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Abstract 

That the Advanced Organic Materials researches are financially supported by CU-CLUSTER

'. 
 FUND contains 4 subprojects; 1) Controlled Release Materials 2) Materials for ISE, Optrodes and Glucose 

Sensors 3) Chromic and Fluorescent Materials, and 4) PNA Probes for Detection of DNA Sequences. 

There are proceeding and research output in year 2010 at 20 results that are one national patent and 19 

international publications; ten for the first subproject, one for the second, six for the third and three for the 

last one. Also, website of our group research is performed as "Center of Advance Organic Materials 

(CAOM) Chulalongkorn University" at uri: http ://I92.207.64.24lhome.htrnl for collecting and 

discovering our researches data. 
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o 
U'YIUl 

.; 
1.1. !lHI11 1 

lm-1fll"nit)lIn 1 Controlled Release Materials 

":i~1J1Jf)1":i nfllfhrl11U":i~1J'lJv1'J'vn~l"HH)f1t)'\'1t'Vl1 'Hll'l11":i IfltU,ItYltll.:J !t(;l~tIl ~l~n'\.Ju~I~!!tl 

liposomes, microemulsions, multiple emulsions !!(;l~ nanostructured lipid carriers l~tll~ljf)1":iU11tJli'1'\.J 
jJ I Q & ~ ~ I ef~ d

Q'f'l~l'11m":ilJ~l'\.J'f'lN'l tll'\'1 cosmetics and toiletries, textiles, paints 11(;l~ til 9f.:Jl'\.J":i~'lJ'lJ~.:Jl~lJ!'\1m'\.JtI.:JlJ 

iJWl11!t~N m1lJI~f)tI'J !!(;l~lJf1lj~lJU~~1111IWtl.:J f11'Jfl1'lJfllJf)1'J,j(;l~,jri Uti ~ .:JOlJf1 IlJl~~.:J~U.:Jf)1'J
u • 

lyh~m'J ~.:JJ'\.J 'I11f1~llJl"H)~r1.:J~lJU~W!fYEll,rn'lJtl~mflu1ri.:J tllYiyh l,rI~f)tI'J~'\.J 111l,rljf11'J 

1 ClJ _"I 0 9 ,., '" I' ~ let ~d ..:9 a d cd Q.I

l1(;l~l1(;ltltltl.:Jl9fmUl'l1lJl tI '\'11 L'I111(;l~lJ"tlmlJtlU~'Vl QUl 'I1]JlJ'\'1!Q W1~1111~ 11.:J '11 'JUU'\.J'l f1 11~11I'\.J f11'J WWl'\.J 1 
• I II I II " 

l11ri'J~'lJ1JlJ1ri.:JVi~V.:J;j\'H!(;l~1~'\.J Vi~u.:Jf)1 ":i f111'J~'lJ'lJ~.:JI~lJmh.:J!!tl 'U U'U ~.:J,r'U.:J 1'U l'U ri1'U f)1'JYrWl'U 1 
" 

o 1.cf4 " jI 0 I d do ~ ~ J I 0 lfJ ,.,
'J~'lJ'lJ'U 1~.:J'\.J 11.:J'f'l U.:J f11'J ~'J 1.:J'J~'lJ'lJ'U 1~ .:J'\'1lJm1lJW!fYEl U(;l~ !QW1~1111~ l1.:JtI.:J'U'U i ~tllJ.:Jf11'J'U1 1111'1f health• 

Ji • I'" • I 'I' '31 '" .Ii '31<0 ..,'" '" "'.,'" '" care, food u,,~ cosmetics 9f.:Jf11":ilJ'J1JlJ":i.:J LflH~'J1.:J'UU.:JWU(;lllJU'J 'I1lJ~lJU'f'lW!fYEl tll'\'1 mJ'lJ'f'lf)1'J~~f1(;l'\.J. " 
I I ~ .:Jtll ~lJU~f)1'J ljtl fin~ til n'lJ uru '11 nil f)1":i~~'I1lJ~ljfl11lJ ~ 1!W1~1111~ l1.:Jn'lJ ~119f"lJ~1~ .:J(;l.:J'J'UWU~llJU{cu ':cJ q 'U cu 

'j) '" "di'j) c:. .., i 'j)?I'" ",,,j I 0 1l).1 I '31a f11'j~":i1.:JWU(;lllJU'J'\'1 'I1f1"'U!t(;l~tI.:J~llJ1'Jfl 'lfllJ'U'f'l1m l1'jUU'U'l tlUlJ'U1IlJ,!f11'J~'J1.:J intelligent 
, " 
d~ I dd. I Q.O lfI .... 1 

polymeric nano/micro-carrier 'VlW!fYElf111'\'1lJUQ'\'11 IlJ 

~1'j UUtlt)'\'1f~l ~l 'Ulfl tU.:Jff1tll.:JU(;l~ tll'l1l"H~~lJljlJ1f1lJ 1t1 ~llJl'J f.1ll ti.:JI~'U tl~lJ I~~U tl~lJ'UU.:J 
, ' , 

f I 4dGJ"'<1I '0 IiI'Y d~ ~ 
anti-ageing tl~lJ whitening 11(l~tl~lJ sunscreen ~l'JtlUtlt)'Vlli'Vl L'lftl1..lUQ111'U1'U llJ'UUtllJlJty'l111'JU.:Jm1lJ 

. "t I
d. Q a Q.I • Qd.d~..:9 do lfJ'1J I 

1~f.1U'J ~ ml~U'U'l \9l1UtIl.:J~1'JUUtlt]'Vlli'VllJlJty'l111'JU.:Jfl11lJI~f.1t1'J I~Utl vitamin A vitamin C coenzyme 
, v v 

Q10 0·2) lm~B'U'l l\9ltlfl11lJI~~tI'J'Uu.:J~l'J;j'Un'lJiJl1,)tI~1.:J'llJ1tllJltlv1.:Jll~1m .:J~r1.:J'UU.:J~1'j ~m1~f)1":i 

IO'lJ i 1111 '\.J ~.:J,!19l 'j Ifl t U.:J ff1tll.:J (3-4) 'U tl mJ 1tl ~1'J ff.:JIm 1~l1'ml1 ~1'J UUtlt) '\'1t~l ~i 'UlfltU.:J ff1UN II n~ 

tll111":i 1~~lJV.:J 'J 1lJ ().:J ~1 'j ~n~ 111 tl1i 'j 'JlJ'lf1~ ~ 1'U 1'U IlJ,.j' Uti U"~ ~1'J ~n~ 111 tl'li 'j 'JlJ'lf1~ '11 (;l1U'l1P11ljiJty111 

1'WIttl.:JiY U"~m1lJ hjl~f) uwli'Un'U 1P11mhwlf'U curcumin ~.:JI~'U ~l'J ~lit)'\'1 t'\'11.:J9hmwlJ 1f1lJlUoljiJty'l11 

i.:JltU.:JiYu"~mllJl~f)tI'J (5-8) Yhll1'f11'Jl~.:Jl'Uf.1f1~ln~ astaxanthin 1~'U~l'Ji'UtlrilJ carotenoid ~ljiYll~.:J" . 
i'~111'U 't11 i l1'ljiJ W'I11 i 'U f11'JU llJll1'j ~tlf1l'i'l~i 'U!fl t U.:Jff1tll.:J (9-10) 1..l Uf1111tliJ W1111P1.:J tlri l1U ~1 f11'J l~lJ 

u. u 

tl 'J ~ ~'VllifllW m ":i U U tl t) '\'1 t'l1 (;llU'l 'lfU ~ 11 ~ ~llJl":i f.1 't111#11 ~ tI't111,rlj ~lJU~ 'U U.:J tll'j fl1'lJ fJ lJ f11 'J tl" f) 11 ri Uti 

tll":i i~lflU{~hil1..l i 'U tll'l11'j 1~~lJU(;l~lfltU.:J-ff1tll.:Jl~'U~r,)tln'U~ U~l.:J I ":i019l1lJ curcumin m:JWl11 
" u 

It tl.:Jfl11lJI~~tf'j II (;l~ ~lJltl f11 'j WtIlt1111l~ lJfl11lJ I ~~ tI'J 'U tl.:J curcumin li't11n'U'I1mU'JtlU'lJ'lJ tllYi tll'J i ~ 
" 

& I c:. '" '1 ' '1 I Il) 'j)

cyclodextrin complexation 9f.:JW1J11~llJ1'Jf.1!'Y'IlJfl11lJI~f.1t1'J l'Ull.:J hydrolytic stability 1'U~m1~~N If).. 
U(;l~ H~l9lfirucn~ '~ljf11'J (;l~ muJ1~~'U UciN I 'J O\9l1lJH~'f'lfirucyJ~ l~ml'lJlj photostability (;If)(;l.:J (7) tll":i 

• I'" 'I' 'j) 'j) 0 9 '3I1l) 'j) & 'j) I 'j)~ .d d0 I 

lJ":i'lJ tm.:J~":iN~1Utl1":i'\'11 hydrogenation 'Vll tl1 If)~l'j tetrahydrocurcumin 9f.:JlllJl111~'lf1t111tllJty1111":iU.:J~ 



• • 

2 

!!~~m1111'ff~rJ'.ilf1' !!1'i'ffll,j~'Yl1\1~lfll'Y'l11mrJ11h~fll'.iRl,j~rJtJ!!,j~\lI,j (I 1-12) fll'.if1fHR1J curcumin i'U 

.t y , '1 Yo' ~ "l "l Yet.1 .,; .t
liposome U~~ albumin tJtJ Ulll1'il~'lflt1 11flljtJl'ff\l curcumin 11JtJ l,j 1'fI'fI'tItJ ItJtl\l'iJlf1tl'4fllfl'Yl\lM)\I 

~~mtlJ1 If1' (13) !!I'iRV\lfl\lllltJtltJfllm~~1J IlJ1m~i:i.,jtl~ln'fl11 mm.h ~fll'.i InmVitl1Jn1J tltJfllfltJ11 'U 
11 I I , , 

mY! ~'U Vi~bViutltlfl'll 'tItJ1'f1 Vii 11tuv'h111fllHhtJ IfftJ Iiif)'fI ~f) rJ'tItJ 1'f1 I~ fIl 11 tJ 1,jtl1f1 f1'1rJfll'.i Vi tltJ fllfl'U 1 
. " . u • 

1tJVi~1~tI 1f1'-W(IJJtJl~tJl1jtJ f)'4f11flVii:i'ffll,j~f1n m V\I f \I il~1 fI n nfllR1Jlfl f){~hiJ'U ~ \11 tJ f)'4fllfl~\I fI ~11~ \I 

, I ~ It]~ Q.I 0 <J) d~1 0 Q.I 1Y '" 
tJl'iJ~'lflmWll photostability 'tItl\l curcumin 1'fI IWjl~ ~'U\lf)'4fllfl'iJ~'Yl111tJl'Yl!utJ!ml~fll1J\I!!'ff\l 'I1f1lJ 

I ,." I 11 I 

curcumin Vi mlfll rJ1 tJ tJflfl'iJ1f1U f1'lrJfll'.iVivtJfllflVii:imj'ff1lJnt)m~ 'iJlt1~l If1'1tJU 1 i tJ'tIW~Vi 'ff1lJ1'.iflf1fl. 

d d ~ ~ 

~ 

~ I 1 II) jI Q,I d dl d 

~ 

gla .d. <j}

!fl1J'ffl'.i'YllJ'tI1'fll1V~flltl tJ 1'fI fll'.iflfllfl1J'iJ\I!11tJfln!!flUty111!'.iV\lfll'.i~~mtl'UV\I curcumin 'fIlt1 U~~ 

'ff'fl~1t1 ilffllm ii V\I'tI V\I curcumin U1 'iJ~ ~ 'fI~ \I InV 'ffn t) flnfllR 1J mJ1 tJ VtJ fllfl ~\I VVlJbY \I ~~ ~~Vfll'j
q q,j q, q 

Astaxanthin !lltJ 'ffl'.i i tJ fl~ll carotenoid ~i:ifll'.i i ~ntJVVN!!W-i11 ~1t1 !'lftJ !lltJ 'ffl'.i i 11ilU'fl\l i 'U• 
" ~ 

m11nl~rJ\I,jm!!Cjf~lJvtJ astaxanthin iJq'Yl~~ltJfll'.if)f)flclil'fli'tJ~\llJ1fl i'fltl~\lfl ':h ~-carotene vitamin E 

J'Q,I I do c·.tv Q d fj/ 0 

U~~ C (14) tJf)fl'iJlfltJtI\lW1J11'ff1j'Ullq'Yl1i'flltJfll'.ilfl'fllJ~!H (15) !!,,:; antigenotoxicity (16) 'fI1t1 fll'.i'Ul 

i Y1 .,; '"' ~ .1.,; '''l et0 "'" """'" d .,;astaxanthin lJ1 'If tJ!fl'.if)\I'fflm\l1!~~m11nl'ff'.ilJ'iJ\ll1JtJ'YlWJlJlJ1fl'UtJ!H)tI1 f)tll\lI'.ifl'fl111 iJty11l1'.if)\I'ff 

" ", 1!'fI\I!!~:;m111 1~!'ff()tI'.i l'im!'ff \I'UV\I 'ff1 nhi 11fln'~\l1tJy'j 11f1'vV1\1 ~ 1n'fl ~\lUtJ' tJ \l1tJ 1~tlU ~\I~fl\lfl1 'j 

"'" Y Y Y ... d.d , ... d ?I 0 ... d "l.11 y
tJ tlfl'il1fl'Yl flmllJ1'U1\1'fltJ1!~1 fll'j flfHfl1J fl~tJ iN'ff'fl1W1fHutJ flljtJ 1 j:;1JlJfl1jflfllfl1J I u 'lfflllJflll 

" q 

fll'.i,j~'fI,jci~Wfl~tJ1f1' 1J~,;r'Yl International Flavors & Fragrances Inc. 1~U11'fftJVfl1jf1fHR1J fragrances ~\I 

'tJWVillllf)fff1tJ ~llltJ!!fltJ flm\l~ \I III 'U Wvil!llV{~ !f1'f1 'illflUBf1~ tl1'.i :;1111\1 polyamines and 

" ~ Q.I 0 ~ Q.I I 'j} 

(chloromethyl) oxirane 11'jV (bromomethyl) oxirane 'il1fltJtJ'Yl1fll'.ilfl~VlJV'4fllfl!!fltJflm\l'fl\lflml'f11rJ 

et ... ,dI 9 Y 9 .., "l 1 9 .., d .d <OJ
cationic polymers [17, 18] tlfl'fl1f)rJ1\1'11'U\I'Uf)\lfll'.i 1'lff)'4fllflltJ'.i~'fI1J III m !'Ufll'.iflfHfl1Jfl~'Uflf)\l1tJ'UB\I 

.d If) <J) 'j.I ~ cl.c:l 0 <J) .aI 

Schudel M U~:;flW:; Cjf\l 1'fI'ffj1\1fl'4fllflfl~'U'Ylll'ffltJ!!fltJ'Yl1'fl1t1 highly volatile 1!~~/11jfl water soluble 

9 "" , • 1 Y <OJfragrance chemicals ItJ'UW:;'Yl'ffltJ outer matrix u'.i~flfllJ'fI1t1 low volatile 11~~/11'.if) low water soluble 
, , ," 

fragrance materials [19] VV1\1h~'fllll flljnfH~1JfliltJVifl~l1lJ1V\l1~!1jtJViWtlhUfl l'l\lhm~ controlled 

release 'U tl \I ~ il'fl fiW~!!~ ~,j j ~ iY'Yl ~fl1'U tl\l m ~1JltJ fll '.i '.i llJl'l 
" 
\I"flE! W~!m~'fflJ,j~ 'U fl \I ~ il'fl fiWc-vlVi 

.
ri \I ~ ~ I'i fl 

fll'j U1 1 ,ju'j~rJfll'l'i~1 'fltl'fl '.i \I itJ \lltJ1~tlrl'~\I~B\lfl1'.i 'ffrl\lj~1J1Jflljfll1Jflllfln,j ~'fI,j~tltlfl~tJ f1'1t1 fllj 1~ 
q • 

nano/microencapsulation 

d I ",., d t 4Q.1 ~ d 'jI 1'" Y ,'il1fl'Ylfl~ 11lJ1'U N'fl tJ 'iJ~mtJ111fl 'j \lfll 'j 1 'il tltJ lfltl1'Ufl\l 'fI tI'fI j \I fl1J 'j ~1J1J fll'.i1J '.i 'j 'iJ 'ff1 'j I'll l'fffltJfllfi. ~. 

tJ11tJ (platform technology for nano-encapsulation) i'fltl\lltJ1~tI!UtJfllj~(lJJtJ11'Ylfl1'U hfj1'Ufll'j1Jj'j~'ffn.. 

http:11~~/11'.if
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, v 

ViUhjif1u'j'j~ 1I9lVfl'H)Ufl'l1JI'1~!I~ chemical !I~~ photochemical stability controlled release properties 

transdennal penetration !I~::; color appearances 

"nuh6~eJiu 


'i 'q
IflHfll'nJ8fJ'YI 2 Materials for ISE, Optrodes and Glucose Sensors 

v 

ieJeJeJl-H9H~ nYlvJ~!~n1m I9l (ISE) fllffV11 r;innn!'ufl~~'t..! 'V11~!f1ii"lvJvh 1I9ltJnnl\9lfl111J~ 1~ffn6 
,., " . " 

'lJeJ~"h ivHh working electrode !ViVUf)U'lJ1 ivJvhtJ\~~~ (reference electrode) Vi"h 1vJ~1 working electrode 
, v 

'i1dh9flClnVivJuJlHU1 'W ~19l eJ~ 'i1::;vh l11'!nl9l n1'J !~eJn~um'Yn::; i eJeJfl'WViI91'eJ~f)11119l!'Vhw'W ri1'WU1 ::;neJu'IJ fl~!9f 

IClnYlvJ!lJlJ!U1'W~fflfity i~!lri 

I. Ionophore 

2. Ion-exchanger 

3. PVCfPlasticizer 

Ion,.solootivo ReferenceEMFelectrode electrode 

AglAgoCI 

Inn.er fiUing 
solution 

[;III;~~ot-Dlaphr~ 

- Bridge electrolyte 
!oo·seleC1.ve 
mOmbfsn& ~~t-"!~ Captnary 

~ 

UN'Un'W'U8~mfltHl ISE 

ri1'W bulk optode ~mf1fJl1clnf)11 !~fJ1f)'Wf)U!9flClnYlvJ!1JlJ!U1'W!~eJi r1'i~ 

!!H'WYh{lJU1~ !~V~!I~f)11~11'i11\9l'i1~f)'j~vll~1m'VIfliJmnun 1~11vJ1~!1J'VI1 ril'WU1~neJU'lJeJ~ bulk optode 

~fflfityif1Wl 

1. Ionophore 

2. Ion-exchanger 

3. PVClPlasticizer 

4. chromoionophore 

http:oo�seleC1.ve
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JhVOl1TlETt 

• 

t 

P\.EXI(""-"S$ 

CI)ARU GLASS 

hv 
OP'TOOE fIU.t "' 

O · nNG 

• 

~ scr4tw 

! DElECroot INL&T 

I 
1-2 = 0.1 • 100 11m 

~ 

l!~lUllVi'IJ8~n1flt!fl bulk optode 

. " 
ril'Ufll'j 'eHlfHt'IJ'lJtclf'U tCJftl{'YI1~tfli'i t~tl1 oM'l 'U fllHl 'j 1~rrfl111fl1" ~tl~tltlf)U 'IJ'IJ hH"f)"'tItl~~1~'IJ1M'• 

.c1 IV d'~ , '1 ..::::til .Q , "~d Vev od tI
lJmllJt'l1lJ1~ ~lJ f)'lJtmYlPllN'tI'U11Pl 'j 1.hl~ U"~1.h~~ tflU llJt"f)"'YI\Pl tl~lJ'I1lJ.ylm'lf'U 'Vl 'l '11 ~WW1W 'jfltlf)C]f

'U q II <u u u 

(redox signaling response) t'lf'U ftf)UlvJ 'rh (potential) U"~ m:::u~ivJYh (current) 

1 ~ .. Id. L:.t d d "1 iI?f v 4 ~ ~ tIQ.I!V

(optical signaling response) t'lf'U luminescence 'I1'jtl fll'jtuCltJ'U~'VllJtl~m'U tflt1J'U\Pl'U llJ'e)lPll'j'IJ'I1'jtl t~ff~ 

(host) ~'UnUtf)ffl'i'u~1~:::tfiflLYt1Jt1J1W ~~1lJ1'j fI\Pl 'j 1~1fli~ 1flUi'i'l1"f)fll'j -n 1~1'U ~~Uf-l'Ufl1'W'Ii'l~ ci 1,:] 

II] II] "f ') C> do' 
G = UfI\Pl t'e)'e)tl'U Utl'U t'e)'e)'e)'U 'I1'j'e) !lJtlJf)"'e)'U'VmJ. 

" 
fll'j'e)'e)f)U'IJ'IJ llJt"flCl~li''IJ ~~~'U tl~n'IJfl11lJ~'e)~fll 'j 'l 'U f) WU1hl'1oM~ 1'U t'lf'U t11~tl~fll 'j ff!1,:] 
," I ,. 

llJlClf)"Vi~'Utl'IJU11Pl1" ~1~'lJVitJ'j~f)tI'IJ~lVmfl i'IJ hUf) (boronic acid) i~ttl'UViUVlJtI~l~lJ1f) rWtI':]'llf)• 
" " ~l~'lJtJ'j~lfl'VlU~llJ1'jfl~'lJn'IJ IlJmf)"'tItI~ lCJfV1 l'U~ vJ(ltiti i 'j~tW~f)" lf1~I~ ~1f),r'U'\.J11lJl"f)(l~1~'UlJ1

III 'U 'U III 

l~mJ~ 'eHl'IJ llJtlJf)(l~1,rLYWW1W'Vl1~ ffltJ f) 1 \Pl'j 1 vJllPlllJ'Vl1 n~~ 1~lcIf'UICJf'e){~1'11 ~'lJJ1\PllCl 
• u u 

" • I • 

flW fflJ'lj'~'IJ'e)~ IlJt(l f)(lt'l1ri1U n'U mh~U'W1'11mv U~ IlJlClf) ClYi~t~'U tilm ~f) ni'imllJ ff'U 1 'lfitlllJlClf)"Viij~'e)
q III q IU q 

11 "fI1~f19fW1 'U (calixarene)" fI1~f)C;W1'Utn'U1'e)~lf)VJ'U ~m'lfu1Pl'l1 ~~t~'e)lJ~ tItl'U ~lV~~'W1W~'e)lJ llJ~~'\.J 



5 

'" • I • 'jJ 'jJ '" 'jJ ~I 9 'jJ1IJ 'jJ"; • ... '" • I' 'jJ
('CH2-) lJ~U)Tlml1V\9l~ml'WH)mV (tutHnml'J \l1I~'lHJ11 "calix" UtJlJl111f1fl1El1mfUlu(111 "tI1V") 

4':S d t G.I d' QO :: 1.c9 jJ 1 4,d t::9 ~ r( ~ ~.c;i
1~WtJU?1YllJW'}Uf1tJtJU11111~lJ111tJltJ\9l~1I\9l 4 (l~ 20 1~ HlfftJU Im~fll';jmUf1Yl11~fl'f1111fl1?1f19f[4]IU';jtJ9f~lJ

" . . " 
l1~U'VltJ~ R IUtJ C(CH)3l1~U H ff~'YjltJl~tllJ';j~l1')1~1~YJtJU?111~Yll1,rfll~f1[4]9f11tJ'b'iJ~)'u~~tliN 

.d 'Cl.' lI]"'~ <v 4 QJ ... I.e=!• (conformation) YlII\9lf1\9lNfltJ !~fN 4 (1f1l1UA~fltl cone, partial-cone, I ,2-aitemate U?1~ I ,3-aitemate ~~~uYl 

R 


R 

R 

R ~upperrim 

___ IO\\er rim 
R R 

Cone Partial Cone l,3-alternate I,l-alternate 

riltJ~IUtJ'\1~YJtJ tlf1~tltlf1cJfl1ltJ (lower rim) iJ~iJm1lJ1tl~111tJ fl1)Yl 1tlfin~ tlll1YltJ ~IIUUiJlf!~ 

ltlYJ~f1 (nucleophilic substitution) ~ltl ~~ffllJl';i(lI~eJlJ~eJfl1~f1[4]9f11tJtlU'\1~Yl~ni'tJ~tJ '1 "l~yhl,ri~ 

eJ'4-wtJTI~mlJl~fflJtl1Jfll';jIUmllf1J (receptor) l~m.J1 itli'*i tJ fll';i,)1J lm1~LUeJeJtJ IWtJ itleJeJtJ l1~eJ 
" . , 

vtJ'Vl161lJmf:J?1tJtlf11l1f1ihhtJVilutJ upper rim nff1lJl';i(lfJfl~~Htt1?1~II(1~~tJI~lJI'Wtl';jtl~f1J guest ~1~ '1 i~ 

1'liul~fJ1nU I ·) 

tl 1fftltl~ flfll1lJ ~'tItJ~ fll ';j ~~Im 1~"rff1) II1JU9f'.h 11lJ!(l f1 (1 '1 l1'iJfll1lJ ~ 11'Yj 1~ I1) 1~ 11 ~ ~ tl ff1 ';j ~~eJ~ fl1 ';j" ., 
jI ,jI • 

