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Nitikorn Chuekuna 2010: Studies of an Intercalation Compound in Bentonite to Prepare Film for
Dissolved Oxygen Measurement. Master of Science (Chemistry), Major Field: Chemistry,

Department of Chemistry. Thesis Advisor: Associate Professor Ladda Meesuk, Ph.D. 70 pages.

In this research, an intercalation compound [Zn(8-hydroxyquinoline),] or Znq, was prepared by the
in situ solid-solid reaction of 8-hydroxyquinoline and Zn(IT) in the interlayer space of Ca-bentonite.
The intercalation of Znq, in bentonite and the complex formation between Zn(II) and 8-hydroxyquinoline in
bentonite were confirmed by powder X-ray diffraction, elemental (C,N) analysis, thermogravimetric analysis

and fourier transform infrared spectroscopy.

The study of fluorescence property showed that Znq,-bentonite gave good fluorescence intensity at

around 503 nanometer when excited by 420 nanometer light.

To fabricate a sensor film for dissolved oxygen (DO) measurement, Zng,-bentonite was dispersed
in 2 different polymers, polystyrene in toluene and KE200:CX200 silicone and coated on a polystyrene
substrate. Both sensor films responded to dissolved oxygen by fluorescence quenching process giving linear
Stern-Volmer plots up to 60% DO. The KE200:CX200 silicone polymer immobilized Znq,-bentonite sensor
film showed sensitivities better than polystyrene immobilized Zng,-bentonite. In addition, the use of
KE200:CX200 silicone polymer immobilized Znq,-bentonite sensor film showed the effect of water
temperature on the fluorescence intensities. The sensitivity of sensor decreased as the water temperature

increased which can be classified to the static quenching.

This is the first time that an intercalation compound in bentonite is used to fabricate a film to

measure dissolved oxygen in water. No other report was found on this application.

Student’s signature Thesis Advisor’s signature
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n.H,0 Ca

2 .
Ca exchangeable cations

+ +

Na Na

L7 S e

2+

n.H,0 Ca

2 £
Ca’ exchangeable cations

+ +
Na Na
| o [ ]
| o "
0 B Yy
Na’ Na’
nHO0  Ca

2 .
Ca exchangeable cations

4

Na+ Na

> interlayer

60 )
4Si } layer 1 - tetrahedral

40 + 20H
4A1 layer 2 - octahedral

40 + 20H

2(8)1 } layer 3 - tetrahedral

> interlayer

60 ;
4S; } layer 1 - tetrahedral

40 +20H
4A1 layer 2 - octahedral

40 + 20H

4Si } layer 3 - tetrahedral
60

> interlayer

Exchange cation

v 9 b4
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31 Odom (1984)
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Exchangeable @
Tetrahedral Octahedral . Charge
cation

Pyrophyllite Sig Al, - -
Dioctahedral smectites:
Montmorillonite Si, (AL, Mg), (Ca, Na, Mg) 02-0.6
Bedellite (Si, Al), Al, (Ca, Na, Mg) 0.2-0.6
Nontronite (Si, Al), Fe3+4 (Ca, Na, Mg) 02-0.6
Talc Sig Mg, - -
Trioctahedral smectites :
Saponite (Si, Al), Mg, (Ca, Na, Mg) 02-0.6
Hectorite Si, (Mg, Li), (Ca, Na, Mg) 02-0.6

@Negative charge per formula unit layer [O,,(OH),]
Trioctahedral — all 3 octahedral site (per unit cell) occupied by divalent cations

Dioctahedral — 2 of 3 octahedral site (per unit cell) occupied by trivalent ions

Nan: wey (2534)
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ﬂ{]ﬂim@)umﬂiﬂnﬁ“ﬂu (Intercalation reaction)
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Tnsead1a Sen21 Taquaieos lada (layered host materials) Inoanyme Inseadeanugiuvea
1 { { { aan g ' a s
Toad linfasunias (i 4) esdszneui lannlfnseil Sona ersiszneudumes-

v 2 & @ a . . a & Y ax dy o I ¥
aaduaduiuiagur Tunou Tnda (nanocomposite materials) FHanls A2e35M 51117 19

]
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N3 507 (2545)
Un3enszrineve wmdanuve i (Solid-solid reaction)

aan ' < o 3 d aan A4a X ' <3
‘lJ§]ﬂiEJ'Ii8‘Vi'JN"UENLLSINﬂTJ"]J@QLL‘lNL’]JH‘]J;]ﬂifJ'WILﬂﬂ"lJHiz‘H’JNNQiHﬁﬂWU%ﬂJBQLLﬂN
= Yo 19 1 [ 1 o aan ]
cm"lmummau%ﬂuasmu‘wi‘wmﬂ”lumwwmammmﬂamﬂiumimﬂgﬂimgmwﬂumi

wisnasdsznoulae lideeldasazareaie

[ T g
m3tlszgnansunsndon luaniugue il (solid state intercalation) 80 13111
Wlmilumawsenastsznoudumesaadu 1 Ogawa er al.(1990) 1@ 15Ign5 015819
<Y 3 a ~ 3 9 ] 1
o Uvend lumsunsnaeaaslszneudunidluaouzyewdudn 1 lure 11
1 g’; I3 = a 9 =R AAa 4
sENINIFUVeIENA Inauaz Ienumsunsnasaaisilsnoudadouvod Jansyalannua
1Y 4,4' -bipyridine (Khaorapapong et al., 2000,2001) 1,2-di(4-pyridine)ethylene (Khaorapapong
et al., 2001) thioacetamine (Khaorapapong et al., 2002) 1181 8-hydroxyquinoline (Khaorapapong
Y
and Ogawa, 2007, 2008) 11 1/ luge sz niaFuvesawn Ind laglF§ns sz

