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Abstract 4-Bis-(2-hydroxyethyl)amino-N-n-butyl-1,8-
naphthalimide was developed into a turn-on fluorescent sen-
sor for Cr(VI). In the mixture of N,N-dimethylformamide and
deionized water (1:9, v/v), the sensor could highly selectively
distinguish CrO4

2− from Cr3+, Na+, K+, Mg2+, Ca2+, Mn2+,
Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, NO3−,
SO4

2−, PO4
3−, IO3

−, ClO− and Cl− by a 6-fold fluorescence
enhancement. The working concentration of CrO4

2−was from
0 to 90 μM with a detection limit of 3.6×10−7 mol/L. The
detection could be carried out in water matrix and within a
wide pH range (approximately from 2 to 12), and a large
number of environmentally and biologically relevant ions in-
cluding Cr3+ showed no significant interferences with the de-
tection. The sensing mechanism was explored by reversibility
and LC/MS analysis, as well as Job’s plot experiment, and the
results suggested that the recognition was based on the oxida-
tion of the primary alcohol in the structure of the sensor by the
Cr(VI) sources.
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Introduction

Chromium is considered as one of the most dangerous heavy
metals to environment and organism. Although trivalent Cr3+

is an essential trace element for human and of low toxicity,
hexavalent Cr(VI) is about 100~1000 times more toxic than
Cr3+. Cr(VI) is highly soluble and biologically available in the
ecosystems. It can easily enter human cells, make great dam-
age on the liver, kidneys and other organs, and has high car-
cinogenicity [1–3]. Therefore, accurate and convenient detec-
tion methods for Cr(VI) is very necessary and meaningful.
Many detection methods for Cr(VI) is reported, such as atom-
ic absorption spectroscopy, inductively coupled plasma spec-
trometry, ion chromatography, spectrophotometry and so on
[3–7]. However, some of these methods cannot distinguish
Cr(VI) from Cr3+ and only provide the total amount of chro-
mium, while others require complicated sample-pretreatment
procedures.

In recent years, fluorescent sensors attract great attention in
detection of various analytes because of their high sensitivity,
rapid response, easy operation, low cost, in situ and real time
monitoring, and noninvasiveness [8, 9]. Some nanoparticles
were used as sensors to fluorimetrically measure Cr(VI) [1, 2].
Nevertheless, as compared to those for heavy metal ions like
Cu2+, Fe3+, Hg2+, Pb2+ and Cr3+ [9–16], fluorescent sensors
for Cr(VI) were rare [17–20]. Hence, development of Cr(VI)
fluorescent sensors are highly desirable.

1,8-Naphthalimide is a favorite reporter for fluorescent sen-
sors [21, 22] owing to its high absorption coefficient, high
fluorescence and quantum yield, large Stokes shift, good
photostability and ease to modification. 1,8-Naphthalimide-
based fluorescent sensors with new complicated structures
are attractive. However, the research on new sensing perfor-
mance of 1,8-naphthalimide derivatives with simple structures
is also very important due to the better availability of the
sensors. Amino and hydroxyl groups are potential Cr(VI)
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receptor because they may be oxidized by Cr(VI), or form
hydrogen bonds with Cr2O7

2− or CrO4
2−. Therefore, in this

study, 4-bis-(2-hydroxyethyl)amino-N-n-butyl-1,8-
naphthalimide (BHABN) was used as a fluorescent sensor
for Cr(VI). BHABN has a simple structure and can completely
distinguish Cr(VI) from Cr(III) and a large number of other
cations and anions. The detection can be carried out in water
matrix and within a wide pH range with high selectivity and
sensitivity. K2Cr2O7 was used as the Cr(VI) source, which
could produce Cr2O7

2− and CrO4
2− in aqueous media at dif-

ferent pH. Cr2O7
2− is stable in acidic condition, while CrO4

2−

in neutral and alkaline environments. Furthermore, CrO4
2−

can convert into Cr2O7
2− under acidic environment, and vice

versa [7, 17]. The detection of Cr(VI) was run in DMF/H2O
(1/9, v/v), so CrO4

2− was adopted to represent the Cr(VI)
source hereinafter.

