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The  sensor  molecule,  F-oBOH,  containing  boronic  acid-linked  hydrazide  and  fluorescein  moieties  was
synthesized.  For  anion  sensing  applications,  F-oBOH  was  studied  in aqueous  media.  Unfortunately,  F-
oBOH  was  found  to be  hydrolyzed  in water.  Therefore,  a new  strategy  was  developed  to  prevent  the
hydrolysis  of  F-oBOH  by  applying  self-assembly  coordination  nanoparticles  network  (F-oBOH-AMP/Gd3+

CNPs).  Interestingly,  the  nanaoparticles  network  displayed  the  enhancement  of fluorescent  signal  after
adding  Cu2+ following  by CN−.  The  network,  therefore,  possessed  a  high  selectivity  for  detection  of  CN−

2+ 2+

oronic acid
luorecein
elf-assembly coordination
anoparticle
yanide  sensing

compared  to  other  competitive  anions  in  the  presence  of  Cu .  Cyanide  ion  could  promote  the  Cu
binding  to  F-oBOH  incorporated  in  AMP/Gd3+ CNPs  to  give  the  opened-ring  form  of spirolactam  resulting
in  the  fourfold  of  fluorescence  enhancement  compared  to  Cu2+ complexation  without  CN−. Additionally,
the  log  K value  of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ toward  CN− was 3.97 and  the  detection  limits obtained
from  naked-eye  and  spectrofluorometry  detections  were  20 �M  and  4.03  �M, respectively.  The  proposed

d  to 

−
method  was  demonstrate

. Introduction

Cyanide ion is severely poisonous to living creatures, cellu-
ar respiratory system [1]. Nevertheless, the wide applications of
yanide salts have remained prevalent, such as industrial uses [2,3].
onsequently, unintentionally releasing of cyanide into environ-
ent should be extremely aware of. The toxicity and beneficial

arts of cyanide anion inspired researchers to develop sensors for
etection of cyanide anion. The low concentration cyanide detec-
ion in water can be explored by various instrumental methods
uch as ion selective potentiometry [4], voltammetry [5], indirect
tomic absorption spectrometry [6], spectrofluorimetry in flow sys-
ems [7,8]. Recently, many researchers have an effort to design
arious chemosensors for CN−-specific detection. Considerably, the
se of this method is beneficial application in terms of inexpen-
ive cost, rapid implementation and providing the low detection
imit. For instances, numerous chemosensors in this approach are

ased on boronic acid derivatives [9–11], Ru(II) containing pyrrolyl
uinoxaline [12,13], displacement approach of Cu complex and CN−

14,15] and amongst other derivatives [16–21].

∗ Corresponding author. Tel.: +66 2218 7642; fax: +66 2254 1309.
E-mail  address: tboosayarat@gmail.com (B. Tomapatanaget).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.12.024
detect  CN in  drinking  water  with  high  accuracy.
© 2011 Elsevier B.V. All rights reserved.

Nowadays, a number of fluorescein or rhodamine spirolac-
tam derivatives are playing an increasingly important role in the
fields of sensing by giving optical changes [22–27]. As widely
known in the characteristic of these compounds, the ring-closing
form of spirolactam offers nonfluorescent and colorless proper-
ties, whereas the ring-opening form enhances a strong fluorescence
emission [28–31]. This becomes particularly important when
working with a transition metal sensing. The ring-opening form
of spirolactam is generated and offers strong fluorescence and
color changes. Recently, changing from a spirolactam ring to a
ring-opening form can be utilized for the detection of metal ions
including Hg2+ [32], Pb2+ [33], Fe3+ [34], and Cu2+ [35,36] monitor-
ing the fluorescence enhancement.