11m 1~"rl1 ~ tl\9l ';j 1 1) 1Yl~ fll<l~ ~tJl.J(1'll tl ~ fl1 ';i In~~tJ \9l ';j n~ til'll tl ~ ff1 ';jVi ~~ If! ';i 1~ l11~,rtJ tl1J ff 1)Vi~tl~ fl1 ';i 

ml1)1~ Ill11 1l~IUtJllfl'VlL tltJtJtJ l11tJ1ltltJ i tltltltJlUtJ 'lh~ lv'l$.um;'.:Jt~~vfl1';jt.J llJltl';j~~f1~l tJ IYlf!iJf!~ 

ffllJl';i(lt.Jl itl'! '*1l1'ln~'lh~ lt1'l$tJ1~\J~.:J '!tJYl1~tlfi'l1~I'lftJ polymeric liquid membrane ion selective 

electrode (lSE ) 1I(1~ bulk optode IUtJIYlfliJfI~i'*'l.h~ lV'l$.uitJfll';i\Pl';jl1l1~mtl~lJlUA'lltl~itlveJtJi~lIflYl 
4ltJm)tJu,,~uVtJ I tltltltJ -

7~ltll1 ~f)f11';j II"~lfI~tl~jjtl~ ll.icjf1J~m"\ 11?1~';j 1fl1il.iu'Yj~iTtJfi tlff1lJ 1';i (It.J 1it] ri 
" 

IlJmf:J" II~ ~~~ rllrltynfitl selectivity 'lltl~1eJ 1 tl 1 tJvJ tl{~11~~tl~iJmllJ ~11'Yj 1~~ tlff1';i~ 1)~11m 1~"r1tJ 

';j~~1J~ff~I~tl 'll1'fll';iml1l1Yl!utJI tl~lvfll1lJ(lf)~tl~II?1~ul.itJV1iTtJfivf11';juffl~m itl 1 tl 1 tJvJeJ{ll1l.i~iJ
" " 

0 1o I .:::i o<:!l r(dl Q Q./ ~, ~ e% 
fll1lJ \J 11m~ \9l v ff1 ';j Yl 1l~11m 1~ l111.:J lJfl 1 llJ ff1fltytltl1 ~ V~1'l tJIYlfl tJfl tJ 

http:ffllJl';i(lt.Jl
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• I ... i VQ.I t ,q.c:s 0

University of Technology u'J~!'Vlf1'tHH'H\PI'H~V U~~ m'Uf1lHl1V'Vl~WI11if)1'J'Vl1 ISE !!~~ optode membrane 

sensor8i'lif,~U'J~ "''Ufl1111rll!~ 'O!!~1'U1'l ri1'U hw1~'Vl1f1lHy,Hm 1~11'V'Y~'U1j! 'U'U 19f I 'Vlm 19fofl1~fl9f' 
" 	 II 

[4]m~'UU~TW1 I U~'U 'JU!~'U!9f!~fln'Vhlllll 'U'J'U '0 lflUm.J 1 i Uf1ml1f11111!~Vfl~ m'n~1PiVI VVV'U 'IJ V'l iol1~ 
" 

'Vl'U '-h III 11 l'U 'J 'U ~ !\PI~ VlI l~lifl1111 ~1!'Vn~1Pi VIVVV'U'lJV'l iol1~l~'U 9 U~~ "'1111'J t)\PI 'l'l'01\Pl iom:t~'U1'U 

"'l'Jo~mVV'Ufl1f1'U11w1f~l1vfl~ IPiVlJ1~'l 1~~\JlJ'U1fllofl1 'Vl'J\Pl~l\PI1 tIlJ l~l~'U 19f'Ul9fV{rl111i''Ufl~11'1'"1\Plv. 	 " 
... 1 "" "?t i v OJ "\0OJ d11 t1'U fllfl'U 1 'U 9f~ !1V'J llJ'U \PI 1 11 mUUllUJ 'J\PlVfl9f

• 	 u u 

II , 


, 'U 1 m 'lfll'JU 'O~ -a'lIm 1~11'V'4 ~'U ,j'IJV'lfl1~n9f'[4]lt1~ 'U lliil1~\Plv'U I'U t1{'lfU\PlIPiN'l l'lf'U vt1nci!'O'U 

~m~v{ l~'U~'U i'lif'O~vvnu'U'U1l1',v1v h..l~t1{!l1~lifii~uj1'lU~~f1l'J~\Pl1'l1'H)'l binding site IPil'ln'U 1~t1 
111lJ1"'~1'l1~'U ISE rl111i''UltHH)'U~lifl1111rl1r1tyIPiV~'lU1\Pl~VlId'U U'JV'VI 1~'U~'U rl111i''U bulk optode 
" . 	

IH5OJ 1 v v'" 1 "" 1vl v "" I
'U'U'O~ 'lfm1lJ~I'JV'l lImfJ~~V'OmfWI 111 'If 'Uf11'J"''J1'l~t1'Omn\PIu'U'Um'l'l 

IPiVIU 

" "" 	 , " 
rl1l1 i''U!~'U !9fV{111 \9l1 ~U'U I'lt1'lYl1f1l 'J -a'll1'1 'J 1~11'111 m n ~ llU 'J ~nv'U~1Vl1 U1VI'l 1 i''U111\9l1~1lo~. 

l1U1t1ll1'-aUlUllUJ'Vl1'llfliil~Yhl1~v-aUlUllUJ'Vl1'lU"''l1'l1i''U~'l..h~flV'U~1Vm\Pl1'U hUfl (boronic acid) i~ 
u u u u 


, , II


• 1~'U.yjUt1l1t1~l'llJ1n lUV'l 'OlnI'l1i''UU'J~lfl'VIU "'1lJ1 HI ~l1nll 1111~n~'lJt1'l19ftll I 'Uf1 ~ ~Vt11'Jf1u~~n~1fl",l~. 	 " " 

-a'llfl'j1~11'1lJ!~fJ~ BAQBA ~iil1~'lJv'lm\Pl itlhun''U1'i1!!l1U 'lt1v{1 'VI !1I'Vl1 1l~~'W1'J1 l~vli'1~'UVt1U91 

fi'm9f'UI9fV{ (optical sensor) l1'l~U~ 3 'Vl'U ':i1iY'lJt1'l BAQBA 'O~IU~V'U'OlniY!l1~V'lI~'UlliiiiYl~t1~l1nll 

19fV11'U1'i' ~'lf11'JIU~V'UllU~'liY'lJV'l BAQBA In\Pl'Olnl1~I~\Pl'J t1fl9f dJ'Ul1 ~ll1'fll~fl\9l'J t1'U !!f11'l1ll1' -atytylru 

lllPildt1fl'J\Pl 111 1'J Ufl~'Unll19ftllI 'U1'i''O~'Vllll1'l1li!~\Pl'Jt1fl91IU~v'Ullhmli'IJt1'lI9fV11'U1'i'~'l!~'Ul1li~'l 
" 	 " " . , " 

fll~fl\9l 'Jt1'U 11'l ~'l..Hi 2 f11'J lU~V'Ul1U~'lU 'Vl1ll1'{1'lI1J91'VlN fll~ fl'Vl'J t1Ufl (electronic property) 'lJt1'l11~' l1' 

-at1JtylrulU~V1..111U~'l ~'l'Vll1l1'iY'lJt1'l BAQBA In\Plfln!U~V'UuU~'l 
OH H? Ny_ Ny_ 

(rE\OH ~ cr~~~ ~ CJa..~HN ~ cyE\~N« ;: « ~ R(~ ~) (~
R A 

lt1~ 2 f11'Jln\Pl5'U\PI'Jn~tIl'J~1111'll1lim\Pl 111 hUflnll19fVl! 'Uf1.. 	 " 

p,...,. R' R' R' 

o-IlAQBA B(OIl), fI H;l:: ••.JIt\QIIA H 6(OHh H 

tkN R' p-Ri\QJJ.\ fI H B(OH),.. 	
HN0:) BAQ II H It2 

Ucl 1 v "" .. ~ 11 3 flH{1''Jl'l'IJt1'l~Ufl'U\Pl o-BAQBA m-BAQBA llo~ p-BAQBA 
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lwiJ 2005 Wang !l~~flru~17 '~ffflEllhmH~~ -5QBA VrtJ';h 11J'H)'W'\n)~fl'H111JhUfl 'iYllJl'Hl 

lU~V'W'~1Jn~I9fi'U ~lfl sp21~U spJI~!rlfl pH l~lJ~'W ~~~U~ 5 !m~lrlfl -5QBA !n~'iYnU'j~flfl1Jfl1J 
v " JI I

Ul\Plln~~Vh1,rln~fft\!qj1ruyJ'JflfJ!'j 'iYl9fU '!5,;u mllJ!.,j'lJ'Utl~fft\!~lru ~~,;u tl~nmh pH 1~t'JY)1 pH 11 3.5 

~~i,rfftutulruyJ"fltl! 'j 'iYl9fU tf'iY ~~'iY~ 
(,I U CU III q 

S-QBA 

~t1~ 4 1m~'iYrl~'Ufl~~!lflU~ -5QBA 

• R1 R2 

H~O HP" K 

~~ 
ilAN?i 

64 5 

, v'-"I 18 II] V4 1 .1 di 'WlJ 2007 Nagano U"~flru~ !~fI'flEl1 lJ!"fJ" carboxyfluorescein (~lJ'Yl 6) W1J11m 

'v ,
carboxyfluorescein ij,1~~~~l~fl\Pl'j tlU 1~'W '\1~!l'YlU ~ ~~vh111'ff~~lWyJ'JflfJ! 'j 'iY!9fU tf"~(1 ~ Ulilm'\1lJ 

" . . " 
!!'YlUl1 !~U '\1lJi ,r~l~fl\Pl 'j tlU ffWtulWyJ~flfJ!'j 'iYl9fU tf~~!WlJ';U

cu u () cu 

Bu'OOC 

Me 

~ 

- ~ ~ 
0 0o o 

~o =0.877~n =0.378 
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" 
, Q QI .c:t I r 

1l1 m 1tJ 111 U'Yl~ltJlJ ll'11111 m~ III hiJmYllJlltl,)l1nllUtltJ 'mHll.J!m~ IlJl"fl"UW'Il" i~ 11"~• 

liJ~U'U 111fll1lJ~~ ~1~ fl\9l1'tltJ 1 ~tJl1lJl,r~1~ fl\9l1' tl'U 
'U 'U 

" , 
14 tlfl1l1fl-WUfli,)Ul1 1fll1 " 1fll1 mum..hui<O'u 1'1f'U t tJ h ~ ~l'Ufl\9l~l11 m1'lJ f111'11ltl1nU1tlll'cY'\Jilll'l. . 
flll i,)U'Yl Nf11ml'l'YlV t,rfl11lJ'l:Y1flrunllf111' flfll/1~ 1~111~1tl{~ijtltJ~tJ,j'\J tl~flHll11hiJflt14 fl 11 

" 
u 

" 
• 

, 
\9I'j 111,)l1U11911 (;ll1JtJ mh~lJlfl ll'1 'j l~l'Ill ';i1m ~ 111 hiJflU14 ijfl11lJ U11l'11~1111~ l1~nll ~l'jiJ 'j ~ fmllViiil1lJ'~ 

'U 

" ",
t'Uf111'\9I'j11l1~Ull911r1W1fll'Yl~ fl~ lfH"11~tlU1\911r1')j'iJ~~tJ "1 

19 IIJ V ., ,('" d '(.d '" .,,( 1 ') """.?I ,(.1
Xingming Gao 11"~mu~ 1~~~lm1~l1W1fll1\91tl1''YllJtl'4l'1tJ1i'\Jtl~m~ 11 1'j'Ufllu'Utl~flu1'~fltlll 

~1hflJ ~~ 1'iJ~ 7 hltlt~tl'U~'U ,j'\Jtl~U'UW'Yl1~W~tJ ~11il~-il~ ~ruru1tuW"tlm l' mC1ftJ~ ~~~ l~1J1\91tl {~
<u <II U U cu 

., <>'liJ v 0 IIJ.I'I vi vi ,d?1 ...,d", .1 !SI 
~~lm1~111~ 'cY1lJ1Hl'Ullu l')j' ~ tJ1'~l1l1'Yllu'W physiological pH flfl 1'~l1l1'YllJ pH u1'~lJlf.l.l 7.0-7.4 lu'W 

'j~l1l1~ijmji 'W ~1~ f1lUlJ'W'I:lV b1r1~\9I1lJ 1i 1'1'lJ')j'l~~l' iJ 
'U • 

~ DM,-\NBAvy 1 

HO)3'OH 

.1"; ",d 0' 
~1J't1 7 U~~~'jlC1fll1\91tl1' DMANBA 1.. 

ck d :lfjil ci ~ ~ y Q.I :QI v Q

C1f~ IlJ lr1fl"\9I1'W ~llJl1'tl"~mulu 'W 1 1~11"~llJtlm~ ~lliJ 'j~ fltlll1')j'~C1ftltJ fllll'11fltJ 1I'11r111"1 l1~m~• 
f)1'jliJ~u'WmJrI~'Utl~~t1Jt1J1WW~tltll1'mC1ftJ~ l~utl1ffum1flf11'j'Utl~ rCT (Internal Charge Transfer) 

," Y I 

IlJm~rlVimffu~'W~l'W'Utl~'Ylt]'I:l~-W 1l~l'i'tl~ijff1'UVil~'W ~11,r~l~fl\9l1'tl'W (electron donor) lm~~1~11 
" ,

~l~flmtltJ (electro acceptor) f11uitJ 1mIlJWtl{~11~u1n'W IlJm~rI DMANBA l-wijl111'flw1J'Wff1tJYi 

1~'W~1~11~1~fl\9l1'tltJ ll'1'j1~ij p-orbital 'lJtl~ l111'tl'W~iNtl~ l1~lrltl\9l1'~l1~nW1111'tltJ !f)~~niJ'j~fltlll 
" !;~cUtl'Wn1JU1\911r1 11~111t,r~lJ1J~'Utl~fld1lJl~'W~1~11~!~flmtltJl1lJ~ iiJ ff ~I!-·m1,rm~l1d'Wf11'j leT fllU 1'W 

1lJ!(;lfl"liJ~u'W'iJ~dU. 
" " , 

Ni<O'u i~'Yl~~tlll IlJ1" fl,,-wnllU l\911r1')j'iJ~~N "1 l'Illi1 i~rl1fl~Vifllllf)~~1l1h~fltlU!;~~tltJ
'U • 

" v 

'j~l1';i1~ ilJm~rI-w nu sorbitol, fructose, tagalose, galactose, glucose ~~tj 226+5, 207+4, 116+2, 

12.0+0.2,4.0+0.1 M-
I (fhl1'W~1,r pH 'Utl~'j~UUf11'j'Yl~rltl~ll'hnu 7.4 l~ul~wtlmw\9IltJfl111\91~UlJ 
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LYl'H'l~mv'!J''Vm.JeJ{) 'Yl'\.J'h~lfl~~fll'Hn~LYl'ah~f)eJUI91~"*m.J'UeJ.:j sorbital IICl~ fructose i~~l~LY~lJ1f)
'U 

lLCl~Uf11'j lU~(JlHlUCl~~tytylru 'UeJ~-w'JeJm'j LY1CJfUv1~lJ1f)~~~ lrieJ1Vivutlmfwmwl1ttJ <'"] ~~~lmltJ1~V 
iI ~ J/ • 

~tJU Ufl11lHYlr1tylJlf) itJ m 'jlltJ'YlU',il f11'j ln~LYllU'j::; f)tlUl91~"*tltJ 'j~ldNU 119l1CltlU~ I~UII9l tl{ViULYlJ1l'~ 

I~U leT LYllJ1'j(1Ul iU~f11'jU'j::;~f)v11tJm'jLYrl~~ Icti1J1l9leJ{1'11hllj <'"] ~LYllJ1'j(11n~LY1'ju'j~f)eJUl91~"*tltJ 
JI 

i~tlu'Yl1f)fll{1Uim~'j19l t~Vtl1ffV'l1"f)m'jl~tntlU llJlClflClU 

20 11] !II OJ "1 OJ II) !II. 1 .flit dl '"OJ.d!ll= OJ

Jiang 1I(1::;flru::; I~LY~lml::;'l1 lJI(lfl(l ~~~U'YI 8 ~1~(J 1~U1 lJLClfl(lI9lTW rUf!'f)fJlf11'j!f1I9lLYll 
JI JI 

U'j~f)tlUl~~"*eJtJ tlUUlI9l1(l'lfUI9l~1~ <'"] 'YlU -;il llJ1(1 fl(lU LYllJ1'j (11nl9lLYll U'j::;f)tlUl91~"*tltJ i~~fi'lJ h 1 U LY eJ::; 

cO 1 d do d q _ I ~,,~ jla Q.I I .J' 
I9l 'WCJftJ (Adenosine) U(I::; A TP CJf~~1f)mn1LYll 2LYllJl'HHf)~LY1':iu'j::;f)tlUl'lf~CJfeJtJ 119l19lf)ULY1'j 1'l1mtJ 

• 11] - Ii !II ~I 11] !II i !II • OJ OJ " LYllJ1'j(1U1LY1'j 21u 'IHuU'Yl1f) Biomarker I~ 'lfLY1'l1'jUI9l'j1~LYtlU inborn error 'lJtl~m'jLY~lml~'l1 purine 

iu biosynthesis I~ 

(HO),By'fl(/(B.(OHh 

~ ~ 

N;,.. NH 

2 

':i'l1~ 8 II LYI9l~fI1'YltlJ 1(1f)(I~ LYllJ1'j mnl9l LYl'jU 'j::; f)eJU1~~"*tltJ tlUUCJfflfll h tl~ 
~ . 

'j::;UU 9:1 DMSOlPhosphate Buffer 60 mM, pH 7.4 f)1'l1tJl9li11'fl11lJl.,rlJ.,rU'\Jtl~LY1'j 2 I'VlltlU 7.2XIO-
6 

M 

tl]3Jo f d,Q.lJ' .~ d Q.lodQQ.I 

1~(llI9lUfllfl~'YI~~tJ ribose>allose, fructose>Galactose>altrose>glucose>arabinose I1l9lllJtll'Y1tJUf)U'jICJfU 
, • JI 

119ltl {Vi lfJ tJVJ UCl 1 U t 'jUflU~1 'YlU11LY1'j 2 1 11'~ lfl~Yif11'j In~LY1'j U'j ::;f)eJU !~~"*eJU tlUUl19l1(1 if1'~f)11VJU Cl 1 U 

hUfl ~1~{J i~fff)fJ1'l11fl11lJ ~11'Yll::;!~ l::;~ ~'Utl~LY1'j 2 tlUU 
JI 

1I'l1Cl h lULY I ~VeJeJf)I1UUf)1'j'Vll9l(leJ~111'1tJ 
'U 

JI JI • 

LYl'jCl::;mviiuWll(l 4 'lfUI9l fleJ l'j lULY -W'jf) l'Y1LY f11U(lf) I'YILY 0(1 IflLY ~lm1tJ~::;1~lJLY1'j1'11~tJCl.:jiu1tJ
• 'U 

LYllCl::;mtJ fleJ LYll 3 U(I::; 4 ~~'jU~ 9 ~~iimllJ~11'Yll::;!il1::;~~tluJlI'11(1'Yhf) t'YILY mU(lf) l'Y1LY 11(1::; 0(1 IflLY 
'U • 'U 

JI " JI 

~.:jUtJ~10f11':i'YI~(leJ~'YlU11LYll 3 IICl::; 4 U~~ln~LY1'j'l1'j::;f)tl1J1~~ctleJufi'UtJU11'11(l-W1f) li'lLY f11UClf) t'YILY 

" UCl~O(l I i'lLY !1~LY1'j 2 ~::;lnI9lLY1'jU'j::;!91~"*eJueJcil~~11'Yll::;"11::;~~tlUU11'11Clh lumVlv~mj,~I~V1
'U 
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H OH 

3 

B(OHh B(OHh B{OHh 

4 	 n = (), 1. 2. etc 
ri1" 0,1,2, etc 

. 	 ." 
'itJ," 9 H~fl.:J hm'lfH'l'\lfl.:J~l'j 3 1!~~ 4 !'rifl'1t&UI911'1htJ~1Jn'tJlJlfll~<Yhf) 1'Yl~ f)1ll~f) 1'Yl~ ll~~f)~ lf1~ 
~ q 	 q ~ 

" , 'U f)1'j'Ylfl~fl.:J'\11f111lJ~ l!'Vn~l111~ 11.:J'\I e:J.:J ~1'j 2 n1JiJ Wl1~~b 11J~ 
• 

21 II] 'J/ '" "1 d"" _I 	 '1 II] 'J/Cristopher J. Ward 1!Cl~flru~ Ifl~.:Jlml~'\1 ]JI~fJ~'V1lJ~1'UU'j~f)fl1J'\Ie:J.:J azo dye Ifltllfl 

, 	 " 
fh'\1'UfllH~~h1!mj.:J X ~Hn'U ~.:J'juli 10 ~i~tI'~ih llJ!~ml'w 'U'V1fl~fl1Jfl11lJ~llJl'j() ''Uf)1'jlflfl".. . 

5 

~u~ 10 1!~fl.:J 1]J!ClfJ~~iiri1'Uu'j~f)e:J1J'lJe:J.:J Azo Dye 1~e:J'1t''Uf)l':iflml1f)1'jlflfl~l'jU'j~f)fl1J 
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" hwiu,j'ulPi'u~1~Vl~lhil'1'j 5 (6 p-N02) 'tJ1'V11'V1'jl'lo'U'vl~fll'VI~ lu'j~'U'U~iJ pH = ll.32 lu 

'iY1'j"~mv methanolic buffer ~.:)'W'U"hiJflnI1J~tJuutJ".:)lu'j~'\"rh.:jfll'j1'V11'V1'j1'l 11IUlIU'U Red Shift 

d " \H)fl~lfllj~1~V i~lJ1'iY1'j 5 (6 p-No/hJ'VI1'l 'iYeJ'Ufl1'j Ifll'l'iY1Hh~fleJUI%.:)cYeJU O'Ufl~1f1'iY lJfll'j 

ItJ~vUlltJ".:)mjjmJo\.lo'Uyhfll'V1'iY 1I"~'iY1lJl'jtllJeJ':)lllu'~kWI'l1ItJciw)ntJ~ 11. .. 

• I I JI 

~tJn 1111'iY\9l':)fl1'jltJ~tJUmJ"':)~'\JeJ':)'iY1'j 5 (6 p-NOJ Ijjm~lJlJ11'l1"fl~ lf1'iY"':)ltJ'tU'iY1'j"~mv 

" 11 I 

~lfl'1rUH1~tJ1~lJ1'iY1'j 51Uyhfll'j l'VII'VI'jl'lo'UlJ W)1m'hfll'V1'iYII"~fl"1f1~ l~m11~1f1.:)Yif)n Ifl\9l.. . .. 
I 

. " 
1l'iY\9l.:)rilf1.:)Yifl1'jlfl\9l'iY1'jU'j~fleJ'UI%.:)cYm.J (K) 'j~'\111':)'iYn SII,,~lJWl1"f)fllf1'iY wm1'VI'iY.. . 
.d 
'VI pH=Il.32 

Dye Polyol K ? u-vallle Q 

6 D-Fructose 2550 ± 250 0.991 0.78 
6 D-Gluc.ose 123 ± 9 0.983 0.78 
6 Ethylene glycol 5.1±0.1 0.999 0.18 
7 D-Fructose 3630 ± 274 0.995 0.38" 
7 D-Glucose 184 ± 40 0.982 0.38· 
8 D-Fructose . 4160 ± 352 0.992 0,13< 
8 D-Glucose 121 ± 9 0.997 0.i3 < 
9 D-Fructose 5180± 229 0.998 -0.27 
9 D-GlucQse 16T± £6 0.993 -0.27 

10 D~Fruct6se 5590 ± 201 0.999 0.10" 
10 D·GluCQse 19B ± 20 0.993 0.10< 
13 D-Frnctose " 0.78 
13 D·Glucose ,f 0.78 

OSee ref 25. "Value for S01-' <Value for COz-' "Could lIot be deter
mined from absorbance data . 

~lflHflfl1'j'VI\9lfleJ,:)fl.:jl'll'j 1':)~ 1 'W'Ul1~1 K 'j ~'\111':)fl1'j Ifll'l 'iYl'JU 'j ~fleJ'UI%.:)cYeJ\.l'\JeJ.:j'iYn SOU 

" " 1l11'l1 flW m 1Vlff iJri llJl f) fl ':h1l11'l1 fI fl" 1fI 'iY II 'iY\9l.:j 11 'iY1 'j S iJfl11lJ 'iY1lJl'j tll \.l fl n Ifll9l 'iY1'j U 'j ~ f) eJ'Ul;.:)cYeJU. .. 