S @ 3 A a
GUﬂﬁllﬂlﬂﬂﬂﬂ]@ﬂllﬂ]\?ﬂﬁﬂ’l?gﬂﬂﬁ
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awv dy 9 (Aaaa 1 S o < A ~ a 4
GluQWu?i]ﬂuulm%ﬂaﬂiEﬂigﬂ'ﬂﬂ"ll@Q!LEINﬂ‘]JGU’E]\‘iLLGINLWEJLﬁﬁﬂllﬁ1iﬂi$ﬂ’f]°u'O‘L!I,‘V]’E]i-

@ 1 1 ] 1 1 3’; 4 o
AT [Zn(8-hydroxyquinoline),] NNInaoAgluT0INITEHINFUVRUDUNG TuAaI

#1318 llAnse
miin:Juaauazmiﬁmuawaﬂwaqa (Molecular fluorescence and phosphorescence)

m3ilaaues (luminescence) voua1suewiailulsngmsaiideudhafiuausn
ﬁw"lﬂ“lsff’“luﬂﬁmnﬁ@‘uw%mnﬁqaﬁ%ﬁmmmsﬁu 7 18 Tapaiudinmsiunaiin
wlgeosmrudinldiinaziassunsduazasetiunidlfessd uassatuiluiihnseii
Iaamge fianuniies anuuiud wazsaniduitmme S9l85uanudomiunls
Snsziluslsesiiall vazanSinsedansisilSinadesy (race analysis) d1151

a = ' Y
matinvgessmaudnen ldaniwlige
[ a ¢ .. .
Hanny maﬂwiﬂgumaw U9 (Principles of photoluminescence)

a o I3 [l 9 % 1 dy
TWT@]guguﬂLcﬁumﬂuﬂizuaumﬁ'lﬂqﬁmuzﬂix@;uuazmﬁﬂauqﬁmuzwu
L m» a A Y A
(excitation — deexcitation process) Tﬂfmmm@ﬂauuaﬂﬂm]auaaﬂm IHBNAINNIZUIUNIT
1 Y Y 9
ﬁmﬂﬁuﬂzﬁ'ﬂmmwuﬂu ANUU ammmﬂﬂmaqm‘zmumﬁmmﬁ%ﬁmmﬁmm
£y Yo a Aad e . <3| = = v A
m“lwmmwaw (multiplicity) meﬂmaqmﬂu M muﬁmmimuum%wmm
A o . 1 A 9 [ ~ .
993UNA (orbital angular momentum) UYDIAALADIUL (state) HaznNeIVoIN Va1l (spin)

AIFUNIS

M=2s+1

A @ =S . < A
s 10 10UAIPUANATIU (spin quantum number) Y03 INaNa 1WunaTIMYDIATUYD

A Jd

adg ) [ a ] o
aranasoululuana dmivluanavosmsounigaulng s = 0wz Tuanalduiu
ad I 1w 3’/ A [ o R A 1 dy adg 9 1
aranaseuTluEmYg AU A0 IUZNUNAINIUM A BATINNADIULNY DIEANATOUITADIOY

< 1 . A\ [ o &
g (pair) Teeliatluasanudnu aaiu
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A Y1 ~ 1 . A . .
Wos=0vlan M= 2(0)+ 1 =1 138N singlet state ¥iT® singlet electronic state
Y . I o [ =2 . A A
az v ground singlet state 11l S, @MU S, uag S, ICHUIYD singlet state N 1 LAZN 2

@AY (first and second excited singlet state)

ground excited excited

singlet state singlet state triplet state

~ 1 9 Aaad R A ~ ~ a\ v Y
mmzﬂmaqaagiuamuzmzﬂu aranaseurial leamanvzilasuaunauaiu (reverse

Y
spin) AYUY

S=+l+£=l
29

M=Q2x1)+1= 3 iFon triplet state

d‘ Y 1 9 d' [ 1 dy g‘/ =\
e Tuanagnnszqu llganiugnszqumsiluanaszndvaunganiug iuiusgd

Y 9
ﬂﬁllﬂGIN 9 m@ﬁuwmﬂmumu LYU

- ASLUIUMT vibrational relaxation (VR) B ATLUIUNTAA vibrational energy NN
e luanaegluaniuznszquilaed (S,) 92NANTANTZAUNAINIUUDI vibrational energy

