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Research Title: The Use of Silver Nanoparticles for Determination of Hydrogen Peroxide
Researcher: Dr. Saowapak Teerasong
Faculty: Science Department: Chemistry

King Mongkut's Institute of Technology Ladkrabang

ABSTRACT

The purpose of this special project was to develop a simple flow method for determination of
hydrogen peroxide using silver nanoparticles as a colorimetric probe. This method is based on the
oxidation of silver nanoparticles by hydrogen peroxide. This results in a color change of silver
nanoparticles solution from yellow to colorless. The spectrophotometric detection was carried out at 398
nm. Under the optimum condition, the linear caliBration was obtained in range of 9.9 - 19.8 ppm of
hydrogen peroxide (Apeak height = 0.008[hydrogen peroxide] + 0.230, ¥ =0.990). The detection limit and
quantitétion limit are 1.38 and 4.6 ppm, respectively. The system provides high precision (2.96% RSD) and
rapid analysis (18 samples/hour). The developed method is simple, easy to operation and amendable to
automation. The developed method could be successfully applied to the determination of hydrogen
peroxide content in pharmaceutical and bleaching products. The obtained results were validated with the

results from titration method, there is no significant difference between two methods.

Keywords : hydrogen peroxide, silver nanoparticles, flow system
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sivedlumsaoziiuets modifier #illszdniam Taomwiedalany A Nickel chloride (Huda
sumuitildifamsgadeniudeshedaun ¥l# AgNes eruduans modifier 1dAna1 AgNO,
{ 1 a aaa @ a  J Qs T [} & 4 3 a
famauaiiil AgNO, orufalfisoiuumingludesn wu aaelsdloseuld Funelfifams
a < v 2 o 0 1a aan as a  J ar 1 =&
TTUMUMITAATIEN uA AgNPs Fuilu Ag’ sz hifalgTeriummsndludiody dennminaaes
' o as a wﬁ?' ' a 1 - Ty
wu AgNPs (11U modifier FmFUMTANTIEN As tag Pb lumnninge1aq(a1sazate NaCl , Na,S0,
E4
o R [} o w E
uazlnimezia) 19 pyrolysis temperature Tue24 1100 -1600 °C 1Az 900 — 1300 °C AWERY VoAV
AgNPs modifier i background {ifi1d1 dayaNaeIn blank e wazsia liuws uadidalumssnm

anuardes 1i1da1Un91 modifier §fu
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2.5 sTUUMsivia (Flow Injection Analysis; FIA)

2.5.1 Hanm3ves FIA

FIA ﬁwﬁnmiﬁ{uﬁmmnmsﬁﬂmiamwﬁaaémﬂ’hfjnszuawmx (cartier stream) Fafinng
lvanasaal miazamﬁmdwwmﬁmi‘luhuﬁuma“luviaﬁuﬁm m%ﬁﬂizmumwﬁm N4
e wazmaaiunedudeugan lilfassuuasiviadayn el (detection system) famnsasuiin
Faana lfedreiiion wanmsfidiayued FIA aqyl 18ty 4 Fodadt
) Tuszunas Wifesermmdnniferdosiaii unsegmented - flow method Fsdoiuilude
(ANA199IA segmented — flow method fid1fiey
(2) asazaedtegaizgaiavseasaumsnidngnaziavomz Taoas
(3) MINTZY (dispersion) ﬂmamﬁazmaﬁméwﬂzgﬂmmﬂﬂﬂaizuu%wm Tavftszuulsl
sufludouthgaunalan wadu
@) miﬁmwaa5:‘uufu::gﬂmuqu“lﬁi%’ﬁﬁamawﬁtmﬁ’umaaﬂ SanmennuinA s isaza

o 1 = @ 8 o b 1 o g o 9 ~ et t o
mammummsuumﬂﬂmﬂQm%x“lcmmmmunnﬂiq m'lﬁwaﬂ"lﬂnmmuuumqa

A& A X
" 2.5.2 lﬂiﬂﬂuaﬂug]u‘uﬂﬂigu‘ﬂ FIA

=11 FIA aansauteenidiv 4 day naasdsgah 2.7

whuduio \ il ' :
maazaw  szupfamzesny  ifiadfiitn szuuindggu

DETECTOR

' |

WASTE

511 2.7 uaasdulszaeuvess UL FIA
T . .. .9 1 4 o s 1 &
(1) ¥i83RAeAd15a2a18 (Propelling unit) HunueFrnsad udseeTas agaAuaA i Ua1Tasany
& v o v Yt @ o A & A wa Y . .
F194 assudeedesliiisaninmsluafinsfinaoaminaase dalunisilfiiAes 1y peristalic pump

1 as L]

A b @ (24 o a 1 Yy R . 2 x a dy
Y50 1¥TLUUAMUAUVBUNT UANUINAUDENUNIVAY ”lmm peristaltic ~ pump gafuriailay
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EY @ £ Yt =] a = I3
1520 UAI8YAVDIAIMYU (rotors) Faanunsonugyliianums My uiiuaee19 (pump tube) M
Wmsazarwgnandesll ldawiamanismuvesdag dwaaclugili 2.8 Tasiimonaild

o v P} Y [ A o o = o
%11ﬂu¢lﬂ~1mﬂﬂ1ﬂlM11'lxﬁllﬂllﬁ'ﬁﬁza’lﬂﬂiﬂﬂﬁﬂ"ﬁ:ﬁ’lﬂﬂi]SQﬂﬁ“aEN

511 2.8 1aRIN3HIUYDA Peristaltic pump

Q) s2UURAMIAZA0 (Injection  system) (Huszruildaasisazarvdediudigszuu Fia Tavit
Y a 1 &' Yt A s T Y Yad

aunsanugu limsiaudazasaIntlTnasminuaaeansnaae Tuilegiivez193smsaeaunsn

~ 4 aa 1 2 ° - S = &

unumsaauazinsoaiiontion1d 1Aun rotary valve #IN15911911UUD4 six — port injection valve AAIAY

31 2.9

Pasition A Paosition B

SAMPLE SAMPLE

CARRIER CARRIER!
MOBILE PHASE MOBILE PHASE

4 =, .
311 2.9 1AAINTINUVEA six — port injection valve
@) miwimIfiial§isedg uazervsmdanszuaumsang @il luszuy Reaction zone
.. A v o ' & o ¥ Yy A
and additional process)  lumiaviilszneudlsaisdudsaasazaIon1g Fe1NIALININTD

a A 1 ' 1 & ] .
WaaAnTinuAea1sIATiA1 1F1 PTFE tubing Aatidurugudnatalszina 0.5-0.8 mm id . {udu
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¥
= v v

dadadevziivaogliuy 1vu dode 2 ma dode 3 ma nazdede 4 ma Feluogivdnumsns 1y

=h.

0o A ay ya a aaa n’/l o 3 12 q
o sUnupvesmedudsaiidesns iimsiiad §age lumeiuii livareuuy eyl
210 drunszurumsoufidudr 1) luszuy @y mini - column 1¥1uns@iNTNT preconcentration
werAedagldi 2.11 n3o phase separator 1¥lunsdififimyania uaasfagilii 2.12

o

(4) mitoiadayial (Sensing system H3© Detection system) Fumireniaduaunnaisaiod e,

U o

& . » 4. 9 a A 9 dy Y a aaa
aul detection limit 714 luszuy Fia Huaegiiuy madenldezaufusssunaveljisoives

v X

o o vl ' A A Aq Y aa < A a ° v d‘
szuufiddadnm Taesta lnudnasesiienldluniidnszmine unnatiaaansarinn 19
. Yy 1 . .
detection system TuFiA ey spectrophotometer, spectrofluorometer, atomic absorption spectrometer,

ICP wazinsoaiionea I uafhnariia Hudu

05850ataee st Feesa
e
G

A = Straight open tube B = Coil tube =~ C=Mixing chamber

D = Single — bead string reactor (SBSR) E = Kanitted reactor

4 :
317 2.10 naAIgUuBLAI Y84 reactors

130301
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P . ' yecovder

recorder

P =Pump S =Sample E = Eluent
=~ - CH-100 = Chelex-100 D =Detector W = Waste

gﬂﬁ 2.11 @M 3 1% mini - cotumn Tun13 preconcentration Tuszuu FIA

ml/mln, _
‘AQ 20 E
ORG 120
0.8

: 4'upwards org

s “&-{-~-~ membrane

aq @ “org .

S=Sample A =Segmentor b= Extraction coil

C = Membrane pﬁg’ée separator FC = flow cell

W =Waste AQ =Aqueous phase ORG = Organic phase

51l 2.12 1erAams 14 phase separator lumsanaluszuy FIA
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2.6 SEauufilfimnzdimibBnallslsnunlefeanlsd
2.6.1 main gas chromatography
Hui-Chao Hu, Hui-Jun Jin 448¢ Xin-Sheng Chai (8] 1AWau3s headspace gas chromatography
) o a Ld Ly o a aaa 1
HS-GC) dmiuTnseinlSina B0, Tavewemsiialljise1szuine H,0, oz Permanganate 1u
) b
a15aza1onsa Nl headspace sample vial i 60°C (Huna1 10 wiAwsoufuwel  nawIMiy
a { a aaa % 1 [l d 4 @ & wa
ponduiifinnnlfAsendogludan headspace 401 vial sxgniiiu ldadunios GC TaudaTulia
o 9 . . ~ dy a o ] ‘fl
4AZATIVIARIY thermal conductivity detector aflatiumaiiniidis saa32 el Hussuy

a o

Saludd uazgmih ¥ lumsinnzinlSines 1,0, lurdadusioniluvn Taglianan iy

=

Fuasdlunsasiia 5,0, Wdwanududy 1-100 umel Fsfidh LOD tirfy 0.96 pmol iazld
1 dd o
recovery 11929 98-103 (asiauaA
=Y ¥ e 4 =Y 9 A = o
maila e liernsalfinneiumising 1,0, 1alasass (own B0, iamsdaiza?
4 o o o 1 Y ) i - o
ieldruniuden Feduiludeamn B0, Taemedou 1wy asandalSinu o, ldiinmanasdives
a L a o o v a 4 Y 1 4 i
1,0, mailai ldnmlumsTnsginu hld lazaanlumsinngiasdediung (AT0ailo R 1%

a 1 o o A A A v
HIAUNW uazfnfmamiamﬂzﬂun1ﬂau1muaqmnmiaauamum"lmy

2.6.2 1natia- liquid chromatography

Hongfei Yue uazanz [9] laWanndinslianzivnlsue 1,0, Tasldnsusndasmaiin
reverse phase high performance liquid chromatography (reverse-phase HPLC) aal¥ stationary phase S
C-18 column taz 1% mobile phase 151UA1502218 50 mM ammunium acetate  (aZATIVIAAY
coulorimetric detector matatignth lihszynd 19 3mneinTine 1,0, lugie61m3n crospovidone
waszdedae Taomaiai i idhidunsalusienaudude 0.6-4.5 ppm (/) 182 6-90 ppm
(ng/e) VS UAI8E190U1aZA10819 crospovidone ANAIRY

Spencer M.Steinberg [10] ldWannismsimsizdndainu H,0, Tﬂﬂ‘lﬁ H,0, mﬂgﬂsmnu
iodide lu@15a2a16 ammonium molybdate U8 vanillic acid ﬂmﬁﬂmﬂmfﬂu iodovanillic acid ‘-]N‘Ifﬂ
ﬂimmTﬂmwnmamﬂuﬂ reverse-phase HPLC uam5'm¢mamﬁms'mmmmﬂnauum uv i 280
nm mﬂﬂﬂuiﬂlﬂﬂﬂ iodovanillic acid TILﬂﬂ‘i!uuui’,Jﬂ’J'llJLﬁﬂEJi AT AAT 129 precision ‘Vlﬂ mmﬂu
gmlszgnalddmivTianzinnlTing 1,0, lumsazaiy suspension yaeAredNWINUILaTAY Tag
Trnandiuduasslunsasania B0, Tussanududi 0.2-100 pM iazlie1 LOD Uszuias 0.1

uM
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o _ o v

] =1 s a a b Y o
agalsfimy HPLC Tdefiandiedumeaila 6C Ao mailaflldialumsdimsizviuiu