"" . , . 

o'U1l1\9l1m-J~f) 1'V1'iYl~~f)11lJ11'l1f1f)~ lf1'iY !I~'iYn 5 (10 m-COzH) lJrll K ~.:)Yi~I9lI'WeJ.:j~lfl1jjmYiV'Uo'U~J 

http:pH=Il.32
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& 0 I d d I I to I d 

Clf'lI'lHl'llU'H'U'IllJl'll'U 'j):;;lJN(1'IHl'l Inductive Effect 1'le:J'Hlqj Chromophore 'lJe:J'I{1'1'J 5 Ul9ll9l1U'H'U'IYl1':i1 'j):;;lJ 

" " 
N(1'IJe:J'I Resonance Effect 19le:J{1'l'J 5 'j)lflN(101'J'Vlfl(1e:J'Iil{1'llJl'JfI{1''JtJl~':h 1'i1U'HU'I01':iU'Vl'UVi'IJe:J'I'H1.1 X Vi 

• 'U 

1'i111'HU'I IlJl9l1'j):;;~fll1Yll'J1 

'j)lfl'll'U1')fJ~ ~l'UlJ 1Yl1J l111e:J'U 'VJ'j 1fl11'U 'U ~lJtJ1'l11Clf(1i'i-ff1'U'lhfJi 'U01'J~Wl'U1flW {1'lJU~1!9f'lIl{1' 'I• 

" " 
lJtJfl11Clf(1ltJ'U IlJ l(1fJCl~'U )ll'Ull(1:;;ii'H~1UhiJfI&W~1')UU 1\911(1 IflfJ'j):;; 'Vi101'Jfffl'l:11l'lt)~m 'JlJ01'J ~flfl ~'U 

U{1''11!(1:;;01'Jfl1fJl1{1' '1'IJe:J'I {1'1'J 1!(1:;;ffml1flnlnl'l{1'1'J,.h:;;fltJUI9f'l~tJ'U nuJlI911(1'b'lJ flI9lN'l ~'1I'V1mJf1~i~l 'U 

flnffml1N(101':i'VlI'l(1e:J'I 1~1If) hh 191 e:J'U 1~'\.J!~lJe:J1{1 'Vl!'Vl 'J9$'U fJl-1ffl'UCl IICl:;;'Vl Cle:Jfl! ':i 'fflClf'U {1'1 'Vl!'Vl ':i9$'U ItJ'U 
'U 'U 

~ ,.d
Ifl1'1fl11tn)[l'YI 3 Chromic and Fluorescent Materials 

~... d/ .,;... ., "i 'JI ?I .1 " d " IJ 'JI ...
lJ'j) ~U'U01'HYflEl1!Yl e:JYlWl'U 1fltJ'U ~!flI9lYle:J(1!lJtJ 1lJ1 'b'llJ'U QlJfl'JWIClf'U !Clfe:J 1 (sensor) !fI 1Ufl11lJ 

{1''U i 'j) ItJ'U e:JV1'1lJ1fl UCl:;;~'U 'Ii :;;{1'llJ'H1e:JtJ:;;IClfYi~'U 1~\1flU llJ 1i tltJ'U 'HU 1fJ{1'r1'1 (building block) ~t'hi'lT.1Ji 'U 

011 {1'rI'll :;;UU n: fle:J'U ~!fl19l Ii1e:J'I 'j) 1fl1tJ'U'HU1fJfle:J'U ~1fl19l~{1'llJ n fll~e:JlJ~ e:J 1~~lfJ~1fJtJ~n1 fJ1~mU 

(coupling reaction) 'H CllfJ'b'iJI'l U&l:;; i 11'1m '1{1'r1'1f1 e:J'U ~1fl19l~{1'llJl':ifl'Vil'W1fJ1 fl'J 'I {1'rI'll ':i'IJ1mUI'l 
• • 11 • 

(geometry) 1~~lfJ I'U e:J'I 'j)lfl~'U'Ii :;;Vil9ltJ'j) 1flfl1{Ue:J'W -n.:j{1'e:J'I'lJtJ'I~'U 'Ii:;; {1'llJii ~flll W:;;ltJ'W Iff'W\9l 'J .:jViiil.JlJ 

" ,olf1~fI:r&l (dihedral angle) ItJ'U 180 UCl:;;1'U lm.:jfl111,)fJU'j):;;'Vi1fl11iY.:jIfl'J1n1U&l:;;ffflll1{1'1'JViii1:;;UU n 

fle:J'W 'j)lfll9l ~{1'h:J'j)lfl'HU1fJe:J:;;IClfYi~'W I~Di tlll'Wl{1'l'l!tJ~fJ'W iY (Chromic Materials)U&l:;; 1{1'1'l!1e:J'IU{1''1
'U • • 

(Fluorescent Mateirials) 

Chromic Materials 

Yl tJ ~ II'l tJ:;; IClfYi~WtJ 'W fl tJ'W ~ Ifll9lYl e:J~ IlJ tJ { (conjugated polymer) ~ ii tl '4 m lJ 'lJtJ'I~'U 'Ii:;; ~ -~ 'W 'Ii:;; 

l~fJ1-~'W 'Ii:;;{1'llJ {1'~un'U i 'W {1'lfJ I cU'H ~mHl'llfl'J 'I {1'r1'1 y'b i l1'Yltl~ IlJe:J {{1'llJl'J fll'll'lfl~'\.J!1{1' '11 ~i 'W 'lf1'1f1 11lJ ... 
, , " 

tI11fl~'WVi\9l1lJe:J'II,1'W 'Yw~il'ltl:;;IClfYi~'W{1'llJ1'JfltJ'J1fl~i11'I,1'Ul~i'U'HmfJiY 1'lf'W U11~W 1.11.:j UI'l'l ~lJ U&l:;; 

... ... ~ 'JI ", ''JI 'JI i 'JI c1""
!'\1Cle:J'I 19I1lJClflflW:;; IflH{1'1N'lJtl'l'Hlqj IClf'IJ1'1 (side chain group) IICl:;;i111:;;1I11'l&ltllJ Il'lfJi111:;;1I1f1CltllJ'VllJ 

HClI9le:JiY'lJD'IYle:J~II'le:J:;;IClfYi~'W~tJ'J1fl~ i~l!n QW'HiJil 'b'iJl'l'IJe:J'I~1Yi1&l:;;mfJ fl11lJltJWml'l-~1'1 !w:;; 

fll1lJ Ifl~ fJl'll9f.:j fl &l i 'U e:J~l9Ifl1 1 fYflll1Yle:J ~i1'le:J:;; IClfi1~ 'W flfl ~1 nl'l e:JV mi I-WfJ.:j fll'J fffllll'Hle:J.:jflfll1lJn
., 

'H1.1'Vl 1'1 
'U... 

http:t'hi'lT.1J
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~1~1~ V.:J~fl~flnUtHhH1Ju n:l'Uv'U ~I~ Vfll1 i'Vl hJ'V'l tl~llJtlh 19f9fU (topopo!ymerization) (l'tJ~ 12) ~.:J 
'ihU i'l1 qiiJfl1 ~in Q 1Vi'.:J ff'l1~ tl i 11'fl11lJ ~tlU lin Y-I ~fI'\Jtl.:J II~.:J'\J tl.:J 1fltl~l9fii~u lJ tlU tlIlJtl {'-2 Vi 1 i 11'1 ~'V'l tl ~ 

IlJtl{I~U~~fI'\Jtl.:JU~.:J~iJfI 1:u'I1 (ltllJ!l1 m!!'il~ 1li(l~mv1u~lVi1'il~mV~11 tJ ~.:J i:U'iY1lJl'H1U1 1 tJ~u'jtJ1M.. 
!'I1lJl~ 'iYlJ~ tl fll'j tJ'j ~ vfll'li '*19i tl 1 tJ i~i fl V~ 1V 14 tlfl ~ 1f1ifin fI l'j Q 1 vi'.:Jffvl'Uu ~~ fI'\Jtl.:JU ~.:J V.:JVi 1 i 11'1 fi'. .. 
ItJtl{I9fU I'l~(l ~~I'l~~ 1 Itl tl-:J ~ 1f1 i'-:J ffflflflflfli'iU i fl V'V'l tl~1 fl tl~l9fii~u ~lnfl~14 'Uuv1u ~1~U 1li 'iY1lJ l'j fI ~lU .. .. 

. " 'Vl~ m.u1 1tJv.:Jlu tl'iYl'j .u1-:J i 14 1~ 

254 nm 

RR 
R R R 

I " " 

~t)lJl 1fi'~fll'j II'l~ VlJ'V'ltl~!fltl~l9fii~u i 14 ~ till 'U'UVU'l YiVi 1 i MI'WlJfl11lJ11IU '1 tJ '1fi'1u fI1 'j~U ~ tJ l'liU 

~'j1V-:J1U11mfl 1 '\JiJu ~~'11~ 1fltl~l9fii~u (diacety!ene lipid acid) 'iY1lJl'jflifll~ V.:J~111114 m~.fllfl fI (l1-:J '\JUlfl 

tJ'j~lJlru 30-100 nm ~1~Vf)';h!1'iYffl~'il (vesicle) U'\J1U'iltlviuJ1'1fi' ('jtJ~ 13) ~-:Jlrlt)mvi'-:JffVl'il-:J'JU.. .. 
" 

tll1.fllfl!'l1 ri1U 'iY1lJ 11 flVi 1 i MlnfltJfimV1 i'Vl i tJ'V'ltl~ IlJtl 1119f9fU 11114 'V'l tl ~ '1fltl~ 19fii~u (polydiacetylene) !1 ff 

3 5 
ill~ 'il ~m ~ ~ 1V~111114 fl tl 'il 'il tlV~i 14 J1lJ tl -:Jflfl~1Vn'U 'iY1 'j 'il ~mv - II 'il~ fI1 'j II'l~ VlJ'V'l tl~i fl tl ~ 19fii~ 14 11114.. 

6 
Y-I ~flU 1 i 14 114 fl tllJ i'V'l il'Vl ~.:J Vi -I i MU 14 1~fl ~ ~ ~ U1'V'l tl~i fl tl~l9fii~u lJltJ 'j ~ Vfll'li '*tl ci1.:j~tJ 'j ~ il'Vl ~ fll'V'l ~. 

" 
fl11lJ 111 14 i tJ i~lJlfl~u 

" .
'I1lim{'UtlflcU~fI ll(l~~fl11lJVll'\Jtl.:jff1V iqf~-:J'I1lJflI1lU 20 m{'UtlU (uncosadiynoic acid, 'jtJYi 14) iflV~.. .. 
~ 111'I1,j .:j'\Jt) ·mlilfl i mJUI'l fI~l.:JnU lI~lU1lJ 111'l~VlJ 11JuVl c{lJ iflVi '*1'VlfltJ fl Langmuir-Blodgett IW~lrlt)U1.. 
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YJ ~)J~fl\l i~HJ~ICJ1Vl~UU~~~'lfiJ~lJlYHJi'1!lJ fl i ~~~'wf\lffvi'Ylu 11mlJl~ tl ~ lU14 n'Ylfli'1'~ fl~ICJ1Vl~U ~ i~l11u 
, ~ " 

3 n~lJ\9l1)Jt1nllru~ffYhJ-nn!l ;ifl (1) n~)JffU11~U (m=12, 0=8) (2) n~lJffU~\I (m=16, 0=4) !!~~ (3) n~)Jff 

l'H~fl\l (m= 18, 0=2) ~\lvf\l~llJnri)Jci'Uffu~~~1l11uU~fl\lm~~~n~uu~ \I 1U'lf1\1~\9l11liu~!!\9ln~l\lflU l~v. " " 
fl1~11111w·wlJl~lnlJlJIUV\l~fl\ll111i~ im11UlJflU VllJfl{~ ~~l~V\l1'11 114 1m\I~rl\lH~n!!\9ln~l\1flU ~vil1l1'. " 

I I 11 , 

45 0 111u)J)JYiUfl 11)J!11lJl~ ~lJYi ~~ vi 1 1 l1'ln~'Yl fl i'11~ V~ ICJ1Vl~U ffU 11~UYiu fl 11lJ V11~V\IUU -1m1fl vu ~!f1.J5U. ., 

o 
II 
C 

""""'OH n 

_I'" i .. ~& 1'j) 7
~lJ'fJ 14 flH~~l\l~fl\l (0+2), (0+4)-uncosadiynoic acid )JVUmlJflHlfl'n1l1 fW Tachibaoa !!~~flru~ 

luil fl .fl'. 2001 H. Tachibana U~~flru~8 i~ff\llml~111~v~ICJ1Vl~UlJvuvi)Jfl{~Ul111!!'VlU~I1Juv~
" " 

1'Vl'U~V\ll1~ U~~UWnlJVll~lVlcUm{UV'U~~1111\li~V~ICJ1Vl~U!!~~~~I'YI'\.Jl'il\1"l flU (~1l~ 15) 'YlU11H~n 

~fl\l DA-4UPh U~~ DA-6UPh ~llJl'jtl'YlVi'1llJV h~~lVf\lffun)JlJl l'\.J~ru~~ DA-5UPh illln~'Ylfli'11lJV h 

lCJ1.J5U m{Ufl'U ~ 114 l'U fi!!~~ ~ l'U l'U ~~ mj~ ~1111\l1~ fl~ICJ1Vl~'U !!~~ V~ I'Vl'U ri \I H~ ~V)JlJ 'j ~ 1111\1 un'U if! 
cu cu cu q 

fl~ICJ1Vl~'U fltl !In'U H~f1I!~~ ~~ fJ~'I11\l 'j ~1111\lfl l{UV'UV~\9lfllJ~V\ll~fl~ICJ1Vl~U ~mj~f!flU ~ .:11111411'0 ~fJ~ 
" 

spectra ~fl.:lH~n poly(DA-4UPh)!!~~ poly(DA-6UPh) 'YlU111rivll1'fll1lJrfl'U poly(DA-4UPh)'O~11l~fJ'U 

Ivl{y~lf1lvl{y~u'Ylt1.:1.:1 lU~l i 1l11J'U!'rl{y~U'Ylt1\1\11'U {Y .:I~flrul1 fllJ'lh ~lJlru 90-100 0 C ~.:I ill{yllJl'j tl HU nt1U
" . " 

I tI • • I 

l~mh.:l{Y)J\!'jrudjfl~~~ru 11 tJlJ~.:I thU poly(DA -6UPh) 'O~U~.:Ilvl{YYiU'Yl t1.:1.:1l'U\1\1 !!~~lvl{YYiU'Ylt1\1\11'U~1 

~ f ~ 'jI d<d Cl.I . ..::1 v I ~ ~ ~ J lI'I I Q.J OJ lJ] jJ ~ 
\9l.:lU\9l1'j)J\9l'U U~~!vl{y'Vl)J'Yl~.:I.:Il'U {Y.:I'O~lJfl\9l~l~l'UlJln~'U!lJflflrul1 fllJ~ \I'IJ'\.J U~~ IlJ{YllJT:itlHU n~u 1f!llJV 

III q 'U "U 

DA-mUPh (m=4, 5, 6) 

_I'" 1 'j) .. ~& i 8
'JlJ'fJ 15 f1H{Y'jl.:l~fl\l DA-4UPh DA-5UPh !!~~ DA-6UPh lJVUmlJfl~ 'Vlfl'n1l1 f!fJ Tachibaoa llrl~f1ru~... 

lutlf1.fl'. 2003 D. 1. Ahn 1l~~f1ru~91'fi''jlfJ.:Il'UH~nT:iffnlll'Vwi'11~fl~IC}j'Vl~U~V.:II'YlU\9l~ lf1C}j'~ 1~ ifl 

l'UVf1llflclff! (PCDA) ~~flflUfl~lJ1UIUU lCJ1vn (BzA) ~~lul1ll.:lVfl{1'Vl (0) llJ\9l1 (m) 1l~~'Yll'jl (p) (~tl~ 

http:lutlf1.fl
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PCDA -o-BzA ]j f)l1tiJ~ tI'U ffU 'lJ'l.H~''U f)~'lJ 1l-i 1 f{ U'O~ PCDA -p-BzA ]j f)1 'j tiJ~ tI'U ffU 'lJ'lJ N'U f)~'lJ If{m,nY''J'U 

~'Hl1~ 'hl1ljHlllJ ~U'O~'I1l-ifl1{'lJ fJf)9f~ f)~fJ~l'U~ 1Ulnl.:j IlJ (>I 1n'U ~llJ 1 'j mn~~'U 1i~ Ig1 ~'j 1\1'U 'j~'I11N
~ ~ ~ .. 

llJl?lf)'O. if{";.:j~fJ.:j~lltml.:j 
. . "~ ~~OH ~A)J

10 1 N
PCDA 

PCDA-aniline H 

1 -;;'1 lOll( ~ ~ • ... I ~ .. ... I 1
'Uu fl.f'I' . 2005 J. M. Kim 1I'O~f1tu~ 1'fI'j1tr.:j1'U~'Of)1'jI1f)fl1f111lJff1f1ty'IJfJ.:j'Vil.JYi.:jf)'lf'U(>I1.:j'1 'U 

PCDA-mBzA ti'U'I1l-iHlilJ~ "J.:jU'I1"J'UUfJ hlJ1~f) U'O~ mjfl1{'tJfJf)9f~f) ~]j~fJfflJ,j~f)1'jliJ~tI'UffU'lJ'lJN'U
~ ~ 

f)~'lJlf{'lJfJ.:jl'lfJ~i'flfJ~I"lfYift'U ~.:j'Yj'lJ11i.:j'Vil-ilfJ ilJ~ "J.:jU'I1"J'UUfJ hlJl~f) U'O~ 'I1l-ifl1{'lJt)f)9f~f) ]jri"Jui"JtI 
~ ~ 

1,r'Yj fJ ~i~ fJ~t"lfiift 'U ~llJ1 'j m!ff'fl.:j fflJU~ f) 1'j 1 iJ~ tI'U ffU'lJ'lJ N'U f) ~'lJ i f{fl~l.:j ~lJ'lJ'jW 
~ 

1 .ci IIVJ " ~ ~1tJ ~od ~ I rid : q

'UU fl.f'I'. 2006 J. M. Kim 1I'O~f1tu~ 1'fI'j1t1.:j1'Uf)1'j!(>I'jtllJ'Yjfl'O l'fIfJ~I"lf'Vl'O'UI'lJlJII~'UVl'OlJff'U1t.:j'U 

1'f1 tlf)1'j ~fflJfI fJ '0 '0 fl tI~'lJfl.:j'Yj fJ~i 'fI fJ ~ t"lfii~ 'U n'lJ 'Yj fJ ~11iJ 'OU fJ'O f) fl fl fl" U'0 ~'Y'/1J 11U~'UVl"lJ ff1lJl1 fitiJ~ tI'U 

ffl1j'U ffU'fI.:jU 'lJ'lJ il-i N'U f)~'lJ~ fJtu 'Vi fllJ 70 °C ~.:j If)''''I~ tI.:j n'lJ f)1) tU~ tI'U ff'IJfJ,:J fI fJ'O'O fltl~'IJ fJ.:j'Yj fJ~l'f1. ~ 

9 "':'1 12 1~~ '" <9I'U u fl. f'I'. 2008 S. Dei U'O~ fI tu ~ (>I11f)1J 1 f) 1) 1(>1 'j tllJ ~'O f)'IJ fJ,:J poly(benzyl 10,12

... Id 9J ",., od .... .IQ.1 cI'j} .QG Q.

pentacosadiynoates) ('lu'Vl 17a) U'OTYI1f)1'jffmV'YjfJmlJfJ'j'fl"Jtlf)1'j'jYi'Of)"lf'fl"JtI 1 ,2-dichlorobenzene 'YjfJ'O 

l~fJ~t"lfii~'U~ if{\11f)f)1 'j(>l f)(>I~f)fJ'U fJfJf)lJlff1lJlHl'O~ mtl if{l 'Uv1Jvl1'O~ mtlv'U'Vl~Vti'U fI '0 fJ h yJfJ {lJ '11 ~ fJ 
I I JI I 

THH!'O~ft'llJl'j flU ff'fl.:j~lJ,j~f)1'j liJfttl'U ff(>l llJfJtu '11 fiiJVifl ""1t1n'U..;.:j1'U 'j iJ 'IJ fJ,:JU ~.:j ('j iJ Vi 17b) ~fflJ1'U'YjfJ~
q cu cu 'U 

llJfJ{tlJ'Vl~ f)~ ('j iJ~ 17c) U'0 ~ ffn 'O~ mtr f) ri 11~fJ'YjfJ~tlJfJ{]j ffU'fI,:J~ fJtu '11 fiiJ 40·C 1iJ~ tr'UI1j'U ffl'Vi ~fJ,:J~
~ ~. . .. 

~tu 'I1]JiJ 130·C U'O~ 'O'llJlHI N'Uf)C)'lJlJll~'U ffU'fI,:J if{V~l,:J'O'lJ\l'jwtjjfJii,:J1'I11~'U 'O,:J 

..'" .. 

_I"; 1 ~ 1 lI( """''' ~I " d
~'U'fl17 (a) Im.:j'O''j1,:J IlJI'OfJ'O I'fIV~I"lf'Vl'O'UlJfJ'UfJtlJm benzyll0,12-pentacosadiynoates(b) Yi'OlJ'lJfJ,:JU'IJ,:J 

'lJfJ,:J poly(benzyl 10, 12-pentacosadiynoates)(c) poly(benzyl 10, 12-pentacosadiynoates) ~fflJl'U 
"" "12poly( vinyl alcohol) tlJ'Vl'Hl"lf 
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h,t! rl .ft'. 2008 Y. Gu Ufl~rlW~131~'Jlt1.:Jl'Utll·HHnJ PCDA ~.:Jl1fl~i,r'VltJill~tJ~tCJfVl~'W~~tJ~tI'U 

ff\9l1lJ~W '11 fJllll1J'U ll.Jir'U fl~'lJlJlt\9lj tllJttJ'U 'Vl tJfttlJtJ{i'UtlJ'VI~ flCJf'tl tJ.:J poly(vinylpyrrolidone) (PVP)i fl tltll'J 
" . 

W i i 0 W"I' i W W '" '" , .!j
fI~mtl PCDA i 'U!tJ'VI1'U{mUfl111t1~M 'UtYl'JfI~mtl PVP 'U'Ul11mlJfltJtI 'I1U'l1.:J'VI~W'I1fJlJ\9l1.:J"l rltJ 30, 

50, 65, Ufl~85 DCYl'IJilfll'Jf-ltYlJ~~W'\1fJll 65 DC tYllJ1'Jtlil1'YltJfttlJtJ{~lItY~.:JtYlJ'lJ~tll'JttJ~tI'Uff\9l1lJ 

tlWl1.flllU'IJ'lJir'U fl~'IJ 1~ ~.:JfIlfliltf)~ ~ lfltll'J ~~tj tI.:J1'l1U'IJ'IJ "bricks and mortar" 
• 'U 

'il ~ t11 'U 1 ~ i 1 .:J l'U 1~tI~mh 1lJ l~N ~ 'W t~ 'U flU ffflEJ lfll'J ttJ~ V'U ff'tl tJYl tl ftl fl tJ ~ tCJfVl~'U 'tI tl.:J 1 ~ 

tl~tCJfYl~'WlJ tl'U tltlJtl {~t~'W tl'U 'W'U;'tI tl.:J PCDA ~ .:J'Vl'IJ ':h ~ l'U 1'U 'W'U li~ 1 g i ~ 'J I~ 'U 'J ~'\1 iN ilJlflflfl ~ f-lfllPi tJ 

ftfl~li~·mlPitlff'tltl.:Jl\will ~tl~!CJfVl~'U~1 ~~ lflm~'lJ1'U fll'J hJ1\9l1 'VI i tJl'WftllJtll 'J ICJfi'U \9l fltlfl 'il'W tll'JI\9lj tllJ 

'Vltlftl~tl~ICJfVl~1.Hl1flfll'J~~ljtl.:J imflflfli'U'Ull'UtYlflfl !')$'U 'Ul i'Url~tYl'lfl UfI~ niYlflfl ~')$1t1l~:JJfl11lJ. 
!~'U1tJl~1'U tll'J~'U ~tJ 'tItJ.:J'Vltlftl~tl~ICJfVl~ 'U i1lJn'IJIlJ'VI'i flCJf Ufl~ r-m'tl tl.:J IlJ 'VI 'i flCJf~iilPitJtYlJ 1J~ fll'J ir'U fl~U 
l~'tItl.:Jfll'J ItJ~V'U ff 

" . 
'W tl fl 'illfllJ ti.:J ~ fll'J ~ ~ ff'VI n1J\9l 'J IfiV1nUtll 'J UlYl tl ftl ~ tJ ~!CJfVl~ 'U f-ltYlJ nu I'VI tJ {1lJi"l fI ltY~flYl tl ftllJ tl{ 

1')$'U fll'J J:-ItYlJ 1~ tl~ICJfVl~'UlJtl'U tlllJtJ{'lfij~tY1V1CJf\9lH I g 1~ 'JfIl{U tJ'U n1JYl tlftmVl~'U1~Vtll'J'\1 fltllJ~ 

tltul1.fllltY .:J(U.S. Pat. No. 5,085,801) III tll 'J l\9lj VlJl"ltlftvj 1'VI'U ~~'\1l.Jl~ tl~ICJfVl~'UUfl~ fll'J f-ltYlJnUYl tli)v~ I'VI'U 
~ cu ,,'U ~fU 

15 d'Q.I..:::l iVlJ]~..:::l "1 "'" ,(U.S. Pat. No. 7,371,511) 'Utlfl'illfl'UV.:JlJfll'J 'If !~tJ~ICJf'VIfl'UlJtlm)!lJtJ'J 'UtYllfl~mtllltJflfltlgtlfl Q~Yl'U 

MU'U1tY~l~tJ'll1'ln~ltJ'UJ:-I~fl'tl'Ul~l~flritJ'UfllnhtJfin~VlYltlftllJtlfl 'JICJfi'U l~vfll'JQ ltiUtY.:J-el0\9l~1111 tl 

16
m\9l (U.S. Pat. No. 6,607,744) 

U.S. Patent Nos. 3,999,946 (1976), 4,339,951 (1982), 4,373,032 (1983), 4,389,217 (1983), 

4,737,463 (1988)17 fl'ci110.:Jfll'JU 1 I~ tl~ICJfVl~'UlJ1'l~I~'U1'l11~~W '\15Jilmv'l~'J~ v~nOl~fhl1'U~ l~tltl1ftV 

tll'J ~tJ ~ tI'Wff~ lflll.Jii ff'\1 ~ tl ff'tl111 tJ'UYl tJ ftllJ tl{~~ ff 'tItl.:J 1 ~ tl~ICJfVl~ 'U lJ tl'U tlllJU{~ ii '\1l.J v'i I'VI'U m.JcUo hJ 
'U'" 'U 

" I'U \PI lfl ~ tl-el(lflll 'J ~1~ tJ~ICJfYi~'U 1 ~!!tl9f~ 1 ~vlhflll ~~ 1 ~ tl~ !CJfVl~ 'U lJ tl 'U tl!lJ tl {fI.:j 1 tJ U'U Vi'U ~11ff~~1 tI. 
" 

fl'J 'J:JJ 1~ fll 'J'l~!'\1 tI tYl'J fI~ fI lV'tI tl.:jlJ U'U tltlJ U { 11 ~u'Vi lfll'J ihtlVi'U ~11tY~• ~1t1lJ U 'U tl!lJ tJ {l'i fI U:JJ!11 01 h] 1i 

fll'J flri 110.:Jtll'l '1 ~tYl'J t~lJlllPi.:jt~U')$1V '1 'U tll'l~fl~~ 
" 

