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Abstract — The electrochemical or optical sensors for environmental pollutants are developed over the past several
years. Nowadays, the development of colorimetric sensing is particularly challenging since it requires no equipment at
all as color changes can be detected by the naked eye. Visual detection can give immediate qualitative information and is
becoming increasingly appreciated in terms of quantitative analysis. In addition, simple colorimetric-sensor have shown
useful in the detection, identification, and quantification of volatile organic compounds(VOC) in gas phase or heavy
metal ion in aqueous phase. In this review, we investigated the wide applications and some drawbacks of colorimetric-
sensors. And thus, we try to suggest the methodologies of development approach of multi-functional and reversible col-

orimetric-sensor.
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Fig. 1. Key materials for colorimetric sensors.

Table 1. Target materials with key materials of colorimetric sensors
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Key materials Target materials

Heavy metal ion
Metallic nanoparticle Chemicals
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Zn, Cu, Pb, Hg, As, Ag, Ln, Cr, Co
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Heavy metal ion

Cd, Pd, Cu, Hg, Ca, Pb, Zn, Co, U

Organic dye Chemicals VOC, anion, CN, AcO, phophate, NH,, aniline
Bio materials Amino acid, protein
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Chemicals NH,, COOH, SH, VOC

Array

Bio materials

Amino acid, protein
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(>100 kJ/mol)

A * Lewis (e~ pair) donor/acceptor
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* Hydrogen bonding

* Charge-transfer & n-rn delocalization
+* Dipole-dipole, quadrupole-dipole, ...

L' » van der Waals (physisorption, absorption)

Weaker
(<5 kJ/mol)

Fig. 2. Classification of intermolecular interactions|5].
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Fig. 3. Color change of AuNP with aggregation|[6].

THAAAG S-=H, S BAPelA SFOoRE JAshA Aato] vt
A Fek. S0 2 e Hi= 7k ehs o spstE ot
Fus ol Fol A =M, ole S AA i =2 B
o7 HA8HA It

x40 F4 YirdAel AuNPS o] 83t Al = thA 2 vt
X o] Ak, chelation/aggregation 74 &0 733t F4 ZolE <l
EDTAS &350 719z o2 wkE 4= QIt}{7]. B35 AuNP =0
SHE 7|'5715 IR =W & U] T35 SolA Hg ke Al
gl o g HAeHA ck wEbA LNk o7 2 X8 A 7E
wo] ¥R 31 QT WP azacrown 715715 0851, Pb?t o] S
A 4= ATHS]. B A S 0] 88t AAIM Z1=, 2-mercaptoethanol,
4-mercaptobutanol 5= ©|-8-3F B 17} QIt}H9]. 71571 B4 5 ot
A& AFgah ko] uleba Hg?'wh A X387 %= 8}l (4-mercap-
tobutanol), Pb%", Ag", Cu?7}4] 71X (2-mercaptoethanol)3}7 | &= 5131
t}. Dithio nitrobenzoic acid® HEA1Z1 AuNPL] 7§+ Crriell
slo] el BolA D10 3d =42 v Sasol Al
Hebs Soldo®z Crffell disiwt A3eg AYA #oh
Malonamide® 7171321 AuNP2] 7d-9-= 371¢] 2Fk7(Ln)el
sl AeidQl dalE Hel) 23t S84 U Has HEd &
Q=S 1ok % 31T 11]. AuNPel dithiothreitol, cysteine,
gluthathione 5-& 317 3t0] B Aok M)A © 2 Ajlsh= MM E
TS, AgNP Bt i Zef=Eag dAijo] dAlslE 2, o] &
o] &3t Fus MM E w3 Gtk Co*oll HEjA o ARt
£ Mol triazole-carboxyl AgNP7} X 1% TH12]. RuAIg S
71959} 3t Tio, & W= vhEolA 725 X33 the
FTaEl RE3AAE W, F2Te Ao el Zlo] B
=71% 3ITH13].

