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Abstract

Heavy metals are known to be useful in many industries; however, in contrast to their
benefits, they affect living organisms and environment as well. To prevent the contamination of heavy
metals into environment, efficient heavy metal sensors should be used. In this project, we prepared
and studied materials for metal sensing. The heavy metal of our focus is mercury because it highly
affects to living organisms and environment. For the convenience and high sensitivity of mercury
detection, we used fluorescent sensors using semiconductor nanoparticles (Quantum Dots, QDs),
materials, of which their fluorescence are tunability by their sizes. We can easily observe the
quenching of their fluorescence when QDs are exposed to mercury contaminated water. From many
literature reviews, anion QDs are used to detect mercury in vitro but the result of detecting in vivo is
still not accurate because they were interfered from proteins and other biomolecules in organisms. In
this study, we modified the QDs with polymer coating surface to be cationic to reduce the problems
of nonspecific binding interference and increase their usefulness and biocompatibility. QDs consist
of three parts, i.e. cores, shells and coating. Cores were cadmium selenide nanocrystals that were
prepared from the reaction of cadmium and selenium complexes in presence of hexadecylamine and
trioctylphosphine under nitrogen and at temperature 360°C. The second part is shell. Shell is zinc
sulfide compound that was formed by the reaction of zinc acetate dihydrate and sulfur. The third part
is polymer that was modified from poly(ethyleneimine) reacting with oleic acid through EDC-Coupling
process to create an amphiphilic molecule. The amphiphilic polymer was coated onto QD surface by
micelle formation. The QDs were dispersed into water and their surfaces are of positive charges. For
the mercury detection, fluorescence of QDs in mercury-contaminated water is quenched. The results

indicated that the PEI-QDs could be useful for in vivo detection of heavy metals.
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2.1 iAsasiiauasailnsm

6 dl % da, % a e/ % o dl A tdl o o
uanangUnsaduaziasaduioiuguluiesdfiinnisudadeliinsasiiend Aty
pasia b
1.\A384 Temperature Controller
2. 1A384 UV-visible spectrophotometer (HP8453)
3. et WA nATEN 4 ANl (AB204-S, Mettler Toledo)
4. 1AFANNAUANIAZAN LN ANLUL AN AL

MGEGR Spectrofluorometer (Agilent Technologies)

6. W34 Fourier Transform Infrared Spectroscopy (FT-IR) (Thermo Scientific,

Nicolet 6700)

7. Lﬂ%qﬂumﬁmmi (Rotofix32A)

8. Lﬂd";;‘mixl,uﬂzgm&m&mmmt,uumu (R-114, BUCHI Rotavapor)
9. LRI ULLILTLES (Freeze dryer) (LABCONCO)

10. LYNALLNIUAN



2.2 @15LAN

1. Tri-octylphosphine oxide (TOPO)

2. Tri-octylphosphine (TOP)

3. 1-hexadecylamine (HDA)

4. 1,2-hexadecanediol (HDDO)

5. Cadmium 2,4-pentanedionate

6. Selenium powder

7. Hexane

8. Ethanol

9. Chloroform

10. Trioctylamine

11. Zinc acetate dihydrate (Zn(OAc),.2H,0)

12. Sulfur powder

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

(Riedel-de Haen, United States)

(J.T.Baker, United States)

(Merck, Germany)

(RCI Labscan, Thailand)

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

(Sigma-Aldrich, United States)

13. Polyethylenimine, ethylenediaminebranched(Sigma-Aldrich, Germany)

14. Oleic acid vegetable

15.EDAC hydrochloride

16. N-Hydroxysuccinimide, 99.2%

17. Ammonia solution 25%

18. Glacial Acetic acid

(Merck, Germany)

(Chem-Impex, United States)

(Chem-Impex, United States)

(Merck, Germany)

(Merck, Germany)



19. Sodium acetate (Carlo Erba Reagents, Italy)

20. Dimethylformamide (Labscan Asia, Thailand)

21. Nitric acid 65% (Merck, Germany)

22. Poly(acrylic) acid (Sigma-Aldrich, United States)
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2.3 AN19RILATIEIA
2.3.1 NNSRWATITHLNUNANNADUANAAN (CdSe)

aal % e o ¥ a o all a o dl I
A5 1UN9AUAILTUNUNANARRANAEY TngE1Blaslfuilaauaineudsentiw