[} a IS s ] 4 { J a
W ldazamnlumsimneiasdiesnanng inTedleildinmume  uazenaemsianzily

A & A = 1
mﬂﬂmmummmﬂimnamumimy

2.6.3 matia spectrophotometry
E.LMorosanova, M.V. Belyakov 1122 Yu.A.Zolotov [11] TdWann33 dmsudimszimana
[y (Y 1 . . { A [y e . . a o a
1,0, Taso 1fonanmsiii titamium (V1) Adfoufiu silica titania aunsafaiiuaislszneuFadon
[ P [} a a  w P { 4 =
fu 1,0, 181U PH %24 3-12 ifaflundadueiiliduazganduuasgegaiiniueranau 300 nm mailn
dy ° o a < ) : ] - & [ [ [
i ldszgnd lumsin sz innlSana 0,0, lwheaivie Foldmauiuduasdumsasiaia
1,0, Tugennududn 0.6-15 mg/L uag 3-190 g/L
@ ad - ) v A s
P Nagaraja laganie [12] T@WaU133 spectrophotometric method #1113 UAUATIZHN1 H,0, Tay
mé"mﬂf]ﬁ?m oxidative coupling 3 AN ampyrone Q¥ dibenzazepin hydrochloride Tauieudae H,0,
LY 4 . o a d a o {1y :’ =
Tussazaroiinines pH 4 uagdl ferrous iron 1514 catalyst ¥ l¥iRaillundadaaint @it uganiuuas
lagagainnuenadunas 620 nmlasmmsgenauuazsulsiuasesiuysing 1,0, lulgnge
’ = d” a Jd yq Ve I b 1 1S/an °
matafiaunsainsed 1,0, 18 Insenuthiduaselugannududy 0.03-0.42 pg/mL wavih
=) 3 o g o a L4 o 1 = 1 ] ; )
mailnil llszgnd 198 mSvimszviv 1,0, Tudredaitydider Idedrnimely
a s a v a Sy Al Yy A A '
myanzRnTina 1,0, Aemailn spectrophotometry fidedfe d1w ldinsoaiesinil

LW Lm ﬂlﬂl’dﬂ‘ﬂu selectivity 9\1 VliJﬁ"Ilﬂiﬂ’JLﬂi'lw'H H,0, vlﬂiﬂﬂﬁid "t]']LﬂUﬂ?NE]']ﬁfJﬂTﬂ’n'lJQﬂiﬂ'l

] 3
=

shquwmwn selectivity LLQ¥ sensitivity

2.6.4 MAHA Luminescence
Xiaoyan Yang, Yingshu Guo 4% Zhenhua Mei [13] l@Wann3sdmiuinnzvinilSua
H,0, 1at14 p-phenol derivative,4-(1,2,4-triazol-1-yl) - phenol (TRP) ifusrgratiindnygiavesszuy

@ a

9
Luminol- H,0,-HRP chemiluminescence (CL) mafinfivih ludszgadl¥dmsudanzdmiling 1,0,
v

TavirehiTng immobilize HRP 131 magnetlc bead 1ty solid support m'mu“lwmam"lmﬂumumq
lumsasavia H,0, Jusrsanudadu 2x10%1x10° M tazdid LOD Wiy 2x10°M

Baiging Yuan, Hongwei Du (8 Tianyan You [14] &3 dmsins s H,0,
Taen1sHan tris (2,2 -bipyridine) ruthenium (I1) (Ru(bpy)32+) Cathodic electrochemiluminescence (ECL)

v []
g

Fuiiaa Pt luasazany acetonitrile (ACN) o 1dfnd I#ud 1Uf -0.78 v uaziini518y tripropylamine
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Tpra) adhllumsazaeitesaoifindaaner cathodic ECL 1A H,0, mmmﬂuaqammm cathodic
EcL 14 v‘iﬂwmmammﬁzwmﬂimm 1,0, 18&1835 80w (indirect determination) Fal¥rnamuiiu
dhuaselumsasinia 1,0, Tugreaamndudu 27-540 M Taglvien RSD wirfu 0.87 lefidud

Ting Wen t#iagams [15] @Wa11 fluorescence probe ﬁ1ﬁ§ﬂ3lﬂﬂ&’ﬁﬁ1 H,0, itag glucose Tu
froghuden Tagn1snT 129 polyethyleneimine-capped silver nanochuster (PEI-Ag nanochuster) ‘ﬁﬁ
mmﬂmgmﬂm‘éa 2 nm cfw:maumﬁffwﬁuﬁ 455 nm “A]N fluorescence Y83 PEI-Ag nanochuster 111138
90 quench 18Tag B,0, 91n§A3e100nFIadUv04 glucose 1AY glucose oxidase FzmitRadiu
H,0, Wldawnsaldms  fluorescence quenchimg 4©3 PEI-Ag nanochuster Tay H,0, lumsasiaia
glucose 18 mailaiil Sensitivity iR IHgannuithuduasesdmivnmsdingied B0, Tudnanu
@udh 500 nM-100 uM @2t LOD uhfu 400 oM tazliraenuiluduassdmsumsasinia
ghucose Tuaennndudi 1x10°1x10° Mita 1x10°-1x10° M #28 LOD iy 8x10" M

Xiangyi huang ,Tao Lan ,Bocheng Zhang H@Q% Jicun Ren [16] Tawau I as v
Y 5,0, Taoldndnmsdeuniediendaaiu fluorescence resonance (FRET) gold nanoparticle
(AuNPs) Hugnfumdeann Taem3ow AuNps 1aon1384AR18 horseradish peruxibase (HRP) g Bis
(Trimethylsilyl) Acetamide (BSA) au tyramide 9% conjugate agjﬁu tetramethyl rhodumine__(TMR) Liﬂ}a
Wi B0, Tuszuunez ldifams conjugate 9NN tyramide labeled (TMR) Uag HRP- conjugate
AuNPs uay FRET ﬁ%z"llisﬁﬂ?}’u G?;Q TMR 921¥ fluorescence spectrum  overlap fil visible absorption
band U84 AuNPs 8§11909U (EX, 575 nm) uaiiied 1,0, 1w 1¥iAa FRET 721319 tyramide fabeled
TMR (vﬂu energy donors) Lty HRP (‘H?EJ BSA) — conjugate AuNPs (L‘ﬂu energy acceptors) lﬁi’NﬂJ'ﬁ‘nﬂ
A151AA complex TMR- labeled HRP- AuNPs %30 TMR- labeled BSA —AuNPs 19 fluorescence
emission Y83 TMR §n quench 1Ag AuNPs d9yaf18 fluorescent Jsanasnviliina B0, matiafild
srmufuduasdumsinszinnlsue 50, Tudsmadudu 25400 oM wezThidr LoD
(i 10 nM

Estefania Ortega, Susana de Marcos (0% Javier Galban [17] ﬁmuﬁ%ﬁ'm biosensor AU
InswivmlSue 1,0, Tﬂﬂmﬂaﬂgﬂimmmuﬂawm 1,0, llilu o,uaz B,0 & bioreceptor iy
fi Catalase-liked-Ruthenium O:—sensxtxve ﬂuorophore (Cat-Ru) Tagazns293a O, ﬂlﬂﬂiﬂﬂ H 0, "IN 0,
929 1#ifin fluorescent uazgﬂmaﬁﬂﬁ 600 nm Aenududuves 5,0, szinlsfunsafiuanuduves
fuorescent AR 1T uduas lumsSinsimiline 10, lugrsanududu 1x10” -

- 3 =3 3 1 Va4 { =3 4
“1x10° M FunailatignsunNIUN interference AN Hooni1isouqildinsigim  H0, uaz
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bioreceptor aNTa ¥ ldunndi 1 ey wennnfimaiafiferunsatsrandlflumsaseiams
$1%70 clinical substrate (¥U glucose, cholesterol, lactic acid Lmz?}unﬂﬂmiﬂ? U3 ‘ﬁcl‘l’fl link AU
catalase

Zhiliang Jiang [18] 'l&Wann3imsdinnzrivySune 1,0, Taeld Rhodamine B i
ﬂuorescenceﬁ 584 nm Lﬁﬂﬂi:ﬁ'uﬁ’wmmanﬂﬁ'uﬁ 584 nm “'l:;s‘«l fluorescence quenching ﬂ%lﬁﬂ%‘l«!tf’l@
Lﬁﬂﬂﬁﬁ?&ﬂ Oxidation Y94 Rhodamine B fi H,0, Tael Fe,0, nanoparticles Au catalyst Gfiammn’fu
4109 fluorescenceft 584 nm zanaviiefTuIu HO, a8t enmiuduasaluns
as2v3a 1,0, Tughenndudu 10 - 200 nmolt. tazgmirlldszgndldimaginnfna 10, lu
synthetic sample 3 A081

Yuan Gao tazawy [19] lawauniEnsnszimung 1,0, uag glucose Tagld Fe,,
magnetic nanoparticles (MNPs) Fu peroxidase mimetic catalyst “ﬁﬁﬂﬁ’ H,0, Lﬂ?;ﬂu"lﬂag:“lug LG
radical “?Q_fﬁlﬂiﬂ quench fluorescence U84 CdTe QDs 1 uazﬂﬁﬁ?maan@m%umm glucose Tae
glucose oxidase gﬂi%ﬁ?ﬂﬁﬂﬂﬁﬂmi‘\lm fluorescence quenching U89 CdTe QDs ﬁlﬁﬂiﬂﬂ H,0, flﬁﬁ
Fe,0, MNPs 1111 catalyst frldensaldi5ingTa glucose 18870 Lﬂﬂﬁﬂﬁgﬂﬂi:@ﬂm%’iumi
Snsizrinnl3ine glucose lusaedwiuveayud Taslddnmududuasdlumsasia 1,0,
Tugaeamudadiy 1.8x107-9%10° molL a1 LOD i 1.8x10” movL waz g enaniiudunse
TumsAT2930 glucose TH129 1.6x10°-1.6x10" raol/L a3l LOD 191f1 1.0x10° mol/L

Wei Luo uazawe [20] ldWanniinisimmieimusuna 1,0, Taold BiFeO3 magnetic
nanopartlcles (BEO MNPs) ﬂi“‘mﬂﬂ H,0, ﬁmﬂﬂ’lulﬂ’e)ﬂiuiﬂ OH radical “N radical mnﬂwm'hl
Oxidize benzmc acid cmulu weakly fluorescent 1110811&5‘1] hydroxylate qmulu strongly fluorescent f11¢
IH9DBANIZARA Ti 405 nm muumﬂuﬂimm H,0, lud1e81931n Yinaaaiiaeeonuidi 405 nm

welinnuduiaanndag mﬂuﬂuh‘mqmmﬂumumﬂumim‘nm 15,0, tugaanududu 2x10°

" 2x10° mol/L F4fiA1 LOD 111 4.5x10° mol/L uan%mumﬂuﬂumgﬂwmm”lﬂ“l%mnm glucose
Tav14 glucose oxidase taz BEO MNPs (i1 catalyst Tagl#zaeninnihudunsaluaisasavia glicose

Tugennududu 1x10%1x10° mol/L mum LOD 11 5x10-7 mol/L 'mugnﬂﬂﬂﬂi::ﬂnﬂ%f

5799 H ,0, 1umvluua°'mamﬂ glucose Tumamqmimmuuw
Ryosuke Nakahara wagaaz [21] "lﬂwmunﬁmiamﬂ“wmﬂsmm H,0, Tﬂﬂmﬁﬂﬂgﬂ‘im
aancmmwuaq fluorescein lll’t) fluorescein ‘Vl"lﬂ;]ﬂ‘ifﬂﬂ“u H O i]wmﬂmsmaumaanm‘nmmanﬂau

525 nm Y IR @ w5011 B,0, &vn13 it fluorescein MoBEAN mﬂuﬂu"lﬂgﬂm"hlﬂixqﬂﬂh
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14
o °

