
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

Sensors and Actuators B 178 (2013) 155– 162

Contents lists available at SciVerse ScienceDirect

Sensors  and  Actuators  B:  Chemical

journa l h o mepage: www.elsev ier .com/ locate /snb

A  ratiometric  fluorescence  chemosenser  for  Hg2+ based  on  Primuline  and  layered
double  hydroxide  ultrafilms

Hao  Chen,  Xiaolan  Ji,  Shitong  Zhang,  Wenying  Shi ∗, Min  Wei,  David  G.  Evans,  Xue  Duan
State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029, PR China

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 17 October 2012
Received in revised form
10 December 2012
Accepted 18 December 2012
Available online 29 December 2012

Keywords:
Layered double hydroxide
Primuline
Ultrathin film
Ratiometric fluorescence
Chemsensor

a  b  s  t  r  a  c  t

The  fabrication  of  fluorescence  indicator/layered  double  hydroxide  (LDH)  ultrathin  films  (UTFs)  by
alternate  assembly  of  Primuline  and  Mg-Al  LDH  nanosheets  using  the  layer-by-layer  (LBL)  deposition
technique  has been  reported,  and  their  application  as  a raitometric  fluorescence  chemosensor  for Hg2+ is
demonstrated.  The  Primuline/LDH  UTFs  show  a stepwise  and  regular  growth  of  upon  increasing  deposi-
tion cycles  proved  by UV–vis  absorption  and  fluorescence  emission  spectroscopy,  and  a periodical  layered
structure  perpendicular  to  the  substrates  with  a thickness  of  2.41–2.48  nm  per  bilayer  observed  by  X-ray
diffraction  and  scanning  electron  microscopy.  Furthermore,  a linear  correlation  between  the  fluorescence
intensity  ratio (I422/I377) of the UTF  and  the  concentration  of Hg2+ is  obtained  (I422/I377 = 2.63–0.01c  nM,
r2 = 0.99),  with  a detection  limit  of  0.13  pM.  The  results  have  also  exhibited  that  the  ratiometric  fluores-
cence  chemosensor  possess  a good  repeatability,  high  stability  (light,  storage  and  mechanics)  as  well  as
excellent  selectivity.  In addition,  the  mechanism  of measurement–regeneration  cycle  for the ratiomet-
ric  fluorescence  chemosensor  indicates  Hg2+ enters/departs  from  the Primuline/LDH  UTF  giving rise to
reversible  change  in  chemical  composition,  surface  morphology  and  fluorescence  anisotropy  of  the UTF.
Therefore,  this  work  provides  new  opportunities  for fabrication  and  application  of chromophore/LDH
UTFs  as  ratiometric  fluorescence  chemosensors.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Mercury contamination in natural waters, soil and food due to
mercury widespread throughout environment (coal-fired power
plants, waste incinerators, chloro-alkali plants, gold mining, and
oceanic and volcanic emission) is a global problem [1], which cause
permanent damage diseases including cognitive and motion dis-
orders [2].  Thus, it is quite imperative to detect mercury ions
with sensitive, rapid and selective [3].  In general, traditional ana-
lytical techniques like atomic absorption/emission spectroscopy
or inductively coupled plasma mass spectrometry are costly and
time-consuming methods, which require complicated, multistep
sample preparation and/or sophisticated instrumentation and are
not convenient for “in the field” applications [4]. Fluorescence
spectroscopy is a powerful method to detect ions and neutral
molecules because of its high sensitivity, selectivity, fast-response
and low cost [5].  However, most of these fluorescence determina-
tions were designed to exhibit enhancement of the fluorescence
intensity at only one wavelength, which may  cause difficulty
in quantitative determination and bio-imaging due to the back-
ground interference [6].  Ratiometric fluorescence probes are better
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choices that can overcome this particular limitation, because they
allow quantitative detection of the analyte by measuring the
ratio of emission at two  different wavelengths. Recently, consid-
erable attention has been focused on development of ratiometric
fluorescence sensors for sensing and recognition of environmen-
tally and biologically important heavy and transition metal ions
for achieving higher sensitivity, rapid and reversible detection
[7].