Recently,  boronic acid moieties have been demonstrated to
have high affinities for anions and diol compounds. Yoon and
coworkers [37] have developed the fluorescent chemosensors con-
taining boronic acid-linked hydrazide based rhodamine used as
Cu2+ sensor with respective ring-opening form. Similarly, Franz
and coworkers [38] reported the boronic acid-linked hydrazide
based fluorescein for detection of Cu2+. Since boronic acid-linked

hydrazide group was  easily hydrolyzed by Cu2+ and water. Boronic
acid, therefore, was oxidized by H2O2 before the resultant fluo-
rescein hydrizido 2-imidophenol was  utilized to detect copper ion
with the fluorescence enhancement in organic solvents. To the best
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f our knowledge, the boronic acid moiety in the mentioned sensors
as not used to detect other substrates.

Herein, we have developed the systematic methodology to pro-
ect the hydrolysis of boronic acid-linked hydrazide group based
uorescein sensors, F-oBOH, by applying self-adaptive coordina-
ion nanoparticles of nucleotides and lanthanide metal ions. The
oronic acid-linked hydrazide based fluorescein sensors, F-oBOH,
as used as turn-on fluorescence sensor for the selective detec-

ion of CN− in the presence of Cu2+ in water. Moreover, we have
emonstrated that our proposed method can be used to detect CN−

n drinking water with high accuracy.

. Experimental

.1. Instrumentations and materials

Nuclear magnetic resonance (NMR) spectra were recorded
n a Varian 400 and Bruker DRX 400 MHz  nuclear resonance
pectrometers. All of samples were dissolved in deuterated
MSO. The chemical shifts were recorded in part per million

ppm) using a residue proton solvents as internal interference.
igh resolution mass spectra were determined on Bruker Dal-

onics DataAnalysis 3.3 with an electrospray ion source using
ethanol as a solvent. Absorption spectra were measured by

 Varian Cary 50 UV–vis spectrophotometer. Fluorescence spec-
ra were performed on a Varian Eclipse spectrofluorometer
y  personal computer data processing unit. Scanning electron
icroscopy (SEM) and energy dispersive X-ray (EDS) analysis
ere performed on a JEOL JSM-6510A with a high resolution

f 3.0 nm at 30 kV. Samples were grounded using aluminum
tub. Transmission electron microscopy (TEM) was performed
n a JEOL JEM 2010 with the field emission gun operated at
00 kV.

.2.  Synthesis

.2.1. Preparation of fluorescein link boronic acid sensor
F-oBOH)

Initially, to prepare the spiro form fluorescein hydrazide by
reatment of fluorescein with hydrazine hydrate (yield 60%) [38].
n a 100 mL  two-necked round bottom flask equipped with a

agnetic bar and a reflux condenser, a solution of fluorescein
ydrazide (0.173 g, 0.5 mmol) was stirred for 5 min  in ethanol
20 mL). Formylphenylboronic acid (0.075 g, 0.5 mmol) in ethanol
30 mL)  was added dropwise into the mixture and followed by
dding approximately 6 drops of sulfuric acid. The reaction was
efluxed overnight under nitrogen atmosphere. Upon comple-
ion of the reaction, the solvent was removed under vacuum
o obtain a crude product. The crude product was dissolved in
thyl acetate and extracted with water. The organic layer was
ried over anhydrous sodium sulfate and evaporated to dry-
ess under reduced pressure to give a white powder which was
hen recrystallized in hexane/ethyl acetate affording F-oBOH as

 white solid in 85% yield. 1H NMR  (400 MHz, DMSO-d6): ı (in
pm) = 9.854 (s, ArOH, 2H), 9.584 (s, N CH, 1H), 8.170 (s,
BOH, 2H), 7.891 (J = 7.2 Hz, d, ArH, 1H), 7.609 (J = 8.0 Hz, dd,
ArH, 2H), 7.755 (m,  ArH, 1H), 7.492 (m,  ArH, 1H), 7.292

J = 3.2 Hz, dd, ArH, 2H), 7.117 (J = 7.2 Hz, d, ArH, 1H), 6.644
s, ArH, 2H), 6.463 (m,  ArH, 4H). 13C NMR (100 MHz, DMSO-
6): ı (in ppm) = 163.58, 158.53, 152.41, 150.32, 149.26, 134.47,