A v ! 9
MOAAUFADIULNITEAUUIA (S)

v Y 1
- N3ZVIUMT internal conversion (IC) 1D NszUIUMINNATULID TuanamaniTan
sraUnaanuly S, sl szAUNaIUMgaIMINUNaINUgIgalu S, aznlasuaniuzain

s ilus
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2 1

a 4 ! @ (% 1
- ﬂizmumimﬂWQ@miﬁwa ﬁf) ﬂ‘im.l')uﬂ”lﬁﬁiumf}ﬁﬁﬂﬁgﬂllwa\i\ﬂuﬁﬂﬂﬂq

[

H ] 4
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1 4 i1
- N5ZUIUNI intersystem crossing (ISC) AB N3zVIUMITNAYUD Tuanamasoylu
Yy ad % & a | v Y o Y . g . =
ADMULNITAY DIANATOUAIM TN IMNAADUNAUAIUINTHAT spin multiplicity 1)AeuIN 1
< g { . < . Y g v
i 3 Turanavusgl@eusn singlet state Tihiilu triplet state TaoNinszuaunsil luting 14

59900NU1 (non — radiative transfer)

a d A A a ,% [ =
- nszuaumsnaneanesaudy Ao ﬂ‘58‘]J’JL!fﬂi‘1/]!ﬂﬂﬂluﬂﬁﬁiﬂﬂﬂTﬁlﬂﬁﬂuﬁﬂWl&%

o

< { A a 4 @ <
1111 triplet state NAWAINUFZINANTZVIUMS VR tioaanasaruIiilu triplet state 1150

(T,) NAWasusga udananszuIumsaaszaunasnun T, 1 s, Taslins 19 Tnaou

Q

T

A Y < Y A A o =
lWﬂﬁlﬁlwuﬂigﬂquﬂ']iﬂigiﬂulu’f]\'i{ﬂ']ﬂﬂ'ﬁﬂﬂﬂauwa\?\ﬂu!lﬁgﬂﬁgll'JUﬂ']il;LWiQﬁ

ausouandladie o TasldumumnuaniseaNaaay Jablonski 901NN 5

3 VR
s, 271
2 1_
IC
O ————— 2
S 11— [ 10
IS¢
0|:::—|ﬁ
3
VR 2
Tl
[ IO
31 1 EEN v VR v
S P i L1 | v v
0 11— NN \ 4 v
A 4 A 4
Or ]
NG AN Y, \ )
YT Y
Absorption Fluorescence Phosphorescence
(10" sec) (10”- 107 sec) (10” - 10 sec)

MNA 5 HHUNWIAAITZADNAEIY Jablonski (NEINUNTYANAULALMTUHTIE

e ity (2535)
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andauluiii (Dissolved oxygen)

A ’é o w 1 o a o J %I =Y
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EU'E]\‘K’)’E]ﬂ"]ﬂﬁ]uiuHTLTJHm5ﬂﬂﬂﬂ%ﬂﬂ!ﬂWWﬂlﬂQUTGlULlﬁaﬂuu f]"lﬁ”lﬂ'f]ﬂﬂ“ﬁﬁ]ﬂllﬂﬁﬂ”lmuﬂﬂuhlﬂ

v
a =
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A a ¥ 2 1KY o 4
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Q G

A X2 oq9 a vy 'y o 2 Y 2
qmﬁgquuwﬂmaﬂcmuazme“lﬂuaﬂmzmmmmﬂumimmﬁqwu%zazmﬂ'lﬂumw
a I~ d
20NAWAUITUIBDS (Oxygen sensor)

@ [l a 1 < I o o 1A
Tugailagiiust liendfas ldweiuna TuTadiswaes ladmiunumdiAyaon
aa o ] A a ] 1 o S o 1 I
Finveawybeis 108190 HesnnanuienedauninatslumsimaluTadaananuuily
o A oA A ] P " v
pentlsznonlunieiiomiosld uazginsaiaien winmenanvatezluuy Taesjaniuly
M3Tes 1A NNEZAINdsazANlapaie Ido g1 FuABANURDINITVI
Y v v
A1 Nedaeminyammumsanianazanuana lumsuisiuluaaianslunaz
] Y 1 Y a o o a [ /A A @ ~ 3’; =1 kY Y
antszmald dawalimsisenagiaumdasusinneinuma luTadgiuianudmiuey

A 1 <
01 1008193201572

< Jd A A o Y A [ = o 1 ~ Y U
LFULEDT D Qﬂﬂiﬂ!VIVITTTU”WW]TJ%'J@ﬂﬁiJ']ﬂ!ﬂlﬂ\i@]'JLlﬂﬁﬂ']ﬂ € NLINBINIINIIUANN
1 a A A 1 I Y = av dy I = A @ o
MU QUUYN NITAADUN LLAITIN 1Wuau GmﬂlmmmﬂuLﬂumsﬁﬂmmﬂmumima%m

a a a < J
‘]Jﬁﬂil!?J’E)ﬂ“lﬂﬂilﬁ%@i’)@ﬂ"]ﬂﬂul‘ﬂfu!“ﬂﬂﬁ

a <3 J v o o J Aa [
PONFIUITUIFDS 30AIAdn UM enFU I UaIUzINAHTDYDUWAT 1)
s o ° I 2 o I~

anudngylumsihlidszgndludwdunaden gaamnssuuazneamsunng lanns
o < J a . ds! ) [ @ a 2 Ay a 4
WAL T UIFDTIFILA (optical sensor) YUFIMTUNITATIVIABDNFIU TUINFIUVOANN
<3 4 A ] 19 algl.; Y a [P=)
IFUEDIHLUUDU ) 1YY UliJGI’EJﬂ“]ﬂI’J@NEN (reference electrode) hliJiJﬂTifi“]Jﬂ’J‘LH]Tﬂ