Organic fluorescence small molecular and polymer were usually
used as a fluorescence sensors probe in detection systems of heavy
and transition metal ions. Nevertheless, among these probes, chem-
ical reactions between organic molecular and metal ions partly
weakened the selectivity of this determination. In addition, organic
fluorescence molecules were vulnerable to photobleaching, which
made specific detection more difficult. Thus, the fluorophore indi-
cators are generally immobilized in matrix for the purpose of
obtaining fluorescence sensors with stable lifetime and signal. Most
fluorescence indicators were immobilized in a suitable, proton-
permeable sol-gel polymer matrix [8].  However some inherent
demerits for the polymer, such as relatively poor thermal or opti-
cal stability as well as toxicity, limit the practical application of
fluorescence sensors to date. Therefore, it is essential to search for
novel materials to immobilize the fluorophore indicator for achiev-
ing fluorescence sensors with high stability and environmental
compatibility.

0925-4005/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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Among the inorganic matrices for organic fluorescence
molecules, the 2-dimensional layered double hydroxide (LDH)
materials have attracted much attention. The LDHs generally
expressed as [MII

1−xMIII
x(OH)2](An−)x/n·mH2O (where MII and MIII

are divalent and trivalent metals respectively, and An− a n-valent
anion), represent a large versatility in terms of their ability for
constructing 2D-organized intercalated compounds [9].  They are
available as both naturally occurring minerals and synthetic inor-
ganic materials, which have been widely used in the fields of
catalysis, separation process, biology and medicine [10]. The delam-
ination of LDH into nanosheets as building blocks and preparation
of inorganic/organic fluorophore ultrathin films (UTFs) has been
reported. This inspires us to challenge the goal of fabricating
fluorescence chemosensors via alternate assembly of positively
charged LDH nanosheets and negatively charged fluorophore indi-
cator with the layer-by-layer (LBL) technique, which exhibit the
following advantages: (1) the positively charged LDH nanosheet
provides fluorescence anions with an ordered microenvironment
to isolate the anions between adjacent layers, suppressing chro-
mophore aggregation and reducing fluorescence quenching [11];
(2) the LDH nanosheets provide a confined and stable microen-
vironment for the immobilization of fluorophore indicator, which
meet the requirement of long-term application; (3) the rigid and
confined space imposed by LDH monolayers can suppress the ther-
mal  vibration and rotation of fluorescence anions relating to the
nonradiative relaxation process of their exciting states.

Primuline and their derivatives are yellow fluorescence dyes,
which were used early in the fluorescence tracer due to their
tunable spectral properties, large molar extinction coefficients,
and high quantum yields [12]. Nevertheless, the aggregation of
Primuline dyes in the solid state usually leads to fluorescence
quenching, which greatly restricts their application in solid-state
devices. Therefore, how to improve their luminescence perfor-
mances remains a challenge. In this work, an ordered alternate
assembly of Primuline and exfoliated Mg-Al-LDH nanosheet has
been achieved to fabricate the (Primuline/LDH)n (n = 5–30) ultra-
thin films (UTFs) by the LBL method. The obtained UTFs show
well defined absorption and fluorescence properties with long-
range ordered structure and higher thermal/chemical stability than
the pristine Primuline samples. In addition, they were successfully
demonstrated as ratiometric fluorescence chemosensor for Hg2+,
which exhibits a broad linear response range for Hg2+ solution
(2.5–100 nM), low detection line (0.13 pM), good repeatability (RSD
less than 3% in 20 consecutive measurements), high stability (light,
storage and mechanics) as well as excellent selectivity. Therefore,
the novel strategy in this work provides a facile approach for the
fabrication of luminescence film, which can be potentially applied
in the field of ratiometric optical sensors.