33.94, 132.58, 129.08, 128.78, 128.35, 127.88, 126.71, 123.15,
22.31, 111.98, 110.20, 109.96, 102.43, 102.35, 65.37; ESI-HRMS:
/z Anal. Calcd. for [M+CH3OH+H3O]+ = 529.1777, found 529.1542.
nal. Calcd. for C27H19BN2O6·1.25H2O: C, 64.76; H, 4.33; N, 5.59.
ound: C, 64.88; H, 4.04; N, 5.87.
89 (2012) 264– 269 265

2.2.2.  Preparation of F-oBOH doped nucleotide/lanthanide CNPs
(F-oBOH-AMP/Gd3+ CNPs)

Coordination nanoparticles were prepared by mixing aqueous
mixture of AMP  (10 mM,  1.0 mL)  and F-oBOH (0.2 mM,  0.5 mL)
and followed by adding the ethanol solution of Gd(NO3)3 (10 mM,
0.5 mL)  into this mixture at room temperature. Finally, the vol-
ume of solution was adjusted to be 10 mL  by 0.1 M HEPES buffer
pH 7.4. Immediately, the colorless precipitate nanoparticles were
observed. After stirring the mixture for 1 h, the resultant aque-
ous suspensions were washed with MilliQ water several times
and gathered by ultracentrifugation. Accordingly, the coordination
nanoparticles were dispersed in water by sonication. The prepared
nanoparticles were examined by SEM, EDS and TEM measurements.

2.3. Complexation studies

2.3.1.  Complexation studies of F-oBOH-AMP/Gd3+

CNPs⊂copper(II) with cyanide anion by fluorescence
spectrophotometry

All fluorescent experiments were measured in aqueous solution
which was prepared by 0.1 M solution of HEPES buffer (pH 7.4) in
MilliQ water with sodium chloride as supporting electrolyte. Ini-
tially, a 47 �L of 2.15 × 10−3 M copper(II) nitrate was  added directly
to 2.00 mL  of 1 × 10−5 M F-oBOH-AMP/Gd3+ CNPs in a 1-cm quartz
cuvette by micropipette and stirred for a minute. A stock solution
of sodium cyanide (2 × 10−3 M)  was  prepared in HEPES buffer (pH
7.4) and then was  added in portion via micropipette (10–80 �L) to
a mixture solution of F-oBOH-AMP/Gd3+ CNPs and copper cation.
After each addition, the mixture was stirred and the fluorescence
spectra were recorded.

2.3.2.  Determination of detection limit of F-oBOH-AMP/Gd3+

CNPs⊂copper(II) with cyanide anion
Typically, 0.1 M solution of HEPES buffer (pH 7.4) was  prepared

in MilliQ water with sodium chloride as supporting electrolyte.
Stock solution of 1 × 10−5 M of F-oBOH-AMP/Gd3+ CNPs was  pre-
pared in volumetric flask (25 mL). A solution of 2.15 × 10−3 M
copper(II) nitrate was  prepared in MilliQ water in a 10 mL  volu-
metric flask. Fluorescence spectra of F-oBOH-AMP/Gd3+ CNPs with
copper (final concentration at 5 × 10−5 M)  complexes were moni-
tored for 10 times and all data were used to calculate the detection
limit. For naked-eyed detection limit, in each portion, the solution
of copper cation (47 �L) was added directly to 2.00 mL of 1 × 10−5 M
F-oBOH-AMP/Gd3+ CNPs in each vial by micropipette and stirred
for a minute. The stock solution of cyanide anions (2 × 10−3 M) was
added in portion (20–400 �L) to each vial of the mixture solution
of F-oBOH-AMP/Gd3+ CNPs and copper cation.