[ < . o <3 J a o @ A
AUNLLIAN (electromagnetic field) Taena liduos Fauasordonann1s i luanaves
panFRuIh I ANNLVeIMINIEIVeIaN T NN AL (fluorophore) AAAY

a o a . a <
(@ndFauT lving quenching WieoonFawilv quencher)
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Amao ef al. (2000) 163 83LA ANYIFNTAFILLAINIINBNINLALITUAL VD9
aluminium 2,9,16,23-tetraphenoxy-29H 14a¢ 31H-phthalocyanime hydroxide [AIPc(OH)] U
Hdumoaalezu omsasrvinlSuiaesndou w1 ANUELYBINTIIMEWBN optical
oxygen sensor [AIPc(OH)] Vulaunoaa laiuanas Lﬁaﬁwﬂﬁﬁ?mﬁ’m@ﬂ%mu NTATIAIU
1/1,,, W anuhlumsasndaisumiy 1.04 nazanmsndeanslauauns
Ster-Volmer Wi nswlfuun Iudluduasdusefiosndnuidinnususud (~10%) ias

1A1ANUDY Stern-Volmer (Kg,) 10U 2.4 X 10°

Hamada et al. (1993) Anann organic electroluminescent (EL) device 911
as1szneuFadouvedlane 8-hydroxyquinoline (q) (Znq,, Beq,, Mgq,, ZnMq,, BeMq, L!a¥
= ' 3| a A A A A J ' dy Y 9
AlPl‘qS) Fadawaauas@eIvIoaiaod W‘Uﬂmiﬂﬁzﬂ@‘uL‘Vimu“h/iﬂ”lﬂmmslmmmﬂﬁ
1laadannna1 3000 cd/m’Taomwiz Zng, THmAnuduveInsulawaageds 16200 cd/m’

@ ad a 4
Hopkins et al. (1996) CELRL ﬂ@tﬁﬂjﬂi@jmuﬁ 1¥5UA (electroluminescent materials) Ao

aluminum L1Q¢ zinc metallo-8-hydroxyquinolates MeunuasdseneuFadouria@meinuua
"laiﬁﬂWigﬁuwagngmuﬁiuaggﬂuﬁ 8-hydroxyquinoline Taam31aslszaeu@edorsiniluilay
UHUDNAIINT dope ad 1/ luasazareves poly(N-vinylcarbazole) W30 PVK 1187
mmsAnp S euieuantialudu absorbance, photoluminescence Lai& electroluminescence
uamm%’ayjaiuﬁﬁu electroluminescence W13 ITO/AI(QS),-PVK/aluminum Qg

ITO/Zn(QS),-PVK/aluminum Wau1ia diode-like electrical

a 4
Khaorapapong et al. (2001, 2002, 2006, 2007, 2008) ANYINTUNINADATITOUNI LAY
a A Jd Y ] 1 1 1 g’; = o a o* Y (aaa 1
atunsdn lloglusosneszniesuvesludsunoudueiala lud lagldgnsesz g
< v < A Iya o A 4 o 1 g’; 4
Yo uvewa e Tinaitluaslszneudumesnuatu luszniesuve suune lud
1 ° o [ 1 a I'd ad I
Tagmaazii ldsegnd ldludiuas q 18 wu azazdad 1Wlao@an Insiadl fudu

[

= 1 A dy
msane Tunpazliaeil
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112001 1&%1M151MINeT0A 4,4'-bipyridine 1182 1,2-di(4-pyridine)ethylene 111 11)o¢
v
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6. ﬂé’mgammﬁ&ﬁnmammudmﬂﬁm (Scanning electron microscope, LEO
Electron microscopy model 1450 VP)
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4. NAM3INZH510 C waz N Ty Zn(an-uune luduay Zng,-uume lua
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A2UU Zn(1D) 1 eq. ¥ 32.69 NTY
4

18 Zn(1D) 1.92 X 107 eq. W TNHTANIAY (32.69 X 1.92 X 10°)/1

= 0.0628 NTY

921891 Zn(1D) Teeeou 1.92 X 10 eq. 117U 0.0628 N



UagNnNTUNIT

n=g/m

d‘ A o
We  n fv U Tua

4
o g

g A9 1N

P

A
m Ao maimaf)a (GHRIY)

n=0.0628/65.38

=0.9605 X 10" #1390 0.0009605
Y1 4 v A [
22187 Zn(ID-wune lug 0.0628 ATY TAUNINY 0.0009605 Tua
Tumswieuaslszneudumesauatu Zng, samaiu 1:2 TagTua