2. Experimental

2.1. Materials

The Primuline (biochemistry grade) was purchased from
Sigma–Aldrich Company. Analytical grade chemicals includ-
ing Mg(NO3)2, Al(NO3)3, NaOH, Ca(NO3)2, Cd(NO3)2, Hg(NO3)2,
Co(NO3)2, Cu(NO3)2, Zn(NO3)2, Pb(NO3)2, Mn(NO3)2, Ni(NO3)2,
HNO3, H2SO4, H2O2, C2H5OH, formamide and ethylenediamine
tetraacetic acid (EDTA) were used without further purification. The
deionized and decarbonated water was used in all the experimental
processes.

2.2. Fabrication of the (Primuline/LDH)n UTFs

The Mg2-Al-NO3 LDH precursor was synthesized by the
hydrothermal method reported previously [13]. A 0.1 g of

Mg-Al-LDH was shaken in 100 mL  of formamide solution for 24 h to
obtain a colloidal suspension of exfoliated Mg-Al-LDH nanosheets.
The quartz glass substrate was cleaned in concentrated NH3/30%
H2O2 (7:3) and concentrated H2SO4 for 30 min  each. After each
procedure, the quartz substrate was  rinsed and washed thoroughly
with deionic water. The substrate was dipped in a colloidal sus-
pension (0.1 g mL−1) of LDH nanosheets for 10 min followed by
washing thoroughly, and then the substrate was treated with
a 100 mL  of Primuline aqueous solution (0.025 wt%) for another
10 min followed by washing. Multilayer films of (Primuline/LDH)n

were fabricated by alternate deposition of LDH nanosheets suspen-
sion and Primuline solution for n cycles. The resulting films were
dried with a nitrogen gas flow for 2 min  at 25 ◦C.

2.3. The response of Hg2+ measurement

The Hg2+ solutions with different concentrations were prepared
by dissolving Hg(NO3)2 in a water/ethanol mixture solvent (1:1, v/v,
295 K). The ratiometric fluorescence chemosensor was  immersed
into a quartz cell with Hg(NO3)2 solution, and its response was
recorded by a RF-5301PC fluorophotometer with a liquid holder.

2.4. Characterization techniques

The UV–vis absorption spectra were collected in the range
from 220 to 800 nm on a Shimadzu T-9201 spectrophotome-
ter, with the slit width of 1.0 nm.  The fluorescence spectra were
performed on a RF-5301PC fluorospectrophotometer with the exci-
tation wavelength of 334 nm.  The fluorescence emission spectra
range in 350–650 nm,  and both the excitation and emission slits
were set to 3 nm.  The photobleaching behavior was  tested by the
UV lighting with CHF-XQ 500W. Steady-state polarized photolumi-
nescence measurements of the Primuline/LDH UTFs were recorded
with an Edinburgh Instruments’ FLS 920 fluorospectrophotome-
ter. X-ray diffraction patterns (XRD) of the Primuline/LDH UTFs
were recorded using a Rigaku 2500 VB2+PC diffractometer under
the conditions: 40 kV, 50 mA,  Cu K� radiation (� = 0.15 nm)  step-
scanned with a scanning rate of 2◦/min, and a 2� angle ranging from
2◦ to 65◦. The morphology of thin films was investigated by using a
scanning electron microscope (SEM ZEISS) with 20 kV accelerating
voltage. The surface roughness was  obtained by using the atomic
force microscopy (AFM) software (Digital Instruments, version
6.12). X-ray photoelectron spectroscopy (XPS) measurement was
performed with monochromatized A1 K� exciting X-radiation (PHI
Quantera SXM). The Raman spectra were obtained with 514.50 nm
of excitation by using a confocal Raman microspectrometer (Ren-
ishaw Instruments Co. Ltd., RM2000) in the range 1000–2500 cm−1.

