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Highly sensitive determination of copper ion with newly synthesized water - soluble
fluorescent reagents having a 1,8-diaminonaphthalene-3,6-disulfonic acid skeleton
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Water-soluble fluorescent reagents, 1,8-di-(toluene-4-sulfonylamino)-naphthalene-3,6-disulfon-
ic acid (BTND) and 1,8-di-(trifluoromethanesulfonylamino)-naphthalene-3,6-disulfonic acid
(BTFND), were newly synthesized. = The reactivities of these fluorescent reagents to Cu®*, Ni?",
Co®*, Cd**, Pb**, V¥, Ag*, Fe**, and Mg?* were examined. BTFND was reacted with 8 metal
ions, except for Pb**, to show fluorescence quenching. BTND was selective to Cu?*, and the
fluorescence was quenched quantitatively at pH 7 in an aqueous solution (A = 360 nm and
Aem =405 nm). The calibration graph for Cu®* with BTND was rectilinear over the concentra-
tion range from 0 to 107° M and the detection limit was 2.0 X 107’ M. BTND has many advan-
tages, such as selectivity for Cu®**, high sensitivity, and a simple procedure.

Keywords : determination of copper ion ; 1,8-di-(toluene-4-sulfonylamino)-naphthalene-3,6-disul-

fonic acid; 1,8-di-(triﬂuoromethane—4—sulfony1amino)-naphthalene-B,6—disulfonic

acid ; fluorescence detection.
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Fig. 1 The structures of the reagents examined
1: DANDS; 2: BTFND; 3: BTND

NMR OB EIIFERRAR L LT2,2T XA F N2 TRV
¥ v5-RANk UEEE#MAZ 7. BIND & BTFND ® 'H
NMR ¥ — # % FIZ/R$. BTND: 'H NMR (500 MHz,
DMSO-ds) : §2.27 (s, 6H), 7.02 (d, J=8.0 Hz, 2H),
7.10 (d, J=8.0Hz, 4H), 7.46 (d, J = 8.0 Hz, 4H),
7.72 (d, J=8.0Hz, 2H). BTFND: 'H NMR (500 MHz,
D:O) : 68.44 (s, 4H). BTFND IZDWT ¥ 7 F WhHi—>D
LB onhhonld, 775V VyR2OTT b ¥
DY TFIVIBBEBE~NT T ML, 4D DEELR -7
HEEZOLNS, TLERLAIALOREICOWVTREIA
#HELAZEZ S, BIND i 300C LLETH o 7. BTFND
WCOWTIRERENED L -DOMETE b o7, T3
HOREOHER T Fig. 1 1IR7.
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Fig. 2 Relationship between absorbance and pH to
the synthesized reagents

CJBTFND: 2.0 X 10™* M; Amu = 360 nm;

@ BTND: 2.0 X 10" * M; Amax = 350 nm;;

< DANDS: 2.0 X 10"° M; Amax = 360 nm; p = 0.1 M

Table 1 Acid dissociation constants, absorption max-
ima and fluorescence wavelengths of the
synthesized reagents
A/nm pKa pKa; Aex/NM Aem/nm

DANDS 360 2.88 — 360 432

BTFND 360 3.50 7.02 400 458

BTND 350 4.77 7.62 365 436

L=01M

DANDS # 1.0 X 107°M & 2 % X H IZAKIZIED L THER
EL7:. EHOBR10BICHFR LAV, #heho
AEBWICE/ 70 OFER, B VOB TUESTR
WHEZMRCTpHO5~14 IZHELA. &b, pHOS &
14 DEWITERE KBILF P9 A2 BOTHEL, 4
FVEE (W BHEF MY I LAZAVWTOIMICHEL
7z. BTND i& 350 nm, BTFND & Uf DANDS i1 360 nm
WAEZME L. B oHN7z pH L BREEDOMR % Fig.
2R Y. T, ThPLHEHMLABEAED pka # Table
1ITRT.

EREL D pKay, pKa 37 I /2 EOT7 T b Y OBREELC
HYTHLEEZONS. %38, DANDS 22V T, #HIE
L7 pH BEATIRBARLBREEOEMXR SN, pka
BEohLdhor.

32 ¥L—MERICRIZFT pH OEE
BEBRAEIEXEZRT IO TCRBA A v OBREER
DIEDIFAT LI L EL, BREEEFICHLEEREER
W7z, &ER% Table 1277,

FH, KB, &, K : BIFND BB ROFRAKSHLAAREDOSR LR 4 » OBREZ RO 787

Fluorescence intensity

300 400 500 600
Wavelength / nm
" Fig. 3 Excitation and emission spectra of BTND and
it’s Cu(II)-complex

Shorter wavelengths than 370 nm are for the excita-
tion and longer wavelengths are for the emission spec-
tra.

1: BTND-Cu(Il), Aex = 360 nm, Aem = 405 nm ;

2: BTND, Aex = 360 nm, Aem = 432 nm

TTEEA AV EDRIED pH ODEGEILZITo 7. &3
EIZOWTENREND pKa, UL ED pH 2B T Cu®”,
Ni**, Co®*, cd*’, Pb**, V¥, Ag", Fe*', Mg** ™ 9%
DERBEBBAMBFOBCHEZWE - LKL, B2 pH
DEEZITo72. ZOHR, WTFhOREICHVTD pH
670" YEREREWE A V- L &, RELHRMBEICHN LR
BREVERBEENBRONDOT, F%KSEORE
X pH6.7 TITo7:. F/2, WThOERA 4 & bk
ERICHECHELEEZRT I LA 2 o7, BIND IZ2W
T, REBL Q" $EHEDOARS ML E Fig. 3I1TRT.