Experimental

Materials and Instruments

Materials

4-Bromo-1,8-naphthalic anhydride (BNA) (98 %) were sup-
plied by Anshan HIFI Chemical Co., Ltd.. n-Butylamine (n-
BA), diethanolamine (DEA) were bought from Sinopharm
Chemical Reagent Co., Ltd.. The metal ions sources, NaCl,
KCl, MgCl2, CaCl2, CrCl3 ·6H2O, MnSO4·H2O, FeCl3 ·
6H2O, FeCl2·7H2O, CoCl2·6H2O, Ni(NO3)2·6H2O, CuCl2·
2H2O, Zn(NO3)2 · 6H2O, CdCl2 · 2.5H2O, HgCl2 and
Pb(NO3)2, and the anions sources, KIO3, K2Cr2O7, Na3PO4,
NaNO3, NaClO and Na2SO4, were provided by Sinopharm
Chemical Reagent Co., Ltd.. All the reagents were used as
received. The solvents used in synthesis were of analytical
grade, others were spectroscopic grade. They were used with-
out special treatment.

Instruments

LC-MS was collected on an Agilent 1200/6220 spectrometer
(Agilent Co., USA). 1H NMR spectra were carried out on a
400 MHz Varian Unity Inova spectrometer (Varian Co.,
USA). UV–vis spectra were obtained on a U-3900 spectro-
photometer (Perkin-Elmer Co., USA). Fluorescence spectra
were taken on a Fluoromax-4 spectrofluorometer (HORIBA
Jobin Yvon Co., France). Melting point was determined on an
X-6 Microscopic melting point tester (Beijing Tech
Instrument Co., Ltd., China). pH values were measured on a
Mettler-Toledo FE20 pH meter (Mettler-Toledo Co., USA).
The pH values and the spectral measurements were performed
at 25 °C unless otherwise specified.

Synthetic Procedures and Characterization Data

BHABN was synthesized by two-step reactions between 4-
bromo-1,8-naphthalic anhydride (BNA), n-butylamine
(n-BA) and diethanolamine (DEA), as shown in Scheme 1.

First, N-n-butyl-4-bromo-1,8-naphthalimide (BBN) was
synthesized by the reaction between BNA and n-BA accord-
ing to the literature [25]. Its melting point was 104~105 °C,
which was in accordance with that reported in literature. Then,
BBN reacted with DEA to afford BHABN, as described in the
reference [26]. δH (400 MHz; CDCl3; Me4Si) 0.95 (3H, t, J=
8.0 Hz), 1.41 (2H, m), 1.66 (2H, m), 3.60 (4H, t, J=5.0 Hz),
3.86 (4H, t, J=5.0 Hz), 4.08 (2H, t, J=8.0 Hz), 7.33 (1H, d, J=
8.0 Hz), 7.58 (1H, t, J=8.0 Hz), 8.38 (1H, d, J=8.0 Hz), 8.41
(1H, d, J=8.0 Hz), 8.84 (1H, d, J=8.0 Hz) (Figure S1). LC-
MS [M+H]+: m/z, found. 357.1804 (Figure S2). Calcd.
357.1800.

Methods

Sample Preparation

BHABN was dissolved in DMF to form 2 mM stock solu-
tions. Anions and metal ions were dissolved in deionized wa-
ter to get 10 mM stock solutions. When studying the fluores-
cence sensing behaviors of BHABN to metal ions and anions,
50 μL stock solution of BHABN was put into a 10 mL volu-
metric flask, mixed with 50 μL of each anion or metal ion
stock solution, and diluted with DMF/H2O (1/9, v/v) in se-
quence. The concentration of BHABN and ions was 10 and
50 μM, respectively. In the UV–vis absorption and fluores-
cence titration, the mixed stock solutions of CrO4

2− varied
from 0~100 μL and the concentration of CrO4

2− was 0~
100 μM. When examining the fluorescence response of
BHABN and BHABN/CrO4

2− system upon pH, a series of
DMF/H2O (1/9, v/v) solutions of BHABN (10 μM) and
BHABN (10 μM)/CrO4

2− (50 μM) with different pH values
were prepared. The pH value was adjusted by 0.1 M sodium
hydroxide and 0.1 M hydrochloric acid aqueous solutions.
The used excitation and emission wavelengths of measure-
ment were 440 and 542 nm, and slit width was 5 nm. The
measurement was performed after 1.5 h.

Fluorescent Quantum Yield

When the fluorescent quantum yield (Φs) of BHABN was
evaluated, the absorbance of the solutions was kept under
0.05 in order to make the testing results reliable. Φs was esti-
mated from the absorption and fluorescence spectra of
BHABN according to Eq. 1, where the subscript s and r stand
for the sample and the reference (rhodamine B, Φr=0.97 in
ethanol), respectively. Φ is the quantum yield, A represents the
absorbance at the excitation wavelength, S refers to the
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integrated emission band areas and nD is the solvent refractive
index.