2.3.3. Interference studies by fluorescence spectrophotometry
Typically, 0.1 M HEPES pH 7.4 was prepared in all interference

studies. In the cuvette, the solution of 1 × 10−5 M F-oBOH-
AMP/Gd3+ CNPs (2 mL)  and 1 × 10−5 M Cu2+ and 1 × 10−4 M CN−

was  added by the miscellaneous anions including F−, Cl−, Br−, I−,
OH−, NO3

−, ClO4
−, BzO−, H2PO4

− and SCN− (the amount of foreign
anion according to in Table 1). The emission spectra were recorded
after stirring for 5 min.

3. Results and discussion

3.1.  Synthesis and characterization of sensory molecules

We  have synthesized the sensor, F-oBOH, by attaching boronic

acid and hydrazide linker to fluorescein for detection of cyanide in
the presence of Cu2+. The synthetic procedure of F-oBOH is illus-
trated in Scheme 1. Fluorescein hydrazide was  prepared by the
addition of hydrazine into the carboxylic moiety of fluorescein
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Table 1
Effect  of interference anions on the determination of CN− (CCN

− = 24.5 ppm).

Foreign
anion

Equivalent %Relative
error

Interference
(M)

Tolerance
limit
(ppm)

Cl− 1000 0.620 0.5000 29,220
Br− 1000 1.248 0.5000 51,450
NO3 1000 1.300 0.5000 42,505
ClO4 1000 3.610 0.5000 70,230
I− 100 7.160 0.0500 7495
SCN− 100 8.740 0.0500 4859
BzO− 100 4.125 0.0500 7206
OH− 10 6.743 0.0050 200
F− 5 9.514 0.0025 145
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Fig. 1. The emission intensity at 518 nm of (a) F-oBOH and (b) F-oBOH-AMP/Gd3+
H2PO4 n.d.a n.d.a n.d.a n.d.a

a Not determine.

13]. The desired product was accomplished by coupling fluores-
ein hydrazide with 2-formylphenylboronic acid in the presence of
ulfuric acid (catalyst) followed by refluxing in ethanol under nitro-
en atmosphere to afford the imine group linked to the boronic
cid unit. F-oBOH was obtained as a white solid in 85% yield.
he 1H NMR  spectrum of the F-oBOH showed a singlet signal of
mine proton (N CH) at 9.584 ppm and the boronic acid protons
B(OH)2) at 8.170 ppm. The 13C NMR  spectra of F-oBOH showed a
haracteristic peak of spirolactam carbon at 65.447 ppm. In addi-
ion, the electrospray high resolution mass spectrum supported
he structure of F-oBOH showing the intense peak at m/z 529.1542
[M+H+]+CH3OH+H2O).

.1.1. Study on the stability of F-oBOH in aqueous solution
According to Franz’s report [38], the fluorescein connecting to

oronate ester cannot bind any metals strongly due to hydrolysis
n aqueous solution. The hydrolysis of F-oBOH in the presence of
u2+ in aqueous media at pH 7.0 was investigated by using fluores-
ence spectrophotometry. From Fig. 1a, the fluorescence intensity
t 518 nm assigned to the opened-ring form of spirolactam based F-
BOH was dramatically increased upon the increment of time from

 to 180 min. The 1H NMR  spectrum of F-oBOH in Fig. S2 showed the
ydrolysis behavior in a similar fashion to that reported by Ma  and
oworkers [39]. The hydrazide part of F-oBOH was cleft to provide
uorescein and formylphenylboronic acid by Cu2+ in aqueous. This
bservation is indicative of the unstable F-oBOH in the presence of
u2+ in aqueous solution.