FEES X8R 716 BES Ut wesk Azt 8ol

o= d3lo] itk v 54 fellsleteds AR flsiA

= AEEE Folalr] fste] AR 7158 =4
ofEgo] Itk Kk AH-Eo] DNA, T o] 228 53
Szt e IReRE Wals Fska ik & Wzt 4

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011

il

2

ol
rr oo

r
%0 o o



396 pal:

ol DNAS Ao m IAle 55

3} fieshs Zlolth. Kimura W78 H,PO, & A4 < 3
thiol 74 AuNP 4NN E 7EsISITH 14]. Phenylurea® H
AlZ1 AuNPE= Sol2A| 2ol tish Me/d-& YA =+, H,S0;,

=
il

CH;CO0™ 5% AABHANE 2] 9-91] ded& Ade Zlow
3 7}1%] It} Hexanethiolate® FH T 9= AEIAdo] Qlth= A%
HI3IGleE $-fell &9 & T e A T UE

WS 9%

718 A=, W2RT) cyauric acid®} AT

>

73, cyclodextrin(CD)O= HHAIZ] AgNPE ©]&-3t}16]. 7z,
S| =2, darlEs 5 AR dyE BRIt 53] ortho-, meta-,
para- FE| ] o]JAA EFET CcDIe] Y Fert GEkAA] A
A EHRTRE S-S Haslgit). &, @3] aromatic 318HE
A5 AXsl= FolA] dola] o dZAEA] St BFE o] 7}
5ottt

3-2. IR E8

&

71955 o8-8 Fus AL S$HMAME Hg, Cu™, Pb*
AR v Bar) gty 22 4 & fr1sES
‘dato] Held-& Folatal FHEHORE TFeES $F AAlA 0]
H31¥ 3 It} Rhodamine 719} A1 #7350 Hg™oll e
85 old 4 lTH17]. 3l A E He s A8k g0
& g, g Aol Aol FElskA] e S4o] alvh &
S ETDAE 3asrd €] Ju= 3]738te] 7194 MM = &8
7F&3teh. Terpyridine F=A419] 74912 Hg?'oll ist Aeldo] ¢
ot A5 R gt He'o) A9 FAN0E Fe?'e]
Mo 2 W3l AyE YEFATE Tetrathienyl-substituted boron-
dipyrring ©]-8-3Fd Cu?, Hg?'oll ot A8Ads Btk Hals
2\TH18]. Diaminonaphthalimide= Cu*' S S<¢to 2 MAZE Wz
& ik ofe} PR 0 ® Thse MMM AR 5 it 3
24 pHell ofeiA e As) PR, Cutte] 10w i
Aofla] Wbl O w2 wsirh, Bk G Alelle 2EAeA
Ao F Wk 545 Beltl EDTAS &£3shd dad= 373}
o] RESARE0] 7hsstths 7o) QITH19]. B8t merocyanines: ©]
g3l CurE YA o= Afslo], FHAelA g o st
5 Yo71E Bark lvH20].

Allylic AF517121E 0188 FT25(Pd™, P o] 2] tieh
£ Hole =48 /PsISith2l]. o= Ause] Sunke-S
7 AAEE Kol Z1 0= A g Folo] AFsh=
d Euuk-gof &k MuistE Al 7 olct. webA A3
& AR AT o] Aol Full W& doT= w4l
ok MAME 7Fees 1ol AR & 5 ol 255
Ca®, Na’, Kol §k-g-3fo] Setahzto] 753t
Bis(spiropyran) podand& ©]-8-abH Ca*oll &2 0% Ateh=
BAAME AT lth22). 3 EHS Mg, Ca”, S, Ba®'
%= HES-S AN, 17} 0] Lif, Na', K™ Solli= §E8-314] okotA]
2t aolR AE Lo mN AR st 23]. o ek W 17} <
o] olgt HedS Kol dEE MArFssict. Has 1EE A

rown etheri= Na®, K& crown ether U0l complex 23S -

WP 0 2 APl o] Sl 7hs o

O -
L

9= st

e
o)