Φs ¼ Φr
Ss
Sr

Ar

As

n2Ds
n2Dr

ð1Þ

Calculation of the Detection Limit

The detection limit (3σ/k) was calculated based on the fluo-
rescence titration [23, 24], where σ is the standard deviation of
blank measurement, k is the slope of the linear fit lines in
fluorescence titration. To determine σ, the emission intensity
of BHABN in DMF/H2O (1/9, v/v) without any metal ions
was measured 5 times independently.

Analysis of Tap Water Spiked with Cr(VI)

In the analysis of tap water spiked with Cr(VI), 1 mL tap water
from our lab in Dushu Lake Campus of Soochow University
was added in 10 mL volumetric flask, then 50 μL stock solu-
tion of BHABN (10 μM), 60 μL stock solution of Cr(VI)
(60 μM), and 67.8 μL DMF were introduced. The mixed
solution was diluted to volume with DMF/H2O (1/9, v/v)
and fluorescence spectra were recorded. The concentration
of Cr(VI) in the samples was obtained from the linear relation-
ship between the maximal fluorescence intensity of BHABN
and the concentration of Cr(VI). Three parallel samples were
tested.

Results and Discussion

Selectivity and Sensitivity of BHABN to Various Ions

The UV–vis absorption response of BHABN (10 μM) in
DMF/H2O(1/9, v/v) tomultifariousmetal ions and anions such
as Na+, K+, Mg2+, Ca2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+,
Cu2+, Zn2+, Pb2+, Cd2+, Hg2+, CrO4

2−, ClO−, NO3−, SO4
2−,

IO3
−, PO4

3− and Cl− (100 μM) was firstly investigated. The
results were showed in Fig. 1. Among different ions, only
CrO4

2− induced a small enhancement of the absorption peak
at 440 nm, other cations and anions had no obvious influence
in the UV–vis absorption spectra of BHABN. The peak
around 370 nm belonged to the absorption of CrO4

2−.
Next the fluorescence response of BHABN to different

cations and anions was studied. Upon addition of Na+, K+,

Mg2+, Ca2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+,
Cd2+, Hg2+, Pb2+, CrO4

2−, ClO−, NO3−, SO4
2−, IO3

−, PO4
3−

and Cl− (100 μM) to the solution of BHABN (10 μM), only
CrO4

2− caused a significant fluorescence enhancement, as
shown in Fig. 2. The maximum fluorescence intensity en-
hanced about 6 folds and the fluorescent quantum yield in-
creased from 0.079 to 0.326. Other cations and anions, includ-
ing Cr3+, showed almost negligible effect on the fluorescence
profiles of BHABN. Accordingly, BHABN had high
selectivity and sensitivity to CrO4

2−, and possibly can
be used as a “turn-on” fluorescent sensor for Cr(VI) in
DMF/H2O (1/9, v/v).

Dependence of the Sensor’s Fluorescence on the Cr(VI)
Concentration

In order to investigate the sensing behaviors of BHABN for
Cr(VI) further, fluorescence titrations were conducted. The
maximum fluorescence intensity (I) of BHABNwas gradually
enhanced with the addition of CrO4

2− from 0 to 100 μM
(Fig. 3). Moreover, the fluorescence maxima increased linear-
ly with the concentration of CrO4

2− from 0 to 90 μM (insets in
Fig. 3). The linear regression equation was that I =
39776.11164+23663.37278 [CrO4

2−], with a correlation co-
efficient of 0.99686 (n=15). The detection limit (3σ/k) based
on the linear regression equation was 3.6×10−7 mol/L.

Effects of Competition Ions

To investigate the disturbance of the coexistent ions, 60μMof
Na+, K+, Mg2+, Ca2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+,

Scheme 1 Synthetic route of
BHABN
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Fig. 1 UV–vis absorption spectra of CrO4
2−, BHABN and BHABNwith

various ions. Solvent: DMF/H2O (1/9, v/v); c: 10 μM for BHABN,
100 μM for various ions
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Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, ClO−, NO3−, SO4
2−, IO3

−, PO4
3

− and Cl−was added into the solution of BTABN (10 μM) and
CrO4

2− (60 μM). Upon interaction with these ions, no pro-
nounced changes were observed in the emission spectra ex-
cept Fe3+ and Cr3+ enhanced the fluorescence of the solutions
a little because of their higher acidity (Fig. 4). It is clear that
BHABN has excellent anti-interference ability to miscella-
neous background ions.

