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Experi nental protocols

Al tinme-resolved fluorescence spectra and lifetines
were recorded on a Perkin Elnmer LS-50B (Beaconsfield,
Bucki nghanshire, Engl and). UV-vi si bl e spectra were obtained

on a Shi madzu UV- 1600.

Synt hesi s of | um nescent | anthani de conpl exes

[ TbLi], [EuL:: [Ln'""'Ly] conplexes were prepared by
m xi ng an equi nolar quantity of LnCl 3 solution with [igand L;
(120 ng, 0.14 mol) in Tris buffer (1 M 5 m) at pH 8.0.[S
The m xture was stirred at roomtenperature overnight. These
products were purified by reversed-phase HPLC on a Cig col um

using methanol-HO (3 : 2) as the eluent. [Tb'''L,4] - 5H,0
(yield 329%9. MS (FAB" in mnitrobenzyl alcohol as a matrix):
mz 998 [M + H]. IR (KBr): v [cm?] = 3397 (H0O, 3235,

3079, 2944, 1624, 1435, 1400, 1327, 1155, 1098, 1001, 930,
770. Anal. Calcd. for CypHsaNiiQsTh-5H,0 C 46.37, H 5.74, N
14.16; found: C 46.53, H5.72, N 14.08. [Eu''"Li]-5H0 (yield
499 . MS (FAB" in mnitrobenzyl alcohol as a matrix): nmz
992 [M + H. IR (KBr): v [cn] = 3403 (H0, 3245, 3084,
2934, 1624, 1435, 1399, 1327, 1155, 1098, 997, 928, 770.
Anal . Calcd. for CsuHsoNiiQsEu-5H,0 C 46.67, H 5.78, N 14.25;
found: C 46.67, H 5.75, N 14.08.

(S1) K. Hanaoka, K. Kikuchi, Y. Urano, T. Nagano, J. Chem
Soc., Perkin Trans. 2 2001, 1840-1843.
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Preparation of zZn'' solution

W prepared 100 mM HEPES (2-[4-(2-hydroxyethyl)-1-
pi per azi nyl ] et hanesul fonic acid) buffer (pH 7.4, | = 0.1
(NaNG;)) including 10 nmM NTA (nitrilotriacetic acid) and 0-9
mV ZnSQ,. The stability constant for the zn'' conplex of NTA
was taken fromref. S2.

Thus, for NTA (20°c, 0.1 M KNG;),
PKar = 9.73, pKax = 2.49, pKas = 1.89, logK(ZnL) = 10.66
Protonation constants nust be corrected upward by 0.11 when
working at 0.1 M ionic strength®, Usi ng these values, free
Zn'' concentration was calculated using the method described
inref. S4. Thus,
[Zn''] =[Zn"]totar /| * MLltree (1)

= K(znL)/( m 1)
L= 1+10(pKa1—pH) +10(pKa1+pKa2—2pH) +10(pKa1+pKa2+pKa3%pH)

[l—]free ~ [Lltotal _[anl]total
[L] tota Was set at 10 mM and [Zn''](ota Was varied from 0-9
mM

The val ue of [zZn''] obtained from equation (1):

[Zn"']tota (MM 0.16 0.40 0.95 2.1 4.0 6.2 8.1 8.7

[Zn'"] (nM 0.10 0.25 0.63 1.6 4.0 10 25 40

(S2) A E Mrtell, R M Smth, NST Critical Stability
Constants of Metal Conpl exes. NI ST Standard Reference
Dat abase 46, Version 5.0, 1998.

(S3) C. J. Fahrni, T. V. OHalloran, J. Am Chem Soc. 1999
121, 11448-11458.

($4) D. D. Perrin, B. Denpsy, Buffers for pH and Metal Ion
Control, John WIley & Sons: Chapman and Hall, New York,
London, 1974.
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Det ermi nati on of apparent dissociation constant with zn''

Stock solutions of [TbLi] (10 MM in 100 nM HEPES buffer
(pH 7.4, 1 = 0.1 (NaNG)) were diluted to a final
concentration of 100 uMwith 100 mM HEPES buffer (pH 7.4, | =
0.1 (KNG)) including 10 mM NTA and 0-9 nM ZnSQ,. The
| um nescence intensity (excitation: 260 nm em ssion: 545 nm
of each solution was neasured, and was fitted to the
foll om ng equati on:

(F—Fo)/ (Frax—Fo) = [2Zn"']/ (Ka*+[Zn''])

where Fo is the lum nescence intensity with no addition of
Zn'', Fuax is the maxi mum | um nescence intensity and [Zn''] is
the free zn'"' concentration calculated fromequation (1). The
val ue of apparent dissociation constant with zZn'' were 2.57
nM This was determned fromthe fittings showed in Figure
S3.