Zn()-wune lud - 8-leasonsad luau
1:2

0.0009605 : 0.001921 Tua

AUUITADIF 8- laaTondal IuaY =n X m
=0.001921 X 145.16

=0.2789 NSV

9
v v

~ a 4 LY R Ao 1
ANUU “lumamaﬂuawiﬂszﬂamummmmw Znq, BINBATIAIU 1:2 Iﬂﬂhlﬂ

A

o4 Zn(D-1wune ' lug 3 5 a1zdld 8-leasondailuau 0.2789 nSu
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o [y d d
msminansIaIuveImiUeune lulasioulu Zng,-uumelua

WvdnezaneN C=12.0107

N =14.0067

Y]

¥ Ay v A ¢
HINUN ]lﬂi]']ﬂﬂTTJLﬂi']g‘Vi 8.0163

Cn
N #1'1&831nmMsinTe 1.0293
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Y 1% U H @ { a 4
msmwmnﬁ A1 DANFIUUINUN C LIag N ﬁhlﬁ}ﬁ]”lﬂﬂTTJ!ﬂiT%W‘ﬁTﬂ Cuag N Tu

4
Zng,-Uune lud

C N
8.0163/12.0107 1.0293/14.0067
0.6674 0.0735

9.0802 1

Y
Y @ 1 d 1w
aztiu 2z 1dvasiaau N Tu Zng,-twume lud min 9.08:1
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N13AAAIUDINITINIMAN (Lakowicz, 2006)

N1TAADIVDINITINILA (Quenching of fluorescence) Tﬂﬂﬁlnlﬂ ‘Hll"lﬂﬁﬂ‘uﬂ
A o Y 9 o ] Aaan ' A o Y
ﬂi%‘]J’Juﬂ”ﬁTWlﬂ‘Viﬂ’J"lllLGIJN“'IJE’Nﬂ"Ii'J”I’JLLﬁQGU?N@’JBfJNaﬂfN ﬂgﬂimizmwﬂmaqammﬂw

N1TNULFAIDAAIVDN ﬂigﬂﬂﬂﬁjﬂﬂ

- ﬂf] NseNaaIuL ﬂiz@i} U (excited-state reaction)
- MsIniGealua na vy (molecular rearrangement)
= =) H &} .
- MINATIIFI o UNAIUZ Y (ground-state complex formation)

- MIYUVDN fluorophore LA quencher (collisional quenching)

{ g (% J [
mimmmaﬂmﬁrﬂuwamﬂmiﬂmﬂuizmn fluorophore L% quencher uuadlu 2 uuy ﬁi’)

collisional H3® dynamic quenching A1 static quenching

9
Tunsalues collisional quenching YU quencher auns ldenzny fluorophore Tu
! ' . . . ¥ g v 1 &
TEHINYNIA (lifetime) Gllﬂ\‘]ﬁﬂTJgﬂigéju (excited state) ANUUNICNAVFADIUS WY
(ground state) TaelumanmslauasvesTvnou (photon) @113 static quenching 3ZNA
a 9 dﬂ! U [ é a 9 dy =
13U T NOUITIFO UAUTLHIN fluorophore NU quencher FaesUsenouFasoulaz 1ul
au1iAN15319484 (non-fluorescence) Fahimsmueaauea fluorophore AQAN

U

msnmlfaniansIuaIanas (Quenchers of fluorescence)

a

o ! < @
flﬁ']ﬁﬂ']u'Ju‘JJ’]ﬂﬁ!Lﬁﬂfin]@ﬂiﬂJLﬂu@]'Jﬁﬂﬂ'JTJJL‘fIJNGU'l’)\‘]ﬂ']TJ']'JLLﬁQ (quencher)

v v A A

collisional quencher FHANINNTINAUA Ao Twanasendau Feansnsi ldanuduvesns

U

A

MULE9UB4 fluorophore AAAY 1HIBABINTATIVIANNUTUVDINITINILE (fluorescence yield)
#30 lifetime Y99M31E9 WNIzADIMTnoRNFIUNAza100g na Ininanneongui e
ANUITUYeINMINLEanasilimIandesnuegan N uana lnlaea linanms
UUAUANDONHIAU (paramagnetic oxygen) i fluorophore NANTZUIUMS intersystem

. A . = 9 [ [ 1 dy [
crossing (ISC) 11 triplet state Faldanulunmsaaszaunasnuganiuziuau liamnso

5% <
FanaiumsiFeaas (phosphorescence)
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4 y o .
a’lia@ﬂ’liﬂ’nl!ﬁﬂﬁu 9 Vlﬂllﬂ flgﬁﬂﬂﬁéﬂqﬂ@ﬂuﬂlu1@1ﬂm 1Y iodide 1QE bromide
msisznovnaTau (halogenated compound) 1% trichloroethanol 118¢ bromobenzene &4
e quﬁﬂﬁmmu collisional quencher & 151U52n0U chlorinated hydrocarbon ll81% electron
scavenger U T1smou Fanau Femdu NO™ yuusa Cu’ Pb” Cd” uaz Mn” Aty
o Aaaa @ . v J o Y 9
fﬂi‘ﬂ’lﬂaﬂiEl’lﬂ‘lJﬁTi‘l]igﬂ’fJﬂﬂiglﬂﬂ indole carbazole Llagflkuﬁﬂ'lslﬂﬂ'ﬂllﬂlnell@\iﬂ'ﬁﬂ'n

