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ABSTRACT

This work presents a‘method-for-synthesis of zinc-sulfide quantum dots (ZnS QDs) and
its application to spectrofluorometric determination of Hg-(II) by sequential injection analysis
(SIA). The dots were prepared under open air at 90°C by mixing of zinc acetate and sodium
sulfide in water media. N-acetyl-L-cysteine (NAC) was used as stabilizer:~Pure ethanol was
added for dots precipitation. = The precipitates were then collected and were re-dissolved with
water prior to use. | The dots were optically  characterized by spectrophotometer and
spectrofluorometer: The excitation wavelength (7\.ex) was located-at 300 nmy while the maximum
emission wavelength (Xem) was obtained at 425 nm. From the results obtained by transmission
electron microscope, the dot size distribution was ranged between 3601 1.50 nm.

Detection principle-for determination of Hg.(II) is based on quenching of fluorescence
intensity of ZnS QDs by Hg«(II). Decreasing in the intensity in the presence of Hg (II) was
monitored at 425 nm. Calibration was_plotted accordingly to the Stefn-Volmer’s relationship.
Results from the SIA demonstrated-good-linearity in the concentration of standard Hg(Il) ranging
from 0.5 to 10 mg/L was observed. Limit of detection (LOD: 3SD of blank / slope) and limit. of
quantitation (LOQ: 10SD of blank / slope) was 0.10 and 0.34 mg/L respectively. High precision
(RSD < 1.30 % by 3 mg/L of Hg(II)) and high accuracy were obtained (Recovery = 85-98 %)).
This developed method was applied to water samples i.e. sea water, drinking water, tap water and
wastewater. By means of paired t-test, the results by the developed method were not significant
difference at 95 % confidence with the results by batchwise techniques (for sea water) and by

ICP — OES (for drinking water, tap water and wastewater).

Keywords: Mercury; ZnS Quantum dots; Fluorescence; Quenching; Stern-Volmer; Water sample
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Uszinnuoamsgiimaaud wismuumamasaunsedu aansouaas Iddmsed 2.3 [19]
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L. Light Source
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4. Detector
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2.4 HANNI5UDY Stern — Volmer’s Reletionship [20]

. S v @ 1
Stern-Volmer equation AugumsiaaenNNFuRuTseHINA NN LVeINTSIS D LA
WgooIsMUs (Fluorescence intensity) NuAUITNTUDY lopaufilinanon1sann1sis oy

@ v oo dﬂ
(Quencher) MUANUTNNUTAIU

0
II—ff = L+k, T [Q] (6)
Lﬁ'ﬁ]
I D Fluorescence intensity Lﬁ@ulijﬁ Quencher[Q]
I, Ao Fluorescenice intensity Lf'li’t]fl Quencher [Q]
k, Ao The quencher rate coefficient
T, f19 Fliorescence lifetime YDA Lﬁ@ulijﬁ Quencher
[Q] Ao AT UUBY Quencher

; L |
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@

o = Vo 3
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—
1
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[Q1

51U 2.7 uermsn U FURU S ANAUN15UB Stern — Volmer [20]
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2.5 %muﬁma'ﬁumﬂ%’umm‘laﬁa (Sequential Injection Anzlysis, SIA) [21]
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4. 52UUATI9A (Detection system) 3¢ 19 Tangiwad (Flow through cell) Tasusiyog
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SAMPLE REAGENT DETECTOR
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2.6.2 nIdefiligeelsnes (Fluorophore) lumsnsrodaison
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C. Wang wazaniz [32] ldWannnsasiniarlsen () Tnvorfovgoaissudnaud
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D. G. da Silva uagamg [45] lavimuinisasetadsuadsenludiediadrilaeld
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[ o d
nafnyazien]uMsIANZH (Analytical performances)

maiin fedna waan Nt % % PATING Hnemg N
. LOD . ‘
UM , RSD- | Recovery | n3520%a
ME5IVAIR Usondl) 2.5 ng L’ ‘|4 Solid Phase Extraction
o - g—K » <6 |- 94-99 [23]
uaziolar 5onBuns8 1.7 ng L Tumsnen Anatyte :
Fudm Y
. | % Could Point Extraction
#1199 0—10 pgL 0117 pg/ke 46 599 [24]
, Tumsuen Analyte
wpeln
7 x -
iedm Usenafiun3d 125 ng g’
10 - 200 ng 15%d X <10 | (762122 [25]
CV - AAS Hsondunsd 183 ng g ‘ -
fiotm Usonailunid fndnagndes o
3.01-8.11 pglke ™ | Ysonefiunit0.133 pgke” fOUMIATINIA
o o &y o v <4199 - 101 126]
sonouvise UseduUNsd 0:117 pg kg
28.4-56.3 pg kg
9 L o 1 )
Winzia L | 0012 pgL ™" (#30819-250.mL) 1% Solid Phase Extraction _
0.02-1.20 pgl <4 | 95-103% |27