Sws1zdmiina 1,0, ludedusiugnia thareuyud sy uazfe@er Tasldgreainniy
duasalumsasaeia 5,0, Turenimndudu 1.5-310 ng/mL uaziie1 LOD 11y 1.9 ng/mL

M.E. Abbas uazame [22] 1dWannismsimsimilSuna 5,0, Tagerfolfi3e Fenton
WANN13AD non- fluorescent coumarin %’Qﬂﬂﬂﬂ“ﬂﬂﬂf Tag hydroxyl radical (OH) éﬂlﬁﬂ%’l«lmﬂﬂﬁﬁ%m
Fenton ¥84 H,0, 1ffnaeiifu 7-hydroxycoumarin FainnuannsalumsGeasga 7 456 nm darfu
maiilSna 1,0, Tudledngs USnaaefignansesminfigaudiu mﬂﬁﬂﬁyg,nﬂszqnmﬁun’ﬁ
Sinngiliine 1,0, ludredrun Taslddenuiuduasdumsasiia 5,0, lugaan
it 2x10°-2x10” mol/L uazfifin LOD i1y 5x10° mol/L

Ed
s

a -4 Y a . . eps s [ 3 v
M33A512H 1,0, demailn Chemiluminescence 1iufidoffD Usensitivityg m i lda

U
&
i

LOD é1 msldauntoiiodis uazsia1liuna us reagent 711491 IWiAA uminescence danlnajiti

o S 2 A LI )
msmwanmu"lw °1$\111‘51ﬂ'11m\1lm‘:’,lhllﬁﬂﬂi

2.6.5 matn Electroehemi;:al technique

Halimeh Rajabzade Liaganie [23] JaWamumaiia  electrochemical a4z ilSua
H,0, Tnsmsduns1es AuNps valszanal 20 - 25 nm Tin1zagun Carbon nanotubes (CNT) Tagld
maln cyclic voltammetry c‘?}wmzﬁqmswﬁ%zﬁmﬂauguﬁﬂeﬂﬂ%ﬁiﬁuasszﬂznm‘lumsmﬁaﬂ
(o l% AuNPs 1mziH monolayer 0gul ONT #daunfiouday jonic liquid Sandanil msasaniaed
mafalfAsmeendiadures AuNPs Loz H,0, doldgnd il axfanszuahiihiadgn
A3297AA20 Amperometor ﬂfiqﬁnmpmﬁ'lﬁ’%suﬂsﬁum-ﬂﬁuﬂ?mm H,0, modified electrode fdunsed
%u"lﬁ’ﬁmuq,ntuqaﬂi”n snmodified clectrode inAfinf I uEnduasslumsarnia 1,0, Tugas
Aty 0.02 tM — 0.3 mM tazila1 LOD §1031 0.4 kM.

Afsaneh Safavi, Norouz Maleki t1a% Elaheh Farjami [24] 1édWaruunailn electrochemical Lﬁﬂ
155 eimiTine 1,0, Tasmsiadion AgNPs 131unave carbon ionic liquid electrode (CILE) 1ag

1#maiin Potentiostatic double pulse tHDAIUANYUIALAZAUFIUYDL AgNPs  modified electrode #

mmswmwﬂauaummaﬂgﬂsmmn‘numm H,0, Lﬂu@ﬂﬂﬂ matla voltammetry ‘VIW?JIHYUHLW?J

A52930 H,0, 14520 3 electrode llﬂlm Ag/AgCl/KCl 131 reference electrode , platmum disk T
counter electrode 1A% AgNPs- CILE (¥1u working electrode maai it duduaselums

as2937 1,0, Tugrsarundudu 2 - 200 pM uagiii1 LOD w1y 0.7 uM.
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Bin Xu, Min-Ling Ye, Yu-Xiang Yu 148 Wei-De Zhang [25] & anndiEnInsalagmsiioy
Cu electrode ?’II’JEI MnO,-medified vertically aligned multiwalled -carbon nanotubes (MnO,/V ACNTSs) ﬁ/‘d;’e)
areimline 1o,  lunsinngdEududis H0, 92 adsorb YU active site V8
MnO,/VACNTs &3 MnO, 9zgn3adlag H,0, §3% adsorb unzgneend ladTaglHihluidu Mno,
#30 Mn,0, VU electrode 1182 MnO, Uag ano %wnﬂaaan”lﬂcﬂﬂﬂ"lv\lﬁw"lﬂaa‘luamu:ﬁ@imh
%Qﬂﬁmn H,0, ‘Vlﬂ'ﬁ oxidation current LW?J‘U‘uinﬂlﬂmﬂﬂ 11&‘11&!“’71 reduction current Mwmwm )
dntles  maiinisudenania H,0, Tngmins9in oxidation current maiiafifdeaamniiy
Buasalumsasnda 1,0, Tudrsamududu 1.2x10° - 1.8x10” M uaziid LOD iy 8x10" M.

Bing Zhang tazame [26] 1dWaunaiin electrochemical ieldinserndSinm 1,0, 1ae
‘NN5 modified glassy carbon electrode AuNTHAUNT W gold nanoparticles 1¥ing zﬁnaﬁ'mghm graphene
oxide (AUNP-GO) AavljASsi3aondssnine AuCl; uaz GO iazinde LA AuNP-GO floguu glassy
carbon electrode A28 thionine-catalase conjugates “?N reduction current ﬁtﬁﬂe‘ﬁyummmﬁu H,0, vzidlu
FadnTasassudFine 1,0, Aflulgisemieludaedi madiafiRgsmiihuduasauns
193 5,0, Tugaanmdudiuo.1 pM- 2.3 pM tagili LOD m1fiu 0.01 pM.

Chia-Yu Lin #azfns [27] Y@ umAiia electrochemical tite 1Az vTIe 1,0, Tag
19 modified fluorine-doped tin oxide (FTO) electrode Liuﬂ‘uﬂ’wmi IAAB1IAI electrode #178 ZnO N
ﬂaummwanlu seeding layer (&1 uifew sceding layer @20 zinc oxide nanorods (ZnONRs) udnirly

)1 ﬁmmﬂuu deposite ZnONRs e AgNPs Tﬂﬂﬂl%’ﬂgﬂim photoreduction “N reduction current ‘VI

2D

3/
Aagunnmstan 1,0, wxdludadiulasaseinisinm Ho, dieldinaiin cyclic volammetry InAiin

A3

1 [ o 1 ] e -
Yaandhaduasalumsasaeia 1,0, ugamaudududa 1 mM Tasiin1 LOD i 0.9 uM.

=1

Feyza S. Yardimci, Mehmet Senel (tQ@ Abdiilhadi Baykal [28] Tawanunatia amperometric
WolimszdimySuna 1,0,1a0n15 modified glassy carbon electrode (GCE) @18 horseradish-
peroxidase (HRP) immobilized into Chitosan-CoFe,0, nanocomposite Tupisuas wﬁ' reduction current ﬁ
RaduanATSIAY 10, wiludadmlasasainlsinu 1o, Faldsranuiluduaselums
ﬂi'ﬁl'}lﬂ H O r11&‘IS'J\3ﬂ'.l’l‘l.l!fllll“ll'lnl 0.03 - 8 mM ll.'ﬂ‘”llﬂ'l LOD L"v’nﬂ‘ﬂ 0.02 uM.

H. Razmi, R. Mohammad—Rezael fiaz H. Heidari [29] Tadaumatin electrochemlcal t‘W'ﬂﬁl‘]f
SiasznilSine H,0 Tﬂﬂmi {881 Prussian blue nanoparticles (PBNPs) YUHIVDY carbon ceramic
electrode (CCE) ﬂ'wms%uuawuwﬂummwmﬂ 0.2 M K,[Fe(CN),], Fe(NO,),-9H,0 and 0.5 M KNO,

cTiﬂumﬁﬂswmmﬂmn reduction current °IN reduction current mﬂ"lﬂwuﬂiwumqnuﬂimm
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" 1,0, Ainludedis mafiaiiindenuihuduasdunsasia 5o, ludranududu 1 uM -
0.26 mM taziia1 LOD tn1fiy 0.07 pM mﬂﬁﬂf‘iﬁnwﬁm%"umﬂh"lﬂﬂizqﬂﬁ'ﬁ'mm routine analysis

Haesang Jeong tazaaiz [30] 1Wanmailn electrochemical tito143ins 1z iniFine 1,0,
Taen1s Modified glassy carbon electrode (GCE) AruMmsAdo Polytetrakis(2-aminophenyl)porphyrin
Nanowire (PTAPPNW) UUHIY8IGCE TaaisudunIon PTAPPNW Taen1sin TAPP (1 mg) solution of
CH,CN:CH,CI (1:1, 1 mL) ﬁﬂl&g WIUYBY PT-coated ﬁultiporous anodic aluminum oxide (AAQ)
membrane ud g Wil Sendins coat #87F electrochemical polymerization 74 AAO
membrane f19A00n 14 lasnsusluaisazais 1.0 M NaOH A liazendinindy v
ah GCE YRR UAIBEITAZAY 0.5% Nafion ml PTAPPNW (1 mg/mL) tta% SWNT (1 mg/mL) ﬂﬂ
MENMSIRApUA Iz a9y evaporate onll  2%1d PTAPPNW modified GCE LA
working electrode dMFuTnT 1z 1/Snar H,0,lumailn electrochemical Falumsasaniaszanau
electrocatalytic reduction current  @edayanaiiialdemalsiunssfulSing 1,0, fiflureow
madinilddueudhiduassunisasnta 1,0, ludeandudy 100 uM - 1.0 mM tazlim
LOD M1fiL 1 pM.

‘Huaan Zhong tazaay [31] lAWamumain Amperometric biosensor Wio 35z vim
SIERTRG! HZOZTﬂEJmS Modified gold electrode A28 horseradish peroxidase ﬁmmzuu gold nanowires 1@
TiO, nanoparticles H9FUANAIINTIARDY gold electrode AIWATAZAY 5 KL of nano-TiO, (5%) uda
Tudadagornma HEWINTINS dlectrode RitARBY TiO, H&2lUMTAZAY gold nanowires (Au NWs)
Sunar 8 T @9 Au NWs @380010Msfin 20 mL vesssasmignanued  0.05 M
Cetyltrimethylammonium bromide with 5 pmol chloroauric acid (1.0 mL of 5 mM solution) and 5.5 pmol
ascorbic acid (1.0 mL of 5.5 mM solution) adlu 75 mL vosa15aza1s 1 M NaOH mm:*ﬁﬁﬁaﬂumuatj
aszUumsAN Taved Au Nws dnanlszuna 5 i Tasnsdunamsnlaounasdvesaisazate
vnamdedlifiuduas dehmsdunsey AuNWs 5useuion Si'?uﬂeuqﬂﬁ'wwﬁ Au NWs/nano-
TiO,/Au modified electrode 1U®1502A10 2.5 mg/mL HRP (PBS, pH 7) ﬁamwnﬁ 4 °C Huna 12
$alan ma“lﬂmaﬂaﬂmamu"lwwaﬂuuvmm electrode electrode mwmuwuaﬂiu"lﬂﬁlmmﬂm

wilsuna H,0, Tuszuy cyclic voltammetry Taeld saturated calomel electrode (SCE) uJu ‘reference
electrode , Pt wire uJu counter electrode 1 bare gold electrode tta¢ Modified gold electrode ({u workmg
electrode 1ABMITAAAIN reduction current “Nﬂiyﬂﬁm‘l’l’.lﬂllﬂ% sullsAuaseninlsne HO, '-INLMO

/581521219 bare gold electrode t1ag Modified gold electrode W1 Modified gold electrode v
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sensitivity 481% stability An31 wennnEilideudiuduasaniunit uaziim LoD dndidndag
2d%gnnudiuduasadumsasieia 1o, Tuseanudiudy 2.3x10° - 2.4x10° M waziid LOD
WY 7x107 M.