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011

olgek
F545 o] 9)o]) SEHEAL AASH: BN ek AR

BE 1 e} 1-Zngk= B3 ATP A8 vlo] e A g A}
¥tk 28y &g BAS SoleA HAE-o 2 A83o] H,PO,
AejA o F AA|sh= 21e Kot =, 752 F, CI, Brol| st
elxdo] lom, CH,CO0™ o thall X% wh-g-al4] kil @ 24
H,PO; ol ot A eid-8- H.3It}24]. Nitrophenyl =41 Fof A
g weltt, sl FeAle 3709 ol Eol 9lom 1% 2709
oflz} wilAle] o] FH TS o] g3t P ELS Bt o= A7
&

r o o

a1 It} Indanedione FFEAE S0)2A HEE MAME AREE
oH25].
4. SHAMMIN 7|E2| MY
4-1. EAMMIM T1=2| SRl

M

U] Ao Pet =F B4 A, 2 B Zof o
A Fo] Fom Gtk Aot HulE sl 71EwE
ngEo] 7P ATH 0 Z Tkt 58 MAXE Adstal AN,
F7195 9 55 e e o] &g Aol oist Hart 42 A
o] ARdo|t} Bare A Alopdout o d-g 0 = 1S
245 Ndska AAEE BEsk s Qoo Aot =
Y7171 Bk & &8 A sy 840 2 §-87Fs3h Al
A9] 7ol zoi a1 9tk Farsell thst 87 A= o]n] o)
ERTAZ A KA ol A, FafstelEd Foll g
AZ 7Fs7d0] e A 2 Jido] AlFgt 4l7golt).
ARG Q714 Aut SEeqIRke] I8 7)%o] o]
5 %ol SBvhA wiEA] AEslE gt of#o] 7]zo] mElrtof
st} s Fok= Suslick W57t 7F 9k Aoz sekdri 6]
Fig. 49} o] taleld& F3to] DNA IJFEZE ths ojelol&
T73310], VOC, 5012, a5 & st 22 Sl 4 75
EE W A88E AsiAlE REEA] ARgRRe] HelAdo] 1A
Elojof 3h, XA BEEA o] 7l v U &2 A
E;g—a 2=~ 0] 7/19—3’— 7]EH%D]'

=2 T M=

o) o

tlo

el
21 AN 2ER 2, pH Aolsleh 3 4 9)
Bl PR viEk kS WHE R, 58
Fo|Z ALEET), pH 4.68Th e B9

& AU glek, Apshe S7hA0 e ekt
b 2.5l T A2k Felo] Fhssteh: 3

WA,

"

metallo-
porphyrins

e

pH ' 15

indicator D ® o|cm
dyes
® 00 0O >
solvatochromic P
dyes et et v

Fig. 4. Colorimetric array for detection of VOCs[26].



o] St} HEZ 7HA R $10 ofskE AHsitt AlAlEo® Yol =

] N o] AREnkS: S sk o) TRk S e 9
S A F Qs AET o E vdnk AAke] o 25 pH-Fix,
Pehanon, pH indicator paper 5-°] $1.9™, $A= Qantofix AIE0]
31t} Qantofixi= APY, NH;, As™, Ca?, CI, Co?*, Cu*', EDTA,

Fe', Nit* 5 Tt 534 9 7109848 A5
ﬁxﬂxﬂ

3 et & 5 gk,

F e A Rl 1

oft
i,
S
-
L)
°
30,
lo
=
=
T
K
rlr

7159 sl ) Fae) fof sl 72 14 o9
AL Y AR o A, ) Gl Agstel 37)
% sohol] 19) Wisks b £ick, w5 28 olufel Az}
2 et 712 $35 AR slo]s erks maA 714
4jo] bssteh g7o] itk 4] B4R €O, HCHO, SO,