0.003 pgL’' (#196191000 mL)

Tumsuen Analyte
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v a
maiin EYLEAR ' Y % % oAIINS el e
539ANMIluITHATe LOD 3
RSD | Recovery | f33990
) 0.1-2.0)x 10 °mol L 1010 “mol L 14 Dimethyl Sulfoxide [28] |
Fluorometr 7 - i - 5 X R
Y | dhsssuand | 0-2.0x10" mol L 4.3 x10 ol L' (DMsO) fihudnhazaw | g
using- 7 . g
d vwlszah | s5.0x10™-50x10” X472, 3 - -
fluorophore / o 4 1.8%x 10" mol L % Relative error <5 [30]
UAZITHNY mol L
organic dye
) 0-5.77x10" molL’ 7.7%10" mol L S.D. =27.83 [31]
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- o < 1R 91994
maiin e ' . % dm3IN3 HAHINY !
waennmilinaunsa LOD % Recovery .
RSD A32970
w ¢ =]
MIFUATIZH QDs 92T
AISNU N, Laz3Wand f
100 oA waYd Mg
- 0.01 — 1 p molL” [ : - asriavzurfduaslu | (32
H15AIDETUIU 3 T TN
Aouni1iduvauns
Fluorometry a5799% '
using QDs / Synthetic ] . . o
- > MSHUNTIZH QDs 92T
NPs water 16-122 n mol L. 24nmol L T 92-95 . [33]
MINU Ar
samples
¥ o/ ¢
rdszih MsdunsIzHIYMA
2 2 4
Hsh ; ) vzdeaiald 24 Falaa
1-50nmol L 042 nmol L <441 928-102.0 v e e A4 [34]
uag flaUMIALIUNMADIN
N marinljnsen
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.= v - HNewn 91909
madin feeha ‘ . % % SIS
yaanuiluaunass LOD .
RSD |- Recovery 2453920
RVERBTT:F } \
y 10-100 pmol L 1.0 pg L <27{98.2-104,5 - [35]
Widseah
- 0.05x10" - 4.0x10 mol L" /| -4.2x107 molL” | 32 - Wi N,naeans dunsizv [36]
i 3 Tguvigil 40 pamnaraiFos
- 0.08—3.33 umeol L 0.07 1 mol L <10 - v o« [371
Prynu
Winam
Fluorometry LAz 0.15%107- 125%10".gol L™ [ 4:5x 107 mol L | < 2.5 | & 100 Wi N,aneams fansey [38]
using QDs / nsmay -
NPs ilseh
TLE 0.08x 107 -30.0x 10" mol L {42 x 10 mol L™ | <3/ 199:6=102.6 , L 391
WU N, aa0an15dansIsh
N e
; yazdmsuang :
IRV IGE . y . 0 .
y 0.012x 10 —1.5x 10 molL 4.0.x10-mol L 1.6 103 --109 [40]
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wdseah . ., , - Tigamgl 90 eerusados |
0-2.4x 10" mol L 50%x10" molL"” | <3.0 | 94.5-101.3 | 1
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) 7] L W “ .] b=
NAHAN NIDENN . o @ % % GIZERNia b et Q 9N
gaanniluiiunss LOD .
RSD | Recovery n5990
4 : ) )
rifedlan 50-5000 ng L 5ngL’ 1.4 D 11h" [42]
! ¥
Flow Umsa 05-5ngL’ 0.5ngL" <7 590 10h™ [43]
injection - -
SNOUIIN
CVAAS B 4
ngmeny 0-60 ng mL 0.2-03ngmL". | <18 101.2 \ [44]
1 3
IS EATS AT
Flow
injection - 13 0-10.0pg L™ 048 0g¢g’ <4 96/-99 - - [45]
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3.1.1. m5tadl
Jemanil gasIni mmu‘%qﬂ?; (%) ?iﬁalmzﬂizmﬂé’wﬁm
FeAozTian Zn(Ac),2H,0 98,0 -101.0 Merck, USA
(Zinc acetate)
TwReonlensonled  NaOH 98.0 Rankem, India
(Sodium hydroxide)
Tariena Tols Na,S*0H,0 30.0 Panreat, Spain
(Sodium sulphide)
mmuaau‘%qw‘é C,H,0H 99.9 Carlo Exba, Italy
(Absolute Ethanol) Tasdsuras
NIATATN CH,0, 99.5 Carlg Erba, Ttaly
(Citric acid)
lalwmAeuvloda, \ NaHPO,+7H,0 98.0~-102.0 Fisher; UK
(Disodium phosphate)
dsonnanlsd HeCl, 99.0 Carlo Erba, Italy
{(Mercury chloride)
LHARTAADY C,H,NO,S 97.5 Acros organics, Belgium