U.S. Patent No. 4,228,126 (1980) 18flri110.:jfll'JU1Yle:lftl~e:l~!CJfVl~'UlJ1 '1 '*ltJ'U1'l1'l1.:j9fe:lill. 'I1.flilllUU
'" 

~ rI .c::.d d Q.I & 9J Q.I 0 

'Vle:lflllJtl'l fl'J'llJ1li fll'lI\9l'l tI:JJtl1fW\9l flf-lfl flYl'l UlJflll 'J~!l1 V\9l1'V11fl~ fI lV 

U.S. Patent No. 4,238,352 (1980)19flri110.:jtll'J!\9ljVlJYJ~lJYle:lftl~e:l~ICJfYl~'U l~tlmftvfll'J'I1f1e:llJYltl 

U.S. Patent No. 4,735,745 (1988)20fl rinO.:Jfll'JU lYle:lftl~e:l~ICJfVl~'UlJe:l'U tlllJU{~ f-lfflJnUfl'Jfle:l~ 

9f~ fl!~ tl 'l~!~'U 1'l11~ fll 'J o~ mtl~ 1flfll'l U')$u~.:J 1~V~'tIU"J'U tll'J i 'U fll'J 1\9l j tlm'oj Uftl ~ e:l~ ICJfVl~ 'U 3 ~'U \PI 'fl'U 
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'l~ufi fll'Hl::;r:nt'.l1~fl:::19IY1~lJlJ tJlJ fltlJtJ{ nU~Tvh1:l::;r:nVm~fl:::~~rl, rl1)'U 1ffl'J 1:I:::mv1 tlH'lh!~.:) '1 ,r1~ 

tJ:::I9IY1~U\91rlH~rl u1:I:::fll'.ith 1 tlvwi1llJtJ{1 'JI9Ii'lJ~lVfll'Hnt'.l~lVHff ':)B"\91'j1111 fll~\91 l~v'1lJ ff'VlnulYl'.iif 

1~1~i~tJ::: 19IY1~lJ ~iil1~vj l'VllJ fftJ·nni Im:::lrl~m)1:Im1 "lJ1~fl:::I9IY1~lJ 1mltJ~~.,., ., 

U.S. Patent No. 5,085,801 (l992)2Imh1~':)fll'.itl'.i:::~ElifJtlmru\91'.i1'il1~fJrul1iJlJ'lfil~NUmlU 

1~1~ 'il1rlff1nh::;rltJu'~ fl:::I9IY1~lJ l~Vfll'.iHfflJ 1~tJ:::I9IYi~lJlJfllJ mlJ tJ{'1lJ mi lJBn~1:Inm'ltJ~ItJYi~u• . ". 
11 ntJlJ Il1 mViflru 11 nlJ 145 tl.:)fl'll91n l~t'.Iff 'il1fll1U '1111 tllOU Vi 5 fl.:)fl'll91nl~VffU~1~ -!!Vi tJ ~llJtJ{hci'I9Ii'lJ. ., 

22 I & ... I ~ tI,.. I " I'll

U.s. Patent Nos. 5,685,641 (1997), 5,918,981 (1999) flr:n1tl':)fll'.ilJ'.i::;~ElifJlJfl'.itl!m1'il1~ 

tltl!l1flm~Vfl1'.ith\,'lr:n~~flll":::{y1'.itl'.i::;rltlUI9I1:I1:I hff l'lflJ vwi1{Y1\91'.i~lJ, m:::~lEl 1~Vfll'Jffltl'.i6, 'lfU 
q ~ IU " 

" l1~tl ~lV ff1'.i n::; 1:I1V 1~tl::;I9IYi~lJlJfllJ mlJfl{MUlJ1~~ 1I~1'1111uvh '1 ,rll,r.:) 'il1rl11 lJ ~nl1tlaf1~V1Vltl ~ 

tlJtl11 '.ici'tC}fi'lJI~fl'1M1~Vl tl~1~ tl::;I9IYi~lJ'lfij~NlJ fl~U1~1~ 
23 ' ~ • I "" "'. I '" ... "'... "1 1 1u.s. Patent No. 6,046,455 (2000) fl1:l11tl':)fll'.ilJ'.i:::~El!fJlJmru\91n'il'.i.:jfffl1:l\91'.i1 1 tllnlYl ~Vfll'.i 

" " '1~ elastic band l'VlUfll1 l1jtJlH./lJ decal lJ11f1~tlUff1'.i"::;r:nV'IJfl':) 1~tl::;I9IYi~lJlJflUflllJfl{ 'il1rll1UY1\l Hl,r 

u,r\l ~.:) 1MlIfi ~flU~':) fl~11ff1lJ1 '.i m U~vu iY'il1 fl ~hJii iYdjlJ iYJ1t~lJlrltl1~f U f.:) iYB1:1\91 ~1111 m~\91 '1lJ. 
" " .• iY'Vlnumuv':)'.i:::U~':)f11'.iHfflJ 1~fl:::I9IYi~UlJfllJmlJfl{1:I':) i u'I11t'.11'Vl11~UIYifl'1~\91'.i 1'il1~f.:)iYBn\91~1111 tlI~1Yl• 

24 ' ~ • I "" "'. I "'... 1 'I" ~ .du.s. Patent No. 6,787,108 (2004) flnllt).:jf11'.ilJ'.i::;~El!fJlJfl'.iruUtlfl1lJl1lJ~tll~ ~V l'lfl1lJrl'Vl 

11'1 j VlJ 'il1rlff1'.i n::; 1:1 1V'IJ fl.:) N-ethanol-hexadeca-5, 7 -diyneamide '1lJ ~1 'Vi 1"::: n 1 VH fflJ '.i::: 1111,:) 1tJ'Vl1lJ tl" nu 

'" "0 1 '" '" "" .. .t 1 "i" " .,j d "'''' c9 "" "'1 "i "dmw 1'.ivJtl'.ilJ IIn1lJ1 tll'IJVlJl1'.itJVllJVlUum:::~lEl 'Vl\l 1 11Ul1\lllJtJAflUm::;mEl'VllJl1lJrlVllJVl 1 UI'IWU 
'" . ". 

'il:::tf1~fll'.i Itl~VlJ iY'il1fl1~iiiYl~lJ iY'I11t~lJ ilJ 1t..1Vi 3 

U.S-. Patent No. 6,866,863 (2005)25rl~11~':)fll'.itl'.i::;~El1iY~'V11lJ 1~lIn:::ff1lJ1'.imtl~vwll~iY1¢1lrltJ 

tltl!l1 fllJltl~ VlJ 1~ viY~.:) fl~ 111\91j VlJ 'il1fl tJt..I~t..I TI1~ fl::;!9IYi~t..I mllJ mlJ tJ{ 1 ~ vii ~ llJ llJ fI1{UtJlJ tJ:::1'I tllJ '1 U. ., . 
" .. '" .1 "" '" '" 1"1 "', 1 """"1f1H'N'.i1':)lJtJlJfltlJfl'.i 6-25 fI1'.iUfllJ fl1'.ilJ'.i::;~El!II'I'.iVlJ ~ ~Vfll'.i'Vl1 ll~ Vl'W ff1'.i1:l:::r:nV ~tl::;t9l'Vl1:llJ 

lJtJ'W tJllJtJ{ilJlfl'Vl1lJ fln ".:)UlJ tll111'.i V1 1~VIYl '.i':)11 ~ tJUlJ U1' 1''ilnruC¥i'11~flH'NlJnU'tY11''lhvli~~~~f1.J'U 'J::: 'Vl1t..1• . " . 
1 ~ U "'1 '1111 tlll1 VU 1:H B1:1\91 ~1111m ~ \91IYi tJ i Min ~ tl a f1~V1Vl tJ i1llJ fl {i '.i 19Ii'lJ I ~lJ Vl fl ~ IlJ fl {iY'I111~lJ lij f) 

. ." 
tJtl! "WlJ{Y':)rl11~lVif1111lJ ~ 'il:::tn~fll1' Itl~VlJ iY'il1fl'l111~lJl~t..IlI~':) 11 ~m~lJ. ...., 

26 ,c9 .1 "" "':et" 1· I ' i '" "" ""1 "'''' u.s. Patent No. 7,361,696 (2008) rlr:n1iJ.:jfl1'.ilJ'.i::;~EliY'i1:llJ lJ1'':) 'N'VllJfll1'HfflJVlfl1:\ ~tl:::t9l'Vl1:\U 

~iil1~~~I'VllJ 1~Vtl1ftVfl1'.i H'NlJvwi11~fl::;I9IYi~'W 1:\.:) 1 tl'llJVltJi1llJ tJ{11'~U fl1'.i'Vil'U i)n~vww ~llJtJ{1 '.i 19Ii''W 

" 
'lJtJ':) i~ tJ:::I9IYi~lJlJfllJ tlIlJtJ{'il::; 1f1~;jlJ ntJUf11 '.i m:YlJ 1:\\lVltJ~llJtJ{1:\.:) 1U'llJl1'~lJ 

http:fl1:l11tl':)fll'.ilJ'.i:::~El!fJlJmru\91n'il'.i.:jfffl1:l\91'.i1
http:1~Vfll'Jffltl'.i6
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27 f & .... I Q d' Q.I C1 ... 101::1 CV d.c:i..:::s
U.S. Patent No.7 ,405,412 (2008) m'l l1tl 'I fll) lJ) ~~'l;l'U1ff~Wl)1111'VltJ'UlJ)mUHll'HnVHff'VllJfll).. . 

'UCl'lll~'1 '1 'U 'UCl'lll1 m NfflJC'l'l '1 'U ff1)<Jhvv~~~ 1l~1~'1'\.h I tJ~~C'l'l'U'UVlcllJ 

U.S. Patent Application Publication No. US2006/014509128f)ri110'lf)1'jtJ'j~~1:Jilffflm1111~ 

tJ~lJ1ru f11) Q lVi''! iY~iif)1) '1~ffJJU~fll) ItJ~tJ'U lltJC'l'liYlrl fl i ~i''U i''I iY'UCl'lI~f)~ 19fYi~ 'U 1 ~Vfll'j 'l~m1JJ ~fl'U 

~ '1 'JJ II] "'~ 'l Q 0' '" ~ trw 'I1Cl'4111fl 1~f)~I9f'Vl C'l'U 'U'VWC'lllJCl) 1f)~fll'j'l1 C'lf)lJl11 C'l111C'l~I'1f)NC'lf) 

v v J 
1l'U'U flCl -u'l;m.u'l1flil llC'l~ -u'l;tJ~mtui''1iYtJl111viiiTIf)wm.ntJ 2iTIfll) i~lltl fll'jll'1~tJlJ'Vwilil1

q 'U cu 'U 
~ . V v 

f)~I9fYi~'U~'U lJ1tlCl'Ull~1U 1lJ1NfflJ111Cl~1111tJ C'l'l 'l MI.u11tJ~11'U'U ~'U ~1'UCl'llffl1 ~'11TIf)1)i1 ri1'U 'l11 uJ'l~I~ 
• u 

fl'U'WCl~ll1f)::I9fYi~'W ~ii fflJU~f)1) ItJ~V'U iYu'U'U~'U ml'U l~ I~Cl'l111f1'V'I f)~ll1f)::I9fYi~'W ~ltJ~ tJ'UiYllU'U~'U 

f)~'U ilil~J'U l1::ltJ~ V'U iY'l 'U )::1111'1f) 1) N~I'1~iifll) 'l~fl 11lJ~Cl'U '111 f)~1l'11C'l:: C'llV ri1'U ~f)iTIf)1)l1 ~'1~ii 
f)1) f)ri110'lflf)fll'j 'l ~fl'U'Wf) ~111 f)::I9fYi~'U ll'U'U ~'Uml'U I"; I~ fl f)f) nU11ffl1lJ1lflilCl'U y.j'U 'If'U ~1tJ. . 

v 

ffW"~C'llV'UCl'lll1Cl~I9fYi~'UJJCl'U f)llJCl; 111f)U'U ~'1)::111 V~1l'11C'l~ C'lltJf)f)f) 'I11U'l~m) lJiTIfll'j'l1C'lUlJlJf)'U f) 

tlJU;eN itJ'l'\.JI'YlfJ;lm'iC'llff~f) 1l~1~'1fi~)tJl'11 'lMlfll1fll)'VW~IJJf)fl) 19f~'U 'l MltJ'W'W f) ~ll1U::I9fYi~'U 'l 'U 

111Vml'l 

111tJiim1JJVl1'U U'Iff1tJ~-W~~1'11 fl'U 1lC'l~ii~11111ti'l'UtN'I1liI111 m.r~lll'1 f)~1'1 fl'W 111 Vfl111'111'11111::l'11 '1 Ml ~ .. 
t I I " 

I11U~I9fY;~'U ~tll1 Vi ff1lJ 1) ml'1~ VlJltJ'U 'W f)~I~HJ::I9fYi~'U Vi ii fin ItJ~ V'U iYi ~l1 C'l1 f)11 C'lltJ f) Ul 11 flil l'l '111'U'U ~'U. .. 
v 

ml'U 1~1lC'l~1l 'U 'U ~'U f)~U 1"; 1~ ff1lJ1) tllftf)f) 1 tJ'1 ~'11'U 'Vl1'1~1'U f) n -u '1;UUll1 nil II C'l:: i''1iYvil~ f)V 1'1... .. 
v 

l11lJ1~ fflJ II C'l~ 11 ~ l'11f) 1)tJ)~ ~EJ ii'a'U ~lflll'1 uf~'U ll'U'U rl111 i''U-U '1;f)tu l1 nil II C'l ~1Hmtu i''1iYvi1 ~tJfl1ffV 
"" II cu cu 

• v v 

in f) n NffJJ 111 f)::I9fYi~'U JJf)'U BllJ f) f C'l 'I '1 'Ul)~'UViltJ'U ff1) 'lhvv~~~ '1 MltJ'U 11 ijf)~ 'U mtl f)'U 111f)U'U ~'11111 tJ 
• v 

YiJJvf'l11f)'Vl1 C'l'l'U'Ulff~~1'11ItJ'U C'l1~C'lltJViff1lJ1)tla'lIf)l'1fll'jU'l;I~f)VNi~111'U lli:1'1~'1U11tJm::~'U ~'W 

'1 

Ilff'll~f) '1 Mtfl~tJ~fl~V1'Wf)~IJJf) I) 19f~'UliJ~V'\.JItJ'U'WU~1~U::I9fYi~'UmJJ~U'lfll'j ~'1ii.uf) i~ltJ~tJUf)11fll) 
'JJ d'l 'JJ "'II] Q~ 1 '1 ~ <V d ~ "'I... d '" 0' 'JJ ~, '1 'JJ

'If'UU'INffJJ'Vl 'If'W f) C'l l~ f)~I9f'Vl C'l'U ~V1'1 H 'Ul) U'I'UU'I fll'j l1~lf1'Ul1lJf)l1) U1ff~'Vl'WlJ'W11 1Vl1 JJf)f)U'U fll) 'If 

'11'U l~mJ'Illi~Cl'lfl1'UfllJUUll1 flil ~ '111 ~ 'lhv '1 Mfll)U 11tJ'1 ~'1 'Wl9f'l'W 1tU'lfviifl 11:lJff~ ~1f)f) 11 l~U'I 11 1f) lff~ 
q q <u q 

, v v v 

!tJ~V'UiYff1JJ1) tll'11 '1,rlfll1~'U '1 'U ')'U1'1 U'U ffml1VtlCl'U f11) ~~I~'U ff'U f11111 Clfll) 'U'W ri'l 'U Clf)1l1f)U fll)U 111 ij f). 
~'1f)rild 1 tJ'1 ~'l 'W f11) 1'1 n 11 fff)'Uff'U f11'U Clf)fftl1'U ~N~1'1 1'lf'U '1 'U fftll'U ~ ~l1l~UUC'l ~ ~1'U ~ 1'11ti1tJ-ff'Uri' 1 n 

v v • 

ff1lJ1) tll'111~~ 1V 1~Wl'l'lU,.r111.w11 m '1fll 'j iitJ):: ffUfll) rufll'j UC'l~fl 1 llJi1'U 1ty'1 'U f11 'j l'11i~mntJ1fl'U'VICl ~ 

'l1U::I9fY;~'\.J 29.36JJ 1'W U ffJJ'fl 1)~ 'I 'fl1111111:: ff1JJ 1) tl~ 1l'U '\.J f) 1 'j 1~vl~ rl11111 C'l ri 1'11'11lJ 1I'1tltJ):: ff '1r111 C'l:: 
. . . 

11l1l1JJ1tJl'11lJ~lff'\.JClH 
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Fluorescent Materials 

'il::; 1M sensitivity rf ,:If)1lll'H"lJflf1l':i 1\P1f1lH1\P1f)~'Wllrf 'I~'I 1000 I'Vll IICl::;ij'l11.:Jfl11lJl'Ii'lJ'Ii''W '1 'Wfn'Hil':i1'il1\P1~ 
'" '" 

f)11'142 'lJ ':i 1f){J f)1)ruf)1) 11 ~NII rf.:J-W ~mH ':i m9l''Wq$~V.:Jrf1':i Ifl\PI 'il1f)f1l':iflltJ'Vi".:J.:J1'W1'W ru'tJV.:Jllrf 'Il1 ".:J'il1f1~ 
111 jJ Q.I 'j} 'j) III ,J 0 1ilq d Gt a' ~ QI .d.d Q.I Q,I .d..d. ~ d 
! m 'Uf)1':i m::; 1'l'W \PI1tJ'Vi Cl.:J'I1'W IIrf 'I 9I'.:J 'VI 1 l1 flICl f11'l ':i V'W !'W V V ':i 'IJ'VI Cl'VI m ::;\PI'IJ'Vi Cl.:J '11 'W rf.:J rf\PI 'VIlJ flIClf)1'l ':i V'W. '" . 

I d. 1 " 1 jJd <V Q..I J 111 Q.I rI'U'j)~V~I':itJf)11 HOMO (highest occupied molecular orbital)\lf)m::;~'W l1lJ)::;\PI'U'ViCl.:J.:J1tJ'.!.:J'tJ'W !,jtJ.:JVfl) 

iJvi'Cl~ij'Vi".:J.:J1'W~1~rf\PI~tJ'Ihjijfll~f1I'l':iV'W'IJ';j';j'ilvti i1tJf)11 LUMO (lowest unoccupied molecular orbital). . '" 
ij HCll'111 M':i::; UIJ ijfl11lJ 1 rf~ tJ';j Cl \PI Cl.:J 11 Cl::; IlJlCl f)Cl 'il ::;'ViU 1tJ1lJ,j i'mY11l1'f) "'U rirf f11'Vi l~lJ1\PI tJf1l ';j fl1tJ'Vi".:J.:J 1'W. '" 

rf1':i fl'W 'VI~ U~I~ 'W -W Cl V v 'h-w v {,j ':i::; f1V'U ~1tJ':i::; 'U 'U 7t-7t fl VtJ 'illf'll'l Irl v i ~i''U'Vi ".:J.:J 1'W II rf .:J~fl11lJ 
'" '" , v 

V11f1g'Wll1lJl::;rflJtl'U'I1V.:J11.:J (band gap) ';j::;l111'1 HOMO-LUMO 'il::;l'11hrfll~f)I'l';jV'Wi''W'U'W,,!\PI (HOMO) 

~V.:J IlJl'lfJCl1'Wrff111::;~'W (So) rf1lJ1Hl\lf)m::;~'W~'W i,jv~i'W ';j::;~'U'Vi"'I.:J1'W~'.! 'I~tJ~'Wi;l\PI i,j (LUMO) ~ltJ 
';j::;tJ::;l1m';j::;~'UI-WlJ 11'l1'W1Vi (~,j~ 18) IlHClfJCl1'Wrfm1::;m::;~'W (SI) fll'il'.!tylfftJ'Vi"'I'I1'W l\P1tJf11':i'lf'Wtl'U 

IlJlClf)Cl'IJ.:J1'l1l'11 Cl::;mvnfl'W~ fll~f)m VtJ 'il::;Cl\PI';j::;~'U'Vi".:J.:J 1tJ 'il1f) LUMO f)"'UlJ1~ HOMO ~.:Jl'111Mlfl\PI• 
f1l';jI,j~.:Jllrf.:J (emission or radiative decay) VVf1lJlll~i'W'U1'1m&fll~f)I'l':iV'W'lJV'Irf1':i-W~vvl';j-wV{fll'ilCl\PI 

• 


':i::;~'U'Vi".:J.:J 1'W Cl'lI \PI{/hJiif) n l,j "'Ill rf.:J VVf)lJl (non-radiative decay) 1\PItJfl1ffVf1l ';j'lftJllCl::;f:htllll'Vi".:J.:J 1'W 

'I '31 ... '1 '31 cl ........1" .J cl 'I '31
!l1 f)'U !lJlClfJCl'IJ 1.:J 1f1 V.:Jl1 

'" 

';j fl rf1 'j)::::.:J 'U rftyty1Ul l"l ~Vfll ':i m9l''W 91' (fluorescence quencher) 9l'.:JlJ HCl 'VI
0 

1 mf111lJ 
I I V Y 

l'Ii'lJ~V 'III rf.:J Vi,j Cl \PI,j ~VVV V f)lJ 1 'ill f1-W Clvvl ':i-W V{Cl\PI Cl.:J I \PI VrfUVi rf1lJ 1) t1 i''U 'Vi".:J.:J 1'W i ~'IT'W ~V.:Jiji''W.. 
HOMO IICl::; LUMO Vti':i::::W)N':i::::~'U~'W'Vi".:J.:J1'W'lJfl.:J HOMO llCl:::: LUMO ~V.:J-WClflV hrJfl{~'I1'W'U1.:J

'" '" 
m Wrfn ~i''U'Vi".:J 'I1'W i ,jml'1fl1,)1~ 'W rf1';j 11 V.:J II rf.:J Vf)'lftJ \PIl1 iJ.:J n'il:::: l'11 i Mlfl\PI f1l':i 11 V.:J II rf .:J~f111lJ V11f1~'W 

VA ...'7fh 

10-15S 

~Solvent 
51 Relaxation (10-10

5) 

Q 

hVF~ r Ckj k q [0] 
~Q 

FRET 

k =1.(&)
T "'0 r 

6 

So A 
O 

l,j~ 18 Jablonski-diagram llrf\PI.:Jm::::'U1'W fll';jf11V'Vi~.:J.:J1'Wll'U'U~1.:J"l 'lJV.:J IlJIClfJCl i tJ rfm1::::m::;~'W 

, v 

1\PI vvi'1 i,j II ~1 f1 1 ':i I'l ';j 1 'il11fl ';j 1::::"r rf1 ':i 1\PI VV1ffV bYUJ UJ 1Ul -W Cl VVI ':i rf 19I'tJ c-tl'IT'W I~'W IClffl {~V 'I 
u u .. 
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~lfl~ 'J 1 riTU III iTn 'il~Ulh frlJ ~ llJfI 11lJ! .umru'UeJ,:l'Cl'n 'J ~~'IJ atyQj1W ([QJ)mlJ 'Cl'lJf11 'J 'U eJ'I Stem-Volmer 
>I 

~'1~eJhHj39 

= 1 +Ksv [OJ 

ilJiI'il'il'l1lJljfl" inf11'Jcilm'VlVftl'l.:JllJ~i,)'i''IJf11'JveJlJi''IJ 2 U'IJ'lJ;ieJ 1) fl" inu'IJ'IJ Forster ('Jtl~. ~ 

19) !i1lJf11'Jri'lHllJVH1'l'lllJ 1~VmffVf11'JI'I1~V1-U1U'IJ'IJ 1~ L-W"-i~hm HllJ~11'1 (space) l~vililjnn 

cUm..ll1'IJtlU 'UeJ'I molecular orbital 'U eJ.:J 'Cl'1'J ~ 'il ~ il1'!!,,~ i''lJVftl.:J'IllJ ~'1tln iY'VlTI fIlVl i lJ f11'J cilm'Vl'V'/~.:J.:J llJ 

.1 '" d'l di'J/., '" .,j 'J/ i 'J/., II] d'lJw)tJn'IJ'J~V~'YI1'1'Vl !lJ!"n"'Cl'l'J'Vl '\1U"~'J'IJ'V'/".:J.:J1WflC'leJlJ!'UllJ1 n"nu U,,~ 2) n" !nu'IJ'IJ Dexter ('Jtl'Vl
~ ~. 

19) lillJ f11'Jri 'I HllJVl~.:J.:JllJ l~vmffvf11'J!mmtl~VlJU!~n~'J eJlJ HllJ molecular orbital 'UeJ'I'Cl'l'J~'il~ i l1'u,,~ 

i''IJ'V'/ ~'1 '11U ~.:Jljtl'J ~iY'Vl TI J11Vl i lJ on 'J ~~'IJ aUJUJ1W yj "eJ ell') 'Cl'!9$lJ GJf~~lJmitl'IJ fI 11lJ'Cl'1lJ1 'J tl i lJ f11') ~'lJnlJ u (J ~ cu 

:t.... 

Forster Energy Transfer 

EnT 

D* + A 
;' ! 