1" A

(1) wpizeIs Tri-octylphosphineSelenide (TOPSe) 1.5 M

44 Selenium powder 5.92 nid ldluaangiaunauin 125 Hadans laurieau
wlwan dadrnvamdaeiadsiu (Septum) vinliilinganiazqeyayanad aanduias Tri-
octylphosphine (TOP) 50 Radans naelsianiazuialulngian AudnsazaiefoeLAsadnii

AN70TANLRADALTILAN 24 T7lHa

(2) L1321 Cadmium precursor mixture

1)TOP, pump vacuum 1 hr 100°C

Cadmium-2,4-pentanedionate + HDDO » Cadmium precursor
2)TOPSe, N, gas 25°C

1 199P TN ALE NI Cadmium2,4-pentanedionate 0.076 NfuLay 1,2-
hexadecanediol (HDDO) 1.7 nfn Ualnuqamfaealsin (Septum)

2. an TOP4 Raaansasluansqednanen nialfaniazuialulngiau

3. mm‘fuﬁmmiﬂ@:uiu@'wﬁ”ﬂﬂu%muqﬁ 100°C  wianAua1Inaantuan 1
alug

4.0 TOPSe 6 HaaaAT a9 lUANITNANTNGINNNTEY AUAITARDALIAT

Q

(3) A9AINZALNLNANAVDUFHNADN

1)TOP, thugauauanae 2 $alua 140°C

HDA + TOPO - » CdSe (core)
2)Cd-precursor, 360 C

3)N, gas 30 W1#1160°C
1. WUIAANABNITS 1-hexadecylamine 5.75 N3ulae Tri-octylphosphine oxide

6.25 N3N NARTIgUUYH 140°C nglfian1azgeayryina 2 dalus

3



1
= a

2. am Cadmium precursor mixture Ngungi 360°C Nelfan1azuialulngiay
3. angruuiasliivina 160°C uaziiald 30 wn antuangnmniliimae 60°C

4. 3p Hexane 20 Ja83/7 ANTUIALA1TAZALNWNANAAUANAaN 1A TUNaL LAY

2.3.2 MsAuATIzRlaaninununang (CdSe/zns)

(1) WTENUNUNANN A UANARY

3500 rpm, 10 U o 3500 rpm, 10 u%
» LANEIOH » RAENAU +Hexane

",
\ J

1. TLAUNANARUANAANNT 5 NARANT EVAALITUFAI NS 2 aan WiiAraeti
o o 4 g

WNENZNTNTALIAINLEY 3500 rpm 10 WA

2. UNAIUA 1N ULAR AR LALaN1Laaa Ul BNIAT 14 NafanT WiAaatu
= A & =T

WINENAINTALAINNLET 3500 rpm 10 U7

3. UznauN linIazans Hexane 2 Raaans anduinuansazag i luduangn

(2) 38 Tri-octylphosphine Sulfide

1. WIALANNITS Sulfur powder 0.0641 n3u Tadnwamnfaeiaisin (Septum)
2. am Tri-octylphosphine 5 Raaans Nalfian1nzuialuingaunianALansnasniian

Huasazaten a3 luduanen

(3) Aupsziulaaniiuununang

1. Trioctylamine, pump vacuum 30 mins 150°C

2. CdSe core 10 mL, 60°C
Zinc acetate + HDA s » CdSe/ZnS

3. pump vacuum 30 mins 100 C

4. TOPS 150°C



1. INUIRFINABNITY Zinc acetate dihydrate 0.21 NFN WA 1-hexadecylamine
o :// = . . a aa v ) ' o” dl
1.636 NFN AaNKUAA Tri-octylamine 5 Nadans nelfiannzlulngiau Aeaatg
gounni 120°C 1waan 30 W
a o/ d’ v dl a

2. anununaAauRnaanimsan s Nauunil 60°C nalfianazuialulngian

9 U

1
= a

3. winguunAaiaily 100°C wazasignuunRBifluaan 20 wn nelsianiny
AEYTUINALNDNNERA Hexane

a . . » dl a o = ag/ %
4. ap Tri-octylphosphine Sulfide NRaUNH 150 C NATULIAIUNNA Meanslan