3 9
LagvesaIsanal 1uau

MSINUINA V1 AT NUAVTABIANITINILE

Quenchers Typical fluorophore
Acrylamide Tryptophan, pyrene and fluorophores
Amines Antracene, perylene
Amines Carbazole
Bromobenzene Many fluorophores
Carbon disulfide Laser dyes, perylene
Carboxy groups Indole
Cesium (Cs+) Indole
Chlorinated compounds Indole and carbazoles
Chloride Quinolinium, SPQ
Cobalt (Co”") NBD, PPO, Perylene (Energy transfer for some probes)
Dimethylformamide Indole
Disulfides Tyrosine
Ethers 9-Arylxanthyl cations
Halogens Antracene, naphthalene, carbazole
Halogen anesthetics Pyrene, tryptophan
Hadrogen peroxide Tryptophan
lodide Anthracene
Imidazole, histidine Tryptophan
Indole Anthracen, pyrene, cyanoanthracene
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Quenchers

Typical fluorophore

Methylmercuric chloride

Carbazole, pyrene

Nickel (Ni*)

Perylene

Nitromethane and nitro compounds

Polycyclic aromatic, hydrocarbon

Nitroxides Naphthalene, PAH, Tb3+, anthroyloxy probes

NO (nitric oxide) Naphthalene, pyrene

Olefins Cyanonaphthalene, 2,3-dimethylanphthalene, pyrene
Oxygen Most fluorophores

Peroxides Dimethylnaphthalene

Picolinium nicotinamide

Tryptophan, PAH

Tyridine Carbazole

Silver (Ag+) Perylene

Succinimide Tryptophan

Sulfur dioxide Rhodamine B

Thallium (Tl+) Nathracene, 5,6-benzoquinoline

Vli]‘lzlf] collisional quenching

NITUIUNITAANITINMULAILUY collisional quenching E‘Tﬁﬂiﬂ’ﬂ%‘iﬂﬂ"lﬁ)ﬁnﬁ‘ﬁlﬂﬁ

Stern-Volmer ﬁ 3]

1/1=1+kT[Ql=1+K,[Q]

@e ruaz I Ao ANUTNVEIMIINIUAINOUNAZHAIIURN3811 quencher

[
1 =

X

T, A9 32981 (lifetime) 14N1591089UD9 fluorophore NOWYNLURATEINY quencher

k.~ A9 719190 bimolecular quenching

Q A9 ANWYNYUVDI quencher

A9 A1A9N Stern-Volmer VBINTLUIUAITAANTINILAULIUL dynamic quenching
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ﬂq}lf] static quenching

2 v
TudauieTLNANITUNTUDS quencher AD fluorophore T1HHI lifetime NADIUL
F4
1 I
NIZAU (39NNT2VIUNTHI “time-dependent process” M3AAAIUDINTMILAUTUNANINATS
v ' ! o Y 33 A ' A A
FIUNUTENIN fluorophore VINAIUNY quencher Iatluansi lainues e fluorophore N

13185901 quencher amzﬁuwﬁ’wmﬁaﬂﬁ’udﬁmuzﬁu ANUITNUBINITNIAITIANAT
N3ZUIUNITAANITIIMAWUY static quenching A115D0TU18 IdM NN
1JI=1+KQ]
Lﬁi’) K, o ﬂ'”lﬂﬂﬁ Stern-Volmer U83INTEVIUNITAANTTINIULE ULV static quenching

9 ]
AMTUNILVIUNTAAAILUY static HU i]gﬁﬂ'l TO/T =1 gﬁﬂ%t!ﬁﬂ@ﬂﬂﬂ'lﬂﬂi%ﬂﬁ]uﬂ1i
AABALLY dynamic FIZUAAIA [/1= T,/ T
?)ﬂ%%ﬂﬁ\?ﬂluﬂ1i§1lluﬂ‘i%ﬂ’)‘%‘]ﬂ‘igﬂﬂuﬂ'ﬁﬁ@ﬂ15313LLﬁQLLUU dynamic LD static
Y 1 I
quenching AeMsia absorption spectra U®\ fluorophore 3¢ 181 §d)u collisional quenching

(dynamic) 92 117in1511/ae11/aued absorption spectra

o a o < J
ﬂﬁlﬂlﬁu6"ISJV’E)yﬁﬂ1'ﬁﬁﬂ'ﬁQGUfNﬂ’JHJLGﬁjiJﬂﬁ’JTJLLﬁQ ﬂﬂﬁuﬁ”mmmﬁwaamzmw

y ! { g TR = < 22
11 feuny [Q] vuns il uduasuilureanududuves quencher vz Hguos iU