Effects of pH on the Detection of Cr(VI)

In order to examine the effect of proton to the detection of
CrO4

2−, the fluorescence spectra of BHABN and BHABN/
CrO4

2− in DMF/H2O (1/9, v/v) under different pH values were
determined (Fig. 5). The maximum fluorescence intensity of
BHABN and BHABN/CrO4

2− both slowly decreased when
the pH value increased from 2 to 12, but the maximal fluores-
cence intensity of BHABN/CrO4

2− was remarkably stronger

than that of BHABN at the same pH value. Hence, BHABN
can detect CrO4

2− in a wide pH range (pH 2.56~12.16).

Time Response of BHABN to Cr(VI)

The time response of BHABN to Cr(VI) was illustrated in
Fig. 6. The maximum fluorescence intensity of BHABN/
CrO4

2− gradually increased then plateaued after 1.5 h while
the maximum fluorescence intensity of BHABN almost kept
stable at a low level with time going. This indicated that the
change of fluorescence intensity was caused by the interaction
between BHABN and CrO4

2− and BHABN can be used for
the detection of Cr(VI) reliably.

Sensing Mechanism

The sensing mechanism was tentatively explored. Every one
of Mn2+, Co2+, Ni2+, Cd2+, Hg2+, and Pb2+ could form a pre-
cipitation with CrO4

2−. However, the six cations induced no
remarkable changes in the emission spectra of the BHABN/
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Fig. 2 Fluorescence spectra of BHABN and BHABN with various ions.
Solvent: DMF/H2O (1/9, v/v); c: 10 μM for BHABN, 100 μM for various
ions; λex: 440 nm; slit width: 5 nm
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CrO4
2− solution in the competition experiments (Fig. 4). This

result implied that the recognition process of BHABN to
CrO4

2− was irreversible and chemical reactions between
BHABN and CrO4

2− possibly happened. The fact that the
maximal fluorescence intensity of the BHABN/CrO4

2− solu-
tion almost linearly increased with the decrease of the pH
value from 12 to 2 in accordance with the chemical-reaction
mechanism because the Cr(VI) sources had stronger oxidation
ability in acidic condition. The relatively slow time response
also matched the chemical-reaction mechanism.

To verify the thoughts on the sensing mechanism further,
LC-MS of the BHABN/CrO4

2− in DMF/H2O (1/9, v/v) was
tested (Fig. 7). The peaks atm/z 100.9364 and 200.8515 were
corresponding to [Cr(OH)3-2H]

− and [Cr(OH)3+HCOOH+
3H2O-2H]

−. The peaks at m/z 311.1444, 398.1673, and
401.1764 were assigned to [BHABN-CH2CH2OH]−,
[BHABN+HCOOH-4H]−, and [BHABN+HCOOH-H]− re-
spectively. These results indicated the oxidation of BHABN
by Cr(VI) and supported the chemical reaction-based sensing
mechanism.

We also carried out Job’s plot experiment and the result was
exhibited in Fig. 8. The Job’s plot did not show a satisfactory
shape in which two lines with positive and negative slope
usually crossed each other at the complex stoichiometry.
This result may be ascribed to the complicated oxidation re-
actions. Therefore, we speculated that the turn-on fluorescent
response of BHABN to Cr(VI) was based on the oxidation of
the primary alcohol in the structure of BHABN by Cr(VI)
sources. As a result, the electron-donating hydroxyls were
turned into electron-withdrawing groups and the PET effect
from the hydroxyls to the 1,8-naphthalimide fluorophore was
suppressed, leading to the fluorescence enhancement.

Real Sample Analysis

An application of BHABN as a fluorescent sensor in analysis
of tap water spiked with Cr(VI) was done. The detected con-
centration of Cr(VI) was 58.8 μM, close to that of the added
Cr(VI) (60 μM). The recovery was 98.0 %. The relative stan-
dard deviation (RSD) of three parallel measurements was

0 60 120 180

5.0x104

1.0x105

1.5x105

2.0x105

I

Time /min

 BHABN
 BTABN/CrO4

2-

Fig. 6 Time response of BHABN to CrO4
2−. Solvent: DMF/H2O (1/9,

v/v); c: 10 μM for BHABN, 60 μM for CrO4
2−; λex: 440 nm, λF: 542 nm,

slit width: 5 nm

Fig. 7 LC-MS spectrum of
BHABN (10 μM)/CrO4

2−

(60 μM) in DMF/H2O (1/9, v/v)

0.0 0.2 0.4 0.6 0.8 1.0

0.0

2.0x104

4.0x104

I -
 I 0

[BHABN]/([BHABN]+[CrO
4

2- ])

Fig. 8 Job’s plot for BHABN versus CrO4
2−with the total concentration

([BHABN]+[CrO4
2−]) of 50μM in DMF/H2O (1/9, v/v). λex: 440 nm, λF:

542 nm, slit width: 5 nm

J Fluoresc (2015) 25:335–340 339



2.5 %. These results indicate that BHABN has good accuracy
in monitor Cr(VI) in environmental water.