Jagriti Narang, Nidhi Chauhan 19 C. S. Pundir [32] 1dWarn non-enzymatic sensor tu
Electrochemical technique Lﬁﬂi%‘%m‘i iyl H,0, Taen1s modified polyaniline (PANID),
multiwalled carbon nanotubes (MWCNTSs) and gold nanoparticles (AuNPs) AAUUHY Au electrode Lé?.l&lu
Z2m3@1 Aniline (50 ml) 2411 10.0 ml vesasazate 1 N HCI udundevluuu Au clectrode A28
cyclic voltammetric technique ﬂﬁamnﬁ’meﬁ'au Carboxylated multiwalled carbon nanotubes (c-
MWCNTs) TagmstAn 1 mg c-MWCNT aslumsagatoneauyes H,S0, tag HNO, lugasidin 3 : 1
(v/v) U5t 1 mL 4 ultrasonicated (hiira1 2 $2 T svasazawddiill - MWCNTs aszaedieg
ﬁﬁ;\ﬂsﬂﬁq‘lﬂiﬂaﬂﬁt’fnﬁaﬂ Double distilled water (DW) 89T PANIT modified electrode (%
Juasazaty c-MWCNTs (H19a1 24 21119 ¢ MWCNTs 928af PANI layer #78 ~CO-NH-bond
52319 ~COOH group U84 c-MWCNTs 11ag free ~NH, group 409 PANI w1t DW uas
FludeR 4 °C ¥EINTUUT -MWCNT/PANV/Au electrode Tuasazatt Au NPs flgaunad 4 °C
e 12 42T gatoez 1 AuNPs/c-MWCNT/PANI modified Au electrode 31 sensitivity galums
asavia H,0, c'f}amﬂﬁﬂf':gnﬁﬂﬂﬂszqﬂﬁiﬂfﬁmswﬁﬁnl?mm H202_1uﬁaeéwqﬂaﬁwa; UMY (DY
wy sterilized Taoliasanudhuduasdumsasaeia 1,0, Tusnsaaudadu 3 - 600 pM uaziien
LOD 1Mfit 0.3 pM.

Jianfeng Ping HagamMe [33] JAwanmMALIA non-enzymatic electrochemical sensing lﬁﬂi‘l’f’
TaseinSum Hzoziﬂﬂmi modified carbon electrode fe Copper oxide nanoparticles (CuO NPs)
say ionic liquid Tﬂaéné\’uﬁ'aaﬂﬁwﬁu Tonic liquid n-octylpyridium hexafluorophosphate (OPPEy),
graphite powder (1A% CuO NPs Bndafudesasdaniimingay szlduesnauiiidnuasdlis paste
ud2 pack vonaulaly electrode cavity (1.8 mm diameter) udreuTigdingiiganin melting point V8
OPPF, (mp 65 °C) CuO NPs-CILE #1802 Winitousy film-modified electrode FaiiizATIdIAT

}4 1
nagdl reproducibility ’ch‘Qﬂ’J‘lé’ll’JU mAlnilAaa 1L reduction current FasAuasanulTna H,0, ie

Tt L

1wSeuiouny non-modified CILE Hay bufk modified carbon paste electrodes (CPEs) LLZ’{’JT% Sensitivity

Ha a dy o /q 9 o as [ o [} Y R .
fiana madatgnii sz gndlddmivasaian,o, Tudredaun uagiMuznU routine analysis
% v [t ' [ v 3 (Y
2% 1nmniuduasdumsasieta 50, lugaamududu 1 uM - 2.5 mM waziif1 LOD iy

0.5 pM.
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Jianfeng Ping, Jian Wu, Kai Fan i8¢ Yibin Ying [34] 1@Wainaiin amperometric sensor
Lﬁai%}’alﬂi ’l:ﬁ"rﬂ‘lﬁll’lm H,0, Taen1s modified glassy carbon electrode (GCE) @18 Prussian blue {PB)
ag poly(o phenylenedlamme) (POPD) Taesududromsazaiefay PB luensazais 2.5 mM FeCl,
2.5 mM K,Fe(CN),, 0.1 M KCI uag 0.1 M HCl 4§y GCE adlilumsazanfuiterndon pB &g
mailn cyclic voltammetry Iasl##Andlug23 0.35 and -0.05 V 1o scan rate 0.05 V/s Furian 20 wrd
ﬂé’qmm‘fm’fnﬁamﬂ DI Llﬁuﬂﬂﬁﬂmﬁﬂﬁ 100 °C ilunar 1 $2Twe m‘%’qmﬂﬁ"umﬁau POPD layer
YU PB film an%uwm Tﬂfﬁm POPD-GCE luaisazang phosphate buffer (PBS, pH 5.5, 0.01 M) ‘mJS 0
mM OPD monomer E)EJ AHOUAIUID electropolymerisation Tavlfsngluaae -0.05 - 0.8 V mﬁm 15
cycles Tat1¥scan rate 0.01 V/s GCE/PB/POPD Alagmitliszgnd 1 lumsanazinilSne 1,0,
TunSosdua1e  1Aun13AAAY reduction current FunlsfuasafmSine 10, delddenmad
duaselumsasanda 5,0, ludanaududu 0.1 M - 0.12 mM uaziif1 LOD iy 0.05 pM.

FoAvounaiin Electrochemical ABY sensitivity (483 selectivity g4 (3107iN3 modified electrode
azaanaem st liinsiziuendesfians hmaiaiaedesveadanaditaziia

gasnuazFudenlunisaion electrode

2.6.6 Aiia Capillary electrophoresis

Jhenzhen chen (azAsse [35] Idiannmafiamslingwividiuial Glutatione (GSH) oz
1,0, MulyInewaTeves  Apoptodic Cell Taslensuondaomaiin Microchip Electro 1agld
Organoselemium probe Rh-Se-2 Ia12 bis (p-methylbenzenesulfonate) dichlorofluorescein (EFS) 1l probe-
fluorescent 1131 GSH tag H,0, AR 51:;\1 RH-SE-2 (i1 nonfluorescent Ll@ilﬁﬂﬁTﬂﬁﬁ?mﬁU GSH
umw,ﬁﬂﬁ]u rhodamine 110 G‘]:}Q!.ﬂuﬁ ﬁﬁﬁ Quantum yield g da1u Fs Ay nonﬂuorescent (U Lﬁﬂ
M ﬂ;]nimfm 1,0, udnAaiilu dichlorofluorescein il ﬂuq/rescence dinanndu ldasi i
Probe Hac04i] Sensitivity ‘nﬂmmummaﬂimaﬂan’hww*\lmmuum maiiaildmsiinsediga
$ wazdedh gunsedmnziaTanielu 37 S 31814 50 mM mannitol 1z 40 mM HEPES (pH 7.4)
$u running bufer g T 360V/cm °lummﬂn‘lﬂmammulumuﬁm 3.3x10" 10><10 ™ oy
2.7x10°-4.0x10™M uag LOD m1fiu 1.3 AM g 1.0 nM dmuiiasie GSH 1oz H, 0 g ey

mata CE annsouen H,0, Tudodelapdadiszansam a1 LoD d1 isaainiing
wenasfeuudisasnia milifimssununnamsndluded wazannsaannlfithuases

a s a wva 1
QLﬂSTZﬁuﬂﬂﬁﬂﬂﬂQUﬂﬂﬁqﬂ meﬂumﬂuﬂmuﬂmuwa %1&1‘1& ﬂﬂii‘lﬂj‘ﬂa1ﬂi‘ﬂﬂﬂ"J'liJ“lﬂu'lﬁluLLﬁz
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1 Aa g o ° aaa 1 ’
Fonayge wazmadia CE Aliamnsanen 1,0, 1dTagasadnde $ufludoninlgisodrequdisa

ar a  w 24y aan n’l’
ugniazasIv Tandanuaf laandgaTeniu

2.6.7 wadA flow injection analysis

Makeoto Kurihara, Miyuki Muramatsu, Mari Yamda, /8¢ Naoya Kitamura {36] TéWauis
flow injection AT IEUTING H,0, Tavofemanszduilisen Oxidation #1u cobolt (-
catalyzed 37UNY  3-methyl-2-benzothiazolinone hydrazone (MBTH) uaz N-ethyl-N-(2-hydroxy-3-
sulfopropyl )-3,5-dimethoxyaniline (DAOS) (i modified Trinder’s reagent %Qﬁﬂ‘ﬁ’ Lﬁmﬂuﬁ%uﬁ

aanduiasga (A, = 530 nm) tiledi 1,0, 7l pH 8.4 Mildannsofeamnlium. 1,0, TagnmsAaau

]
a

i 14 b4
PBinuanusEiAasy @ 530 nm mafiafigunsoi lilszgndldinsedunlsne 1,0, v
by ) < Y o v s 3 -8 -6
iy Taofigreanudhnduasalumiasinia H0, Tuaemamundu 5x10° — 2.2x10° M @130
] t4
Sns121E 20 fretdeda Tue vennniidstinnwdadls nazsin luumns

Hui Chen utazaaug [37] TawanIsms flow —injection chemiluminescence (CL) AU
Jnzivnlsna 1O, Tﬂamﬂﬂﬂgﬂiﬂﬁmmq H,0, uag hydrogen carbonate 1agll Carbon
nanospheres (CNSs) i catalyst °1N CNSs [A3811910813a2218 glucose LW?JLWSJfTﬂJﬂnm CL Mﬁwu
razaruduvee oL insieiaideziiudadiulasassfuanududuves H,0, fiflluseds mailn
Y] °

[} 3 s (] - - 1
Flaeldsnmiiuduasadumsaseia Lo, Tusanmududu sx103x10° mol/L uagiish LOD

1 K a 4 CL o v a a s 1 :’ :‘ a
Wi 1x10° mol/L madlafignilszgadlddmsuTinszimuinu 1,0, ludredrnifennasimue
1% -4 s d d
duitlosiFud recovery 80-110 1lasiaua

. Y Y o ado @ a o a )

Zhihua Wang uazaniz [38] IdWmudsdmsvTeszinling 1,0, laoly Mg-Al
carbonate layered double hydroxide (Mg-Al-CO,LDHs) i green catalyst U831 luminol
chemiluminescence (CL) dqy1at CL FlavzudsiuasefulSna 1,0, fifilude Taomafinfi 1
srnmuiiuduasalunisinsied 1,0, sramnududu 0.05-10 uM uaziis1 LOD 1y 0.02 uM

=) H o ) v a o T :’ % . . 4 3/
mﬂuﬂﬁgnuﬂﬂﬂizqﬂm%mmmmswﬁmmammwlucﬁﬂﬁ accuracy WAg precision N 1Ag1H
14
v <3 a g o
RSD iyl 2.9 ilefidud lumsTinnevdn 1.0 yM H,0,
5 14imAila flow injection analysis TumsiasigmSina 1,0, daumnsiannlagnts
v A a o o’d‘qdy aan A o 9 o Y a a o LAt =
asrviadvewwdasuniintiue1nllien lae reagent il ififandadasnldidumsi
1 o 9 a qyd e . - At ’d] LY e/ 1
select €19 Hzozwﬂmmﬂuﬂuu sensitivity 1@y selectivity NA LAzl UTTUVOA TUEA (MNzUAns

o 9ga dar 1 1 P P a oy g 1
u']llﬂielf'uﬂi’]gﬂﬂ'\]aﬂ']\iu’]ﬂq LI reagent YAWNE LAz UNTINT oY reagent T]ﬂ’e)u‘lqu\it’nﬂ
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2.6.8 mﬂﬁﬂguq