'
v A

[ 9 A g =\ (Y = @ [ =
’Jﬂvlﬂ nsnnasavzlIaaanLIY y IMNY 1 HaguAIANNTU (slope) NNV K, Gluﬂim

q

. . J 1 Y 9 = v A
dynamic quenching A1 K 51T PR EURERATRTIN quencher Nvzaansnuaald 50% nie

nI/=2
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o ' .. . . Yo
NTVUNTEUINNTEUIUNIT collisional LLag static quenching uaasladann
~ A ~ 9 a [ Y 3 KX a [ 9 a
WUINN U1 A NANNITNTEAU quencher Lﬂﬂﬂ?illWiulﬂ’fJﬂNi'Jmi’J i]ﬂLﬂﬂﬂWi“]fuﬂuhlﬂMWﬂlﬂﬂ
NITVIUNMITAAAILVY collisional quenching (dynamic quenching) LABUAANITIINAUTEHIN

[ A 1 I
quencher N fluorophore laa15Usznoy v lulimsnuaadlunszuiumsanaayy

static quenching

Collisional quenching Static quenching

_A—& (F¥) F*+Q L (F-Q)*
Q o Q
f(t) _1 =T No emission
V=1, @Q} ] Y=o
Q F+Q F-Q

A A J ~ 9 ) b 0
10 f(t) AB AIAINVDINITNTZAU (the constant excitation function)
F* Ao fluorophore ﬁﬁmuzﬂsxﬁ’u
A (% [ 1 dy d’ = .
Y A8 2a3IMTNaugan U WUUDN fluorophore o ladl quencher (decay rate in the

absence of quencher)

IO/I and ’CO/’C

MWHUINT V1 1f58UNIUTEHINNTZUIUNITAARIUDY dynamic 1A static quenching
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M3nA dynamic llag static quenching wiounu (combined dynamic and static quenching)

1 9
Y

9
Nriaensain fluorophore HHUINANTEUIUNITAANITITIIUTINIULUY collisions LASLUL
a g A ] A . . <
matluaslseneun luuasrie static quenching MINADANT WML TUNT Stern-Volmer

ﬁ”lmmu,ﬁm“lﬁﬁamwwumﬁ U2

k
F* ——— 5 [Q] (FQ*)

TK Non ﬂlloresent
h
o Vi

F + Qz—2>FQ

Slope = K K

(11~ /[Q]

r4—K +K
B D S
I | Lo & = T N Y Y O A A A A A A A

~

MWAHINA V2 NI5INA dynamic 0¥ static quenching nounu
o
ﬂﬁﬂig‘c’gﬂ@ﬁﬂ\lﬂWi Stern-Volmer
K, = (/D - 11 V[Q] = (K, +Ky) + K,K|[Q]
A .
K,,, A9 apparent quenching constant

A < 1 )=} o Y 9 A % [ Y =\
LUBDNADATSIN Kapp Maunu [Q] ﬂz"lmaumwm;ﬂmmmu y imnu KD + Ks agy

ANVFUININY K K
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palnmsaannudivesmmsasiifaianznszdu
=) 9 ) a A 9y A
ﬂ15’0‘ﬁ']J”IEJﬂﬂllﬂﬂ”liﬂﬂﬂ’ﬂ?JL"UlJGU@Qﬂ"li’J"l’JLLﬁ\‘Wlmuﬂiz‘U’JuﬂﬁLﬂﬂ%ﬁﬂn%ﬂi%}uu

o dy
3 UUY AU

1. NIEVIUNIT Intersystem crossing W30 Nﬁﬂizﬂﬂﬁ]1ﬂ@3@]ﬂmﬂlu1ﬂ1ﬁﬂj (the heavy
atom effect)
2. NTTUIUNIT Electron exchange 130 Dexter interactions

3. N3 UIUNIT Photoinduced electron transfer
NITUIUNII Intersystem crossing

NIZUIUNMTAANMINTUYDINITNIA 1o ozApNIA TnR/UD e Taly LAz
a =X o Y a . . A A AA v
PONTIIU FIN ININANTZUIUMS intersystem crossing 110 INianarIoasnUaNn WA
v H 9
gandunasnuiminzavzgnnszdu lianiuznizdu niuazaandsauauny
. o 1 9y A~ a [] g A dy o
(relaxing) 3UNIZNIBY IUADIULNIZAY S, WalpanGuagluthasnaniue s, Haz
Aaan @ a < a , go} o Y A A a
UnsenunIdmanesn®au (triplet oxygen) 1wt i lvansniauiinniueaana
N32UIUNT intersystem crossing (ISC) Tag Tuanaldasuaniuznszquain exicited singlet
< ES a o o S, 4 @
state (S,) 1111 excited triplet state (T,) 1INUUILIAANTZVIUMTAATEAUNAINUDNATUNONGL
! tg é 2 U v =Wl . . ti'
AU Y (S,) FINTTVIUMITAATZAUNAINUNN T, 18 S, alwr9a1 (life time) 9
AouIIIUNIINTZUIUMIaANasuIn S, llds s uazon T, lids s imamsanszay
WAty liNaAn1391e (non-radiative decay: nr) ¥3omenasnulugivesnnudon