H,S, CO, HCN & 433] thest 3 e fads w418 4 Stk
3l A5 Macherey-Nagel, RAE SystemsollX] =2 A|&kskar Q)
o AER91= 0.1~1,000 ppmv7HA] TheFske], 219 FHE 4]
Fof| o] 20} AL F2 0~40 °C JEZ Akl AR Ao]
7¥Fssheh= ol Sl

Hol# Feu} FEFHE AR AHE gRlsto] HejAo] 9l
A9k oZE B o= ofele g Qlnt. o] slidsl] flsto] FHol
L ARG s Frolg S AR 71717F Al A Qo
Drager SafetyA}2] A|3&©2 Chip Measurement System® = A&
A %UHE -T’— ek @A FlEds AT 7 e 7 A
U= FrelE 7k 38 A EAVNE Avlskar Qlvk Al
ofo] %XJEJ é’g 2 10714 =] 9lom, 5501 F7-2] e
AEZ SHo] 7}:5]ﬂ'. O EAL, obAlE, SE o}, HAl, CO,,
CO, oI, 94t MTBE & ‘3]’038} 7 ]&“Hﬂ 7WdE B4 7
FHEES} FARSHA

& 410 FFsspe. s A ‘?r‘“é A4 22 B

SHA W
thekgt Fej e ”‘"**]"17]' skl ,JX]“J', 7 o34l A
AX= BeeWell Companyoﬂ A ﬂlﬂﬂ Heavy Metal Screen®|2h=
] 2 dithizone® &= &
A& 71573 4 “%E Ak%om algni Cu2+ Zrﬁ+ Hg?", Pb*", Cd*,
Mg?, NiZ¥, Co** & A tio & st 2t} Dithizones
diphenylthiocarbazone© = 1925'd Helmut Fischerel] 2]l 7=}
o, 71 o]% tekel A7 10l 23l o] T AA Aok ®
AREEO] SIT}H27). BolAlE Bl B2 54 Tasd dist
A Azho] WEksHA Wate], 54 a4 A off-E ] 7
- 7Fssiths o] it #Ha AR T ppb7HA 7Fs skl
A T QIT}, Zn2 o] 79 A, Cutts A, Het e Al
o) WA} Jo| 2 Mol ugg}s} X%/H_,J\-]o] 7};5}1;} 7|2 S
A= & et ] & Ykl AAlA Kit
£ olE wheolokshls ©do] ‘ﬂﬁix]‘ﬂ, A AFS> FHa 570
o] TS AAE 7 vhs Aol vk B v A= Vitality
Plus Australia®X FEE]9] HIAE 7|EE A|Zslo] dmjistar 8l
ChFig. 5). Bri7F22 $32%, Ho|x Hej2] Bee Well AIE($12)E.
o} vldsolot, 2eu Flols Feje] MMM R s stel whE
AV 2ol 7t LA BRHEA] 3 o = o] AdEA o] Zhs sttt
£ 3ol St o] 3e] AlFES B ] ARARE tde® Al
eIt} & 7goll ] Wi HER A% Pp*, Zn?'Y 35, 718

t e A 397

—_—

No lonic

Metals
I
I
I I

-

Fig. 5. Tube-type colorimetic sensor for heavy metal ion (Vitality Plus
Australia Inc.)

o] wxef A A== Cd*, Ko} X|FE A 0] opdtollA M E =
Hg?" 5 M TollM A4H T 4= ol B48 uPdo = skt otk
oro 2 Jfakxlojof & g MAl = o)) AAIET fALSE HEl®
7gElojo} st Zloln], Fa<&tEnt ofu2}l VOC, POPs 5| tigh 71
2} QAEAT AX 7Vest M7} T ook B}, o=
HE| Q] 3 FEAE dhlshz AP} o) et 2 ““@
A Aoz frers JNJIARE AR ofy e} =3 kA Aol
T @A R o 21038 ALgTFset).