.1.2. Use of coordination nanoparticles to solve the problem
To  overcome this limitation of the sensor in aqueous solution,
e employed a new strategy for a fluorescence turn-on sensor sys-
em of F-oBOH using an adaptive self-assembly of subunits which
ould spontaneously form by flexibility following the shape of
uest molecule in water. Kimizuka and coworkers [40–42] reported

Scheme 1. Synthesis pa
CNPs in the presence of copper(II) ion (5 �M)  upon various time in the buffered
solution  pH 7.4 (5% EtOH:water) (�ex = 498 nm).

that the coordination nanoparticles (CNPs) were naturally formed
in water by the aids of several nucleotides, lanthanide ions, and
dye molecules. In this research, the coordination nanoparticles
were prepared by adding gadolinium(III) nitrate (Gd(NO3)3) into an
aqueous mixture of adenosine monophosphate (AMP) and F-oBOH
along with stirring. As shown in Fig. 2, the spherical nanoparticles
(F-oBOH-AMP/Gd3+ CNPs) with average diameter of 60 nm were
spontaneously formed and characterized by scanning and trans-
mission electron microscopy.

We  expected that the coordination nanoparticles would protect

the hydrazone unit from hydrolysis due to the interior hydrophobic
shell of the coordination nanoparticles. The fluorescence spectra at
515 nm of F-oBOH incorporated in AMP/Gd3+ CNPs in aqueous was

thway of F-oBOH.
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Fig. 2. (a) SEM image of F-oBOH-AMP/Gd3+ CNPs and (b) TEM image of F-oBOH-
AMP/Gd3+ CNPs.
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Fig. 3. Fluorescence intensity of F-oBOH-AMP/Gd3+ CNPs⊂CN− at 515 nm in the
presence  of different cations (50 �M)  in HEPES (0.1 M)  pH 7.4 (�ex = 492 nm).

Fig. 4. Fluorescence intensity of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ at 515 nm in the
onstant upon allowing to stand for 120 min  as shown in Fig. 1b.
his implied that F-oBOH incorporated in AMP/Gd3+ nanoparticles
as very stable in aqueous solution. Therefore, the adaptive coor-
ination nanoparticles network using AMP  and Gd3+ could protect
he hydrolysis of imine based F-oBOH by water.

.1.3. Study on sensing ability of F-oBOH-AMP/Gd3+ CNPs⊂CN−

oward cations
In  preliminary studies, the fluorescence spectra of F-oBOH-

MP/Gd3+ CNPs⊂CN− was measured in buffered solution with
espective metal cations including Cu2+, Co2+, Cd2+, Ni2+, Ag+, Hg2+,
g2+ and Zn2+. The development of absorption band at 515 nm of

he F-oBOH-AMP/Gd3+ CNPs⊂CN− in the presence of Cu2+ is an
ndicative of the ring-opening form of spirolactam ring based F-

BOH. In the case of other transition metal ions, from Fig. 3, the
uorescence spectra of F-oBOH were changed insignificantly. This
uggested that F-oBOH-AMP/Gd3+ CNPs showed high selectivity
oward Cu2+. Therefore, the nanoparticles network in the presence
f Cu2+ can be used to detect anions using spectrofluorometry.
presence  of different anions (500 �M)  in HEPES (0.1 M)  pH 7.4 (�ex = 492 nm).

3.1.4. Study on sensing ability of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+

toward anions
Such  the boronic acid of F-oBOH has a vacancy site for anion sub-

stitution. Interactions of various anions toward the boron center of
F-oBOH-AMP/Gd3+ CNPs were evaluated by spectrofluorometry. As
shown in Fig. 4, a fourfold of fluorescence enhancement of F-oBOH-
AMP/Gd3+ CNPs⊂Cu2+ at 515 nm was particularly observed upon
addition of CN−. These results revealed that F-oBOH-AMP/Gd3+