You Sang uazame [11 ldWanniidmsudinszvim 85,0, Tase1fenis Aggregation 481
gold nanoparticles (AuNPs) AuNPs &1113 anos ﬂgl:"lﬁ"lu single-stranded DNA (ssDNA) GT;Q sSDNA
rufloafunis Aggregation Y94 AuNPs Wilduea1sazay AuNPs NaLUA @.ﬂnﬁ'uumﬁ 520 nm
({f0au19101154 electrostatic repulsion LA hydroxyl radical (HO-) ﬁsﬁmmﬂﬁﬁ?ﬂmenton GRtGEGIGT!
ssDNA 800910 AuNPs 1@ 393117 AuNP 1fian1s Aggregation HY84e15AZA18YBI AuNPs Saldey
andune iy Koz Plasmon resonance band shift iy lgan@uustegegai 650 om s
U3unaved H,0, i):rﬂu’éfﬂfhuTﬂamqﬁuﬁwms@,ﬂnﬁuumﬁaﬂmﬁ 520 nm uazmmi@,ﬂnﬁuumﬁ
g 650 nm (ienaoa calibration curve 5T A650/A520 FuaNuuduvee HO, 9218929
anufuduasadugreanududu 2x10-7-8x10-6  tazliA1 LOD 11U 40 nmol/L madaiiinl

a a 1 1] oS
Uszgndldlunmsnsnnia 1,0, Tudedreauesveeny 1 recovery Tugae 98-103 nlodigun
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IBNMIANUHUUINUIDY

3.1 munfivazqilnyel
3.1.1 msadl
3.1.1.1 Fanes lunsn (AgNO,)
3:1.1.2 TwRewTuTslans1oq (NaBH,)
3.1.1.3 TwiReudiasa (Na,CH,0,.2H,0)
3.1.1.4 lelasinunlosoanlud (Hydrogen peroxide : H,0,)
3.1.15 Iwhsuoonsian (Na,C,0,)
3.1.1.6 niadawain (1,50,)
3.1.1.7 Tlunai@eualosusniun (KMNO,)

3.1.2 gunsaiuazinfesile
3.1.2.1 fiames (vuna 25,50, 100,250 , 1000 Jadans)
3.1.2.2 Yida (e 5,10, 25 Uadaas)
3123 luTastlala (e 1000 ulnsans)
3.1.2.4 vIadalsuies (vuae 10,50, 100, 250, 500 aaans)
3.1.2.5 Uusa (Vu1a 50 Hadans)
3.1.2.6 vaagdyuy (vuna 250 Tadans)
3.1.2.7 ®aoAnoa
3.1.2.8 Foudna1s
3.1.2.9 uvisufaums
3.1,2.10 ATWNTDY
3.1.2.11 BN
31212 nszvemindy
3.1.2.13 NIzUBNAN
3.1.2.14 peristaltic pump

3.1.2.15 6-Portsl Injection Valve



1 v k-
3.1.2.16 BT uiMinaNNEzdea 4 Aunia
4 2
3.1.2.17 w3esiluniu
3.1.2.18 1A384 UV-visible spectrophotometer (UV-1800-Shimadzu)
3.1.2.19 In584 Transmission Electron Microscope (TEM)

3.1.2.20 HIRMILIA

=] =
3.2 mMamseNa1sal
321 msessnmsacmed MU FannzHeymMalnszduly
Q
=) a Yy v
(1) MIwsouasazaeFanes ATAAINTIAY 1 mM
v a o a a w FY :I r =3 1 ] @
imanedlumsn 425 Haandy azaredrnminauandes udimwaisazaislduiaia
¥ v )
USinasuuia 250 dadans UsullSmasdaeingu
@) mswseuaiyazainlsdonulsleanedanududu 2 mm
M =) 4 a a o 9 :’ o (=1 £ 9 ]
s ImaonTulslaasies 37.80 Taansu azaedrninawdniies waraweisazaiwldauin
b v
SatlSiasvuia 500 Hadans USunlSiasdqetinau
@) mssouayazas laRendinsanduTu 1 Yew/w
o =y o s I'd a aa oy o o
S dmRauGmsasnay 025 nfu addudnnesuua 50 Tanans aza1eaeiINaUIIUILY

24.75 N5Y

3.2.2 maedmmsazmedimiumsianzimitnalslasounlessenlud

1) msedeuaisazaiomnasg lelasnuessenad anududu 3300 ppm lag taln
asavaoasguleTasnunledeenladnududy 30 %wv dSinas 1 faddaslduiaiadimas

a aa o o by :‘ o ' o g - =
¥ne 100 Tadans YsulSuasaleihndu (@sazarsnasgulelasmuesesn lyArzdeunion
Tninniu)
d

@ massoumsazaenasgiuleTasnueseenled anududu 100 ppm Tas Tl
'msawawmﬂﬁm"laTﬂmouaiaan"lcmmmwmu 3300 ppm 131103 300 'luiﬂsam lquada
YTnasuuin 10 Tadans Jsuilsinasdreindu (msawmtmmsﬁm'laiﬂmmﬂasaaﬂ"qumvwm

= 1 [

w3sninunniu)

@) maeteudisazarnasgiulelasnunledesnled anwududu 200, 17.5, 150, 125,

10.0, 5.0, 2.5, 1.0 49< 0.5 ppm Tagtllaesazaremasgylalaseunledesnladnamnduduy 100
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ppm 1131107 2000, 1750, 1500, 1250, 1000, 500,250 Tu1ATAAT LAz anudiudu 10 ppm UTRT 1000
waz 500 luTasdas ewddy ldviatadSuiasuua 10 Naddas JsuSinasdrnindy
@azarsnasgv leTasnunleseen lyavzdewunionlminniu)
ot o ¢ Y o
@ muedsumsazaonasgiu lunaFounlesuuenuua ANUYNTH 0.1 M 31T
1Y £y ]
nasg i Iluna@oulofunanuuatimiin 15.8034 nu azagasiinaulSuias 250 liadans m

b1 [
asazainldluvinsalSuiasvina 1000 daades UsudTinasaretiinay

3.3 IsaufiumInaasy

331 msdunzdeymalRuszauly

n15ﬁqmiwﬁaumﬂﬁuizﬁuuﬂu'lﬁﬁnﬁumu'i%&uaq Behzad Haghighi (1ag Somayyeh
Bozorgzadeh [39] Tauld¥nszuiumsmsdunsisd lavdgasonsdnduy w8 Tavimsazmedaned
Tyasa (Sudu 1 mM) 1 50 fadaes laasludnnesvine 1000 daddas u'c’l"yﬂumuﬁ_ 1000
seuRau mumsazate ladoudiasa (dudu 1 %ww) Swau 10 dadaas %1ﬂ1%uﬂ'@ﬂ"]1’iﬂﬂ
asazaolaaonTu T lenses (dudu 2 mM) $12u 150 fiadaes vintiusaaslumsazaenay
wlonfuilunauldhe suansazare TeiaenTuls leasommuntzdunaiuansazaetimaedla
ﬂﬂngcﬁ‘u Sunudodn 20 Wi mnumemsazmenauidvaa iy 3fgamall 4 esm
wadey Sunatedutes 25 fowhl1dnu @arududu AgNps ndsnsdunszvimiiy 024
mM) W1n15190919 AgNPs a4 4 11 (@1mdudu 0.06 mM) i lySmsieis (gmstdonaay

Yy v o
IYUUUUDI AgNPs Wy aY)

332 fAntvnaveseymaduszaunly
- £2] JAILT v o WSiasem
Anvinees AgNPs 11ld Tasmsihaisazais AgNPs ALY 0.24 mM LATIEN

#101n504 Transmission Electron Microscope (TEM)

3.3.3 ﬁnmmmﬂnﬂaumaﬂmmeummm?ﬂwﬂu
awwwuwuurﬂumsamﬂm'mﬂsmm'laTﬂsmusﬂasaaﬂ"lmﬂTﬂﬂﬂﬁﬂﬂmumiaﬂawm
fimsganfunaveIatsazals AgNPs grtumaemaaugegaii i lumsaseialTuna

I 1 4
leTaswunlesesnlaaruiiudnnuenafiugigavosmsasay AgNPs
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WINMIANEIANUINAAUZIGATBI AgNPs TAUIMTITAZa1Y AgNPs Anudndu 0.24 mm 1d
v ¥ I
aam msaunualaATURUAAIIEIAAY 200 nm 09 800 nm wdnhanasun ldvdanuen

4 4 A o 1
Adufigeganite 14AAAININIAARIYBIMINMIGANAUITIVBIT1TAZ 010 AgNPs

334 myimazrnnSnatlalaswuleseenlealasszuulna (FI1a) 281ae

Lﬁev‘hmsﬁnymnmnﬂu"lﬂ"l@’fmmﬂﬁﬁ?ﬂﬂumﬁmi1:1/71411]?111&11"[51@5mmb’a{a5&‘1%@{

9
vy a o ° Y a d @ o
Tﬂuhaqmﬂuus:ﬂnuﬂuut’\'ﬂﬁ'umanmiamﬂ:wﬂnﬁ'umﬂsanﬁsau uszuy FIA Tasludu
a g

usn'ldeenuuuszuy FIA aagii 3.1 juuaasssuy FIA dmdudnasinsinalalasounled

oon lad

W

51 3.1 UuaaeszuY FIA aminesimfinalalasunlesesnlsd Tavmsazaw AgNes
il carrier, P fio peristaltic pump, IV Ao injection valve, MC flo d ’)uﬁlﬁﬂﬂﬁﬁ?ﬂﬂuﬁﬂ
(140 PTFE), D 719 spectrophotometer 1122 W fien1#uz 1dveudy

= 9y

Ay ¢ y s g a9
drsazaw AgNps gailudndiu carrier udmsazarulelasiunlosesnludozgniad

4 ° aaa o 1 1 a aaa o 9
AN injection valve 1oz AgNps Tudnmeamalgnse FANIATITYNATIVIANIY

spectrophotometer

4 ° v a d
335 msanannTimmnzanvesszuy FIA dmiudnnzimnfSne
d d
Yslasunleseanlaa
{ ) @ H a a 4 { o Y
1umsﬁnymnnzﬁmmzﬁmzmmsﬂsunl?muﬂ'miwaﬁﬁmmsﬁﬂyﬂwm:ﬁnmuﬂ‘lw

BNITNADU AN
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3 o 4 ) @ A 4 a
ﬂ]i'\@ﬁ 31 Llﬁﬂ\‘iﬂﬁllﬂiiuﬂ'liﬁﬂﬂ1“1ﬁﬂ13$ﬁlﬁﬂ1$ﬁﬂﬂlﬂ~15$ﬂﬂ FIA ﬁ'lﬂiﬂ'llﬂi'lzﬂﬂ"lﬂﬁiﬂm

leTasounlesoonlad
winiines gadlumsdnmn
anududuvetansazalu AgNPs 0.06,0.12 Uag 0.24 mM
Snnavesdasi,ms lva 0.5 11a2 1 mL/min.
ANINAVDIANYIIVDY mixing coil 100 4@ 200 cm
BNTWAVDIUUIA sample loop 100, 300 LA 400 pL

073 o W a

3.3.6 MafnyguEnYaIANTBIITUY FIA faunausmidnnzdntsnn
Yalanounleseonlad
3.3.6.1 Anysanuihudunss
) famsazaenasglaTasnuesoon ladanududu 05, 1.0, 2.5, 5.0, 100,
12.5,15.0, 17.5 #1a2 20.0 ppm (132U FIA fianntu Taoianunduduag 2 e

) ﬁwhﬁ'mumumﬁﬁuﬁﬂ"ls?{mﬂm?mmn'S'ﬂfi1msg]ﬂnﬁuummﬂ%qnﬂwmmgm

=1 o oW ; o s [ o da
33.6.2 ﬁnywﬂmnﬂmqﬂmmummsammmxmsamswmwﬂ’%mm
d 3’ o 1 { o ¥ g’ n’;‘ o 1 w 4

faasazalouuadn GIhnay) [Whgszuy FIA Fanntus 10 959 dmduaun
R A w & o o ¥ g Y v od Y
fufinlgnnasesnsaniamimsgandunea ndnnaiuaUIITE HAIMIAURALVIINNUTNYD

s 9 :

uyasn azla

y 9 o
LOD 3 x (ANUAVNIUVDILUAIN)

1l

vy 9 .
LOQ 10 x (ATUANYUYBIULLDAN)