Determ nation of the detection limt (DL)

At the excitation wavel ength of 260 nmwi th the em ssion
wavel ength of 545 nm the |um nescence increnent of [TbL,]
(100 pM in 100 mM HEPES buffer at pH 7.4 shows a |inear
relationship with the concentration of zn'' in the range from
0to 1.0 x 107™* M (r?=0.996).

In signals affected by Gaussian noise the usual
criterion for critical threshold is that the signal be equal
to or greater than three tines the standard deviation (o) of
the noise level.!® This criterion results in the follow ng
condi tion:

1 > 30/N (3)

where N is the nagnitude of the signal in the region of
i nterest of the spectrum

In our experinent, the magnitude N of the |um nescence
intensity is proportional to the concentration Cz; of 2zn'',
therefore, the detection |imt can be expressed as a function
of concentration GCz:

DL > Cz(30)/ (Nzo—No) (4)

where C» (M is the concentration of 2zn'' added to the
solution, Nz is the lum nescence intensity with addition of
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Czn molar of zn'', Ny is the luninescence intensity with no
addi tion of zn''. [S9

The value of the detection linmit was 4.8 x 10° M (30).
This was determ ned from above equati on.

(S5) a) L. Bennun, E. D. Geaves, J. J. Blostein, X-Ray
Spectrom 2002, 31, 289-295; b) S. C Liang, H Wang, Z M
Zhang, X. Zhang, H. S. Zhang, Spectrochim Acta, Part A 2002,
58, 2605-2611; c) X. F. Yang, X. Q Guo, Y. B. Zhao, Talanta
2002, 57, 883-890.
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Scheme S1. Synthetic scheme of luminescent lanthanide complexes [TbL,] and [EuL].>*
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Fi gure S1. Em ssion spectra in DO solution (100 nM HEPES
buffer; pD 7.4) of [TbLi] (100 pM in the presence of various
concentrations of zn'': 0, 0.33, 0.67 and 1.0 equiv. zZn'' to
[ TbLs]. (excitation at 260 nm 22 °C). I=Intensity

(arbitrary units).
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Figure S2. Decay of |um nescence enission (at 545 nn) on
[ TbLiy] (100 pM following the addition of 1.0 equiv. ZzZn''.
The data were collected in HO (100 mM HEPES buffer; pH 7.4)
with 10 ps resolution (excitation at 260 nm 22 °C), and
fitted to a single exponential curve, which showed no
residual structure, wth r2=0.982. Each point is the nean
val ue of five neasurenents. The lifetinmes of [TbL,;] are 1.45

ms. I=Intensity (arbitrary units).
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Fi gure S3. Apparent dissociation constant neasurenent of
[TbLy] with Zn''. The |um nescence intensity (excitation: 260
nm emssion: 545 nm of each solution was neasured. The
fitted <curve corresponds to the apparent dissociation
constant = 2.57 nM [Zn''] was controlled with the zn''/NTA

system The buffers contained 100 MM HEPES, | = 0.1 (NaNG),
pH 7.4, 10 MM NTA. | = Intensity (arbitrary units).
100 A
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Figure S4. Effect of pH on the |um nescence intensity at 545
nm of [ TbL4]. [ TbLy] (2100 pM was dissolved in distilled
water and titrated with NaOH or HC sol ution. | = Intensity
(arbitrary units).
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Figure S5. Job plot of [[TbL:-Zn'"" conplex] versus the nole
fraction [TbLy/([TbLy] + [Zn'']) at constant [TbLi;] + [Zn'']
(20 uM. The |um nescence intensity (excitation: 260 nm
em ssion: 545 nm of each solution was neasured. [ TbLi] and
zn'' were dissolved in 100 nM HEPES buffer at pH 7.4. | =
Intensity (arbitrary units).
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Figure S6. The |um nescence intensity of [TbL;] (100 pM at
545 nm upon addition of various heavy netals (Fe'', Fe''l|
a'', N', co', wm') and anions (O, carbonate and
phosphate) (excitation at 260 nm in 100 mM HEPES buffer (pH
7.4) at 22 °cC. Heavy metal ions (1 equiv. to [TbLi]) were
added as 2ZnSQ,, FeSQ,, Fey(SO;) 3, CuSQ,, Ni SO, CoSO;,, MSQO..
Anions (C— (100mM), carbonate (10 mM), phosphate (10 nm\M))
were added as NaC, NaHCO; and NaH,PO,. After addition of
anions, the pH was adjusted to 7.4. I=Intensity (arbitrary

units).
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