CNPs⊂Cu2+ possessed an excellent selectivity toward CN−. Presum-
ably, CN− bound boronic acid would induce the negative charge on
boron center and subsequently promote the coordination of Cu2+

on the spirolactam unit resulting in the fluorescent enhancement.
Moreover, the naked-eyed sensing was  performed in aqueous

as shown in Fig. 5. The color changes from colorless to sky blue and
the strong luminescence of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ upon
binding with CN− were remarkably observed. In comparison, F-
oBOH-AMP/Gd3+ CNPs⊂Cu2+, AMP/Gd3+ CNPs in the presence of
Cu2+ and AMP/Gd3+ CNPs in the presence of Cu2+ and CN− did

not exhibit any change of optical properties. The results suggested
that F-oBOH in the presence of Cu2+ acts as a cyanide sensor in
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Fig. 5. Photograph of Naked-eyes of (a) F-oBOH-AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv. and CN− 90 equiv., (b) F-oBOH-AMP/Gd3+ CNPs in the presence of Cu2+

45 equiv., (c) AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv. and CN− 90 equiv., (d) AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv. and luminescent of (e) F-oBOH-
AMP/Gd3+ CNPs in the presence of CN− 45 equiv. and the samples were illuminated by the 356 nm UV light for (f) F-oBOH-AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv.
and CN− 90 equiv. (g) F-oBOH-AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv. (h) AMP/Gd3+ CNPs in the presence of Cu2+ 45 equiv. and CN− 90 equiv. (i) AMP/Gd3+ CNPs
in the presence of Cu2+ 45 equiv. (j) F-oBOH-AMP/Gd3+ CNPs in the presence of CN− 45 equiv.

Fig. 6. Energy dispersive X-ray spectroscopy (EDS) spectrum of FoBOH-AMP/Gd3+
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3.1.5. Effect of interference for determination of CN− by
NPs⊂Cu2+⊂CN− (Al peak is from the Al stub).

queous solution giving a visual detection when it was encapsu-
ated in AMP/Gd3+ CNPs.

To  verify the hypothesis for the structural complexa-
ion of F-oBOH-AMP/Gd3+CNPs, The stoichiometry of F-oBOH-
MP/Gd3+CNPs and Cu2+ and CN− was analyzed by Job’s plot
ethod. The Job’ plot analysis to investigate the stoichiometry of

-oBOH and Cu2+ or CN− showed the complexation of F-oBOH
ncorporated in AMP/Gd3+CNPs and Cu2+ in a 1:1 binding mode
nd F-oBOH incorporated in AMP/Gd3+CNPs⊂Cu2+ and CN− also
howed the 1:1 stoichiometry (as shown in Figs. S3 and S4).

The  results suggested that one Cu2+ coordinated to spirolactam
nd one CN− bound at a vacancy site of the boron center of F-
BOH-AMP/Gd3+ CNPs⊂Cu2+ without the replacement of CN− on
oth hydroxyl based boronic acid. Corresponding data from all Job’s
lot experiments and Kimizuka’s reports [43,44], We  proposed that
d3+ could bind to the boron center and, thus, possibly function as a

inkage on hydroxyl based boronic acid to form F-oBOH-AMP/Gd3+

NPs.
Additionally, we also characterized the incorporation of Cu2+

nto F-oBOH-AMP/Gd3+ CNPs using the energy dispersive X-ray
pectroscopy (EDS). The F-oBOH-AMP/Gd3+ CNPs⊂Cu2+⊂CN− was
repared and washed with water several times in order to remove
he remaining Cu2+ and CN− in the solution. Then, the sample was
rought to analyze the incorporated Cu2+ and other composition of
oordination nanoparticles by EDX analysis.
From Fig. 6, the EDX spectrum shows the characteristic peak
f copper element at 8.04 eV (Cu K�), attributing to the incorpo-
ated Cu2+ in F-oBOH-AMP/Gd3+ CNPs. The characteristic peaks
Fig. 7. Fluororescence titration spectra of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ in HEPES
(0.1  M)  pH 7.4 upon addition of CN- (0–80 equiv.) at emission band at 515 nm.  Inset:
Titration curve of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ and CN− (�ex, �emis = 492, 515 nm).

of gadolinium element at 6.05 eV (Gd K�) and phosphorus at
2.01 eV (PK�) assigned to the phosphorous element of adenosine
monophosphate (AMP) were also observed. Thus, the EDX  analy-
ses give a strong evidence of the formation of Cu2+ incorporated
into the F-oBOH-AMP/Gd3+ CNPs.