ArUNNanas 60°C 3n Hexane 8 HaaaNs anuuiuAN A3 TunaULa

2.3.3 msdfuilganadinainafiaNauanaiu

NH.
SN o
HoN \/\N/\/ TN NHe — EDC / NHS, DMF/DI .
H L . oH » Modified PEI
6 1.HNO pH =3
HaN~~ N, \ 3p
2.NH pH=9
3

1
o

1. t119ngUnsiguin 125 Jadans undansalaiadn 7.05  n3u,  EDAC
hydrochloride 5.9844 n3u lay N-hydroxysuccinimide 3.5969 N3N AMniuLFu

Dimethylformamide 20 NA8AAT AUAITAUNINAZAZANLNNA

1
o

2. fawaalenauantu (PEN 5.00 n5u ludninasauin 50 Radans azane@aein DI
gzuntu 8 HARAMI

a ada a al % 1 £
3. mansararenedefiauaniuasluasaratunanluidnglinge dnansuanguli
Uusannazane Dimethylformamide wag 141 DI aundnansuanazla (Liensngdausi
Nazanendn Dimethylformamide:1n DI = 3:1) Aua1sRels 16 dalua

4. YNANTALANH NANNLENTW NI LN WIAITTULUNITZIVEAINIaza8aanIme

1
=

1A MEqrUIUINIALLILINNYW NeuNH 95°C
] £ v v
5. #192479N LAF210 DI Uszannd 2 A%9 anntiuazanefae Chloroform wianliimanuy
v < £
SRuLANTIA

6. U5 pH szantu 3 Faansalusisn 65% Heansls 2 dqlua



7. 18135815y pH Yszanou 9 Aasansazanauan Ty 25% d19mznaua

unang P 1IN AL T AR eI LATAIN WIS UL LT W

2.3.4 msiAfaunadlanauaniuniiunisliulgauatuuiiontausunan

1. Chloroform pH=6

CdSe/ZnS + mPEI » mPEI-QDs
2. Acetate buffer pH=6

. . = = N~ . B
1.91A0UANANNAIUAILF AN 1 Radan? ldLATa9rTuine a1 NatANIE
=
3500 rpm 10 UN
2. ddaumanldieniuasautiBuang 14 8aaang ldiesestiunegsdnsisay

ANNK3Y 3500 rpom 10 W1 Hmznewd inndatiiminudaazanafosaanlsnaiy 1

ARABIT

22)

1
o

3. danedmeflilensdaumeuiunansanedinefiiu 1:10 azanawafinaifas
panlsvasu 5 Nadans USu pH 289ansazangliivintu 5 fqensalumsn 65%
4. ﬂ'@muﬂmmmmwm@uﬁum@mﬂumm:mﬂmaLm‘?w’éfam%mum'amm
(mﬂma?ﬂuslﬁﬂuﬁ”\ﬂ%ﬂizmm 30 WKiTaaunIa19as 1)
5. ﬁﬂmﬂﬂ@zmmﬂ@@‘iiw'ai‘m@ﬂﬁwLﬂd{‘mixl,umga&m&mmﬁLLuuuHuﬁ@mmmx%
AR pH WAL 6 asLuRznaui i aaALEInaenaan iansils
NAUNILUIUNNT dialysis

Hnedieifenadezriaauetaiiniunisdfude™ Wiliuainansazans pH wirfu 5

dupH Wiy 8 fazgnrazarsuenluile 25% wazanes@antnmes pH windu 6

wasuduuesniidmes pH wiaiu 8

235 m’mmﬂ’a‘lm'a’mﬂ'm’linmmﬂ'mué'fuﬂﬂﬂiumimﬂqaﬂuﬂi’a‘w
2+ 3hrs25°C
QDs + Hg© —=1°22 > , Flyorescent
= dld v v
1. wraNgnIazatglsannianudingy 1, 5, 10, 50 waz 100 ppb

2. UNABUANARNT REN1NNT dialysis N1 0.5 RaRans nanfua1sazaieilsanaqna

1 v 1
dindiuging - NN 3 Fanans Nald 3 40l udainlldnngesisamudiug



unin 3

NANITNAARILAZANLSIANANITNARD

v
A o ada

Tusadaniilvunenazlivlganuiaayniaunluaesianaisnesonn Inalines

aad a a «d‘ o 1% d { v :/j ] tdl 09/ ] ai 1 Oil 4
lanauaNNungnUFuLlediae oleic acid TWiRvsdoungauiazasunlisauin Inaa1adn