D + A* 

................. 

i 

Dexter Energy Transfer 

*............... EnT 

+ A* 
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1f)~"'l1f1vl~tH)hvlfl{ (donor) ~fl~hH"tll'W~m~~'W{hti ifl'WYH1-!1HU Ll1V-!l~'J'j~~UfftytylW (acceptor) 

~h'W static quenching 1f)~'illf1f11':i~U~~tl'UllhJflfllJIYl~flcU'\Jfl-!lvl~flflhvlfl{ (donor) tlU~'J':i~~UfftytylW 
.J 0 "I II] 'IIi _1"'.10

(acceptor) 9f-!lfl'JllJlI\91f1\91N':i~l1'Jl-!1 static II"~ dynamic quenchingftllJUflrYml1l~ ~tlfI1':i!u"tI'Wllu"-!I 

flW 11 nil 111flfl 'J 11m U~ , 'WfI1 ':i 'Vl~" fl-!l 115fl fI1'j l~'lh-!lfll tI'\Jfl-!lfl1'j"~" -!I'\Jfl-!l fin ill' ffWW If.l! vl (1 flfll 'j ft 
q cu q u u cu 

.. "'., 'II 'II '" '" '" 43 .J i . I "" 19f'W9f (life timeoffluorescence decay) !'VltlUflUmllJl'\JlJ'\J'W'\Jfl-!l\91'J'j~-!lUfttytylW 9f-!l ~tlufl\91 'W'j~UUfI1'j 

'j ~~U fftytylWvl ~ fl flI 'j m9f'W cUM d-!I '1 lJfliim ~U TU fl1 'j i-!lfffl-!lll UUl'll-!11'W ~1lJ tl'W lIvlfll 'ilii m~u 1'W flU' ~ 

· Collisional Quenc:t1lng Static Quenching 

r*. a ~ (F·a)*.11a '-;' No Jnssion 
hv K ~ 

r + a r·a 

If(tl 
'1Il (F*) 

1--r;' ,.....0 
k,[e] 
~a 

Higler 

, ,'~emperatU"e 
I, 

lL. 
I "I 

~, 
f,, 

1;,/,.. 

[a] [0] 

fll'j 111 ~ tI'W 11iJ" -!I ffWW 1ruvJ (1 fl flI 'j m9f'U cU'W flfl 'ill f1!f)~ Hl'U m~U1'W fln ri 1til 'VlYl ft-!I-!Il'W 11tl1 V-!I fll 'il 
u u ... 

Q. , I Q. d lIJ 'jJ <J,J t Q. d .Q J 11) ~d
!f)~H·n'W m~U1'W fI1'jtlltll'Ylflt(1flmfl'W (electron transfer) l~~1lJ i~tlfI1'j fIltll'Ylfll"fI\91 'jfl'W 'il~tml'\J'W I~ fI 

~fltrlflffn~!'ll'W ~'J~UVI~ f1\91'jfl'Uii flfl{ih1'(1'~ flfl{iJ~'ltI~ -!I (HOMO 115fl LUMO) ih~~UYl ft-!l-!ll'W fl~ ... 

'j~1111-!1'j~~UYlft-!l-!ll'W HOMO Im~ LUMO '\Jfl-!lvl"flfl hvlfl{~Yimul~!'tl'W~'J111VI~fI\91'jfl'W44 ('jiJ~ 21).. .. 

[.------... ·-··_-·-·····--1 ....--.- -·-·--·--r------·----·· .. -·····--_·--·····--_··-··---1 

i ILUMO+~ I b 

E ;--=at! 
HOMO ~ 

: 
HOMOIE 

I 

LUMO 

llOMO 

* \ ~ 
~ 

LUMO 
! 

I Electron transfer Electron transfer 
involving HOMO of the involving LUMO of theI·----··---acc-ep't<5r ..--.......----..-.-----.--------- · acce-pt6r---·-·--------·· 
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l~ij~ 114 1~fJ~114 1'W lJ lflU wJ (lmH'j "WIf.,1flV14 11 lfl \91 'Vi V~llJV{lJlvrWJ1411~I1114 1~1419lV{'VI1'HflijU(I::;
" " 

" ~1fl1'Vin14v ~1~ fl11~ '\J 11~ 1~ fJ V1fffJ'\1 i1fl f)l'i 'j::; ~'U tlUlUl1rulm::; flU ci 1fJ1'V1 'Vi i1~ ~ l14yJ (I VVI'i 'ffl9I14.,1i~U 

phenylenevinylene] (MPS-PPV)91~IU14'ViV(llIVlJ tltltl14 (~U'Vl 22) 'Vl'ffllJ1'j(l(l~mfJ141l1n::; !lHYt1Jt1J1ru 

u u " 

Chen II (I::; fl ru::; 
45

(l999) 
I ~ ." 

'Vi 'U 11 'Vi V(lllHl 'j poly[2-methoxy-5-(3' -propyloxysulfonate)-l ,4

&?1 '" 1 .d.d : 'P'''' 

yJ (ltlVl'i 'ffl9l'W.,1'ff ~ ~~ tlUlUl1ru yJ(ltl VI 'i 'ffl9l14.,1i~flri11'ff1lJl'j m~.r'U1~~1fJ'ff1'j 'U l~'lfU~ l'lflJ v'W vrlJ1i'\Jtl~ 
'U CIJ U U CIJ ct 

2+ 4!t ?I 'j/ <y d t .cd 
N,N'-dimethyl-4,4' -bipyridinium (MV '11 'i tl methyl viologen) I u 14 \9114 !~ fJ lJ fll fl ~ 'VI Stem-Volmer 

1 'j/ 7 & & ",I Q.<Oto (V QI Q,f .... .1 II 
(Ks)fltl14 '\JH "l ~ (1. 7x 10) 91 ~ II'ff~~m u 'i ~ 'ff'Ylli fll'Vi'\J tl~ f1l'j 'i ~.:J 'U 'fft1Jt1J 1ru lln~ 'fft1Jt1J 1ru Y'i ~ tlm 'i 'ffl9llJClf 

'ffllJ1Hlfli1'U~lJlJ 11~'I1 i1~ 111fll~lJ1 U 'i~14 'I11V'ff1'i ~11lJmfl n ~ 'ff1lJlHI ~'U n'U~1'j ~ ~'U tlUlUl1ru n~114 'j~ 'Uu
• u u 

'ld 1'046 IQJ Q<C:I

VfJ1~ 'if1\911lJ Dwight lln~flru~ (2004) 'Vi'Ul1V'W\91'jf1'ifJlll'U'U lJ1111'Vi1~1111~1l~ (nonspecific interaction) 

'i ~WJH'Vitl ~llJ tl{ MPS-PPV nulU'i ~ lJ ij ~n~ tlflU fli1'U~'W lJl'\J tl~ tlUl\lJlru yJ (I vm'i 'ffl9l14.,1~ ~'j 'Uf1114 f1l 'ju u .. 

.Q ~;r 47 'JJ d , Q.I ~.<Oto tI
11m1~'I114Vfl111fl'W Fan ll(l~flru~ (2002) 1l'ff~~1m'l11411'ffUlUllruyJntlm'i'ffl9l149I'\Jtl~'Vitl(lllJV'i MPS-

u u " 

'" 1v v 'i 'I v I 8.d I • I '" '" ppy 'ff1lJlHI'i~~'U ~~lfJ Cytochrome c !~fJ !'I1m Ksv = 3,2 x 10 'VI pH 7.4 U(I~I'ff14tl11u'j~'ff'Vllifll'W'\JV~ 

" f)l'j 'i~~'Utlt1Jt1J1ru~'WtlQn'Ufll1lJ'ff1lJl'j tI i14f1l'ii''U ~l~ fl\91 'j V14 (electron transfer reactivity) '\Jtl~ 1 U'i ~ 'W 111fl 

I 48 I .& .::! ... I .., cv 
MPS-PPV \91 tllJl Wang II (I~ fl ru ~ (2002) l'l'U11 MPS-PPV 91~lJ u 'j ~ ~ (l'U'J1lJ \911 fl'U po ly(N, N

&.::'1 "'''' ~ 'i 1 ".1 'I '" I• 
 dimethylammonio-ethylene iodide) (PDMAE)91~lu14'Wtl(lm(lfl !'Vl'j (I\91lJ'j~ ~'U1fl !'W 'fflH'l::;mfJtl\91'j l'ffl14 


1: I l~flVlJl'Vi ~fl.,1~ ij U'i ~ 1111114 fl m~~ijtlUlUl1ru yJ (I mm 'ffl9l14.,1 ~~ tlUJUll ru yJ (I tl fJ l'i 'ff19l'W.,1u"'ffllJl 'j tI 
q CJU 'U uu 'U 

'" ~vv "''' .d"'.1 'j::;.:J'U !~~1fJV'4'VilJli'\Jtl~ dinitrophenol'VllJlJ'j::;~(I'U (I-sulfobutoxy-2,4-dinitrobenzene, DNP-BS) lin::; 
. " 

methyl viologen 'Vi ij U'j ~ ~'U1 fl 14 tl fl111 flUfl fJlJI 'W ~ fl.,1i.:J flCl nv~ ij fl14 \91 'i n~ tllll'U l111i ~ 1 I 'Vi 1::; 1111::; 11.:J n 'U 

'i. I '" v iii v '1 v ~ ~ 'I '" "! '" " "' • .1 " !u'j\91lJ14 tlfJlJlfl IW::; !~ U'ff~~ !'111'1114 t).:Jfl11lJ'ffllJlHI ! 14f1l'i fl(l'Ufl'WlJl'Vl~'I1lJ~ '\JfJ ~ 'ffUlUllru Y'i (lfJm'j 'ff19l1491 
u u " 

DNP 

~~-h-
1

MPS-PPV PDMAE 

My2+ DNP-8S

.14 'i v '" " '" " 45-48lun22 !flH'ff'il.:J'WfJ(lllJtl'i MPS-PPV, PDMAE, methyl viologen IW::;tl'4'Vi141i'\Jtl~ dinitrophenol 
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49 11] '" ... ...,... "" 0' : & ~ •.1 ') •• 1 0' 
Gaylord !!"~flru~ (2002) 1~tl1fl'tJ'H "fll'H'\ltll'Yl'V'm~nU1l1f)'VH)mlJm"~mtJ'U1CJl'~lJl1~tH) I) l1tl) 

bis(fluorenyl)benzene !u'U1m 'HY~N'H~f1!~tllJ~tltliJ'H~I\91) !lJYi"Utl"~" !!tllJ llJ!'utJlJ~ihh~~iJ1f) (tL1~ 

23) 111'tliJ Fluorescien ~~~HiJ'U peptide nucleic acid (PNA)!~tl1i'\91nll'C1'tliJC)l~iJ!m"'lltl~~!~'U1tl ~tllJ1 

Liu U"~fI ru~ (2003)50 1~~,Hm 1~,.rfIt)'U ~!f)\91tltl~1 f1llJtl{"~ mtJJ1'lltl~'YW ~!lJtl{~n 'C1'ltJ 19itJ'''!fI'U~n 
~1'U TU m{iJtl'UU\91f)~ 1~ tl'U !~tl1i'ffmJ1!!'Yl'U'Vitl~!lW{~~f)~11 'ViiJ'h!rltl!~lJfI11lJ tJ11'lltl~ 'C1'ltJ 19itJ' mfl'U vh 