AININNUINT V3
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heat
Q
o+ Q Kisc > F* / ... (D
k heat

S
2 4 \ Relaxing S,
kISC [Q]
A 4 T,
hv-/
K, k [Q]
S v

'
A N

F* Ao mshtlauiaimudsioglugniuznizqu

v
wa =

F*. e asilauianuasiogluaniug excited triplet

A o

Q fe mshnauamlnanuduvesnsIuaanad (quencher)

k koo k[Ql 0 AN
d‘ A o Y A .
MNNUINN V3 ﬂahlﬂ‘i/]‘i/]ﬂ‘l’iﬂﬁ’N’JLLﬁQaﬂﬁQLmU Intersystem crossing
N3UIUNT Electron-exchange quenching

MNHUINT V4 uaaana 1Ny 1M NIuaIaaaduY electron exchange 130 Dexter

. . Aan g dgl T o ya v v ad
interaction ‘]_]QﬂﬁEJ"I“L!Sﬂgﬂﬁ"lﬂjg]sllui%ﬁﬁNﬁﬁﬂlﬁmﬁﬂﬁiﬂu Dy (donor) LALAITUBLANATOU Ag

@

4 ad { o A 1A Ja
(acceptor) 1110 E A0 electron exchange Yaiznszqudtanaounaa lvoanaou lilognoasiva

v
v A

. < A ' v v v ad ~
lowest unoccupied (LU) mﬂuuamﬂm’au%maaumu"lﬂmmsuamﬂmau Tuvaz

Ia o

adg { ' . . v v adg < 4 ]
@Lﬁﬂ@ﬁ@uﬁﬂiﬁﬂﬂ@ju@@ﬁﬂﬂa highest occupied (HO) Gll@Q@]?iﬂ@tﬁﬂ@lﬁ@Uﬂ‘ﬂglﬂa@uWWH

Ja o (Y

o @ ad
NAVNIENDDIUND HO UDIAITUDLDNATOU
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N2 v N II /
Electron exchange
hv - > P R
\
e o 0 0 6 0o
DE AE
(a)

28\ |
o \ ~e
T /AN —  Concerted ~ LI 7 N
electron exchange

hv P Y R 'y Al g
@) @ @ @ 0 @
D*g Ag Dy A%y
(b)

9 Py

MNHUINA ¥4 nalamsaansnauaslungazduaou (a) HAZINAVUNS DN (b)

1Y electron-exchange quenching
N3UIUNII Photoinduced electron transfer

nalnvh1¥nsnniuasanasuuui 3 Ao N3V photoinduced electron transfer
9
o Y] a a 1 o A d v o
(PET) dvisunszuaumsizinaaslsenoudidoussnind Inomanasou D, uaz@aiy
ad a d + - A A =
aianasoU 4, inallumssznou D, A, A4 INH 32 110 P HuedenTeuIUMINITann1inn
da

4 < a [ 4 1% 1 ¥ ]
Llﬁﬁlﬁﬂﬁmﬂﬂﬁllﬂll‘llll PET vuen LaﬂﬁﬁﬂulﬂﬂﬂWiﬂWﬂWﬁﬁﬁWHlﬁﬂﬂﬁUgﬁﬂWHZﬁuTﬂEJlliJ

inansulauaavesInaou



\(ID,/' - h \\\\/ (DP*.AP‘)*
LU _/ \_ — g
. PET
Ho QO @ 0 0O
D*, A, D, A,

3 { o Y 4
ﬂTwwu:mﬁ Us ﬂaulﬂﬁvl’lcl?iﬂ’li')’ljllﬁﬂa@a\nlﬂﬂ Photinduced electron transfer

M3 IUINN U2 ﬂallﬂﬁﬁﬂﬁjmi’JW’JLLﬁQﬁﬂﬁQLL‘U‘U Photinduced electron transfer

A o Y ag v v adg
14® fluorophore NMYUIN Juasvuoanasou
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F* - Q= (F*Q')* —>heat 130 exciplex

Fluorophore (PET acceptor) Quencher (PET donor)
Polynuclear aromatic hydrocarbons Amines, dimethylaniline
2-Cyanonaphthalenes Dimethylaniline
7-Methoxycoumarin Guanine monophosphate
Pyrene Indole
9-Cyanoanthracene Methyl indoles
9,10-Dicyanoanthracene Dienes and alkenes, alkyl benzenes
Anthraquinones Amines

Oxazine Amines




M3199uInA 43 nalnNyh 1¥msniuasanaduy Photoinduced electron transfer

A o Y Ad o g Iad
$V3} ﬂuorophore mwmmﬂumlwmaﬂm@u
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F* - Q= (F*Q)* —>heat 130 exciplex

Fluorophore (PET donor) Quencher (PET acceptor)
Indole or NATA Imidazole, protonated
Indole RCO,H, but not RCO,
Tryptophan Acrylamide, pyridinium
Carbazole Halocarbons; trichloroacetic acid
Indole Halocarbons
[Ru(bpy)3]2+ Methylbiologen

Dimethoxynaphthalene N-methylpyridinium
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