The  fluorescence-sensing ability of F-oBOH-AMP/Gd3+

CNPs⊂Cu2+ toward CN− was  studied in HEPES pH 7.4. From
Fig. 7, the fluorescence emission at 515 nm of the complexation
increased as a function of cyanide concentration. The stability
constant of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ with CN− calculated
by Specfit 32 program in a 1:1 complexed fashion gives the log K
values of 3.97 (as shown in Fig. S5).

The detection limit of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ toward
CN− was  examined by fluorescence spectroscopy in HEPES pH 7.4
solution providing 4.03 �M (0.198 ppm) which is nearly consistent
with the minimum level defined by the World Health Organization
[45].

The photograph of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ upon adding
the different concentration of the CN− (20–400 �M) demonstrates
the process of color changes of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ from
colorless to sky blue. According to Fig. 8, the visual detection limit
of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ toward CN− is approximately
20 �M (0.52 ppm).
F-oBOH-AMP/Gd3+ CNPs⊂Cu2+

The effect of foreign substances was  investigated by consider-
ing a standard solution of CN− to the added interference species.
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Fig. 8. Naked-eyes of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ in HEPES (0.1 M)  pH 7.4 in the
presence of different concentrations of CN− . From left to right (×10 �M): F-oBOH-
AMP/Gd3+, 0, 2.0, 4.0, 7.0, 10.0, 20.0 30.0, and 40.0.

Table 2
Determination of CN− in drinking water sample.

Added CN− (�M) CNP⊂Cu2+

Found (�M) %Recovery

10 10.47 105
15  15.67 104
25  25.27 101
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he tolerance amount and the value (%) of relative error of F-oBOH-
MP/Gd3+ CNPs⊂Cu2+ toward anions are collected in Table 1. The
valuated principle for interferences is fixed at a ±10% relative
rror. From Table 1, it was found that the coexisting substances
howed slight effects on the determination of cyanide anion for
-oBOH-AMP/Gd3+ CNPs⊂Cu2+. In the case of H2PO4

−, the toler-
nce limit value cannot be determined due to the interruption of
2PO4

− to the formation of the coordination nanoparticles [41].
urthermore, H2PO4

− caused a pH changes of the solution of F-
BOH-AMP/Gd3+ CNPs⊂Cu2+. This implied that F-oBOH-AMP/Gd3+

NPs⊂Cu2+ can be applied to selectively sensing cyanide ion in the
oexisting anions.

.1.6.  Use of F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ for detecting CN− in
rinking water

The  nanoparticles network in the presence of Cu2+ was applied
n the analysis of CN− in commercial drinking water by stan-
ard addition as listed in Table 2. Average % recoveries of the
pike samples using F-oBOH-AMP/Gd3+ CNPs⊂Cu2+ were 103.2.
his proposed method, therefore, was a good promising way for
N− detection.

. Conclusions

We  have shown that F-oBOH could be encapsulated in the adap-
ive nucleotide/lanthanide coordination nanoparticles, AMP/Gd3+

NPs, to avoid hydrolysis upon using in water. Interestingly,
his methodology gave a promising selectivity to detect CN−

n the presence of Cu2+ in HEPES pH 7.4 with detection limits
btained from spectrofluorometry and the visual change of 4.03 �M
0.198 ppm) and 20 �M (0.52 ppm), respectively. Furthermore, F-
BOH-AMP/Gd3+ CNPs⊂Cu2+ can be used for cyanide sensing
ithout separation of any interference anions even with hydrox-

de anion. We  have demonstrated that this proposed method can
e used to detect CN− in drinking water with high accuracy. Finally,
his study would be beneficial in further development of spectro-
copic methods for the probe bearing the cleavable active bonds in
ater.
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