Conclusions

In summary, a 1,8-naphthalimide derivative with a simple
structure has successfully been developed into a turn-on fluo-
rescent sensor for Cr(VI). The sensor can completely differ-
entiate Cr(VI) from Cr3+ and various other cations and anions
in DMF/H2O (1/9, v/v), and has strong anti-interference ability
to a large number of coexisting anions and cations including
Cr3+. The sensor shows potential use in monitoring Cr(VI) in
environmental and biological system with a detection limit of
3.6×10−7 mol/L. The response of the sensor to Cr(VI) may be
resulted from the oxidation of the primary alcohol by Cr(VI)
sources which weakens the PET effect from the hydroxyl to
the fluorophore. This work will provide inspiration for the
design of new Cr(VI) sensors.

Acknowledgments The project was supported by the National Natural
Science Foundation of China (21074085) and the Priority Academic Pro-
gram Development of Jiangsu Higher Education Institutions.

References

1. Toal SJ, Jones KA,Magde D, TroglerWC (2005) Luminescent silole
nanoparticles as chemoselective sensors for Cr(VI). J Am Chem Soc
127(33):11661–11665

2. Ravindran A, Elavarasi M, Prathna TC, Raichur AM,
Chandrasekaran N, Mukherjee A (2012) Selective colorimetric de-
tection of nanomolar Cr(VI) in aqueous solutions using unmodified
silver nanoparticles. Sensor Actuators B Chem 166:365–371

3. Vallejos S, Muñoz A, García FC, Serna F, Ibeas S, García JM (2012)
Methacrylate copolymers with pendant piperazinedione-sensing mo-
tifs as fluorescent chemosensory materials for the detection of Cr(VI)
in aqueous media. J Hazard Mater 227:480–483

4. Chwastowska J, Skwara W, Sterlinska E, Pszonicki L (2005)
Speciation of chromium in mineral waters and salinas by solid-
phase extraction and graphite furnace atomic absorption spectrome-
try. Talanta 66(5):1345–1349

5. Arancibia V, Valderrama M, Silva K, Tapia T (2003) Determination
of chromium in urine samples by complexation-supercritical fluid
extraction and liquid or gas chromatography. J Chromatogr B 785:
303–909

6. Pressman MAS, Aldstadt JH (2003) A comparative study of diffu-
sion samplers for the determination of hexavalent chromium by se-
quential injection spectrophotometry. Microchem J 74(1):47–57

7. Hassan SSM, El-Shahawi MS, Othman AM, Mosaad MA (2005) A
potentiometric rhodamine-B basedmembrane sensor for the selective
determination of chromium ions in wastewater. Anal Sci 21(6):673–
678

8. Santos-Figueroa LE, Moragues ME, Climent E, Agostini A,
Martinez-Manez R, Sancenon F (2013) Chromogenic and

fluorogenic chemosensors and reagents for anions. A comprehensive
review of the years 2010–2011. Chem Soc Rev 42(8):3489–3613

9. Kaur K, Saini R, Kumar A, Luxami V, Kaur N, Singh P, Kumar S
(2012) Chemodosimeters: an approach for detection and estimation
of biologically and medically relevant metal ions, anions and thiols.
Coord Chem Rev 256(17–18):1992–2028

10. Li HD, Li LL, Yin BZ (2014) Highly selective fluorescent
chemosensor for Fe3 + detection based on diaza-18-crown-6 ether
appended with dual coumarins. Inorg Chem Commun 42:1–4

11. Liu DL, Pang T, Ma KF, Jiang W, Bao XF (2014) A new highly
sensitive and selective fluorescence chemosensor for Cr3+ based on
rhodamine B and a 4,13-diaza-18-crown 6-ether conjugate. RSCAdv
4(5):2563–2567