3.3.6.3 An¥ANNTiea

14
s o

v v v ;4 ¥ [
Samsazareuuasd (hpdw) hgszuy FIA fitanndug 10 sy ihedgyanu

o R Y & [ . A e o I~ Yy Y o v T
‘lJu‘Vlﬂvlﬂ%"lﬂlﬂiﬂﬁﬂi'ﬁnﬂﬂ'lﬂ'ﬁﬂﬂﬂ'ﬂuu’d\i mmmmtﬂummmmu 1a2A1UIUYIN1 RSD
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3.3.7 vhszuw FIA AldWasnTuanlszgadliimsizimmiSinedlelasinudeseantualy

8 ’
aaetinay

feinau

fhethannamauazinendndun

33771 MSIASENIDES

- 188N INUHD (3 Yow/y)

(1) Tuladed193n 100 pL ldvadadTuasvuia 10 mL JsuilSinasdaeingy

@ nlamsazareninde 111400 pL ldvrataSinasuuia 10 mL WvilTines

¥
- 061N FIRNYIY (5 Yowrv)
EY .
1) Talag1e61911 100 uL IdurndadSinasvina 10 mL WulSuasdrehngu

@) Tulamsazateninde 1 11200 pL ldviaialfSiasvuia 10 mL U5ulsues

¥
- @206V (7.5 %wh)
8y T
(1) Tulagregnann 100 uL ldwainlSmasving 10 mL USml5unasdeihnay

) Talaesazateainde 1311200 pL lduradadiuasuna 10 mL Ysulsunes

33.7.2 msamsiznmEinalslasnunlassenlsanillusedie

H ] b4 v
(1) Famssedeidenaududhdszuy FIA Aivanniu Tasiadiednas 2 91 Tay

LY o o A o o b
fuzﬂamnummﬂunumsﬂiwﬂﬂﬂmmgm

@ hadyanaiituinldnnesewmsteiadimsganiimaandnonammna

Talasnulesoon ladainasivinasgiu

3.3.8 3% titration method (validation) [40]

d
3.3.8.1 019 standardization miazmﬂmmgmiihmmc?ﬂutﬂammmmﬂmm

udy 0.1 M

T

1) Semnasglgunilufeseonsuan 03350 nfu ldvangilaufung 250

@) Aunsadaiiriaanududu 075 M. USias 75 fladdas asllluvaglan

eazangansinasglgugil lyRsueensan
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3) Marudeunnasasaemnasguauiiganigii 80— 90 °C
J .
@  Inmsadrsasazae Tuna@eunlosuuanuuaanimdudy 01 M vaeh
v 1 1 a ] sl; 1 Py o < a
Msazatsdeiousy uazvzdesnduguauugil hilddindi60 °c  aavans lnmsa (RyagRasiiiud

yosesazatonldounalaliidudyundon)
U§Asemsnmsa 2Mn0, + C,0, 7+ 16H" —» 2Mn""+ 10CO, + 8H,0
4 24 2 2

d 3 o
33.8.2 msnl3nalelasnunleseenladfifiludedialasmslnmsadas
= J Yy v
misazmemnasgullimmdusndesuanuaniudady 0.1 M
(1) Yulamsdredn 10 Taddas ldviazdyuyuuia 250 Tadans
$ ]
) wwinay 50 Uadans
1 a v oA a a oA a b
(3)  fespAunsadaisnnmdudu 3.0 M 15was 15 Hadasasll udway
k4
asazatonanua iy
@ lwmsadrsansazate ima@eunlesuvsnnuaninndudiy 0.1 M (Myagdes

Lﬁu?ﬁlmmiazmmﬂﬁﬂumnia"lﬂtfluﬁwmdau)

Ugsems nmsa  2MnO, +6H + 5H,0, ——» 50, + 8H,0+ 2Mn""

s

5
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41 msAnmpuAnYEYeEUMARNIZALINTY

wiamnmiouoymaduszdu Tuldduna 2 Ju ué’ﬁqﬁmqmﬂﬁuﬁﬁuﬂiwﬂﬁ"lﬂ
asniadioniod TEM  titeguiiavessymaiuszauin Tuiidans iz 14 (1a2IAT DY UV-vis
spectrophotometer [fioANMNAINATUMTGANAUITIVEINT HYdl aymnduszan Tuitdunssd
Igianududuvesoynin 024 mM Fveamzazawiidmiesla viavesoynniiduriu
quénaanis 10.66 + 3.96 nm sauaaalugilit 4.1 Fseymnidazeymaannsaiaiosnns
Aggregate n’hmﬁ'u“lumiazawatj‘lﬁ'@’\'wﬂszqawaq‘laaau%mswﬁﬁama‘uaumﬂuﬂued s
malfhzduusamnei nasswdnluana S Ag NPs nszaeeglumsazaiwediuiiy
Sasziu duaadlugilii 42 uazwummsg}ﬂnﬁuumqqqﬂﬁmmmvﬂ%u A, MNY 398 nm A
weraaluguii 4.3 suhiasiiauniuissrisinalelasnudesesnlad TaunsAanumsanaves

: 4 4
AINSQANAUIEA (absorbance) YDITNTALA 1Y AgNPs NAITULTIAGU 398 nm.

31 41 udasnmiidwlddnies TEM veseymaduszdnnTuiidunsiedld
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Abs.

O T T T

300 400 500 600 700 800
Wavelength (nm)

d' as A o as A o o
31]71 4.3 !lﬁﬂ\‘iﬁlﬂﬂﬂiﬂﬂ'ﬁfﬂﬂﬂau!.lfNﬂl't’)\'l’d'l'iﬁSfﬂEl‘llﬂ\iﬂlﬁﬂ'lﬂlﬁuiﬁiﬂ‘ﬂu'ﬂuﬂﬁﬂmi'l‘&’?ﬂﬂ

aaa qf; o o d

42 msAnilfAseuniisznieymaiuszinluivlslasounleseenivd
nsfnynl§iseuniisening AgNes fU H,0, 3%w/v vesasazane H,0, lagniduaTailu
a13azane AgNPs AdNAY 0.24 Uag 0.06 mM WU Heidn 3%w/v H,0, adlu a15azais AgNPs

[] 14 H ]
anududu 024 mM  Fvesmsazmeldsunindimaes lifludiuiu dygUn 44 (a) dieh

a wo el ¥ o 9 A& 1 o ldy A 9 o 2
'ﬁ‘]iﬁzﬁ'lﬂwaﬂﬂm"Vn'lulﬂvlﬂﬂijﬂ"]ﬂﬂ?mﬂiﬂq TEM WU AgNPs mlmﬂ‘lﬁm*uu WaUFUHININIRQY

o 9
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4 o { &£ a ° a : @
1A 50 nm AL31/9 4.4 (B) Fauuraunnmsiau 1,0, 1119 AgNPs 1ians Aggregation [mnu

. v
sl Fvesasazats AgNPs wasunindimasdlifudindu

it 4.4 uansdvesdisazaio uaznma1e TEM iy 3%w/v H,0, atluansazais AgNPs A

41 0.24 mM (A,B) 1% 0.06 mM (C,D} AWAIAY .

4 a .
oty 3%wiv 1,0, aalu msazais AgNPs ALl 0.06 mM Fvesmsazaonlasy

[

] - A o a o 4 o 9 4 [
andmaeslUdulaluiid a3l 4.4 (©) dothansazaenaasuainla lasaviadienied TEM N

Y
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'
L I

Tinveymalatsinged @zt 44 @) Fafumawinn mo, Wdvaslhivhlesndlad agnes

“

2 o

(ag") Wnaailulesou (Ag) T lidimiesvesaisazats AgNPs anaa

Fuiusiernsednssivfing 1,0, 18Tasldmsazars AgNps arundudu 0.06
w30 024 mM 818 Taovinl¥asazats AgNps avandudu 0.06 mM AvzvnlSum 1,0, 18Taoms
AamumIanaavesdimass viemnldasazas AgNps anududu 0.06 mM Avzvnliine 1,0,

% a oA A s 4 4.5 &
"lﬂiﬂﬂfniﬂﬂﬂ'\“ﬂ]iﬁﬂﬁ»ﬂlﬂﬂﬁlﬁﬂEN NIDMIIWHUYUHUDIAUINY

43 maiannszuy FIA dmiudmnzimifBinalsTasounlesoantad
dommsanmanuiulldvenlfiselumsdnneinniimalalasnunlesoonlod

TavlFoymatuszauinTunda Idimdnnsdinseduduamlszgnasouiussuy FIA TaoTudu

usnldvenuuuszuy FIA éﬁgﬂ’v’i 45 jduaasszuy FIA gmiudimszdmuiinaleTasiunled

ponlad

W

D.

o o @ a a g
301 4.5 jUuanssTU FIA dmfvimswdn/Sinulelasnunleseen lva lasasazais AgNPs
il carrier, P flo peristaltic pump, IV fio injection valve, MC flo d ’Juﬁlﬁﬂﬂﬁﬁ?ﬂﬂuﬂ'ﬂ

(141e PTFE), D 10 spectrophotometer a2 W Aon1yus ldvoudy

v 9 ) 9 L4 'd = 9/
@15ava10 AgNPs gﬂ’{lmmmtﬂu carrier udaasazanslalasinunleseen ledvzgniamn
4 ° aaa [ 1 ' a aaa =)
YN injection valve 1eMIATeNY AgNPs Tuduvainalginsen HATMTAAAIVDITNABIVDY

1308018 AgNPs ‘n:gﬂﬂﬂ%’l’ﬂﬁ’w spectrophotometer

Z}‘:
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44 MIAnEAEiMINTmIveIzIY FIA dwniudmasdunfSnallslasnunledeenlyd

4.4.1 anudnduveeymnRuszaLINTY

vnamsansliseuaiiszning AgNes  #u 1,0, Tudhedu FdlAdadenanududues
AgNPs fuvnzay Taensifiy 3, 0.03, 0.003 %w/v H,0,adlumsazais AgNps armndudi 0.06 ,
0.12 1AL 0.24 mM WU Fvesdsazais AgNPs adudu 0.06 mM wasunndmaeliilule
i luyaanudnduves 1,0, fduaslyl diudvesmsazai AgNes  anududu 012 mm
WasnmndmdedliflulaLiid wazdvesmisazas AgNps avwdudu 024 mM ldounnd
maodlldudhiummeznsiu 3 %wi HO, adlumindy dnhuSudenls 0.06 mM AgNPs dwy
Inzimliunm 1,0, Lﬁmmnﬁﬂﬁ’tﬁunmﬂfﬁiﬂuuﬂaﬂu%aqmmm’n’uﬁ’fuﬁn"a'wﬂ'h aananaly
M9 41 Tasd§AseniildlumsTinnesine Agnps wie Ag’ gn H,0, vond ladldiiludulessuy
(Ag) wazdufulszyanveslensu citrate Humslsznevii hifid daaaslugili 46 snfusEa

FJ Ed
o a < a =
Wanduiisdmseimisna 5,0, Taensaamun1sanadvedinieduesa1sazaie AgNps

mai 4.1 aginsnlfeuniaddvesmsazaiy AgNPs AU 0.06, 0.12 (48T 0.24 mM KiIpiins

(@Y 0.003, 0.03 1az 3 %w/v H,0,

Conc.of H,0, (%w/v) | 0.06 mM AgNPs 0.12 mM AgNPs 0.24 mM AgNPs
0.003 Yellow to colorless | No changs- No change
0.030 Yellow to colorless | No change No change
3.000 Yellow to colorless | Yellow to colorless Yellow to blue

0

4 aan 1 =3 [% 4 '
51 4.6 uraal§iseseniveymaiduszsiminTuiez leTasnunleseanlyd
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4.4.2 M3AnY kinetic Yo Fsensznieymatuszinnluezlslasounlesoenlas
Win1snaasd laedy H,0, Anududy 0.01 , 0.1, 1, 10, 100 ppm $1U2U 300 pL avly
A1502a10 0.06 mM  AgNPs. 914212700 L fisgludanm ldArinaslunies Uv-vis
9 v KR o = a k4 .
spectrophotometer (@ natundayg ey 10 Jum TagleT1lsunsy time course measurement