43, BAMMM| wRYEH
SRS e oty
A aFE A7o) Qlek. el 71 SN ulrlel
I} o oIch, 59] vlo] 954 4718 A= Shol}
o) Agtslel st Qov|Hu th Aerl 3
Sprleh= 497 F2 olek 5wl BAEE )
B0 2 ZASHaL, ThE §50] A1/} o ks Ho]

oA FEEE AEY & U BRI,

gol e
BrPsslet. S0 A ) o] soluit R
o1 Qlol Bt 1ol ofick. = clelelsief Aol 39

A7 e oIk, mheb Thest 2 BN
& Zloltt.

A MARE 71l BANANEY BE 7FsHS Shsiol @
ok % wees] 19802 104 B, 99 JEEAOI} Tk
QA Gl 3178 5 QS el g ol et s ws
SBAN FSES 754 Folstol Bk A ware v o)
7194529] 3% EDTAZ olg3fe] 7heizjal

_1> ok
PN
mm
_qo
2
L%
oX,
oX,
U E
L% 2L
19
oo =
o % ol i
RS o 38

o 3

e
52
AN o
o2

2
o, 0110

i

9

O{N
£

ol
B
=

sk, =2 A8 -
o ESIITHL7). &, 9 8= AHste] AslkE sk v
r, Jr 73St Aol FAIRl EDTAS -2-0k9] W& HEAA ¢
Sz AU EIE Eopl Bt of2fgt vpgo] 4 3~43] o) wt
AL SR QPgA 0 R verd 5 ok 9ol w8 87
AN 2 s TR sl ngq

FTEEe wAEhs AN FoleAlE A ojnh = 27b

%}ﬂ?a%:%ow] E S B
o S Wsio] %

%
_um_ﬁ
_p
i)
Hor
E
=
é,
L
o
E

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



A

398 2%

& (complex)S ©]F0] AWs}E §ukAl7] a1 7)ol ThA] CN-S
Bojatd 2t WolA sl Batar) ohd T9Ae w i
L ol RThs Ak RuETH2s). & FEES AAE Hs

GRS o)1, S0l AN The FHARS FES 5 YL

T

Y 7195 71sde Fofshs Aol el 71e2 A= 4
Wbz o2 AEdE FA A Ths st el il A

ANz e 2= otk
713 RESARE, 7 71s 3k EAINE o) HolA AlAlES)e)
7] Sl 55 @A 7 AR ofok Fiet. ofelolststo] th
G 2AE TS Ao Aol g ST 4 QI ks Ao
UH21). F7H 0% g Aok Aste] tidh Aes 55
A7z 71t SRt 2 ke wii spa) (A0 o] ]
At o= EE} ARABHE SRS b, S Aol iAo
2 W ws & b Bt S8 83 R AR 5 9
o olE $16P°% Z%% Azl F2 AREE S5 hedAF el
718k AEel ARSI A719RE A7 S5l A
FHstE g 9l 20 Vet ool thek A= 5t
# o7 g wfofof gt
52 B
T 7lERA F2 el el o]
1L ©ed] 7hsio] AlEskels el 11
© @&EA o] 7hsstal froit st
ARE A0 s stk %‘@01 Ach. Bk A S sk
Foll g 7]l e =AEE
Al = Sl LLPEW E?‘%"E Ax7)Ent grgivkd 53
T PEE 4 Slvk = TS AAIE HE, G, P
B wh Fusel thete] A 7Fs g BA7E el
EEPEP\ 59 Isidsteleld, v 71, ofdlolsh & 5 = &
Fersh 7] S A APgellM 9915 A E g 9le A
EE 71EH g

ﬁ';
i K
30
o
rE
rd
ko
o,
1z
ri’
X

off et i aly H
Se%
N
=
E

L)
m

rulo r

#Z A

o
rO
-
rlr
ot

AT A THNRF-2010-0007050)2] X102 o] Fo]

o)
o
i
ks

ks

I

1. Quang, D. T. and Kim, J. S., “Fluoro- and Chromogenic Chem-
dosimeters for Heavy Metal lon Detection in Solution and Bio-
specimens, Chem. Rev., 110, 6280-6302(2010).