12. Kim HN, Ren WX, Kim JS, Yoon J (2012) Fluorescent and colori-
metric sensors for detection of lead, cadmium, and mercury ions.
Chem Soc Rev 41(8):3210–3244

13. Wanichacheva N, Praikaew P, Suwanich T, Sukrat K (2014) “Naked-
eye”colorimetric and “turn-on” fluorometric chemosensors for re-
versible Hg2+ detection. Spectrochim Acta Part A 118:908–914

14. Xu YL, Yang W, Shao J, Zhou WQ, Zhu W, Xie J (2014) A simple
donor–acceptor probe for the detection of Cr3+ cations. RSC Adv
4(30):15400–15405

15. Jang YJ, Yeon YH, Yang HY, Noh JY, Hwang IH, Kim C (2013) A
colorimetric and fluorescent chemosensor for selective detection of
Cr3+ and Al3+. Inorg Chem Commun 33:48–51

16. Kaur M, Kaur P, Dhuna V, Singh S, Singh K (2014) A ferrocene–
pyrene based ‘turn-on’ chemodosimeter for Cr3+-application in
bioimaging. Dalton Trans 43(13):5707–5712

17. Zheng AF, Chen JL, Wu GH, Wu GL, Zhang YG, Wei HP (2009) A
novel fluorescent distinguished probe for Cr(VI) in aqueous solution.
Spectrochim Acta A 74(1):265–270

18. Upamali KAN, Estrada LA, Neckers DC (2011) Selective detection
of Cr(VI) in aqueous media by carbazole-based fluorescent organic
microcrystals. Anal Methods 3(11):2469–2471

19. Zhang DW, Dong ZY, Jiang XZ, Feng MY, Li W, Gao GH (2013) A
proof-of-concept fluorescent strategy for highly selective detection of
Cr(VI) based on inner filter effect using a hydrophilic ionic
chemosensor. Anal Methods 5(7):1669–1675

20. Qazi MA, Ocak Ü, Ocak M, Memon S, Solangi IB (2013)
Bifunctional calix[4]arene sensor for Pb(II) and Cr2O7

2− ions. J
Fluoresc 23:575–590

21. Duke RM, Veale EB, Preffer FM, Kruger PE, Gunnlaugsson T
(2010) Colorimetric and fluorescent anion sensors: an overview of
recent developments in the use of 1,8-naphthalimide-based
chemosensors. Chem Soc Rev 39(10):3936–3953

22. Dimov SM, Georgiev NI, Asiri AM, Bojinov VB (2014) Synthesis
and sensor activity of a PET-based 1,8-naphthalimide probe for Zn2+

and pH determination. J Fluoresc 24:1621–1628
23. Joshi BP, Park J, Lee W, Lee K (2009) Ratiometric and turn-on

monitoring for heavy and transition metal ions in aqueous solution
with a fluorescent peptide sensor. Talanta 78(3):903–909

24. Zhou YM, Zhang JL, Zhang L, Zhang QY, Ma TS, Niu JY (2013) A
rhodamine-based fluorescent enhancement chemosensor for the de-
tection of Cr3+ in aqueous media. Dyes Pigments 97(1):148–154

25. Wang JX, Bi CG, Yuan B, Li ZS, Qiao WH, Luan JM (2006) Design
and synthesis of fluorescent non-Ionic surfactants. Chin Petrochem
Technol 5:464–468

26. Guo XF, Zhu BC, Liu YY, Zhang Y, Jia LH, Qian XH (2006)
Synthesis and properties of N-butyl-4(aza-15-Crown-5)-1,8-
naphthalimide as a fluorescent probe. Chinese J Org Chem 26(4):
504–507

340 J Fluoresc (2015) 25:335–340


	Highly Selective Detection of Cr(VI) in Water Matrix by a Simple 1,8-Naphthalimide-Based Turn-On Fluorescent Sensor
	Abstract
	Introduction
	Experimental
	Materials and Instruments
	Materials
	Instruments

	Synthetic Procedures and Characterization Data
	Methods
	Sample Preparation
	Fluorescent Quantum Yield
	Calculation of the Detection Limit
	Analysis of Tap Water Spiked with Cr(VI)


	Results and Discussion
	Selectivity and Sensitivity of BHABN to Various Ions
	Dependence of the Sensor’s Fluorescence on the Cr(VI) Concentration
	Effects of Competition Ions
	Effects of pH on the Detection of Cr(VI)
	Time Response of BHABN to Cr(VI)
	Sensing Mechanism
	Real Sample Analysis

	Conclusions
	References