:, v & [ { 3 { a
uazldinauiiv control WuTAINITRANTULES (Absorbance) 1 398 nm ABES AARIMUIANWRNNIN

4 dd = a y v A Ao
YU UAYITAINNAT Absorbance U Tmﬁmimn H202 ﬂ’nlll"lm‘ll‘l.!q\i’cmﬂﬂ 100 - ppm ISHIATING

]
R0

AAAQYBAA1 Absorbance 1NATIAA LAYILALTIAA Absorbance Aimniiga duaaslugii 4.7 dieshan

peak height fit7a1 100, 200, 300, 400 4az 500 FuTH wasanTHsDAUANITNTUYEL H,0, Wit

1 o3 ] 1 v A a =}
Tnanududuasddudsnnududu 0ol - 10 ppm uazwuimsasaviafi 100 Jindl 4

o @ s

v v v }4 T 1
sensitivity A1figa 1A 200 Tunfidfu'liil sensitivity 1 hinananiuediivdiny Awaadlugli 4.8

<

Sl

o Q’Il &g A P v a s A Y | - a Y
ANUUAUADNNITATIVIAN 200 IUMN LWﬂ(lWilAsenSltIVIty lumsimsizvnag uazﬂlmnaﬂumi
a & 3 P ) [ a 8 1 Y o dy Yo ar -
ARTICHUDINGA A IHIUNTAUATISUUUL batch llﬂi]gi‘lﬂ'iaﬂﬂ'ﬁ'uhl‘ln‘lf’d'lﬁi‘ﬂﬂ'l'iﬂﬂ!ﬂﬂﬂﬂ'ﬂﬂﬂ"l’)

484 mixing coil , 905113 TMa azyUIAYDY sample loop TUTZ UL FIA o l1l

1.2

\\ ~=—10.06 mM AgNPs + H20
0.8

\ : ———0.06 MM AgNPs+0.01 ppm H202

0.6 \ ———0.06 mM AgNPs +0.1 ppmH202

Abs.

—0.06 MM AgiiPs+1 ppm H202

04

\ - —0.06 mM AgNPs+10 ppm H2Q2
0.2
\\\_\_\ ———0.06 mM AgNPs+100 ppm H202

0 : . . : . : : : -
0 100 200 300 400 500 600 700 800 Times (second)

51/ 4.7 st Absorption Kinetic ¥031/§fi381521119 AgNPs fU H,O, = -
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04 A

0.35 -

y=0.035x +0.002
R*= 0,997
= 0.034x +0.001

0.3 ’ R*=0.997 y=0.030x -0.001
R*=0.998

¢ detectat 100 sec
8 detectat 200 sac
. A detectat 300 sec

y=10.024x -0.004
R¥=0.999 X detectat 400 sec

Peak height

¥ detectat 500 sec

, Conc. of H,0, (ppm)

10 12

H o o o t [y Y -
51l 4.8 naasanmduiuszuinangees waamsganaunsfiunmduiures 1,0,

4.43 BNTWAVIIAINLNIVDI mixing coil

Mn1sneaseld Mixing coil A21MU12 100 1Az 200 1HURINAT Tagldasazals 0.06 mM
AgNPs (14 carrier fsisasimslva 05 .1 uaz 2 fiaddnsaourii uazld sample loop YU1R 300
luTasdns WU Mixing coil A211813 100 mfumumuu‘lﬂﬂmmm‘lmﬂuﬁﬂmunummwmmm
H,0, 3 uShumamannanlumsHaufussndn AgNps - 1ag H,0, Teadiu 'l (Hosnnizezn1edy
Al dofuduiond mixing coil AN 200 LURLIAT e liTinauazszezmanINWed MY
mskaufuLazinalfnse paznusrudhaduasuile19sasims lna 0.5 Qaz. bEHARaATAOUIN
winl¥ mixing coil feandiivzin i ldnarlumsTnszium uazifiams disperse viouaidioe

ﬂ 1 A v ,é’ a lfl & ° Y @ Y YA o ° {l o @
amuiluvienTrufiniuunndudull Fusihldiadyaai ldlidygraduesuianuan

4.4.4 anﬁwamaaammﬁ"lﬁnw.._ .

FAMINAAEIE 191N MINAGDIRBIEDAAMNET mixing coil ANz Tﬂﬂmsaﬂmsazmﬂ
wasgu 1,0, anandudu 0.01, 0.1, 05, 1, 2.5, 5 uag 10 ppm dhdszuviitiaisazas 0.06 mM
AgNPs (11 carrier #2u8asinisina 0.5 uag 1 Haddasdeud 14/ sample loop W11 300 luTAsdas

. . a o t Y o 9/ '
uaeld mixing ceil 812200 (IFUAAT Wusasims nansaealfrranuthuauasa 2 ¥
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il #9924 0.01 — 2.5 ppm UAHI 2.5 — 10 ppm fauaaslugzilii 4.9 (B,D) uamsldgasims
oy Qo 1 [ { LY o 4 é
lwa 0.5 fagansasundl mldfan lAidufiaiuan dwaaslugdi 49 (A) Fudunaynnis
b4 3
disperse v 1deuTauvesmsasasnasgiu 1,0, rhanadu Seihldmssauiuiadiula lid

]
. o/ =

Y o ~ LY s u’/‘ &4 A o s aa 1 - A 9
mwaﬂngtuumw”lmﬂuwsﬂmtmn muuwmaﬂhaﬂﬁmﬂﬂa 1 UAAAATADUIN mmmn‘lnwa

v
as =

[~ as A ] 1 = LY
Aryanaiiiiu sharp peak  dauaagluglii 4.9 (€) uaz I nanuihuduasddugiuferdusuns 1y

o

da31m7 lvia 0.5 Taaansaoun

4.4.5 DPNEWAVDIVHIA sample loop
mn1snaasdlasmsasazareinasgiu 1,0, Anududu 0.01, 0.1, 0.5, 1, 2.5, 5 tag 10 ppm
Y5183 100,300 Az 400 pL i¥hdszuufifiarsnzats 0.06 mM AgNPs 11y carrier #288a51013 IHa
| TaAaasaouT 1az14 mixing coil 812 200 UAWAS Wud1 MY sample loop YA 100 pL ¥ilH

as

w13 hidudadauduaamididues 5,0, Fucaslugli 4.10 (a) 3704 sample loop vi1a
100 pL 715 1% sample loop YUIA 300 1AL 400 pL Sultaeanudiuduasa 2 929 whuRoatu
Taons 14 sample loop W111A 300 pL WFraniudunselugasnmdudu 0.01 - 2.5 uag 2.5~ 10
ppm fauaaslugUi 4.10 B) tazmsld sample loop via 400 L 1RF2saTiThaduasalugieni
(@t 001 — 1 1Az 1= 10 ppm fauaaslugii 4.10 (©) Fuiteannns1d sample loop YA 400 uL
¥ sensitivity  Jumsasiiafigandt uazlfdanuiuduasaugnnududuiinhand 3

1890 14 sample loop ¥11A 400 pL
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! Peak height
0.4
09 “
r / / [ / / / / / 0.35 - =
0.8 o
4 / / I I ’ I ¥=0.079x +0.002
27 0.25 - R*=0.996 = ¥=0.022x +0.147
< ’ R*=0.998
06 0.2
0s v ‘ 0.5 -
y 0 -
0.4
0.05 -
03 . . : . : . ; , Y
0  S00 1000 1500 2000 2500 3000 3500 4000 . ) i : : - .
Times (second) Cone. of H,0, (pprm)
+ Peak height
0.25
09— : -r
/ / / / 4 / / [ 02
- : AR ENT S R ¥=0.012% +0.082
3 ol R*=0.985 2 Fi= 0.999
<07 .
<o !
, 0.1~
0:05 -
4
O o D 1 T T ¥
© 200 700 1200 1700 2200 2700 g 2 4 6 8 10 i2

Times (second) Conc. of H,0, (ppm)

v

51t 49 () uaz (© uamadganadiia ldnnmitadiazaenasgu 0, anudiudu 0.01, 0.1,

7]
]

0.5,1,2.5, 5 4as 10 ppm MNF52UY FIA Re17a2a10 0.06 mM AgNPs (i carrier @288AT1N1S Ina
0.5 48¢ 1 mL/min ANEIAY Tao 14 mixing coil 8717 200 cm. (a2 sample loop YA 300 L (B) 1tag (D)
taasa L dntiazne peak beight tazanuditures 1,0, Al¥8asins Tnaves carier ity

0.5 1182 1 mL/min AINE1AY
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A 0.05

0.04

0.03

0.02

Peak height

0.01 &

0 ﬁ T 7 T T T 1
, 2 4 6 8 10 12
4

Conc. of H,0, (ppm)

003 y=0.0016x+0.0286

007 1

R'= 0.9975
0.06 . /
005 | /ﬁ/

0104 ) %E/
ol ¢= 0.017%x +0.0056

0602 -
001 R’=0.991%
G + ¥ Y . LI
0 2 4 6 8 16 12

Conc. of H,0, (ppm)

Peak height

-t
-
-t

o1 ~
009 - —
0.08 - ¥=0.0063x+0.073] A

007 - R =0.9919 /
006 - e
0.05 - /Eﬁ/
004 - {5(

0.03 - 7‘/ -
602 - y=0,031x-0.0012
0oL 4/ R =0.9964

¢

001 ™

Peak height

2

T B ¥ T T I
' q b 4 10 12
. Conc. of ,O, (ppm)
o o o v o
gﬂﬁ 4.10 ﬂi'I‘V‘ll!ﬁﬂQﬂ'J'lilﬂllWu'ﬁ5$W31§ﬂ3111q\3‘118\1ﬁiym1mﬂ15ﬂﬂﬂauuﬂﬂllag’;ﬂ?']lll‘i’llll‘i’l}u‘ﬂﬂﬂ H,0,

lit1% sample loop ¥11A 100 (A) , 300 (B) 18z 400 pL (C) Tuszuy FIA Piiasazaiy 0.06 mM AgNPs

[ - ~ o . .« . . '
i carier 71vadiesnsnisiua 1 mL/min. uaz1d mixing coil #12 200 cm.
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a Lo 4 A L) o { o o
MNMTANEINIIITRBT Aa M AIMINZAud T VITUY FIA AFdmsvAnTziv

a v a 4 A i H a a a '4 U
Ysina 1,0, Taold AgNps Wudidaa e lWIEnHannIuilsza@nslumslmzigaga wumn

a Lo Y1 @ =
WITUADTANE A5 1FAIAIAIT NN 4.2

maan 4.2
a d VA v a d
M5dA0s MNIAINMINAIITH
ANUYUTUYDIA1TAZ A1 AgNPs 0.06 mM
f21UY1IVDI mixing coil 200 cm
8n31Ms lva | mL/min.
YU1A sample loop 400 pL

v
o { v A J

4 )
sofussuu FIA  ARennduielddmsuinsisimlSina mo, lavld Agnes i

v
=

Aaay Taillszuunsgui 4.11

| ' v )
31t 4.11 uarasszuy F1A fannduedumngsaidmivdinneinmifine mo, Tauld Agnps (ludn
aaany Fal¥asaza1o 0.06 mM AgNPs (314 carrier , P = Peristaltic pump (flow rate I ml/min)
IV = Injection valve (sample loop 400 pL), MC = Mixing coil (I mm i.d.x 200 cm.),