2. Rock, F., Barsan, N. and Weimar, U., “Electronic Nose: Current
Status and Future Trends] Chem. Rev., 108, 705-725(2008).

3. Nath, N. and Chilkoti, A., “Label Free Colorimetric Biosensing
Using Nanparticles, Journal of Fluorescence, 14, 377-390(2004).

4. Drechsler, U., Erdogan, B. and Rotello, V. M., “Nanoparticles :
Scaffolds for Molecular Recognition) Chem. Eur. J., 10, 5570-
5580(2004).

5. Suslick, K. S., “An Optoelectronic Nose : “Seeing” Smells by Means
of Colorimetric Sensor Arrays, MRS Bull., 720-726(2004).

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011

orggt

6. Zhao, W., Brook, M. A. and Li, Y., “Design of Gold Nanoparti-
cle-based Colorimetric Biosensing Assays, Chem. Bio. Chem., 9,
2363-2371(2008).

.Kim, Y., Johnson, R. C. and Hupp, J. T., “Gold Nanoparticle-

Based Sensing of “Spectroscopically Silent” Heavy Metal lons}

Nano Lett., 1, 165-167(2001).

Alizadeh, A., Khodaei, M. M., Karami, C., Workentin, M. S.,

Shamsipur, M. and Sadeghi, M., “Rapid and Selective Lead (II)

Colorimetric Sensor Based on Azacrown Ether-functionalized Gold

Nanoparticles, Nanotechnology, 21, 315503-315512(2010).

9. Hung, Y. L., Hsiung, T. M., Chen, Y. Y., Huang, Y. F. and Huang,
C. C., “Colorimetric Detection of Heavy Metal lons Using Label-
Free Gold Nanoparticles and Alkanethiols, J. Phys. Chem, C, 114,
16329-16334(2010).

10. Lisowski, C. E. and Hutchison, J. E., “Malonamide-Functional-
ized Gold Nanoparticles for Selective, Colorimetric Sensing of
Trivalent Lanthanide lons) Anal. Chem., 81, 10246-10253(2009).

. Kalluri, J. R., Arbneshi, T., Afrin, K. S., Neely, A., Candice, P.,
Varisli, B., Washington, M., McAfee, S., Robinson, B., Baner-
jee, S., Singh, A. K., Senapati, D. and Ray P. C., “Use of Gold
Nanoparticle sin a Simple Colorimetric and Ultrasensitive Dynamic
Light Scattering Assay : Selective Detection of Arsenic in
Groundwater, Angew Chem, 48, 9668-9671(2009).

12. Yao, Y., Tian, D. and Li, H., “Cooperative Binding of Bifunc-
tionalized and Click-Synthesized Silver Nanoparticles for colori-
metric Co®* Sensing? ACS Appl. Mater. Interf., 2, 684-690(2010).

13. Palomares, E., Vilar, R. and Durrant, J. R., “Heterogeneous Col-
orimetric Sensor for Mercuric Salts]” Chem. Commun., 362-363
(2004).

14. Kada, S., Furui, A., Akiyama, Y., Nakahara, Y. and Kimura, K.,
“Application of Gold Nanoparticles to Spectrophotometric Sens-
ing of Hydrophillic Anions Based on Molecular Recognition by
Urea Derivative} Anaytical Sciences, 25, 261-266(2009).

15. Ai, K., Liu, Y. and Lu, L., “Hydrogen-Bonding Recognition-
Induced Color Change of Gold Nanoparticles for Visual Detection
of Melamine in Raw Milk and Infant Formula) J. Am. Chem. Soc.,
131, 9496-9497(2009).