(n-acetyl-L-cysteine)
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d 4 o
3.1.2. Qﬂﬂimlmzlﬂi'ﬂ@ﬂi?ﬂ?ﬂ

1. niadsuing
2. fnined
3. Tala uag luTasilla
4. wanglamy
5. inoANEA
6. NITUBNAAN
7. U9 ULIAT
8. 1A%0eh pH —Metrohm, 827 pH Lab Meter, USA
0. inspdm i an Wi deudainsnruuslmEnTnih - Heidolph,
MR 1000, Germany
10. 1r599 1A AMERY - IKA® C-MAG HS 7, Malaysia
1230 Eans & Vortex, Genie 2. USA
13 in509g - adanln Tns TWTndines - Jasco V630, USA
14. 195 09eain Tnslgoo 1s0nes - Tasco FP-8000, USA
15. ndesgansIriAnase Ul EesH 1 —FEL TECNAI G*20, USA
16. guAsal A uafnTzvLdnuGvad wendy 1dua
16.1'Syringe pump - HAMILTON PSD 4, Switzerland

16.2 8 - port Multi - selection valve —HAMILTON, Serial MVP,
Switzerland

16.3 Flow through-cell faviuldiuninsmtnTnslgeeTsiined
Ysu1asmelu 25 15 Tnsans- Hellma, 176.052-QS, USA

16.4 PTEE tube yuaudurugudnatanielu 1.0 fadiwas- Vici AG
International, JR-T6807-M 25, Switzerland

17. woisdmsuad sz uudmniuBead umasu — MGC, Auto-Pert

Version 4, Japan
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3.2 MINSENaTazay

o/ = %’ & a 3 A a %‘ a £
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o o 9 o a
(RO + Mixed bed, Treat Chemical, Thailand) tagensnfinndaiunsadminaudmarzing

i (Analytical Reagent Grade)

= o [ o da do d v
3.2.1 MU ITacaIaIFTUNTAUATISHYIN ﬂul‘ﬂﬂ AIDUANADN

1. msazatedefosden il 0.1 Tranoaag
a g a Y o By 9 ¥ d a aa
azAeFIRosdan 0.5 nFu USudSunsaaeinilu 25.00 Jaddns

2/ savat laReuda e Wudy 0.1 Tuanadns
o [ % (Y = ¥ g a aa
azaalm@eudalve 0.6 ndu USulSmsaeinilu 25.00 Taddas

3. msazate @y lanson lam wudu 2.0 Tuadodas
i ¥
azarelsifonlapsenlad 20 afu alfulSwasdrendnily

3.2.2 maeEeN@sazEdInSUMIImI iz HiSiiasen

1. MgagawmnsgItilson
11 osagatedinggiussen anududil 1000 Tadnfudedng

A A o Iy & so' o
armeasaiTaan 1500339 nsu UsudSuiasdreniuilu

25.00 4aaanT

1.2 msazatensgiulsen anududu soo Tadnsurodng
Tianesazaneuiasgiudsonanududy 1000 Tadnsu

1 a { a aa ) ¥ o a aa
Apdns Nesey ldnnd 1.1 ¥1 12,50 Tadaas UsullSuiasdaeinilu 25.00 Jadans
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s 9 a a w 'a
1.3 gsazaennsgulsen wudu 1 Tadnsunedng
Jinlavrnesazareninsgiudsenidudu 500 adnsune
a { a [ = ¥ g a aa
a5 MeTen'ldenands 1.2 11 50.00 1ulasans UsulSumsdaetiuilyu 25.00 adans

v
msazawioz e lumsins 1z iUy Batch ool

) o Sl gy = =
1.4 ﬁ'liﬁZﬁ']Elll'lﬂig'luﬂiﬂ'ﬂ ’ET'WI5U1%11ﬂ518ﬁﬂﬁﬂigﬂﬂﬂf1ﬂﬁuL“]fﬂﬂ

SunFuszu lada

3oy Tagthalaonasazarounasgiudsenanududu 500
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LOD = 3SD of blank /slope
LOQ = 10SD of blank /slope
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thlszah n.d* 2.0 229%0.02 1.99
hlszah n.d.* 2.0 2.3910.02 1.98
ﬁﬁamﬂhwmqmmwﬂﬁn n.d.* 4.0 3.4710.03 3.95
thilswinTsanugammnssy n.d. 4.0 3.42%0.03 3.96
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