histamine to Au’-NPsy1,
complexed with Ni (II). The structures of histamine were compared with
other organic substances including acetaldehyde (CyH40), cysteine
(CH3CHO), leucine (CgH13NO»), lysine (CgHi4N205), phenylalanine
(CoH11NOy),  serine (C3HyNOs3), threonine (C4H9NO3), valine
(CsH11NO»), aminobutyric acid (C4H9NO»). It is worth noting that only
histamine contains an imidazole ring, and an aliphatic amino group
could coordinate with Ni (IT) in Au’-NPsy;, complexes. In addition, other
metal ions such as Mg (II), Zn (II), Ca (II), K (I), and Na (I) could not
inhibit the sensing properties of AuO—NPsALZ. Therefore, the above phe-
nomena illustrated that the developed Au®-NPsy;, dual-signal sensor has
an outstanding selectivity for sensing histamine in seafood products.

3.5. Actual sample detection and method validation

To investigate the feasibility of this assay in practical applications,
the Auo-NPsALZ dual-signal sensor was used to quantify histamine in
seafood products including white shrimp, giant tiger prawn, cuttlefish,
and splendid squid. A certain concentration of target histamine (100,
400, and 1000 pmol L) was added to the pre-processed sample for
detection and recovery calculation. The achieved data were summarized
in Table 1. The obtained recoveries of the colorimetric mode and fluo-
rescence mode in seafood products were in ranges of 94.99-106.88 %.
The reproducibility of Au’-NPs,, dual-signal sensor was lower than
5.44 %RSD. Furthermore, a comparison between the results obtained
through the Au®-NPsy;, dual-signal sensor and those acquired using the
validating standard HPLC method demonstrated no significant differ-
ences based on the ANOVA test (Fsae = 2.83 x 107> and Feri¢ = 3.20)
(‘Fable/S3).: The jabove-data indicated- that |the Auo-NPsALz dual-signal
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Table 2
Comparison of detection performances of recently developed chemical sensors for histamine detection.
Materials Method Analysis time Linear range (pmol LOD (pmol %RSD Ref
(min) LY LY
DNAzyme with peroxidase-mimic activity Colorimetric 20 1170-2700 342 4.69-8.97  [12]
Polyvinyl alcohol (PVA) entrapped 2,3 naphthalene- Colorimetric 20 54-675 2.79 1.50-3.60 [41]
dicarboxaldehyde sol-gel
Alizarin complexone and Ni (II) complexes Colorimetric - 5-150 7.68 — [42]
Graphite phase carbon nitride (g-C3N4) Fluorometric 15 5-800 2.34 10 [43]
Tryptophan (C;11H12N202) capped Au-Ag bimetallic nanoclusters Fluorometric 6 0.85-4 0.09 3.50-4.20 [11]
La (III) doped upconversion nanoparticles Fluorometric 20 90-1800 66 1.13-4.32 [44]
Colorimetric 20 224-1800 225 0.44-9.30
Dual signal Au®-NPs, |, colorimetric and fluorometric sensor Fluorometric 5 10-10000 59.32 0.32-0.80  This
Colorimetric 5 100-5000 116.20 0.81-1.07  work
sensor was equivalent to the HPLC method, and this method had good Acknowledgments

practical applicability and high accuracy for histamine detection.
Furthermore, the proposed dual-signal Au®-NPs,;, sensor was
compared with several previous reports on histamine detection, as
shown in Table 2. An easily ultrasonic-assisted chemical reduction
synthesized Au’-NPsy;, has been utilized for the dual-mode detection of
histamine at micromolar (pmol L’l) concentrations. The linear detec-
tion range and response time were wider and faster than those of pre-
viously reported colorimetric and fluorometric probes. Although the
detection limit (LOD) of this work was higher than some work, it was
sufficiently sensitive to detect histamine in real aquatic products.

4. Conclusion

A simple and efficient ultrasonic-assisted chemical reduction
approach was designed to synthesize Au’-NPsy;, for quantitative mea-
surement of histamine in seafood products. The synthesized Au®-NPsp1,
possessed a spherical morphology with a size of 17.84 4 1.37 nm with a
surface plasmon resonance (SPR) peak at 535 nm. Based on the detec-
tion mechanism, a certain concentration of Ni (II) was complexed with
AuO-NPsALZ to form Au°-NPsALZ-Ni (II) complexes, which exhibited the
characteristic absorption peak at 535 nm, and fluorescence peak at 520
nm. In the presence of histamine, Ni (II) selectively captured histamine
molecules near the AuO—NPsALZ surfaces, causing measurable changes in
both colorimetric and fluorometric responses of the solution. Under
suitable conditions, this approach enabled sensitive and selective
detection of histamine, with low LOD and a wide linear response range
for both colorimetric and fluorometric assays. The developed method
also provided high accuracy and precision with rapid analysis. There-
fore, the Au®-NPsy;, can be applied as a dual-mode sensor for the
determination of histamine content in real seafood samples.
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