16. Chen, X., Parker, S. G, Zou, G,, Su, W. and Zhang, Q., “B-Cyclo-
dextrin-Functionalized Silver Nanoparticles for the Naked eye
Detection of Aromatic Isomers, 4CS Nano, 4, 6387-6394(2010).

17. Huang, J., Xu, Y. and Qian, X., “A Rhodamine-Based Hg2+ Sen-
sor with High Selectivity and Sensitivity in Aqueous Solution: A
NS,-Containing Receptor)’ J. Org. Chem., 74, 2167-2170 (2009).

18. Shunmugam, R., Gabriel, G. J., Smith, C. E., Aamer, K. A. and
Tew, G. N., “A Highly Selective Colorimetric Aqueous Sensor
for Mercury, Chem. Eur. J., 14, 3904-3907(2008).

19. Huang, J., Xu, Y. and Qian, X., “A Red-shift Colorimetric and
Fluorescent Sensor for Cu®" in Aqueous Solution: Unsymmetri-
cal 4,5-diaminonaphthalimide with N-H Deprotonation Induced
by Metal lons} Org. Biomol. Chem., 7, 1299-1303(2009).

20. Guo, Z. Q., Chen, W. Q. and Duan, X. M., “Highly Selective Visual
Detection of Cu(Il) Utilizing Intramolecular Hydrogen Bond-
Stabilized Merocyanine in Aqueous Buffer Solution} Org. Lett.,
12, 2202-2205(2010).

21. Song, F., Garner, A. L. and Koide, K., “A Highly Sensitive Flu-
orescent Sensor for Palladium Based on the Allylic Oxidative
Insertion Mechanism J. Am. Chem. Soc., 129, 12354-12355(2007).

~

o

1

[—



22. Yagi, S., Nakamuraa, S., Watanabea, D. and Nakazumi, H., “Colo-
rimetric Sensing of Metal lons by Bis(spiropyran) Podands: Towards
Naked-eye Detection of Alkaline Earth Metal lons) Dyes and
Pigments, 80, 98-105(2009).

23. Gunnlaugsson, T. and Leonard, J. P., “Sythesis and Evaluation of
Colorimetric Chemosensors for Monitoring Sodium and Potas-
sium lons in the Intracellular Concentration Range J. Chem. Soc.,
Perkin trans. 2, 1980-1985(2002).

24. Jose, D. A., Mishra, S., Ghosh, A., Shrivastav, A., Mishra, S. K. and
Das, A., “Colorimetric Sensor for ATP in Aqueous Solution)
Org. Lett., 9, 1979-1982(2007).

25.Qu, Y., Hua, J. and Tian, H., “Colorimetric and Ratiometric Red
Fluorescent Chemosensor for Fluoride lon Based on Diketopyr-
rolopyrrole) Org Lett., 12, 3320-3323(2010).

t e A 399

26. Janzen, M. C., Ponder, J. B., Bailey, D. P., Ingison, C. K. and
Suslick, K. S., “Colorimetric Sensor Arrays for Volatile Organic
Compounds.’ Anal Chem., 78, 3591-3600(2006).

27.Fox, S. L., Daum, K. A., Miller, C. J. and Cortez, M. M., “Emer-
gency First Responders' Experence With Colorimetric Detection
Methods, Idaho National Laboratory, Oct. 2007.

28. Xu, Z., Pan, J., Spring, D. R., Cui, J. and Yoona, J., “Ratiomet-
ric Fluorescent and Colorimetric Sensors for Cu>* Based on 4,5-
Disubstituted-1,8-Naphtalimide and Sensing Cyanide Via Cu®*
Displacement Approach} Tetrahedron, 66, 1678-1683(2010).

29. Yoon, J., Jung, Y. S. and Kim, J. M., “A Combinatorial Approach
for Colorimetric Differentiation of Organic Solvents Based on
Conjugated Polymer-Embedded Electrospun Fibers), Adv. Funct.
Mater., 19, 209-214(2009).

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