i 11'ff1m'Hlri1tJltl'U'Vi~~~l'U (energy transfer) ll1f)eJeJ~if1!lJeJ{i L1v~~~eJtlh~eJ{~~~eJ~iJ'U~!~'U!eJ1~~~'U 
~~~mJ1Liu !!"~flru~ (2004t 1~111'!'H\91Yl"11eJeJ~1f1llJeJ{ri''C1'llJl'Hlri1tJ 1 eJ'U'Vi~~'ll'U itlV'l~"eJeJ h~eJ{~. " 

v v 

~~mjiJ'U~!g'Uw i~~~'UI'Vi)l~tleJ~lf1!lJeJ{~iJtliJ~lg'U m~1t1l!) ~~~~~~~UiJiJ 13"1~)1~Um!Cl~!!1JiJflCleJlJ
" "" 

"" iJf) 

® e 
, v , 

'nHi23 fI eJ'U 11 If)\91'Wtl ~~CltleJ~ 'U!iJ'U~'UuCl~eJeJ~lmlW{Cl ~Cl1tJthYi1 i'1 'U fll) \91) 111 'H 1c) l~iJ!1J'C1'l 'U DNA49·51 
~ " " 

52 0 ~ c1' ~.-;L~. 1 ~?I .d ~ 'IV 

Kim UCl~fl ru~ (2006) 'U 1'Vi eJCl!lJeJ )'YllJ'H 'U 1 til ) eJ'l U'C1' ~ !1J'Up-phenylene ethynylene "Ii~ l'l5tllJVl tlf)iJ 

mjm{iJeJf)9flClVl~ntl)~llCliJ ()L1~ 24) mffmnfl11lJ'C1'llJ1Hll'U flln~~iJfll'i!~eJ~U'C1''ll~tJ leJeJeJ'U1Cl'H::~ 
Of • .. 

d. .... I I 2+ 2+ 2+ 2+ 2+ 2+ 2+ I QJ ~ Q. c1'd. 
lJ1J'i~~ +2 !'l5'U Pb , Ca , Zn , Hg , Mg . eu , Mn 'ViiJ11flln::~iJfll'iI'ieJ~!!ff'l'lleJ'l'Wtl"!lJeJ'ilJ 

m1lJ~1!'Vi1~tl1J Pb2+1~tJn~1 Ksv'" 6.9 - 8,8 x 1051'U piperazine-I,4-bis(2-ethanesulfonic acid) buffer 
v • 

tJ eJf) 1I1f)ijU~'V11f)1)Itl~ tJiJlVi fJiJ tl'Ufl11lJ'C1'lm 'i t11tJ fll) t.1 m ~~iJ fll) I~ eJ ~ I! 'C1' ~ 'll eJ 'l'Vi eJ~llJ eJ {tl'U i~!lJ eJ {Vi n 

m.hm~eJ~Uff ~'l5iJ ~1~tJ1tliJ'Vi eJ~llJ eJ{ 'W'U 11'Vi eJilllJ tl {ff1tJtJ11t1 m ~ ~iJfll'i I~ tl~ II 'C1' 'l ~1tJ Pb2+1~~ f)11 1 ~ llJ 
Of 

" v • 
5.6x10

5 ~~ij!'aeJ~'il1f) Hg2+'C1'llJ1HI~'lJtl'UtlCl1tJ'H~ thiol1tJ'lltl'l papain U~1'V11111''WeJilllJtl{)1lJI9i'1tl'U 

11]'" ,1&01"''''' "" 0' "" 
papain 1~lJ1f)'lltJCJl'~'Yl1 'H!f)~ 7t-1[ stacking 'lleJ~'C1'ltJ'WeJClIlJtlmCl~!f)~ aggregation 'lleJ~ complexes 

~'lf)~ 11lJ1m~lJ~'tJ ~~I~lJfl11lJ ff1m) tl i 'tJ fll))~~iJfll) !~tl~Uff 'l i~~t~~'WUCl~ ff1lJ1'itlU 11liifm1i'1 'tJ 
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? 

~ 

MeO \d = Y = ~··OM. 

O~ 
O·Na+ 

ltl~ 24i m '1~h:j'lHJ'I'V'H)ft p-phenylene ethynylene Un:::: 1~llJtlfI1tl'lU~'1 52 
54 l.t) v~ <V a ~ 4' .c::i 

Jiang IIn::::flru::::(2006) !~fl'fl£/lf)1'j'j::::'11Jf)1'H'jtl'lIlIH'lJtl'l'V'ltlnllJtl'j p-phenylene ethynylene'Vl 

l~mJ~tlf1'U'I1~mf'Utlfl~IMI~ihh::::~mJ (~U~ 25) fI~lvn'U'lJtl'l Kim n'U Ca
2
+i'Wff1'Jn::::n1fJ1lJn'Vl1'Wtln'V'l'U 
., . 

I 2+ Q.I ~ lI) ~ .c::t. ~ ~ Q.I d' ~ d 2+ 
11 Ca ff1lJ1HI'j::::'1'Uf)1'JI'jtl'lllff'l !VlUn::::lflVlflU red shift 'lJV'If)1'jI'jV'IU~'1'IJ'WIln::::V'l'V'l'UVfl11IlJVlJ MY 

., 
flU l~lJ Ca2+n'l i U ff1lJl'H)'vi1111'lnVlflU'j ::::~'Uf11 'J 11V'IU ff'l hi'lJ1fl~'W i ~V~l~tll~tln'Ultl':illnVl11 1fl Ca

2
+., 

n 

ltl~ 25 'V'ltlft p-phenylene ethynylene IW::::fln lflfll'Jl~lJfl11lJff1lJUtl i'Wf)1'j'j::::~'Uf)1'J11V'IlIff'l'IJtl'l Ca
2 
+ ( 

'lJ11)54 

I QI .Q cI& 0 'jJ I ~.:1 0 'jJ 

'j ::::'I111'11h:::: ~'lJtl'l~l'J spermine, spermidine I! n:::: putrescine fl'U'V'l tl n IlJ tl 'j 1) '1'Vl11'11 ffl 'j I'll n1U 1'I1'W tl1'W -Ii '11 

'" '" '" & 0 'I Vet _ I'" ... ... iii
!flVl aggregation 'lJtl'l ~l tI'V'l tl nllJ tl'j C}f'l 'Vll ! 'I1lJ f)1 'J lunV'W fl11lJtl11f1 Cl'W 'IJ V 'I f)1 'J I'J V 'II! ff 'I ! U'Vll'lfl11lJ tl11 

ad ~ Q.I ~ ~ Q d Q.I I q 0' 

fl Cl 'W 'Vl:JJ lfl'IJ'W lin:::: ffUJ UI1tU fl U I'J V 'Iliff 'I n~ n '111 'I ffllJ U tl 'W 1f)1 'j 1 Un V'W II U n '1~ 'I fl n 111J111fl) 1::::'11 1-11 ff1 'J u u 

spermine , spermidine lin:::: putrescine 1~ 

_I.d i v '" '" ... '" ,::II ... '" "'1 V1 Q '"lU't1 26 m ·HY'J1'1'V'lVm:JJtl'JI'Jtl'lllff'l'VlIUUtl'4'V'l'W1J'lJV'I p-phenylene ethynylene 'Vl 'If .'Wfll'J11fl)1::::1-1'11l 

55
spermine, spermidine Un:::: putrescine
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56 II) 'li 0 • 1'" '" ?I "''' Tolosa !!"~flill~ (2008) \~'Ul~n crucifonns (1,lJ'VI 27) 'VIIlJ'Ufl'IfV'l'U1i'tlV.:j p-phenylene 

& '1 'lid , " "" 0 ''I 1 d.,j 'I 'li : i 'lid
ethynylene 9mHJntllJlJlJl !'I1lJ'I1l.Jfll':i1JVfl9H"~t11'U1'UlHl1tJl1l.JfI1tJ!'U lJtr:lfJ"I~W1 I'V'lV !lHI~mV'Ul ~~ 

. " 
!!"~IVilJfl11lJ~llJ l'Hl 1 'U ~lJt1lJ1"'11 ~~l.:j"l i~~~'Uhw l.yPIPES 11l'U iTvJ IvJ V {'il lflfl1'j'Vl~" V.:j'V'llJ ';h~u 

vJ~vv hvJV{~fl11lJl,j'lJ,j''U 50 11M ~llJl'jf.)U~~.:j~lJiT~1'Ufll'j11V.:jll'ff.:j~fl11lJV11fl~'Ulll'lfl~1.:jt1'U ll"~ 
(l.I .:9 ~.c1.c::::.. i "l' ~, I 2+ 2+ J+ 2+ 2+ 2+ 
~tytylillfll'H'jV.:jll'ff.:jMl".:jllJVlJfll'Hl'llJ VVV'U'tIeH !"'I1~'lf'U~I'l1.:j"l 1'lf'U Mg ) Ca ) AI ) Hg ) Zn ) Fe 

ll"~ Cu2+ ~llJl'jf.)-U lfll'Hl1~V'U llU".:j~lJiT~l'U fll'j 11V.:jll~.:ji.:jflril1lJl-W\PlJ'-mll'U sensor arrays ~~llJl'jf.) 
, "" i 'i 2+ 2+ )+ 2+ 2+ 2+ 2+ IIJ 'li

UVflfl11lJlll'lflI'lH'tIV.:j'lf'U1I VVV'U! "'l1~ Mg ,Ca , Al ) Hg ) Zn ) Fe ll"~ Cu \~ 

o~o"!J 
(01('.... N) !) 

o .., ()~ACE' 
I /. 

"'Ie<>y,-u 0 
o (.H •.)'-O' 

o'!"o 

.I"j 1 'li 1 "I "''1 'li'l O?I 0 IIJ 1 56OJllJ'YI27 flH~'jl.:j lJI"fJ"'tIV.:j crucifonns I'jV.:jU~.:j'VI \'If !'Ufll'j'VllllJ'U sensor srray 'ffl'l1'jlJ WVV'U "'11~ 

fl1'J l.y'V'lV~llJV{~lVVl1fHj,j'v~ lt1~1J1nh~fll'j 1'lf'U ~1'U 1'UvJ"VV hvJv{1 'U 'ff1V'V'lV~llJV{ili~llJl'j f.)'j~lJ
~ q 

i~mj'U V'U 'V'lv~llJv{iifllmJ~v'Ulll1".:jflV'UvJV{llJi''U1'U ~1'j "~mvvh1 Mihl1'V1'j .:j'tlV.:j llJl"fl"~Vlflllfifll'j
~ q 

" 
'Vi Til lV II "~'U Vfl 'il1fliJl1 'j ~ -ff'Vl ~ fll'V'l fll'j ri1m'VI'V'l ~.:j.:j l'U 'tIV.:j 'V'lV ~llJV{'fflVVl1 V.:j "~,,.:j\P11lJ ~1'U1'U vJ" 

~ 
VV h 

"'" ~ .%.,j d " ".% 'I 'li "" ""IvJ V 'j 'VI I'V'llJ 'II'Ul 'U.:j \) 1 fllJ 'j ~ V~ 'l11.:j 'j ~ '111 NvJ ~V V 11 vJ m lJl fl'tl 'U flU \'lf11l 'U 11 'j IlJ V 'j '11 'j V hyper branched 

& ... "'I 'li'" 0 • .1 'i ..1 .. '" 0 lq 'li' 57 d
polymer 9l'.:j ~llJl 'j f.)V Vntl 'lJ'lJ ll" ~ ~.:j 1m1~ 'l1 \ l1lJ \) 1'U 1'W)1 ~VV ! 'j)1 V 'j 'VI fl1 'l1 'U 11 \~!! 'U 'U V'U It"~ lJ fl11lJ 

'11 'U III t.i 'U 'tI rNvJ Cle) V1'j vJ V {.fl1tJ 1'U f ffih ~ V~ 111.:j ~ rvh t1'U ~.:j fll1'V'l V ~ IlJ V {fflvm.:j I~VH 1 flU 'j,j'VI 'j.:j 
~ ~ ~ 

l~vnlJlll'UtI~'U fl"lJ'I1 1 V 'VI 'j .:jfl"lJ~.:jU'j~V~111.:j'j ~'I111.:jvJ"VV1'jvJ v{l'vilJ~'U ~ llJ ~ l'U 1'U .ff'W'tIV.:jl~'U ~llJV { 
~ 

I I V I 

1t'VI'U Vi1J~IVilJ~'U \P11lJ ~ l'U 1'U~.:j , ~u fll'jftmll1~mVlvl1 'j ~ ~fl~l.yflv'U ~ IfWl 111 'U 11 ~IlJv{l 'U.:j 1'U ~1'U ~1.:j"l1'li'U 
OJ "''I 'li... ' • .I_~ lq'Ji 5859molecular electronic device ltr:l~l~~'VI !'I1~tyty1ill'VI1.:j )1)11 \~ (electroactive materials) . 
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. " I I 610dldd QI Q.I Q.I 

fI:::,llfJVllJ'lJ1 t'lfU DMSO, DMF UfI::: NMP \9ItJlJl Davadoss UfI:::flW::: (1998) i'ifl'hllflln::: ,:J1HYUJUJ1W 

~fltJtJt'H'H9I''UCJi''lJtJ~t~'U ~1 tlJtl{WUflUtJt9l'Yi~'U~';w 1, 4-diazabicyc1o[2.2,2]octane (DABCO) ~'lJ':ht~'U~1 ... . . .
rI Q.I.t::1)$I d .0::), q d QJ' 0 I Q 

tlJtJ'j! l1t'U tJt 'j'b''U~~lJU 'U 1 b'W lJ'YIl1::: tfl~ exciplexes (excited state complex) b'U 'UW:::'YIt l1t 'U tJt 'j'b''U\9Ilfl1111::: tfl~ 

Ii) rI Q d' Q.I &Q QJQ.I .... .1 rI 
ItltltJ'U U~ 'j (ion pair) tt(1::: t~ 'U ~'j tlJtJ'j 111t'U tJt 'j'b''U ~~91'~ Ifl~ fl'j :::'U1'U fll)'J::: ~ 'U CYUJUJ1W Ti 'J tJtJt 'j CH9I''U 9I't!'U'U 

static quenching l~vijfl(1 I fltt'U'U dynamic quenching tf)~hlJ~1t1 1'W'Uru:::~t~'U~1tlJtJ{tl1t'UtJt'ji'U~~1 

01111::: 1ll1f)~m:::'U1'U fll'j 'j:::~'lJ'~'UJUJ1rutt'U'U dynamic quenching tm) 

111fl~1'U 1~tI~ t~V1.,j' tJ~.,j'NI'l 'U 11::: tl1'U I~ ':hijfl1 'j fffl'hl1nU mh.:Jl.,j' lJ.,j''W 1 'U t11 'j 1 tt~ 'W ~1 tlJtJ {~ij 
" .

CYlJl1~lUfll'j 1..1'~UJUJ1ruvJ'JtJtJt'j CYt9l''U CJi'1U~ lU ~luviN'l ii~ m:::uUV~ III ij 'j 1V.:J1'W fll'jYi'IPlJ'U ltrl'U ~ j tlJ tJ Hi 
91Q1 rlCJJ 'jI Q.I d rid rI: .qQld &I'll CYUJUJ 1ru ~ fltl tJt 'j CYI9I'WI:I'~ 1 til 1'1 'j.:J CY'j 1.:J '11 (1 fllJlt1] U vJ (1 tJ tJt 'j CYt9l''U 9I'19f'W t9ftJ 'j 1'U 'U 1 1 U.:J l'U 111 tI'W t'j 111 ~ 

U U qJ cu 

CY'U 111~11:::~~lfln:::t1fltlU ~tfl\9lt~u~jtlJtl{(1:::mtlJl~ij phenylenethynylene vJ'JtJtl h~tJ{t~U~.:Jfhu 
flltl1'U ttfl:::ij'l1~.yhni'W~~h (peripheral group) t1:l'U'I1~~ij111:::~'U1flt'lf'W quaternary ammonium U(1:::~ij 

" . 
'1,h:::11 (1 'U t 'If'U l1ll m{Utl fl9ft (1 \91 1~ tlHfI ~ 1U 1~m UtJ~ 1'l'Wl'j 11 ~trlU ~ j ~ flvJ (1 tl tl h ~ fl Hi CYllJl'j tl1 oY1 'U fll 'j. ... ... 


'" <I 2+'1 0" 11] ~63"1' ... '" '" "I '\' • .1 <I 0 ...


\9I'j1111tm 1:::'11 Hg b'U CY1'j (1::: mtl'Ul b~ 11.:Jm~1111::: CY1lJl'jtl~IPlJ'UlI~'W~ 'j\91 flTi 'J tJtJ b'j Tim CYl'11 'j Ufll'j\91 'j 111 
. . " 

1tm1::: t1'Y11.:JtflijU(1:::~1i11~-Ylijfl11lJ ~ 1t~ l:::U(1::: 1tl~ 11~.:J~U I~ 

'i ,,,; 
Af'l':i.:Jfll'UJtJtI'YI 4 PNA Probes for Detection of DNA Sequences 

o CI.J Q.I .:::::i d tI d d 0 QI I Q.I 

flnm 111 CYtl 'lJ "l~1H'UCY'lJtl~cyn~u 1i fl'j'jlJ (~ItlUltJU"::: tIl'j ttJ'U ttl) lJ'U VI'lJ 1'Y1 CY1flUJ\9I flfl1 'j~ IPlJ 'U 1 
• u 

I'YIfllU heiVlN9f1i11l'l'l1 mtlu 'lJUWIf'U VlN fll'j ul'mv1oY1 'U fll'j\9l'j 111rl~m tJ~fl11lJl~tI~~tJt11'j tf)~ hfl 

" .
Vl1~Yi'U1im 'jlJ fll'jtl ~~'b'U~U"::: CY1VYi''U £'lJtJ~ 11 "~~-Yl fitl 1 ..1'tf)~ 111'1 'YI1~U ~1V1t11i'i1CY\9I{1tt~U .,j'tJlJ" 1 'U 

q q q <u 

" .
flntl~ ~1JflfI" tVi m1:lu '11 ~fl~ 1U 11'j::: fltl 'lJfll 'j tr'lJ CY1'U CYtl'UCY1U fI~ ~N"1 VI N~1'U tJ 1'111 'j U,,::: tfl'hl \91 'j fl'j 'j lJ 

" 
1t1 'U fll'j \91 'j 11l CYtl'lJ riTW 11 'j::: fltJ'lJl'l tJ ~..1'llJ1 'U til '11 11 CY1'j fi tl fl iJu-w'111 tl fl1 'j 11 tHU tl'U'IJ tJ ~ CYn '1.H''Uuvi.:J ... 

'YI1.:JYi'U 1i m 'jlJ t~U I'lU I'YIflufI~l oY1 Ufll'j\9l':i1l1CYtl'lJ CY1'jYi'U 1i m 'j lJ f111ll1 '1ft ~u fl11'111ih~'lJl'lJCY1~ tI\9I 'j ~ 
q • 

'YI~ CYtl'lJlJ 1\91 'j ~ 1'U ~1oY1 u tl 1l l111u 1l::: 1tt1"1 1 U 0 1'j 11fI 'j 1::: t1'U 1U ij~ 11 oY~1VCY.:J 5'U t~ tJ.:JlJ 11l 1 flt fl f tJ~li tJ... ... 

1tm 1:::t1~ ij'j 1mUl'l ~U,,::: icy~•i'U tuti tJ ~~I'l tJ.:J tilt.,j'1111flvi NU'j::: tVlf'I t'lfU ttl'W 191'lf CYn ljtJ~UCY.:J vh1..1' 
. ".

III CY1lJl 'j tll41 Iu1 t~ 1U I~ tJ V N fl1H'lJ1 H 1~ fJl~ Vll::: tJVH ~~ 1U Viu -Yl"j 1~ Ifl "fl11lJt 1l jUJ l11 tJij 
" . . 

~'lJ U'j::: lJlW ~ln~~1m '11 \9IUfI ru::: ~1~tI~ ~ij U'U 1fi~-Yl 11:::Yi'1PlJ 'U 11'Y1f1Uf'l fll 'j 1tm1::: t1-Yl 'U tJfl 1l 1fl 1l::: CY1lJl'j tl. ... 



i 
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Yll fl11"\911" 11111m l~l1'h..l! iJ!llJiJ~~iJ 1" ~ iY'Vl ~fl1'V'1 ~ -3 (high-throughput fonnat) flcilJfl U'ffllJ1Hl 

\911" 1 11 'ffUiJ 'ff11" ~lmil'llHllVGlfU~ '1 'U1T"11~Vltl'U i~Ufl~lV 

~lg'\.J!m,lu~uufl;h liJiJlf1~Ufluu~~iJ1~flUiJf11Vihfl~lmiJ'ff 4 'lfiJ~ i~uri A T C U~~ G 

I~ v'l~mdu'ltl'U iiJ l~miJffU~~~~1'ffllJl1tll.u'1~tliJ!iJ'ff~!~'U~mJtl'U 'f11~vmffv-w'U1i~ lflhnll1'U ~'l 

1~'U hJ\911lJfl!lfl11"I.u'1~liJff'UU'l1\91LY'U-f11fl (Watson-Crick base-pairing rules) liJ'ff~'fflJ~'V'IiJvrlI iJfleJ 

" 
A-T u~~ C-G ~'lU'U fl11"\911"1~ffUiJ"1~iJliJ'ff'UU'l~!g'\.J!eJff1lJ11"tl.yh 1~I~vmffvfl11 ~iJV~eJcil'l~1!'V'I1~ 

I '" d 1 .9., ~J "I v J'" .,.,. '1 v", I0" 

1~1~11'l (specific hybridization) 1"~'I111'l~tU'UtU 'V'I1iJ9i'lff'llml~'I1'U'U 1'U'I1U-31 {JiJ\91fl11" l'I1lJm~iJ!iJ'fffJ 

'fflJ tliJ 1Vi V'l iJ 1 '1 ril 'U 'U U'1 ~ 1~iJ 1 U 'ffl 'U ~ I g 'U Itl 1 il1'11lJ 1 [J~~tl '1 fl11" ~ 1 1 ~11f111~ M'i f11'V'1 iJ I 'Vl ~Ulf1 ~Ufl 

c:.. oS..:::::I cl 	 ?t .. I .ct ct didd 
Utl9i~'I11eJ'V'ItU'WtU (peptide nucleic acid; PNA) l1J'U'ff111J1~flUiJl(W'WUiJiJ~!U'WteJU\91fl\911'l111fl~lU'WW 

\911 'l~-W'W1i~rJUfflrJ\91U~~~UeJfl;1111Jff'\m'l~lg'U leJtlfl!I'Vl'U~~lV-W'W1i~!U'lJ~ ~11V'l1'Wfl111~VU 'fffl'l 
" 

1'l1'!li 'W 11Vi lS'U I eJ l~ rw V '1 U~ff1lJ 11 tl ~iJV~ tliJ~ Ig'UtU~~" l~iJ 1 iJ ffrifflJlnfll1Ju IlJ iftfl ~ ~ fl~fflJ hl 
" 	 • Of 

'" I 	 I '" 

1'If'UI~Vl tliJ ~ I g'W! m vi 1U'U U~ IlJ I~ fl ~ ~ fl ~'fflJVl lf1V'l~lff(i V1 fl1'V'1 'ff'l fll11lJW fl ~ ~ fl ~fflJVl If)fl ~ 'W 
q cu 'U q 'U 

I d d cv Ci d ~ t::1 d efQ.l at .:9 0 .d.ct d ct iIcv 	 l.::::s 

1 ~ '11 11'l~H eJU Itl fliJ ~tU'W tUltJ'l U~ ~ fl11 ~iJ V~'IJ U'l'V'l Itl'\.JItl'W V'llJ fn1 W U mm'V'I1~'Vl~ m 1~ 1tJ'U leJ eJflWJ [J 

" 	 .
f11m'l1\91U~'l~~ffU11ltJ 1VllS'WteJlJll i'1~'U I 'V'I1iJ rll'l11Ufl11\91 n1111f111~M'''1~U!iJ 'ff'IJU'l~IS'\.J!mWlJlJ1tl. 	 .. 
J ?I 0 ., 

'lJUI1JUOlfliJ 

f1f.U~~l~vij!'Vlfll'W 1~V1'Wfl11LY'llm1~M'wh~~iJm'V'liJl'Vl~Ulf1~Ufl!IU~~ (pyrrolidinyl peptide 

nucleic acid) ~'lI1J'UVl!S'U !tl'lfiJ~ 1'l1~~U'ff~'llJlJ'I1~iJ1'liJ1~fl11~tllff'W'111 if1uri ~mllJl~tltl'ff':l':l i'Wfll':l 

~iJtliJ~lg'WteJlJ 1fl fl11 m{lgt-HU ffllJ1':1tl ~iJV~ tliJ~lg'U Wi~U~'ll 1':1 'lfll1 U~~U'ff~'lm1lJ ~ 11'V'11~1111~11'1 

tliJ" l~1JliJ lJ~ff '1 fl1nY'l~lg'U teJI1~~VilS'UItJ~~ ~111 tl1Vtlcil 'UTI ~ ~'I1'W 'W tlmllfliffl1':1~Vilg'U teJl1JU.. 	 .. . 

iJ fln~V1tlUl1 ~Vl-3ni'Ufll{iJ eJfl~~! l~~ tl~iJI 'U f1f.U~~1~ViJ 1" ~ ffiJm1lJrl11~ 11 i 'U fl1':1'1~Vil~'Wlm~iJiJ 
~ .. 	 .. 

" 
1 '11 ~u	l1J'U 1'V'I'iiJrll111iJfl11\91':1 11111m1~M'"l~iJliJ'ff'Utl'lVllS'W!tJ l~vfl1':1 i ~!'VlfliJfI~l'l"l i~uri 

~ ., ., lJj 1 ~ ~ ..1 '\' ~ 
f11U'Vl9imff\91~ IlJ miJ101'U9i (quartz crystal microbalance; QCM), 19imll"1'ff'V'l~1'ff lJU'\.JI':I 19iU'W'W9i 

(surface plasmon resonance; SPR)U~~fll'i1~~lu~miJ~v'Wuu'W i UUtl'W 11lJtliJl'VlfliJflrJ~UU!':Iffl9iU~ 

111m1~~'VlurJum,.miJfll'Vl':lllJ'Vl1 (MALDI-TOF mass spectrometry)G'lu,j'11fl1':111m1~l1'~'lflci1111~ 

ffllJ1':1tlYl1 i~ff~~lfl 'il~l~l ~m1lJ~11'V'11~11l1~1l-3U~~m1lJU~w'hff.. '1 U~V'l~111J'U~tl'lmffmfl~tl-3~D 
. 	 " 

11m1~M'Vlli1lf1m'V'll~ '1 'U'I1'eJ'liJ n'l1~flnl'l'ilu'W U~~ 1~'ffllJntl-W\JlJ'Ul 'iJrifl1':1\9l':ll1l11ml~M'i 'W ':IiJUiJU 
~ 	 .. Of 

~ijiJ':I~iY'Vlnfl1'V'1ff '1 l~.. 
. 	 " 

U'W 1'Vll'l fl11" 11m l~M'Vlflf.U~m~mJ 11ff'U tl 1 'U 1m'lfl111~vu 1~1umnfl~lJl 'ill fl 11l fll':lllf11 l~H 
Of 

ff11911 IlJl~fJ~~iJv'JJi~'Vll'l9111f1~!l~~-W'W~ff1ff\91{~11Vfl11 "Dot Blot" ~'lmffVfln'l1V~ (blotting) ~ 

IS'UteJ~~eJ'lfll 'il1fl11~l1''1 'U ~fl'l:Jf.U~~I1J'U ~~ (dot) ~'liJ'U 1lH'U llJlJ liJ 1"'U~~iJ1~ ~llJU iJ 1fl~'lYll111tl 

http:fl11"\911"1~ffUiJ"1~iJliJ'ff'UU'l~!g'\.J!eJff1lJ11"tl.yh
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• 

J 
..;. 

1:Y1lJlHli,r1:Yt1Jt1J1ru i 'U f)l'J91 'J1111lm 1:;..1~1mYlflUfl~H"1I~ n1tJ'l111fl1:Y1lJl'J fH1 tJ~1:Y1'J~1mh:llHmJ 

. " 'lfU~I~'U 11~"'l'U'U U~'U!:mJl'U'J'Ul~tJ1tl'U I~.yh',rm:;'U1'U f)l'J"Dot Blot" ii 1:Y1lJl'Jfl~~'U 11tJrifll'J91 'j 111 
~ 

11m 1~..1' 'U 'J,juuu~ij,j'J:;ffYlTIfl WI1:Y 'l1~l~u~lu 111flf)l'J ~Yl1'lflru:;H1')uij,j'J:;1:Y'U f)l'jrui 'U fll'~~~ 
~ ~ ~ 

" . " 
u,jn~'U ~11"'~~1Vf)l'j91~,:rvw~llJv{'Uf'lf~l'Uf)l'j ~1~lJ,jfin!tJWW~llJV 1 'j 19fi'U 111flVi'U~1 ~'lijll'U1fl~ 

~11~H11ifll'J~'lflri11 '1 'Ufln 191~ ulJ!!~'Um:;~l'hlffl1-'1 f'Uflnvll "Dot Blot" l~Uf)l'jl~tJfl'VW~llJfJ{~ij 
.1 .J ... <i/ ... d d, , .1 "1 'jJ 0 .1"''''''' '" "1 ... 
lJ'J:;~1J1fl9f'l1:Y1lJ1'jfl11'UU~fl'U~tf.)'U!Vr-l1'U!! 'j'l'j:;1111'llJ'j:; ~ I~ f)l'j'U 11tJ1lJ{)m Ul'YlV mlJeJ l'j 19f'lf'UUUU 

eJlJ91~lJl' i" 'U fl1'j 191~ UlJ'YleJ~llJeJ{'Uf'lfyh '1,r1:Y1lJ 1Hlfl1'UfJlJfl11lJl1 'U 1!!lj'U'\.m.:j,j'j:;~'U1fl~~'Utl'Um1lJ 
I v "V I 

U11,\Hl.:jlCJf'YleJ~llJeJ{n91~.:j'U'UVi'U ~1'j1lJl1'lfl11lJ'lfVmj1 (hydrophilicity) 'lJeJ.:j!!~'U m:;mfJ nl~'Ulh,)tJ 
" 

1;hrltu''Uf)l'jtl111'U~,j 'j:;ffYlTIfl1'Yl '1 'U fll'J ,)'UV~tl'U~lg'U!V 'j 1lJl1'lfl11lJ"'llJl'W, 'U f)l'jihN tl'Ufl1'j~~i'U
" ~ 

V~l.:jhi ~ 11'Yl1:; 1111:; 11'1 (nonspecific adsorption) 'lJV'lfJ'l~,j'j:; fleJ'Ug'U~tJ111,j'UlJltl'U~lg'UleJ1 ~m~'Yl1:; 
. " ~ 

fJ~1.:ju.:Jn1:Ytl~lJl11lfl1:Y1'j~1eJ~1.:j11~.:J nu 111 'il:; I~I~~1'U 'l1'U91U'U fll'j lWfl '1,r 1J ~1:YYl1i~1mYlflUflYl1.:J 1fl 'j• 

". ".J " 
'l1'U91V'U nijfl11lJff1rlUlflfl'l1'U 91 eJ'Ul1 'U.:J '1 'U.:j1'U1,)tJii fi eJfll'j 91'j 1'il11fl 'n~..11:YUlUl1fU11 ~'l'il1mn~ 