33 AREELEEAA LORGH
BREABI20x10°M 25ml 2 0.16 M DY v EiE
B (pH6.7) 25ml 2%, RELFABEDIEOELR
AFEBRZ 25 m MMz, ZBEKT25mlicLTHRER
REEEHMELHE L. &ER% Table 2 1RT.
DANDS R U°BTND Tix, Bt LA-&BA 4 > Db TH
(D A+ Y EDHZBRHIIRIETHIEEDD o7z £
7z, BTFND TiZ$ALUND SEOLRA + > L Kt L 7.
CHROEDERIY, WTFhORELHUD 41+ & kL
RELTBY), RILALBBEEBA A VHECIIREIR
Irving-Williams RFNCHES> TV B T &2, |1 £k
PROIRELZFL—ME2ERTHIDOLEEBDNS. F7-,
BTND ZFICH (D) IR THAEI LA Fr o7 L
BOERICETIRITIE, BEWTERETH- /-8
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Table 2 Differences in fluorescence intensities (AFI) between various metal complexes and the synthesized reagents

DANDS BTFND BTND
Aem/nM . AFT Aem/nM AFI Aem/nmM AFI
Blank 436 0 458 0 432 0
Cu®* 436 1.70 " 458 2.81 405 1.92
NiZ* 436 0.16 458" 3.01 432 0.05
Co** 436 0.17 458 1.73 432 0.06
ca®* 436 0.17 458 1.12 432 -0.04
Pb** 436 0.19 458 — 432 0.19
V(W) 436 0.17 458 1.32 432 0
Ag' 436 0.38 458 1.90 432 0.14
Fe** 436 0.16 458 1.76 432 0.07
Mg 436 0.39 458 1.92 432 0.06

Metal ions: 2.0 X 10™* M; pH = 6.7; DANDS: 2.0 X 10™*M; Ae: 365 nm; BIFND: 2.0 X 107" M; Ae: 400 nm; BTND: 2.0 X 107
M; Aex: 360 nm

' Table 3 Tolerance limits of the foreign ions in the
determination of Cu" with BTND
+ Ion

Mg, Zn**,Ccd*", V'

Tolerable conc.*/10”" M

5000

Absorbance

S+
Fe
+

24
Co
9+
Ni

500
300
100

50

0 :n’ 1 1 1
0 1 2 3 4 5

[Cu*VIL]

Fig. 4 Molar ratio method of Cu®”
absorbance measurement

BTND: 2.0 X 10" *M; A =340 nm; pH = 6.7

to BTND by

) 4 FvizonTiFH ke L.

3-4 () SEADOMHERE

AN 44 L ZHREL OEAOMRL 2 BILERIE
rhEMRECTRELE. REBEY—ELL, 80D
£ VBROBEXZ{b S84, BIND i 340 nm, BTFND
B U DANDS & 350 nm THREE % #lE L7, BTND (22
WTELNAER% Fig. 410737, @E2r0ZOo0HAED
HAD A4 ER1: 1 TRIELTWA I EAFHh o,
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0.50x+ 0.14, y=2.29x— 0.012 R T y=1.23x+ 0.20, #
BE{% %% 0.994, 0.998 F U 0.998 D BIF L EAMRBEEH,E S

* Tolerable concentration : the errors are within *5%.
Cu®’: 5.0 X 107" M; BIND: 1.0 X 10> M; metal ions: 5.0 %
1077~5.0%10"*M; pH=6.7

7-. DANDS & BTFND Z BV /-3 0MAD A+ D
BB TRIZVWINRD 20%x10°°M, BIND I22oWTit, &
DEBETHD 20X1070'M Thotz.

36 HEAFOEE

AN A A T L TR BRI OBRB IS
%R L7 BIND # VT, 50X 107 MOFEAD 4 4~
DEETTHEA F Y OEBEBIIOVWTHREF Lz, REHISIE
Ni?*, Co?*, cd®*, zn**, V', Ag", Fe’", Mg*’® 8%
HOLBERAW. ¥E% Table 3I1Z7R7. FERAR
ERIZBVWT+5% DBREZ5Z2XEAF VORETR
L7:. #BOKEZVWERBIE NS R C T, FERRIE
FRENB50X10°M, 1.0X10°M THo 7.

EHRTERA + VEBNOBADIZOIER L8k
RKREBTIND 1F, (1) BRE - HEERN 2SO ERATEE
THHT L, (2 KEBR—HRTOERFTRTHSZ
L, 8) BENHETHAILEEDOFEERED, FIAL
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ARBEUHERAREL LTIV FOF Y F 79 L U36TVANAVE (ZuEtu—78) 2EML:
18V T73I/F 79V r36VANK VBEREFO18V(MIZVAANK=ZNTI))F 75136
VANEYEE (BIND) RU LS8V AM)INFO A Y ANKZNTI))FTIV V36V ANKVER
(BTFND) #&H L, €BA 4+ v L ORISHZ R L7z, BTFND BRH L7-8HEOLBA A Y L RS L
HEAERLZ. £ BIND B AD A4 ¥ L BREICKIST 5 2 L A53H - 72, BIND 2KE#+H pH
7TTHAD A FVEERMICKIGL, HHEERLALZDOT, REBEZERL-EZA, HEBEO~10°M
DHWHTEMBBRE R L7 (A =360 nm, Aen =405 nm). FHEDQHFJD) [ 4+ Y OBRHTRIZ 2.0x 1077
M Tdho7:. BIND BAKBEPTRIEL, EEBESHET, SAD 44 VT 2ERE - B8N

HAERETHL L5 h o7
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