D = spectrophotometer detect at 398 nm., W = waste
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4.5 M3AnRENEATIANYBIITUY FIA AWaGNAY
" 4.5.1 v1anuihudunse (Linearity range)
wiminaaeslasmIRamsara1ninassIu Ko, Aududu 0.5, 1, 2.5, 5, 10, 12.5, 15, 17.5
Y A o 4? @ &R w :’ y 9 o 3": o ar
ez 20 ppm WNgsTU FIA Aanniureiuiindyana Snnududuay 2 a3 Taelshnduiludy
auay daaadluglii 412 diedunwasansmanudiniuiseninanugevesfinnsganauua
y 9 ' ' < 1 t [
wasanududu o, nunfitrnnuiludunse 2 939 A9999 0.495 — 4.95 ppm. UATH 9.9 — 19.8
o d' 1 A 1 1] Yy & o Y LY ¢
ppm fananlugili 4.13 udiilesningausnussrnnnuihudurusnidyanalnafsanuuuasd
a v 3 1 [} oy .
il azgrendudugindinr Lo (gnsv LoD uay LoQ) Sudenldnnudiduass
o/ 1 a = s a o (] 1
Tumsaseda Tuthanududu 9.9 - 19.8 ppm TumsiilAmzunlSum no, lusednde i

Taefioumsidunse  peak height = 0.008 x [H,0,] +0.230

o s ; (Y3 a da
452 Fadfamgaveiminsiaia (LOD) KazmsIAT TN (LOQ)
= v & 9 g ¥ e A 1 ) o
amsanyganuiiuduased laninisnaasuiioniar LOD waz LOQ liwSauqfiu

o ¢ 3’ o [} os 3 o o g’
nsanulaemrasairacaisuuasd Ghnau) hgszun FIa ivanluiesiviindaenad 10

E4 ] T ]
AT aanaaslugil 412 Folddgyapadeensian 43

“mefi 43 uaasmdaanad idnnmsazaiouuaa

No 1 2 3 4 5 6 7 8 9 10 Mean

Peak 024 | 0238 | 0245 | 0232 | 023 | 025 | 0247 | 0237 | 0.242 | 0.251 | 0.241
height

Conc. 0.462 | 0.458 | 0.471 | 0.446 | 0.442 | 0.481 | 0.475 | 0.456 | 0.465 | 0.482 | 0.463

dedsazalinasg i 1,0, Anandudi 0.5 ppm TWdayana 0.260 Abs.

M T

deynn 0.260 Abs wy o Adudu = 0.5 ppm
Toyna 024 Abs C awdudu = 0.462 ppm

v s 4
INAURAENTHIE 10 AFY LOD =3(0.463) =138 ppm

LOQ =10(0.463) =4.6 ppm
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] 1 ¥

sl 412 nanduanuiilannmsiinneidaessuy FIA fivanniu Tae 10 fausmihududeyge

o o g

voauvasn 16 Andeiniudyanuvesaisazainnsgiu H0, anududu 0.5, 1,2.5, 5, 10, 12.5,
[ s ar 1
15, 17.5 wag 20 ppm Amduduay 2 #a uaz 6 Angathotludygiuvesdioonn

& 9
LazHaAnSUNENANTI 2 @186 2081982 2 91

0.45 -
0.4 - D o8

0.35 - M//% y =0.0084x+ 0.2301
o3 . : R2=0.5904

0.2% A

Peak height

0.15 - y = 0.0411x-0.0047
R?=0.9966 R
0.1 -

0.05 -

G 1} L] 3 1 1
G- S 10 15 20 25
Congc. of H,0,

a v o ' [ P Yy 9
g“l.l'ﬂ 4.13 ﬂs']ﬂllﬁﬂQﬂ'J'lufoWU'ﬁ53“11\3?\')1“@\3%9\1 ﬂJﬂJ]mﬂ’]i@lﬂﬂﬁullagﬂj'luﬂluﬂluma‘a HZO2
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] s 1 4
nnARuRoMIAI LOD 1az LOQ 3¢ ldihdyanuvesmisazaisuuasdiale afe n

o 3 Y & Y o o a
ATHIUHKIA1 RSD A8 ma"lﬂamumuwmmmﬂ\m 43

v PR o q’/’ :Il 'y 1 1w
Tndn e sasmenLasr s e 1ane 10 ase thwmdr sb 1duiiiy 0.0137

gazlinmaunIny 0.463 ppm

NN

4.6 mailszynaldInh

d w " ] Y ] [l
dewsoumsareiuadussudesudl Andredrudigszuy FIA

%RSD

dada o

AUUY

il

1l

>
<

(SD/X bar)x100

(0.0137/0.463) x100

296 %

Y 1ddegii 4.12 uazldnadsman 4.4

m51ef 4.4 uomedoans tazadnduues H,0, Milludledis

wlumsimszrmBinalslasnunloseonlualumetiaads

o o d?l o A
NNAUIVU UASVUNN

14
MnTunsumMaAs ey Talaun 100 pL(1)

Wnl5inasilu 10000 pL(1)

_ 719819 Labeled | Peak Conc. H,0, | Conc. H,0, | Mean SD
(%w/v) | height ~ (ppm) (Y%ow/v) (%w/v) (%w/v)
aHa 3.0 0317 |2723438 | 272 2.74 0.02
0.318 {27468.75 | 2.75
1%11811“101'ﬂl’;’l,']‘11'1’3 5.0 0.298 | 42500.00 | 4.25 436 0.15
0.302 | 44687.50 | 4.47
fhedndhun | 7.5 0.342 | 7000625 | 7.00 7.03 0.04
0.343 70543.75 7.05
MR
et adad 1 .
NnAUMIEUATS ‘peak heig;f = 0.008 x [H,0,] +0.230
<14 0.317 = 0.008 x [H,0,] +0.230
[H,0,] = 10.89 ppm
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wdhiinla 16000 k(1) W1 400 pL@)  UFISFnasiTu 10000 pL(2)
fAndounay 10000 pL2) ‘w1 400 pL(2)

210 MV, = M,V,
M,(400 pL) = (10.89 ppm)(10000 pL)
M, = 272.34 ppm
wamanlud00 pL2) H(H0] = 27234 ppm
uazly 10000 pL(1) % [H,0) = 27234 ppm

Aadloundu 10000 pL(1) lilw1 100 pL(1)

10 M,V, o M,V,
M,(100 pL) = (272.34 ppm)(10000 pL)
M, = 2723438 ppm
waashlu 100 pL()  # w0l = 2723438 ppm

uazludoei lildiRenendl (1,0,] =2723438 ppm

luddeds 1000 mL 31,0, 8 - 2723438x10° AN

Tudiqeans 100 mL ¥ [wo0,] oY 2.72 A3y

14
YY) a ] g ¢
goiy Tugrednedrumaillalasnunloseonladay 2.72 %wiv

) o W t 4 <o [
NUNELYIO mﬂi‘umafm5uc]ﬂﬂ1u’3m1uuu’m1uﬁtl’mu -

=1 a d
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4.7.1 M3 standardization ﬂlaqmsavmﬂmmmuiﬂsmmwmﬂaiummmﬂ
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M 45 UAAINAMS 1MTA Na,C,0, A288158201831A5§ 11U KMnO,

No. [ Na,C,0,(g) KMnO, (mb) Conc. KMnO, (M) | Ave. (M)

1 0.3351 10.10 0.0990

0.0995
2 0.3350 10.00 0.1000

MIMUIN
UfATenms inmsa 2Mn0, + 5,0, 16H —— 2Mn"'+ 10CO, + 8H,0

2 g
m3 lnmsaasadi 1

214 5 mol of MnO, = 2 mol of C,0,”
(5CV)/1000 = 2(g/ Mw)
(5xCx10.10)/1000 = 2 (0.3351/134)
Cof MnO, = 00990 M.

Y v
@ =

= v
HUNGLA ﬂ'li'vh’ll‘Vliﬁﬂ‘J\‘i‘Vl 2 ﬁm'zmmﬁauﬁums"lmmsmﬂ%'aﬁ 1 ué’ammm?wmmn’fuﬁ’fu%q

ALY

MnO, ldnadamis1ad 4.5

472 msmSmnatlsTaswuileseenlsaniiludledislasmsinmnindsaisazarg
- ~ d
nasglunadennlasusaniun
a o Pt et as [] /
nmsnaasinis sy lalasnudeseen laaniiludiedralaents lnnsadie

= 4 9 @ ~
'GT'ﬁﬁgﬁ'IEliJ'lﬂﬁj}:']uTﬂllﬂﬁl“ﬁﬂulﬂﬂﬁlmﬂﬂ'ﬂuﬂ ulﬂ HANIINARDIAIATTINN 4.6

T
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MR 4.6 LaawWams InmsadIet19R eI ITAZAENIATIIU KMO,

4¥d08191S1AT 10 ml

A10819 Labeled | KMnO, | Conc.H,0, | Conc.H,0, | Mean SD
(%w/v) | (mb) M) (%w/v) wiv) | (Y%ew/v)
NAUWND 30 |3655 | 09092 2.78 277 | 0.02
36.20 0.9004 2.76
fi’"lﬂ'l%ﬂﬁ'l‘lﬂ'l 5.0 56.05 1.3942 4.27 4.30 0.04
56.70 1.4104 432
“j"lﬂ'l wﬂl’%’l‘iﬂ'.) 7.5 92.30 2.2960 7.03 7.04 0.01
92.50 2.3009 7.05

FATUIN

UjRseimslnmsa  2MnO, + 6H' + 5H,0, ——» 50,+8H,0 + 2Mn”"

Fogednaea

24
mslnmsansed 1

22l

NNGYAT

5 mol of MnO,
(5CV)/1000

(5%0.0995%36.55)/1000

Cof H,0,

Molar
Y%w/v

C of H,0, (%w/v)

I

I

2 mol of H,0,
(2CV)/1000
(2xCx10)/1000
0.9092 M.

(%w/v x 10 x D) / Mw

(Molar x Mw)/(10xD)

(0.9092 x 34)/(10x1.11)

278  %wlv

wnama dmsudleciedugidnon THiuamadeaiy
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0 & s

a o 1 v o 1 o {
IWnams ez itnuuanandueduiiiod ey dudacduained 4.7

¥
A Y =2

a = = a A0 ¥ = a
M3 19n 4.7 ﬂ']'i'l\ilﬂﬁﬂ‘l]lﬂﬂ‘ﬂWﬁﬂ'ﬁ'llﬂi'l%ﬁ'ﬂvlﬂ%']ﬂ’l 7 muwuuaz’mmi"lwmim

A210819 Labeled H,0, (%w/v) | Our method (%wiv) | Titration method (%ow/v)
AUHD S50 2.744+0.02 2.77 +0.02
hodndhen 5.0 436+0.15 430 +0.04
shedndhn | 7.5 7.03 4 0.04 7.04 +0.01

T
el
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a d A v a d
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| anmududuvesaisazaty AgNPs | 0.06 mM

214813V mixing coil 200 cm
$n31ms Ina 1 mL/min.
YU1A sample loop 400 uL

e,
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o (] o o
Wuduvedlalasnulesoonlaed 12185 auiuduasalumsasieialalasouilesosnled
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Peak height = 0.008 [lolastounleseenlsa] +0.23 (R*=0.990)
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Interaction of Silver Nanoparticles and Hydrogen Peroxide: Mechanisms and Application
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Abstract

Hydrogen peroxide (H;0;) can induce the degradation of silver nanoparticles (AgNPs). In
this work, we found that the mechanisms of degradation are different depending on the
concentration of AgNPs. — When intraducing the H;05 into 0.06 mM of AgNPs, the AgNPs
color was changed from yellow to transparent (Figure 1(a)).  While adding the H,0; into the
higher concentration of AgNPs (0.24 mM). the blue color was attained (Figure 1(b)). The
mechanisms of degradation were examined by transmission electron microscopy (TEM),
X-ray Diffraction (XRD) and UV-vis spectrophotometer.  Furthermore, we developed a
flow-through system with colorimetric detection for determination of H,O3, {n the system, the
H;O; was injected into 0.06 mM of AgNPs carrier (Figure 2). The change of color was
monitored by a colorimeter. Under the oplimal condition. a linear ealibration was obtained
in range of 3-15 mg/l. of HyO5  The system offers high throughputs of analysis (20
samples/h).  This method is Successlully applied 16 determination of HyO, in bleaching
products,

Figure ¥ Figure2

Figure 1 The degradation of AgNPs by’H;Oz l"‘igure‘i A flow-through system.
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