" " " 

fll'j ')uv~ 'j ~111l.:J~lg'U W~91 ~ .:J'U'U u~'U m:;~lFdtlm~1 'j ~~u,,¥ilS'U!V~ 'il~1~lll'U1'Yl'j'Uflru:;Hi,)tJ1:Y'U' 11.. 
d 1" ~ ~I q ~?t ~ '1 31 d do ~ ~ I dI d 

Yl11::: 'lffl1'jlfl~llJ'tJ'YlV"llJm lU'U f)l'j II "'~.:Jlm:::'lJtJ1tJ1:Yt1Jt1J1ru 11 111'U 11lJ fll'j 'il'U tJ~ 'j:;111l'l~leJ'Ul eJ 
, . " , . 

11hlllJltJn~v.:J fln1lm 1:;..1 tl1J'Wlg'UleJ 1'Yl 'j'U 1'U Viii 'il:;vi If)l'j91~ .:J~1! l!lJ,jfin~ tJl l,jn,jmu'lJv.:J¥itg'Uw 

"" I " 

1'Yl'jui~til'U I-PNA 'illfl'l1'U~.:jt~lJlJeJ'UmlJeJ{tViv1,rtn~,jfin!tJ1'YleJ~llJtlh 19fi'U~t~lJ11lflVi'U~1 lJtl'Utl 

I " I I "" 
old 0 '1 'jJ 'jJ 0 "1 'jJ'" d.1 "'''''''' '" <i/ "1 'jJi 0 .1 i 'jJ., 0

llJtl'j'Vl11:;'U1lJl 'If'il:::91tl.:J,,:;mU'U1 !~I'YlVYllJ{)mtJ11:Y1lJlHl!fl~'lJ'U!~ 'U'U1 lJ'jlf1''il1flf)l'j 'lf911Yl1(;1:::mtJ 

iI I ' I • 

'lltl.:J,yl!g'U!V1 'Yl 'j'U11"~tltlfl'illflVi'U~1 1~ lm:::nff1rltulJv'UtlIlJv{n'W1lJl '1 i'~tl.:Jvil '1 ,r1~'Yltl~llJtl{Viij~
• u 

1:Y1lJl'HI1:Y.:J!f)911li 'U I~~1U9111,jri1 1 ~ tJ i,j ~11il'U~v.:Jijf)l'j l~lJ "'1'Jlflij 5'U t'lf'U W'U 1 9f,J "'l'H~ tl.:JU 1:Y.:J 

11~tl1i'!flttl.:Jjjtl~i'U~v'Uq.:jU1fl ,'U,rtl.:J,jfi,j'~f)l'jlJl'lhu'1 'Ufll'j11m1:::..1 ,jfin!U1'Yltl~llJeJ1'j19fi'U~ 
" .

I~VflthlJlii'i'U'l1'Ui,)uihil'U,jfimtJ1'Ylv~llJtll 'j19fi'U!I'U'U!!'j~fl"n!~ Ufll1 Activator Regenerated by 

Electron Transfer-Atom Transfer Radical Polymerization (ARGET ATRP)lil'U,jfimUl'YlV~!1JtlI'jI9f 

i'U~ijfl"1mi1'U!I'U'UtllJ91:::"'llJl'jmn~~'U 1~fl1tJ1~"'fl11:; ~ijUUflc)fl 'il'U 1 ~tJijfln l~lJ~1d.:J,jfimtJ1~ 
I~'U 1:Y1'j ,j'j:;fleJ'U,j 'j::: !flYlfltlth,jtl{~~ij'j1ml~u'Yl~ 'U tlfl1J1flci'rJ.:J"'11J1'j mi .:Jfll'j In~,j fin~tJ11~~ ltJ l~tJ 
fll'jl~lJ1:Y~ri1'U 'lJtl.:J~1~~1CJ1~'1i' 'lf1Uvi 1'1,r 1:Y1lJl'jfl1:Y.:Jlfl91lli 'U f)l 'j !,j~tJ'U II ,j".:J l~fl1tJ '1 'U 11m 11l~'U1Vi 

U'U 1fl~1~tJ'j 1lJ'lltl'l~ 1'U i,)m !"'~.:j~.:j ur-l'UfI1'Yl1'U'j,j~ 28 
~ 
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, I 

;

'),.~. 

ARGETATRP 

) 

After Dot blotting '~·~·jj!x N:I_PNA J!x 
hybrid 

ltJ~ 28 1!~'U.f)l'VH!fflPl~l!'U 1'V1Vll'U fll'j 11m 1~11'~ 1~tHuff'\Ju-3~lihHuJ{1vVl1 'j i)~iJ(l~lg'\.m)1'W 'jUI!(l~H 
" " u~mv1'Wfl~11W I wlfi'U~~I~lHllnVJ'U~hH1'Un(l If)!IUU ARGET A TRPt-Ufll'j'\JV1V-cYqjqj1tu 

.111] 0/"".,."" "" ?I .1 .,. "" oS c\
l'WlJ !'VI1Pl'U1f1(lflf)!!uC}f1Pl (peptide nucleic acid; PNA) IlJ'Uff1'jlJ'j~nU1J!i:W'Ul!UUIPl!u'U!u llfll'j 

... 0/&." ?t ... " '1 'I -:;'1 '1"'''' d
'j1V-31'Uf)l'jff-3lm1~l1'\J'UI1J'UflHI!'jf) !IPlV Nielsen Im~fltu~ l'UlJ f1.fl'. 1991 [1,2] !m-3ff'j1~'\JU~'Wm'Um 

Imi' 111m 1tJ~ 1'U nn l~tJ'Wu ';h~lg'Um'\Ju ~ij (llff'U ilJI~V~!!~ 11 ~ ff1lJl 'j () ~uglPl ilu~lu'U w~ ii ~1~1J!Uff~ffll 
'U 

. " 
(complementary DNA) InIPlI~'U illl(lfl(l'jnVlffll (hybridized molecule) lJ{I'lf'UI~tJ1ilu~lg'Ultllyjl'w'U!t~ 

1111(l n(l ~nVlffll~ iJ{v~ ii Iff~ tJ'j.f) 1'W ff ~ fl ':il111m n(l (l flVlffll~lnlPl 'j ~l1':h~~ Ig'Uwilu~ IB'U WI U~ l!(l~ fll'j ~u 
q q" III q <u 

.& do d d Q,I d ~ 0 dd' d. Q do 'jJ 'jJ 4!:S d d ~ ~ I d ~ J' 0 

tJlPl'llu~'Wm'U W'U V~ 11 n 1 'j m u n 11 11'W 1~ 'VI1Pl n 11 IPlI fl'U !U U nlPl1 tJ 1J 1 n 'II UIPl 'IJ U~ 'W I U 'U I U 'VI!l1 'U U n 111PllU'U I U 'U 1 U ~ 'Vl1 

Vdo V Q.I a' e::1 d I J 'I dtQ.I

1l111~ff'U l1J'WI'lJ'U l!!(l~ff~lml~l1'V1!U'Um'j~uu111 11 '1 'II'U1J1UVNIPW1'U U~ 
'U 

n 

DNA 

o 

~~8 
CN~ 

\ 

PNA-1 

n 



• 
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mm'll~lfl:::iJl'W~!'II'W1.:Ju'l11'UI'li'U (S,S)-2-aminocyclopentanecarboxylic acid (SS-ACPC) 1~{&u1f1~ 

1 fll'll LY~flm;'ll'W'I11.htll 'Yl'j ~ 'U YlI~'U!flfl.:Jflri11U LY~.:JLY:lJU~f11'j ~'llv~n'll~ !~'Umm;H~l!'Yll:::1 'ill::: 1I.:J 1~tI 
" 

fll'j 11~~ 1~ I'll LY!!'ll'lll~Hl'U -f\~ fl li'U l~tI1n'll~ 1~'Umli'j'j :lJ'lfl~!!~:::Yl!g'U!fl~~WJ'U ll~tliJ~I~'U (PN A-I)
'U 

~l:lJn(l~'llV~n'll~lg'U!flI~U~.:J!! 'j.:J fl11 ll~::: U~~.:Jml:lJ ~11'Yll:::1 'ill::: 'il.:J n'lliilfl'llI'll ~~ LY.:J fl11vf.:J~lg'U m 
" 

!1~:::.yh~'U!m!'ll'll'lJfl.:JiJ~I~'U'Uflfl'illflifv.:J 1:U!!LY~.:Jl!'U1lU:lJ~'il:::ln~ DNA triplex ul!!!~n'll~lg'Um 
Jl '" .;II .,. oJ 0 'I v "" "cO oj _~ i I

IU1'11:lJltl'YlIlJ'U homopurine 'I1'jfl homopyrimidine 9f.;J'Yll !11f11'j11f1'jl:::'I1~!fl'Ulm1Jl'11:lJltl 'Ufl~:lJ 

" fl.;Jfl~11IrJ'U 11l1~~:::~1fl~'U [3-5] 

'Yll.:Jf\W::: H1~tI'~!!~~.;Ji ~I~ 'Ufffltlfll'Yl'IJ ~Nfll'ji-M~l 'j ~~ iJ ~Yllfl'U ImrJ'U 1'Yl 'j'll i 'U f11'j 11m1:::11 
" 

" ~mfll~ufi QCM [6] U~::: SPR [7] 'illflf11'j'Yl~"fl.;J'Yl'll1111.:J 2 l'YlfliJf\~1:lJl'j(l'llflf)f111:lJUl'lfl~1.:J'j:::'I1';;'.:J 
cO oj '" '" 0.... "" iii" I oJ .,. 0 I iii v '1
~m'Um'Yl:lJ~l~'llI'll~H~ !lJ'I1'U.:J(single mismatch) 'I1'jfl'l1mtll'll!!'I1'U.;J (multiple mismatch) !~ !~tlmllJ 

l.ulJ'lJ''U~!g'Um~1,,!~~~1:lJl'j(l1'l'j1'il1!ml:::'I11~~1t1!VlfliJf\ QCM !!~::: SPR ~~1!'vhn'll 5 !!,,::: 0.2 ~M 

I'l1lJ"lfl'll ~.:Juli'11ml:lJ1.u:lJ.u'Ufl.:Jflril1V.:J~~lLY.:Jm;'I11fl!tl~ V'lllVitl'll n'll.:Jl'U 1~tI~'U ~~f11'j i.nl'Yl'j 'll~ 
" '" 

!rJ'U~I~'Um!!~:::Yl ID'Um'IJfl ':l'W ~ I~'U !!~ 'illfl.:J 1'U 1~tll~ til~'Yl1:::mh.:J~.:J~l'hflnffmJl~1t1l'YlfliJfl SPR 

UMl.:J i ~I~'U111'j lb'1'l:lJl'j t:11'l 'J1'il1Ifl 'j 1:::11" 1fl'llI'llb'I''lJfl.:J~I~'U!fl 1~1~ tI h;~ 11rJ'U ~fl.:JVi lf11';i 'Yl~ ~fl.:J~ 
"" .,. 'I v cO '" 0 v '" .;II v 'I .d .... '1 v" I "" "" iIfl ill '11 fl:lJ LY.:J '11 'j flf11 'j ! 'lf~n Ifl :lJ'YlVll'l1 'Ul VI IlJ 'U denaturant I'IJ 1:lJ1'lf1t1 !'U 'IJ ill::: VI V.;J !'I1lJ 'j::: LY'Ylli fll'Yl 'U fll'j. '" '" 

o QI dQ 1iJ ... 1& 31 I , 

'llflfl"Wl'll!'llb'I''Ylrl~ !lJ9f.:JUb'l'~.:J~1t1m %mismatch discrimination ~.:Jm145% 
" 

fI 11:lJ ~1:lJ1'j t:1 i'U fllnll'11U l~lrJ'U 1'Yl 'j 'll~~lI'j:::ffVlifll'Yl i 'U f11'j 1!f1 'j 1:::11" lfl'll!'ll b'I''IJ fN~!g'Um 

ULY~.:J '~111'U l~i~1 'il'U'illflf11'j i.n~1 'j i'i~iJ"Yl!~'Um~1:lJnm11!!"fl!1l~tI'I.JUfl'U lflflfl'U (anion exchanger) 

U,,:::Vilf11'i1'l 'j 1'il11f1 'j 1:::11~1t1!'YlfliJ mJ"~'VIfll'JtI:lJ LYmllfll 'VI'j !:lJ'VI~ [8] fllfftl'l1 ~f)f11';i~11Yl !~'U !fl~LYfll'Yl 

IrJ 'U f)" 1.:J 'VIl.;Jll ';i::: 'il i 'U 'IJ ill::: ~~ !D'U!fl U~~.;J 11 ';i::: 'il I rJ'U" 'lJ!i1 fl.;J 'ill f) f11'j~ 'I1:U~ fl m ~I'llrJ'U fl.;Jf1tl ';i::: flfl'll Vi 1. . '" 

i~vhD'U m 'il:::O fl~~91'll'llU flUfllfl'IJfl.;J~1IW fl!U~m..!!!fl'U1 flflflU l~nl9i mrlfl~fll'j ~'llV~ n'll~ ID1..! m~~
" " . 

" ~1fl'llI'll mrJ'U ~ b'i'lJn'U!'vi 1'WU ~1V11 ~flf) l'j fl.:J flrinVi 1 i ~I 'j 1~1:lJ1';i (l!Wfll:lJ!" fl"" mHY:lJ'lJfl.:J~ID'Um-~
" . " 

I I Y I , • 

!D l.Hfl Vi ~'llV~ 'll U ~';a m fl! tl~ tI'IH! fl 'U I fl fl flU fl fl fl 'ill f1 b'l'n tl'U!tJ flU flU '1 1'li'U ~ I~U mVi III ~~1fl 'llI'll LYYi 

IrJ'U~LY:lJ Yl!D'Um~ h;l~ijfln ~'ll~n'll~I~um 1~~ltl'l1~.;J 'illflf11'j"'l.:Jnm.J f11nh 11l1'l';i1'ililm 1:::11 fll'j
'U 'U 

fl·mri11 I~Vilf11'j1'l';i1'ililml:::11 single nucleotide polymorphism iU~1U'lJfl.:JV'U:lJ'l-r\Oj{J~'j:::~'llfll';j 

!!LYfl.:Jflflfl!rJw:ltytylru'li.:J'llflfl~.:J hflVlH~U~m';ilJ l'liU systemic lupus erythematosus (SLE) 
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" " 
lJ tlfl'il1fllJ V'HYllJl'HWl ') 1'il1lm1:::11f1l')1.JlJ IUtllJ i 'U tll'H 1 ') -ff~1 lmJf1l,)11m 1:::11~lg'UW'il1flri1'U 

.J '" 'H'U.:l mitochondrial cytochrome b gene 'il1fl11Inl:::m~ 
. " . 

1.Ji]n1t1l'Vltl~IW) i wlfi'U111lJ'il1fl~'U ~1 (surface-initiated polymerization)[9, I 0] 11J'UltlJ1'YlNViij 

ftmJfIl'Vl bY ~bY11J1'J mj llJ1 i '*i 'U fln I~~ VlJ'Vltl~llJ tl{vhlmJ1.:liJ'U~lJ ~11bY~lw ~fl'l4w:::~ij1.Jmv,j'l.:l11~ ~ ... . 
" .

'\Jtl.:llCJ1'Vltl~llJtl{ti~~~iJ'U~'U~l~lV~'W1i::: lfl11nl'W~'H1tlViI~Vfl11 'Vm~llJtl{iJ:r'l1 (polymer brushes) 

M 1llf1l')tf~1l1hn~mllJ11'U1ut1'U'\Jtl.:lf1l'jmlvJ~ (grafting density) '\Jtl~ lCJ1'Vltl~llJtl{~~ U~:::V\lllli,r 
" 1cU'Vl tl ~IlJtl{ijtbY~V'J fIl'Vl '1 'W f1l ') ti~~~iJ 'U ~'W ~1~ .:lfl11 f1l') ~~~iJvn\l f1lVfIl'Vl f1l ') 11 11.J i] n1 Vl'Vltl~ IlJ tl 

. " . 
i wlfi'UViijfl~ imliJiJtllJlPI::: (living polymerization) l1~ViI1J'UlliJiJlt'.i~f1~!!~::: ltltltlUfl m 'li'i'W f1l') 

'" .. Q .. '" 0 i V'l' "" !It! v vbY .:lIm l:::'H'Vltl~llJmm'l1 'Utl fl'illfl'il::: 'Yll 'H bYlm') (lfl1iJfllJfl11lJtIl1'\Jtl\l ! Clf'Vltl~ IlJtl,) l~mlJ~tl.:lfll'J II~:::. 
111 v 0 

" 
ClI 1 Q . V Q.J' 0 i 91 Q.I rI C\ tI Q.I dc&) v 

!~flnm::: 'illtl'U 111 'W fl lJ W~~'Yl!lfliJ!I~1 V\I'Yll 'H bYllJ l'.itlbY ~Im l:::'H'Vltl~llJm iJ'.i'l1'YllJ ! m .:lbY') l.:lll~::: 

'Jtl11\l~ijfl11lJ~iJCJf'tl'U i~ 1'If'U iJ~tlfllf1'Vltl~tlJtl{ !!~:::'Vltl~llJtl{~I1J'U lCJf~~ hWbYlJtr~'Yl1~lflij!!~:::... 
':~Q.I ;lev Q.lCl. "Q.ld~ 'jIoC:l <C),

fllVfl WI'\J tl \I 'V'I 'U Yn1bY~ 'il:::'U 'U fliJ'l1'U ~ I I ~::: bYlJiJIPI'\Jtl~'V'I tl mwniJ '.i'lf'YlI~ tlfli 'l1 

1.Ji]n1V1'Vltli'illJtlhlClfi'W!!iJiJtllJlPI::: l~V~l'Ufl~ iflmJiJ!!'.i~f1~ ("living" free radical 

polymerization) ~bYlm'.itl111m ii"'U f1l,)llPI~ VlJ'Vltl~llJtl{'lJ:r'l1~~ i~:riJfl11lJbY'U i 'il11J'Umh~mfl i'U 

!1 Q.I ~ rI ",.I rI ~ <V ~ 111 Q.I 

1J'il~'U'Ufltl tl:::lPltllJ'Yl,)l'UbYlntl')m~fI~'VltlmlJtl !,)IClf'l1'U (atom transfer radical polymerization; 

ATRP)[ 11, 12J1~V,):::'lJiJ11~lJ1.Ji]n1t1l1.J'):::m)'U~lVbYn1.J,):::fltliJI~i~~II~::: 1~'H:::'Yl'jl'U~i'Ulll'HU1~ 
dJ '1 v'" 1 i _I """""" ...J II) '" I '1 ~_ 1 l' ""d 0 .. .d!1J'U'V'I1'H::: l1fliJtl:::~tllJ'\Jtl\llill9J~l m'il'U 'U1J{]mVl'J~tlflClf Clf\lfl~ !fl~\lflm1'Yll 'H1Jmv Clf'V'ltl~llJ'e)')'Yl 

" .
ln~~'UIbY~tI') i 'U 1,1.J'\JV\lbY1 nb :::fltliJ fl~fl~ I~1~~ !!~ltl.:l i l'V'1tlVi 'il:::ln~1.Ji]n1Vl~~ tl flCJ5niJ 1~11 :::V1) l'U~ 

i'W 1~11 :::'Yl,)l'U~i'W~utllJHmfl~~~fitl fltl1.Jl1.Jtl{ e>Ul'l '1'j~~llJ1.Ji]f11V11t 'lJiJ ATRP ijf1l'J ii'lm1::: 

'Yl'j l'U ~i'Ul1J 'U~111 \l1.J i]f11til ~\I ~ 111J'U ~tl~tll~~ tltlfl'H ~~ 'illflflnlll1.J Gf11 Vl ~~!1J'U~1.JbY'j ')fI rllflqj' 'U 

" .
V{iJ:r'l1iJ'U~'U~1Viij'\J'Ul~i my 1llfln~~fl~11!~Vfl11 Activator Regenerated by Electron Transfer 

" . 
(ARGET)[ 13-14]'.i:::iJiJlJijfl~ iflfll'jlf1~1.Ji]f11Vlfl~lVfI~~niJ ATRP ViiJf1l'.i ii'bY1'j1.J'.i:::fl'e)'lJI~i~~!!~::: 

l~'H:::'Yl'.il'U~i'U I'WV~!I~''U '.i:::iJiJ ARGET A TRP ijf11'.i!~lJI'i'1~~1~ 1'lf'U tin(II) 2-ethylhexanoate 

(Sn(EH)2),m~!WbYflmjfl 'H~tlfl~ lf1bY 1l1'HU1~11.J~tI'U~1r:i~1.Ji]f11Vl~i~ltl~i1fiv Cu(II) i,rfl~lm1J'U 

1'i'111 ~1.JGf11Vl~ltl~ i 1fiv Cu(I) ~~'il:::llli ,rlf)~1.JGmVl'Vltli1llJtl hIClfi'UtlV1~l'im,jtl~ !,jtl~'illflbYlm'j(l 

ill Cu(II) lJl'i'i~'mjlll '1 ,rill~ll1J'U~V~ ii'I'i'-:u1 .:l1.Ji]f11t1l''UtJ11J1rumfl('j:::~'lJ ppm fhVlv.:l'V'lV~tlfll'j 
" . '" '"III '1 ,r1f1~tJi]f11til) 'U tlfl'il1 fllJ V~ ill ~ 111J'U ~tl~Yh1.JGmtil' 'U '.i:::iJiJVi1.J'.i lft'illfltltlflcJ51'il'U !'Wtl~'il1fl~1 

~~1~~I~lJ ~.:ll tJ'U tlfl'illfl'il:::ll111 Ul~ltJ~ tI'W Cu(II) I'U'U Cu(I) 11K) V~ bYllJl'.i tl!f1~1.Ji]f11VltltlflcJ51~i'U 
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nmHlf1~!1),U1 'tHllmfl' ~~ltl1-Jm'Jfho~HleJf1~t~'U~iieJfhJ'Jg;uu i11 f1rl if1f1l'Jlf)mjBf)~fJ1 ARGET 

ATRP ltrl'~~l1-J'JtJ~ 3.. 
~P 

I k., \.}
R-X + Cu -x I Ligand ~=- R' + CUIl-X2 I Ligand

k". 

: k, 

t 

R-R + CU"-X2 I Ligand 

-----_.-/'Oxidized Agent 

Reducing Agent 

ltl~ 30 f1rl if1f11'Jln~tJBf)~tJ1UtJtJ ARGET ATRP [14] 

~ eJ ~ tl.JeJ {tJ f 'Jf~ ii tJ 'J ~ ~ tJ 1f1~111ii~ffmJ11')tJtlw){h~ f1 1W\J'J1~1 t11-J eJ \.l-W'U 11~1~~1f1 m 'i yh 

uBf)~ tl1f11eJl'Vl eJ i 1-JtCJfi1-J '\JeJ~ ~eJ~(2 -1~llJVi~w~iJl1-J )mY!rlUJ'Vl1fl~mlPl(paly(2-(dimethylamino )ethyl 

methacrylate); PDMAEMA) l1~eJ f1TOI'VleJ lwJf'~eJ~(2-1~llJY!rleJ~iJ1 'U )mY!,mJ'Vllfl~mlPl(quaternized 

poly(2-(dimethylamino)ethyl methacrylate); PQDMAEMA) ~~IIPl~ tJlJ 111~1f1UDf)~tJ1~eJ~I1JeJ1'JICJfi1-J~ 
. " 

~15lJ ~1f1~1-J ~1'\J eJ ~ lJ eJ 'U eJ IlJ eJ{2-i ~ IlJVirl f)~iJ l1-J)1 eJY! rlllJ 'Vl1 fl51rl1Pl (2-(dimethy lamina )ethyl 
" . . 

methacrylate; DMAEMA) ~lf1tT1-J~~lh1tJyhtJDmmntJrl'l'J U'i~f1eJtJ 5rl~"I~Irl~Vill1lJl~rl'lJl~eJ 

ttJ~tJ1-J l1l.ieJ~iJl1-J ,,rltl1-J11l.ifl1eJI'YHl{1-J1~lIfJlJ llJlutJlJ 1~V~l1-J1,)mY11-J i l1tul.i~ tU1-J m'i tlPl~ tJlJ 1~vi '* 
'U cu u q 

• I ,.. " I 

tJDf)~m~l1-Jf1rl lmttJtJ A TRP l~mh1rl'f.!Vi1111ui '*i1-Jf11'J VtJV\llltJflViI~v[15-17] li\lViiim'ilPl~ \ltJ1-J 

f)'j~~f1 [15], ~eJ~tlJeJ{ [16], u~1-Jm~~nJl1~f)ICJfrl~1rlrl' [15, 17] IIrlg;I~\I~~iif11'i'J1tJ\l11-Jf11'J i ,*tJBf)~tJ1 
" 'Vw~llJeJhICJfi1-JlItJtJ ARGET ATRP 'l1-Jf11'Jff\llm1~M PDMAEMA ltl1-Jflf\ll!'Jf1 1~tJ Matyjaszewski 

. " 
Im~mu~ [18] l1-J 11 fl.fI'. 2008 1~tlf11'J'YhuDn5tJ1 'l 'U rl'1'Jrl~rl1mlrldl~lJtJDf)5t11~1f1~1-J~1'\JeJ\I~~f1eJ1-J 

1~ tJmu~H1,)tJf1~f1ci11111'i 1tJ\I 11-J,h DMAEMA rl'llJl'J t:),v1111Ul~ltl1-J il11 ~ lCJf1111 ~ tJ lli~ll~1-J~eJ~l~lJ 
'" 

ill1~1i'g1-J ~~~~v1111Ul~ltJ~tJ1-J Cu(I) ,,rltl'U Cu(II) IIrl~V\lrl'llJ1'J fJv111 ,r1f)~rl'lJ~rllm~'lJtJ~iif11'J,
" . . 

~ ln~tJ~lJlru '\JeJ~eJf)f19fI~1-J 111t11'YlflUflU rl'llJ1'J mJ 1 1 'tJ'l '*tltJlJeJ1-J eJllJeJ{'JfU ~ fl1-J VitJ'J~ f1eJ'IJ 1U~1tJl1l.i 
'" 

v1\!ni1-J ~ii rl'lJ,r~Itl1-Jil1~~1CJf1~1'lf1-J mii1-J 11 ~vYJ 1-J eJrl 

(i\lu~~~ii'JltJ\ll1-Jm'J11Pl1tJlJ PQDMAEMA tJ1-JU~1-Jm~~ll:ll1~eJlCJfrl~ lrlrl'lJlU"1 11~'1-J~l1-Jl')tJ~ 
" .

~l1-JlJltT1-J'l.il~iim'Ji,* ARGET ATRP i1-Jm'JtIPl1vlJ~eJ~llJeJ{tJf'lf'\JeJ\I PQDMAEMAUrl~VirllnuJv\I 

ll.iii \I 11-J 1,)tJ 1~ f1cil1(i\l m'J1111!~1-Jm g;~11l:l~1Pl~\I~lVl"I eJ~tlJeJ{tJf'lf~iiu'J~ ~tJ lf1'\Jf)\I PQDMAEMA i tJ 

u 'i ~ tlf1l'i'i 1-J \ll1-J'Vll\l~l1-J f11'J\Pl'j 1~11f1 'J l~M~lf1tJIUrl''\J ~)\I~lg1-JleJ i 1-J 'JtJutJtJ~'Vll~f1ru~ W),)tJ i~Irl'1-J eJ~~~. '" '" 
"" . 

v11f11'Jftf1l:l1 i1-J 1m\lf1l'J1,)tlU ~1V111IPlU~~iiu'J~I~1-J rlll'lru~f1l1rlltJril1-JViv~ il.iii HftmJ11,)tJlJl neJ1-J HI9l
• u .. 

~ lltl1-J ~eJ~v11f11'Jftf1l:l1Ivtf) 'l,rl~.ueJlJ ~~1-J i! l'U rlll'lru~ ~~ltl1-JU'J ~ ltJ'lf"r~eJm 'Jfl1tJfllJ lI~~-WWJ1-J1<u.... tJ q 
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D-e 
+DNA -DNA 

Avidin-HRP • 
TMB . 

Measure A 450 nm 

quatemization) 1J'W iciVftli1l1Jv{uf'lf'tltl'l PQDMAEMA~ij~tlflniltl'ltl\Jfll~lfi~Hj.:jm::: ..hmh'l hi 

~ll~ l::;l ,11::; ll'lnu i1Jl'tlfH'l glJ ~ 11.l1"If~hglJ Imill'l11J 1v~1'i'tl'lfll,) 1lfl ,)1:::'11 ~11J~'lfl1,) Ifl~fllJ\91 ')fi~£J1
q 

.,: 
WlJW 

ij') 1f.J'lllJfln1,)f.J~tllfff.Jfll~ 'tIVlmYWW1tluv7tla '(;1'~'l 1lYn~ lJ fll') ,)uv~ ~:::l111'l~lgWtllilll11JlV~ 
" " 

l'i'tl'l fll') \91') 11l11f'l,)1::: 'I1n1J'W IglJ W 1~ ,)u~l't:llJ ')::;UU'tl tl'l U(l1'ffU ~'l11.l1i~1~i1~iJ(lYilgu W ~'l1Pl1mh 'l 

~(L.I I e! ~ a' 'j)

'tItl'l'lllJ11lv\91tlll1lJ Appella 11(1::: Zhang [19]11f'l~1:::l1 anthrax protective antigen DNA ~lV sandwich-

1j/", .,: & ~ ~ '" • j/.d .,:

hybridization assay 1~Vfll,) 'If'VHtllJW'fftl'l'ff1V 'ff1Vl1lJ'lQfl\91j.:jUlJ~lJYn'tltl'l well plate 'Yll'l1lJ1'YlI1JlJ 

& ..,~ ..,,,,.,: '" &'" j/ II] 1"'. j/.d?t
capture probe (PNAu) CJf'llI:::lIUV~flU~WlJltl tlfl'ff1Vl1lJ'l\91~Qmfl~lV lU tl\91lJ'Ylll1lJ1'YlI'lJlJ detection 

probe (PNAP) ~'lll::;,)Uv~nu~flrillJl1iJ'l'tltl'l~lgWtl l1mv~llJ~l~lJ lu1tl91lJll::;'(;1'11Jl,)\l,)uv~nUtl:::1 
.:::::.. ~ Q Q QI 4 

~W1Jtl1Jfll~I\911J avidin-horseradish peroxidase conjugate (HRP-avidin) 1I(I::;'ffU'ffI\91~'Ylf'ltl 

& "'II] 0' j/ II] 0' 1 j/ d d.d .., d II] j/ j/

tetramethylbenzidine (TMB)CJf'lll::;QfltltlflGJf 1~'(;1'~lVlVlJ IGJf1J HRP l1'ff1~(I::;mf.J1J'(;1''Yl'ff'llfl\91ll1lJ 1~~lV 

\911111 ci1 tllffVmlflfll')f'lcl'1Vf'l~'lnlJ fitlfll')'tIV1V-fftyty1ru ~lmVlJ1GJfJJ Su 1I(I::;f'lru::; [20]ftml1fll~ 

1Im1::;'I1ih~UI'lJ'(;1''tItl'l fn{lglJltl~'(;1'n~ 1l1fl!GJf(l~1J::;I~ 'l'tltl'l1JlJfl 61~wi ~YilglJW1vnuIYiV'l'ff1m~Vl~ 