'
=X o o

doui ldgeutazifianisaselumadvedinayninuniuaesdanneian uazdaungeuniiay

doalfauniauiluagluaniozuanfeumilunn 1™ andudiayniaui luaesiagansia

fatnnlFuilgudannlinadnlansilsan deliinanismaaasunazailaafasa iy

3.1 N15RILASIZN

3.1.1 N19AATIZAAIBUANADTN

Tusnuddaiiiilunasfreudauanuiadoslunisilasussigaaisaigudan

ANBUANABNTNTILNUNAUAZILRNTNULNUN AN LA UANADN NN TN UNA8E 1S

o o

LAELVNILIALANAUANAINNTNNININIINA AR RTRAUDILNWNATN AR CdSe, TRAUA4
iasnifuununasee zns waziinislddnsacunas Cd:Se MuAnsineii Aa 1:0.3 tuaes
ANRUANABNTLLAILAINAINENIAAY 565-570 WM TUINAT (RWARY) waz 1:0.03 iluaaq

o S = o o S P
ANAUANARNTILLASLAINAIINENIARY 555 W Tulumg (Av819) ANNLAINLLaIaRNNIFNIUY

'
a o

Hesunannnsensdautes Cd:Se Nisneii lnaAtausnaanNensdau Cd:Se finendn

¥ '
a o A o

y g A A o \ o P ) '
(sl,uﬂ’]uﬁ ¢11Aa 1:0.03) AZLUAILAINIANENIAALAININAIDUANADNNNDFITIAILWNINNDN
o Ay o ° » a ’ - A o . ~
uuﬂﬂﬂ’m%qng%ﬂ@W'Ji’)sluu%uﬁ AYAUSNABNNLLAILAINATAINTNLNIARWAINT 1A H
< 1 aI/ dl = a a 1 . dl
AUIALANNITUULRN LL@tLN@LﬁﬂﬂLWﬂUﬂ?:@%ﬁﬂﬂWﬂﬁ?Lﬂ@\iLLZN (Quantum yleld) FIATNNTN

ANUIFANNANNNT



20
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Tnedl x uaz s MNIBDNFBENIUATAITNINTFIUATNAAL
A =punlinsmaesdtynyngassaimud
F = A1 Absorbance 184413

n = Refractive index 18989 N1aLanen 1%

. Y Nl 3 L
LWALWRAITNEINARITBNNNTNAND Ineanazlunscuniaanld excitation wavelength
v a o 1 ! o v Y o 1] 1 dl %
PANANTENBILAZAIFIRENUANFANAN A2TazfadlTanIdauszutng AF mim@’mm@m

o o o o ! dgj dl 2 J 4‘ 1%
ANHNTUIAIANNENNUTTEMINNUN LANT WAz AN absorbance Gﬁ\‘liﬂ"ﬂﬂﬁﬂﬂqﬁ‘ﬁluﬂqﬁ‘ﬂq

v
1o a

quantum yield Tnalnal

2
R \img/ \n2
8 Q = A1 quantum yield
o/ dl b % % 1 d’j dl b % 6 o/
m = Anduldiannaniduassszudnsnunlsinsingaasam udiv
A absorbance
n = AN Refractive index Ua4ANIAZANE
y = A . N T IO
WA R WU 2419 fluorophore 8 1Na4NNTILUAN quantum  yield g9 luni gm0

{ 1 o

989 Rhodamine 6 G ANA YA 0.95""

TnaBeumeuszndinateusinaanniidaeniinuasluiilaoniiu wudnpreudunensivany

o | P = o o A . o PR
@mmmuuuN@m@wmmiﬂlumqmeﬂu WUARAT Quantum yield IAIAIDURANADNNN

d ¥ ) = Ay oA A . A
Lﬂ@‘ﬂﬂcl/];illlﬂ’]N’]ﬂﬂQ’]ﬂQ@u[ﬂNﬂ@VW]iNNLﬂ@‘ﬂﬂuﬂ WQLLﬂm\ﬂumq?q\‘W] 3



21
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