, 

q 

" " " .
11.l1~91~Qmfl~lvlu Itl91lJVill1thYh~lJ capture probe 1l1fltTlJ~'lI91lJ~lglJlmil1l11Jlv 11'lUIi1tl'l1l1fl~ 

19lJltlijl1~::: ~H~lJ (lU~'l'ff1lJl,)tl ,)Uv~ nul1~::: llUlfl'tlV'lWlJ1GJfJJ HRP lfi'l~V\91 j.:j II (I::; i,r-ffWW1ru fll'j
q q u u 

r DNA / 

PNAa J '-/o 

~· t(BT) A 
"s" " ./V'~ PNAI} .. 

Surface 

~fff 
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'tl V~0 11191 '.i 1 'Oil 1'1 '.i 1~ 11'ih~1J L1J {1''tl tJ~ ~L~hJ LV L11tJ ~ 'ill f1! ~uill 0 1 '.i ~{1'llJ1'.i t:l191 '.i 1 'il1 L1'1 '.i 1~ 11'~LSULtJ ~ f111lJ 

L.ulJ'lj\J~li~ '.i1f11111U'Vi~ ~lt1~tJ011'oM~lU iuTI f1 .fl'.2008 Su U~~f1ru~ [21] ~0fl1f)1'.i'tlV1VifUlW1ru 
.. u u 

0111LfI'.i 1~11'tl1~1JL1J {1''tltJ~~LSt..I!tJ~1m'YIfliJ 1'1 SPR 1191 Vi '*-WLSUro 1'Vi '.i1J (191 ~~1Juflu ~h'YltH'tltJ~ 

ifU{1'LI91'.i 'YI~i,*'UO 111LfI'.i 1~ 11'~1m'YIfliJfI SPR) tJlrYVf)1'.i Lfll91,jDfHV1'Vi tJi1 LlJ tJ i '.iL9fiU 'tl tJ~tJ~iJ~u 
& ... 1 ~I ~" d .::, ~ & QI' .d d d

(aniline) 9f ~U'CY191 ~1J '.i ~ 'ilL1J U1Jlf).f)1t1 ! 191 {1' fI11~'YIL1JU f)'j 191 '0 ~{1'llJ1'.i t:l 'il
Q.I

'Utll91 f)1J'\1lJ~ tJ {1'L~191'Y1L1JU ~U'tl V~ 191. ~ 

iI ", • 

LSUmLlhl1lJ1t11~ ...r~iJ 11Dfl~ tll'VitJi1LlJtJ i'.i L9fiU ~L~lJ~1t11~1191'.i L'ilU L1I V{VVf1 19f~iU {1'fn1~nij 0 11 L~lJ 

191'.i1'01Lfl'.i1~111~ijfh~I91~~'010 5 nMritJUf)1'.i'tltllt1iftlJtlJlru!~U 0.1 pM '\1"~'il1f)f)1'.i'tltl1t1iftlJtlJ1rul1~tJ 

LnfJ1JLYi1t11J1HlJ1ru~LSUm'U'.i~~1JL~lJ 11911lJ~ 'uTI fl.fl'. 2009 Qian U~~ He [22] ~OEl1f)1'.i',*f)1'.iLfll91 

L~U'ViVi1LlJV{1J 1'1f'tl tJ~ 2-hydroxyethyl methacrylate (HEMA)~~L~lJ'Ol0tJ mfJ{1'lt1'tlV~~ ISU mL'thl1lJ1U 

~~ ~1Jtjl91t11J-WLflU LV i'Vi '.i 1J~191~~tJl;1JUiu ~1'Y1V~ LfI~tJ1J1JU f)'j~ '00 i Uf)1'.i'tltlltJifWWlru 'tlV-3f)1'.i 1LfI '.i 1~ 11' 
~ u u 

tl1~1J!m"'tltJ~~LSUm tJDfl~tJwwi1LlJvhL9fiu~l,*ijo~lf1!~UU1J1J AGET ATRP l1~tJ Activator 

.k , 1IJ• Generated by Electron Transfer-Atom Transfer Radical Polymerization 9f-3UI91f)m-3'il100~ If1!LU1J 

ARGET ATRP ~tJ1iUltli tJU"'1.ul~l9i'u Ori11fiVAGET A TRP 'O~ijf)1'.i i,*tJ~lJlru Cu(II) lJ10011 u~ij 
.. . 

f)1'.il,*tJ~lJ1ru~1~~hqft!tJlJf)11111mmtlU!nuut11J ARGET ATRP 'Ol0~lU1~tJiJ'Vi'U11f111lJl.ulJ.uun 

!11lJl~{1'lJ'tltJ~ Cu(II) U~~f)'jI91UV{1'f1tJuofitJ 20 u,,~ 18 mM mlJtll~U LrltJi,* tris[(2

pyridyl)methyl]amine (TPMA)L~U i1uou ~1U fl1 '.ifl11JfJlJfll91'.ilf)1'.i Lfll91,j Dfl~ tJl'Vi V i1LlJ tJ 1'.i 19fiu 11~~'Vi1J 
Q.I cv <1"'::1 fjJ' ~rI Q d' Q.I dQJ' 9J..::::.. Q.I 

fI1 llJ {1'lJ 'Vi UlitlJ UL{1'U 191 '.i -3 '.i ~1111-3f111lJl1 t.Jl'tl tJ ~ Y'l ~lJ'ViV mlJtJ '.i 1J '.i 'If'Vl1191 1911t1!'YI fIU 1'1 ellipsometry 01J 

~ ad _~ dQ.l&ll1iJrJI dd i . ~ I eSC: 
tJ '.i lJ1 W'tl tJ-3 191 LVU LVL lJ 111lJ1 tJ'YI '01J V191 I1mU'Vi ltJ t.JlV 'Vi '.i 1J '.i1lJm{1'llJ 1'.i t:l1J tJ Ofl11lJ U 191 01911~ 'tl tJ -3 I91ltJU I tJ 

~ijtl1~1Jl1J{1'~~1911tJl-WtJ-311d~\9l1Ul1t1-31~19i'1fJ 
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R·R 
02 , I 

A ~ 'r 
R-X + Cu(I)/Lm ..- X-Cu(II)/Lm + R' 

'X y 
Oxidized AA AA 


AA =Ascorbic Acid 


B $£ 
~~ Hybridization AGETATRP 

Au 

PNA PNA ·n 
PNA 

~ • ~~ •Hybridization AGETATRP 

Au 

PNA PNA PNA 

;p ,~~ 
Inltlator-coupled Inltlator-coupled Polymer

PNA Complementary Noncomplementary 
Target DNA (e) Target DNA (NC) 

ltJ~ 32 UN'Wm'WU"CY~\I'I1~f)fn';i'1'Wf)1';i1Lm1~11'''1~U!1H'''IJV\l2-hydroxyethyl methacrylate (HEMA) 

l~tI'1 ,*yhij'WLVl'W';iuun~f)1';i'IJtl1tl~\1I\1I1W~,)tliJfin1 tl1'W ViiLlJVhL9fi'W'lJv\I ~1t1f)n if)UUU AGET 

ATRP [22] 

QQ.I <j/ 'j) d lfJ 911 ~ 'jJ d & Q.I .Q. cl o Q.I 

'il1f)HW 1'iltl'IJ 1\1 1'1 'U 'il~ L'I1'U !~11tmLlJ'il~lJf)1~rYf)EJ 1f)1';i'IJtl1tl"CYUJtU1W'IJV\I m';i 1Lfl 'j 1~'I1 n l~ULU"CY u u 
., if I 

'IJV\I~Lij'WW 1~ tI '1 ~Yhg'W!v~ ,)lJtluiJfin1tl1'WviiLlJV i'j L"b'i'WVi1L1lJ 'il1f)vt'W~hlJlLL~ ') LL~~L~'U.y; Lij'W IVcJ1\1 

L~'W';i~UU'lJV\lU nL"CY'U iJl'lf~h ii~iJn.y;Lg'Wm U('1~f)n i f)~'1~'1'Wm'jYhiJfimtlwwiillJV hL9fi'W~L~'W 

UUU AGET ATRP ~\lfJ\llP1v\liJf)nl~iJ11J1ru'IJv\I Cu(II) ~~v'W~nff\lVV L1n~V\l~lL~'UIP1V\I'1~lfl~V\l1jv.., .., 

'1 'Wl1'v\liJfiiJ~m'j L'lf'W ellipsometry '1 'W m';i1Lm l~l1'm';i Ln~L~'W 'W ViillJ V{mfltlf)1'j~~1'I1lJ f)1';i 
I , I I 11 • 

LiJ~ tI'W U iJ Mfl'lfU '11f)L'I1 'II V\I U"CY \lljjtiln~L~'W 'W V iillJV{ U('1 ~Vi 1:Y1rlUJ'WV iiLlJV {Vi Ln~ ~'Whmmjyj \I ni'WVi u .., 

U'ff~\lil ~\I~\lLf)I'IL~'W!~'W1Yitl\lfl11lJ~'U~LiJ~tI'W uiJ ('1\1 i iJrvill~\ ~\I~H'il1f1\l 1'W 1~tI~L'ff'U V~'il~ l'11 '1 'U 
11. I I 

1m\If)1';i 1~tlU Vi"CY'U '1 'ilfff)EJ 1m';i '1 ~lJv'W tIllJ V{Vi '1 l1''W V iiLlJV {Vi 'ff1lJ1';i t1 '1l1'il 
. . " 

LiJ~V'WuiJn\l~1t11'111iJri1 i~i~L'il'WU\l~'W f)1';i 1~f)n If)f)1';iLn~iJfin1tJl'WviiLlJ V i';i L9f'J5'UUUU ARGET 

ATRP nij~vi~liJjvutlilm';i'~ AGET ATRP 1'I';i\l~"cyllJ1';it1('1~iJ11J1ru'IJV\I Cu(II) i~M~10\l';i~flU 

ppm ~ \I 'il ~ 'lf1t1n~1] \11'1115'W til 'il 'il~ In~l~V \llJ 1 'il1f)f) 1 ';i iJ ';i 1 fl t) il'IJ V\I~11~ \I iJ fin1til ~fl\lfll\1V ~'1 'W 'W ViiLlJ 

v{mr\l'illflflnl'11iJfin1tJlLL~1 'Uvml1flif'il~~\lLf)l'Il~'W i~i1\ll'W1~tI~~1'W1J1'il~ '1 ~flnl'l~\I.y;I~'WLvl 'W 
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II)tl ' .:: d/ 'jJ '" d/ cl _~ dI 'jJ' '" tl '1d 'jJ '" 
'Hm.:J! fHl'W ~1f)'W'W 'iI.:Jl'1llJ~1t1f)1':i'il'lJtI~'UCl.:J~ltl'WltlLu1'11:lJltlG}f.:J\9lCl.:JH1'W f11'.i~~H ':i 1m.:Jff':iN'Vl1.:JLfllJ 

i,rtlcntllJ'I1~~!~lJtlao~Vl'V'Wihml 1 'HG}f'lf'W ~.:J~flfjW~fl.:Jflri11'i1~ff~Nfl11lJ~.:JV1fl i'W f)1':itJl1tl 
." . 

tl':i~t1fl~i'WflulLm 1~Mff1':i~1mh.:J~~.:J i'W'Utu~Vii'W.:Jl'Wl,)t1U 'iI~ i oM':itlU'lJ'lJ'UCl.:J "Dot Blot" 'ViCl1ftVL~'W. .. 
f)1':i\9lj .:J~Lg'WW L111'11lJ1V~~Cl.:Jfl U l!fl':il~M".:J 1tlrimJ ~lfllf'W ~.:JriClvtJ11 tl ')'lJV~tl'lJ~Lg'W lln 'lJ~ ~1'W 
f)1':i~~'I1~~dlJtlamtll'VH1~LlJClI ':i LG}f'lf'W~tlcntl'UCl.:J llJL"fJ" f)1':ifl~Utl':i 1m .:Jff~N'Vll.:J!fllJ'Uel.:J~Lg'WW 
'1 dI ~I '" ." .:: 0 II) 'jJ "'tl '" '" , '" tl '1 'jJ d 

I 'W':i'lJG}f.:JLu'W ffUff.:JLm 1~'I1'W'W ffl:lJlHl'Vl-1 !~ff~~1flU"~lJ ':i~ff'Vlli.fll'Wfl11f)1':i~~U ':i IflHff':i l.:J'Uel.:J~ 

Lg'W W 1~m~m~Cl~1.:Jt.:J'I11m~'W~Lg'WW~ 1~~ lfl ffn~1Cl~1.:J ~~.:J~lJf)1 ':itl~tl'W 'Uel.:Jffn'ln1~ t'W ~1t1 ~1V 
tI •• 

d. i/QQ,I,c9 I .aI&" Q11'jJtl d'QI.ct4tl
m\9l'WflW~H1'i1V'iI.:Jm~11f11':i 'b'':i U'lJ'lJ'UCl.:J "Dot Blot" UH'Wm~~lfj'Vl\9l':i.:J~1[l'WCl"LlHn'lJ':i'b''VllJ ':i~'iI 
q" cu q 

i 

'lJ1fl~.:JL\9l~ t1lJ~1[ltlamm'Wel~!ml1':i LG}fi''WU'lJ'lJ tJlJ\9l~~ffllJU fJfl1'lJfJlJLfllJL; .:J.vf'W~11~ 'i1lJ tl'lJf)1':i 

'jJ "'1 Q-Q ~ d d .J?I 1 .d dtl '" '" i ~ Q.I d dQ 0

'b''W ':i "~'W "'WLCl'W LClG}f.:JLu'W I 'W':i'lJ'VllJ ':i~ ff'Vlli mow 'W f11':i\9l ':i 1~11fl':i 1~'I1 cn~'lJ L'lJff'IJ Cl.:J~W'W LCl u,,~ f)1':i 
• tI • 

'U[llm1t1Jt1J1W~1t1f)1':i~L~:JJtlan~V1'WCl~LlJCll':iLG}fi''W'il1flVJ'W~1~1'Wfl'' lmL'lJ'lJ ARGET A TRP 'Vi,yhi,r 

LO\9l'WCl~LlJCl{~lJiY 'iI~l~'WU 'W1'VlN'l 'I11l~ff1:lJl':itrw~'W1 itl-fff)1':i11m l~M~\9lCl'lJff'WCl.:Jf)1':i ioMHU 'iI~.:J 1~.. 
" " 

11.:J h.!~l'U':ilm fl11lJff~~1m1\9lL~1 lJfl11lJ~lL'Wl~L 'il1~'iI.:JU"~fl11lJUll'Wih i 'Wf)1':i11ml~M nlJl1.:Jf)1':i 

fl\9lutl".:J1,rlJ~tlU'lJ'lJf)1':ilLml~M~lJ'l.hd.y'VlTIm'W~.:J (high-throughput format) 

#.:JlJ~1\9l i 'W li ':i ':ilJ'b'l~~ 1H~lh'lu"~'lJtllV-W'W £1• \9l[lCl1fttlf)1Hl1.:J l'W'lJCl.:J ff1':i fl'W'Vl~ VL'lf'W 1tl ':i'Vi'W ~ 
t j,I , if 

Lg'W ltl ml1 1.1 1~H~ ':i \9l u,,~1'UlJ'W 'Vi ~.:J1fl'n~ M~'W i'W 'i 1.:Jf11t1 llJL" fJ" ff1 ':i fl'W 'Vl~ v'Vi ffrN ~'W i 'W li ':i ':i lJ'b'l~ 

mri1iilJf)lJl m .:JffrN~cU'lJ~Cl'W u,,~,yhl1Ul~tl~l.:J ~ 1L'W 1~1 'il1~ 'iI.:J f)1':i L~ [l'WU 'lJ'lJLL"~f)1':itl 'j~ t1fl~'l oMl'lU1~• 
~ 1.:J '1 'IJ {l.:J ff1':i fl'W '1'1 ~ v1 'W li ':i ':i lJ'b'l~ 1\9l VC) 1fttlff1 HY.:J Lm 1~ M~ii1m.:J ffr H cU'lJ~tl'WUtl [lfl11 U1.1 111~'W 

f(1 ff\9l {~Umfl iii ,rfl11lJ ff'W i 'ill1J'W 'V ~1.:J:JJ1fl L'lf'W m ~ 1.1 1'W f11Hl1'lJ fJ lJ f11':i tl ,,~tl ri'V[lff1':i ~ 1 L 11 'W ~ N'1 ~ 

'Vlt11~ L11 111:lJl tI m ~'lJ 1'W f11':i i''lJ ~'IJ'V.:J 'j ~'lJ'lJtl ':i~ ff1mYW:rff U"~ m ~'lJ1'W fl U ri 1[l'Vl {l~'Vl N-W'W lim ':i lJ.. . 
ff1:lJl':ifJtJ1:lJlL~[l'W U'lJ'lJU,,~tl ':i~t1fl~1 oM1 'W f11':ifl1'lJfl:JJf11':itl,,~tlri tlV~1mi 'W fl1':i i'f)fj 11 ':ifl f)U'Yl1LG}f'W LG}ftl{. . 

." , 

um':i Vfl ti'l[ltl'lJ':i~'lJ'lJtl ':i~ff1'Vl ~lJ ~ff-ff111 i''lJ\9l ':i 1'i11\J ~ ~tI 1':i flU"~ iY .:Jtl'WLiJ el'W i 'W Cll111':i u,,~ iY.:IU 1\9lti'tJlJ 

\9l" tJ\9l 'iI'W f11':i \9l ':i 1 'iI '111 ~ lfl1.1 L'lJ ff'IJ tl.:l ':i'I1'ff-W'W li.m ':i lJ ~ ri tJ i 11'1 0\9l hfl ~.:I 1fl H f11 ':i 1,)t1iiL~t11,j tl.:l tl'lJf11':i 

~{l.:lfln l\9l[llJlm.:lf11':il')mj{ltl 4 lm.:lf11':i fitl 1) Controlled Release Materials 2) Materials for ISE, 

Optrodes and Glucose Sensors3) Chromic and Fluorescent Materials 4) PNA Probes for Detection of DNA 

Sequences 
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1.3.1. 

,,{ 

q'YIli 

1.3.2. mlflUUUAn'l ~ -ff'~! fl 'j l~11!m 1~11'tYn fl'U 'YI~v~lhh dY'YIll fll'W 'I 'U m'j!1] 'U \Pl':l!! 'tY~ ~ vH'l 'YIl~!fl ii i'tllth 

... 
'W'U~mnJ 

1.3.4. !~tl:JJ lv~f-I" ~ l'U 1,)Vfll V'I 'U fl ~:JJ. I~mJ 'j ~ fl tlU 11] 'U 'j ~uU19f'U 19ftl{'YI1 ~ 9f1fll'W U" ~ Ifl ii '\1 ~ tl 'j~ UU 

, " 
i'Uu~,,~ lm~m'jvtlv'il~ii'lltlUI'lll'lm'j1,)u.yjmtlUfl":JJ\Pl~U~flntltlmIUu im~'tY~l~ l:JJ!"fl" m'j. . 

, , " 
'YIqfJ~.yj!fiv1'1i'tl~tlU1m~flU1,)Utjl~'U nl'j i ~ml:JJr'Yll~lfliifl'U'YI~ v-ff'~lml~11 uO~lflii~tl'jll:JJ 

lOt'!" l{ i 'i.I flU~\P.lJ'i.ll1'tY~ fl'U 'YI~ v~m:JJl'j tlfldUfJUflU tl o~tl ~tlu'tYwvtlflq'YIi'Yll~~1fll'Vi U" ~ nl 'j 

tl 'j~~fJ ~19f'i.lI9ftl{'YI1~ Ifliiuo~~1fll'W l~tm lftUfl nu 'j ill lnl'j f-I"nl'j 1,)U'll tl~miUflill1 'ill'j VfllU i 'Ufllfl1'lfl .. ... 
Iflii fl1Ud'YIVlffl'tYl'l{ ~iifl11U'tY'U i 'ilUo~iifln i ~lfl~tl~jjtl~1:JJtl'U vf~ifmtluu'U 1~~ UO~'YIqfJ~~!~V1'1i'tl~ 
tlUU~"~1m~nl'jVtlU 1~\lfl~'U1fl1~u'i.ln:JJHimh'li'tl 7 (~O~1'U1')V~I~U1'1i'tl~Uo~mfl'tYl'jeJNfl~) 

_I 'i <I.d , I.t !Iv 
1.6. 'U'i~ !t.I~'U't1fllVl111l::: AYI'ilJ 
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q.c:::l 0 C), ~Q.I 

2.1 llJYlllllUfll'n;)rJ 

Ifl'l.:lfll'lclt)rJ~ 1 Controlled Release Materials 

QJ 	 tI..::::::t. f 1"Q
I. ff~lm1~l1YHHHlJtJ'j'l1'W~WI1~"l1'l1'W chitosan derivatives poly(vinyl alcohol) derivatives 

polyesters based on cinnmoyl functionality !!(l~ ~'W"l 

2. 	 fff1~ClWl1f1'W11'W/llJ lm111fl'VW~llJtl{. 
" 

3. \91'j 111 ffCl'U'fflJ1J~'lJtl~tl'4 fl1f1l1~tuj 1~ fl11lJl'ff~tJ'j fll'j fl'j~ 111Vl'i'1i W.i'')f)(ll~~h~"l 

4. 	 ftmnfll'jnfll~'U ff1'J~~tl'lfll'.i li'W nfll~'UV1i'mnlJ~l~ ~(l'l i 'W tl'Wfl1f1~ ~htl'WfilfliJfl1llJ"Wl~ 
OJ d Q.J d 	 ~t::1 ClIQ 

l1l1~ 11~ fl'UlC)f(llJ~ l H flfllfl'U photo-labile-cosmetic actives (l'l'W tl'4fl1f1'Y1lJ'fflJ1Jl'lfl'jtl'll1'ff 'I 

C1Id.drv~i I '" 5. 'YI~fftl'U'J~'U'Uflfllfl'U'YIff'jN'IJ'W 'Wll'1'IJtl~ loading, efficiency, release behavior, stability l1(l~tl'W"l 

tI 	 d Q.I ~ 
6. 'YI~fftl'Uq'YI1i wound healing 'lJtl~ free cUfcuminl'YIV'Ufl'U nanoencapsulatedcurcumin !!(l~tl'W"l 

7. 'J1'U'j llJ~tllJ(l 'ff'JU v.l" fll'J 'YI~"Cl~ l~V'W 'j 1V~ 1'W 'il1J'U fflJ'U'JW!!"~ v.l(l~l'Wl~tl~~lJvri 'W 
'II 	 • .. 

1l'j'ffl'j 1'l11fll'j 

'i '''I 
&fl'l'lfllUlflrJ'fI 2 Materials for ISE, Optrodes and Glucose Sensors 

" 1. -ff~lm1~111tlltll'WyJtl{!!(l~yJ(ltltl hyJtl{~'U'U11'11(l.. 
Q 	 tI <) y 4C11 tI 

2. "Wffll'W'YI'j1'U !m~ff'J1~ff1'J'YIff~lfI'J1~11.. 
" 3. 	 ftflfJ 1fl1'j ~'U1Btltl'WW;'l~tJ 1191lfl i'W ffl'j (1~ (llV 


cI 0'"

4. 1\91'jlJllJlJl'U'J'Wff111'J'U ISE llfl~ optrodes 

5. 'YI~fftl'UU'J~ff'Vl1ifll"Wfll'jltlWC)fWC)fCl{'lJCl~ ISE U(1~ optrodesn'Uffl'j"~mVlJ1\91'j~l'W 
" 6. 'YI~ffCl'UU'j ~ ff'Vl1i fIl"W fll 'J ltl'W IC)fWC)fCl {rl"111 i''U 1tltltl'W 11 (1~tJ 1\911(1 i 'W I'i'1tlt!1'11l~ 'I 

7. 'j1'U'J 1lJ~BlJ(l ff'JUv.l"fll'J'Vl~(1Cl~ l~fJ'W 'j1fJ'I1'W'il1J'UfflJ'U'jWlm~v.l(1'11'W1~tl~~lJvr1 'W.. 	 . .. 

'i '''I
&fl'j..:)fll'jrJflrJ'fI 3 Chromic and Fluorescent Materials 

. " 
I. 	 tY\llm1~111~B~IC)fi1~'W~tl~U(1~I~'W~~~fl:WiJ(1B~IC)fi1~'W~"~(lltJtJl1~ 

2. 	 ~ ffl1tJ'YI'j l'U 1fI H'fff1'1 ff1'j~ tY\llfl'j 1~,1
'" 

3. 	 flflfJ 1fflJ1J~flfll'J"Wtl~1BlJ1'ji''lJB~ l~tl~IC)fi1~'W 

4. 	 flflfJ 1fflJ1J~fll'J1U~V'W ff'IJtl'll~ Cl~ lC)fi1~'W 

5. 	 'Vl~ffB'UfflJ1J~fll'jltl'W1C)f'W1C)fCl{'lJCl~I~'W~~~fl:WiJ(1tl~IC)fi1~'W n'U1BClB'W 1(l11~ hh~'W U(1~ ~lg'W 

m 

6. 	 U'j~~fJilC)f'WIC)ftl{!1B1'J 61W~'YI~ffCl'Un'Ul'i'lmh'l1l~ ~ 
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11'HYl'Jl'1f1f11'J 

lf1'l-3fl1'l~ell'J~ 4 PNA Probes for Detection of DNA Sequences 

1. 	 ~,:jlm1:::,1~l~Ulfl~iJilW1U1'U'ffl'lllJ~vi'fl,:jf11'JUlJ1fJmfl"fH!I ~,:j 1~VYilf)1)~~!IU'J l1~~,:jn'l1U~ 

lhnv'\HJ,:j~l~U1fl1,r11lUl1 ~ a-bromoisobutyrate lv1flYi111.wl~lt1u 11~1l~lJ'I.Jfin1V1'Vwi11lJfllWlf 

" 
'l1U 1m!u f11'J"tJ1V~tyt1J1ru 

2. 	 11'l~ VlJ UNU m::: ~11'El ~ I'l ~ ,:j ~1 V'W fl i1 IlJ fl {U i''If" fl-:J fllel!flel'UCH'W6~(2-'~'1Jntlel:::ijl'U )1tl'rhmJ'YIlflj 

. " 
mVlUCl:::ffO'El 1iJ v tOV9lW'l ViiJ~m9lfl1f1iJ 19f,:j~U ~1'lHJ,:jUNU m:::~l'El 
"" d' d'd ~I "" d' ci , .., _I 1 v

3. 	 'ff,:jlfl'J1:::l1lJflUfl1lJU'J'V11UW)'4'WU1i 2-hydroxyethyl methacrylate 't1Nl'Uf)l'l~~n'U'l fl'l-3tl''lN 

1~l'Jm'I'thtl{)mm'Uel~'tn.i'eJ~':H)f)c'itln'Utl'1'ltl'l:::flel'U~th1'11,n~iY'~ ,,I'll azo dye 

4. 	 ffO'El1~Cl"~)-:lvi'111U 'J9l1-:J"l ~iJ9lflf11) lnmJfimtJl'Wfli1!lJfll Wlf'l1lJ" fl,:jlJflU fl1lJ fl{~~,:jIm 1:::111~ 

lv1fl1~,t1uUU1'V11-:J i U onflll1U ~m1:::~111lJ l:::'fflJ 1 Uon ffO'El 1m'J"tJltl~ruru1ru"fl-:Jm'JI'l'J11)
u 	 u 

" 
6. ffO'El11h::: -ff'V1llm'Wi lJfln l1f1'J 1:::,1 illrlU1U 'ff'IJfl-:J~I~U1fl Vl,:j 1U ~lU fI 11 lJiJflvi' fl,:j ullU ~l11Cl::: 

mllJ~llm::: 
Co d' 

lvl:::v,:j'IJfl~On 11fl'J1:::11 

7. 	 'J 1U 'J 1lJ4JeJlJ Cl 'ff'J tJ NClfll'J 'V1~Clfl~ l~VU 'J 1V~ lUU1JU'fflJU'JruU(I::: M(I~ llJl~fl~-wm{1u
<u • 	 'U 

NMRSpectrometer 

IR Spectrometer 

Temperature Variable UV-Vis Spectrometer 

ESI-MS-MS spectrometer 

MALDI-TOF-MS spectrometer 

High perfonnance liquid chromatography (HPLC) 

Gel permeation chromatograph (GPC) 
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Contact angle goniometer 


Freeze Dryer 

QI aid 'j) QI':

2.2 mfiruCY]'Yl1)~l'lfl-!l1)~9Hl• 

- Temperature Variable Fluorometer 


2.3. '.i::[J::ni;'ll~lI'nUlfl'i'ifll'.i 3 11 (,VUl'. 2553-2555) 

2.4. UHUfll'i~lI'nU·nU~i;'I6~lfl'.i'ifll'i 

ifl'j.:Jnl'ilh~6~:'j1UnlJ.,)Ulqj(1 ~"'V11I1tll91~ ~" 

'I.h::'lilJ~1lJfl~lJl~V ~"'V11'jW:n'U . 
i ' ..flHnl'jU6UYl I Controlled Release Materials 

0..0 ~ ~ d' 

1. ff-llml::l1VWmlJu'j 

2. ff~l-lu11mfl'Ull'U/llJ lmIl1fll'l6ftllJu{ 

3, 'fl'j1IlffUUfflJ,j9i'tJD.:JU11Illfl 

.dl <lJ d d!V 
4, fl'flll 1 fll'j flfllflUff1'j'Vlflu ~ fll'j 

" ,6, 'Vl"fftlUf]'Vl1i wound healing 

7, 'j11.J'i1lJ.,)ulJ(1 ff'jtlr-l(1fll'j'Vl"(1D~'" . 
'i '''' IflHOl'jUtlUYl 2 Materials for rSE, Optrodes and .. . 

I. ~~lm1::lrlu lD l'UrJD{U(1::rJ~DuhrJD{ 

2, ~ff'il"J'VJ'j1U1m~fff1-lff1'j~~~lm1::"t"
'" 

3, fffllJlfll'j ~U lD11 D'U 11(1:: J11?1 1(l 

4, Ifl1lJllJlJI1.J'i'Uffll1:¥U [SE "(1:: optrodes 

5. 'Vl"n'Dutl'j::ff'VlnIlll'l fll'jlfJ'U19I'U19ID{ 

6, 'Vl~ffuutl'j::ff'VlnIlll'l'1'U~1Ddl-lIl~-l 

7, 'j11.J'i1lJ.,)ulJ(1 ff'jtlr-l(lfll'j'Vl~(lD~
'" . 

ifl'j~Ol'jcitluYi 3 Chromic and Fluorescent Materials 

I, ~-llm1::111~u::I9IVi~'U ftU~II(l::I~'U,,~9ifl .. . 
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