3. Results and discussion

3.1. Characterization of the Primuline/LDH UTFs

3.1.1. Assembly of the UTFs
Fig. 1A shows the UV–vis absorption spectra of the

(Primuline/LDH)n UTFs with various bilayer numbers (n) deposited
on quartz substrates. A stepwise and regular film growth procedure
is observed by the linear correlation between the absorption band
of Primuline at ∼233 and 355 nm (�–�* transition) with n (inset
in Fig. 1A). Compared with Primuline solution sample (Fig. S1), the
absorption spectrum for the (Primuline/LDH)n UTFs is similar to
Primuline solution, which excludes the aggregation of Primuline
during the assembly process. The fluorescence quantum yield
was calculated by the ratio between the fluorescence intensity
(determined from the integral of the emission peak) and the
absorbance at the excitation wavelength, Iflu/Aexc (Fig. S2) [14],
from which the (Primuline/LDH)25 UTF shows a higher value
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Fig. 1. (A) UV–vis absorption spectra of the (Primuline/LDH)n UTFs (n = 5–30) (inset: the linear relationship between absorbance at 233 and 355 nm and bilayer number n);
(B)  the fluorescence emission spectra of the (Primuline/LDH)n UTFs (n = 5–30).

than that of the solution (10−5 mol/L) and pure solid Primuline
sample. This suggests that the rigid and confined space imposed
by LDH monolayers can suppress the thermal vibration/rotation
of Primuline relating to the nonradiative relaxation process of its
exciting states. Fig. 1B displays that the fluorescence emission
intensity of (Primuline/LDH)n UTFs at 422 nm consistent increase
along with n from 5 to 25, while it shows no change with further
increasing n to 30. In addition, the fluorescence emission intensity
at 377 nm absents obvious change. The biggest fluorescence
intensity ratio (I422/I377) located at the n = 25 (Fig. S3). The further
monitor for the deposition process of the (Primuline/LDH)n UTFs
was carried out by scanning electron microscopy (SEM). The
approximately linear increase of the UTF thickness in the range
25–62 nm upon increasing the layer number (n = 10–25) confirms
that the UTFs present uniform and periodic layered structure
(Fig. S4).

3.1.2. Structural and morphological characterization
Fig. 2A shows a typical top view of SEM image for the

(Primuline/LDH)25 UTF, which displays the film surface is micro-
scopically continuous and smooth. The SEM side view (Fig. 2B)
of (Primuline/LDH)25 UTF indicates the thickness is 62 nm,  from
which it can be estimated that the thickness of one bilayer
(Primuline/LDH)1 is ∼2.48 nm.  The AFM topographical image is
shown in Fig. 2C, and the result indicates the value of root-mean-
square (RMS) roughness is 3.46 nm,  indicating a relatively smooth
surface. The XRD patterns exhibit the characteristic reflection of the
LDH structure with a (0 0 3) peak appearing as narrow, symmetric,
strong lines at 2� = 3.98◦, indicating the average repeating distance
is ∼2.41 nm,  approximately consistent with the thickness augment
per deposited cycle observed by SEM (2.48 nm). Moreover, this is
also in agreement with the ideal single-layered arrangement model
of the Primuline/LDH structure (Fig. S5).

3.2. The (Primuline/LDH)n UTFs as a ratiometric fluorescence
chemosensor for Hg2+

3.2.1. The response of (Primuline/LDH)n UTFs for Hg2+

The significant fluorescence decrease (at 422 nm)  and increase
(at 377 nm)  of the (Primuline/LDH)n UTFs are observed with pres-
ence of Hg2+ (Fig. 3A), displaying their feasibility as a ratiometric

chemsensor. The response time of the (Primuline/LDH)n UTFs
toward Hg2+ increases with the increase of film thickness, resulting
from the reduced diffusion rate of Hg2+ in the film with larger thick-
ness (Fig. S6). Taking into account both the fluorescence intensity
ratio (Fig. S2) and response time, the (Primuline/LDH)25 UTF sample
was chosen in the following study. Moreover, from the fluores-
cence sensitivity of view, pH 7 was chosen as the best measurement
condition (Fig. S7).

Fig. 3B shows the fluorescence intensity ratio is proportional
to the Hg2+ concentration in the range 2.5–100 nM,  with the fol-
lowing linear regression equation: I422/I377 = 2.63–0.01c (nM) with
r2 = 0.99. The absolute detection limit is 0.13 pM,  which meets the
requirement for Hg2+ detection in bottled water within U.S. EPA and
World Health Organization (WHO) limit (∼30 nM) [15]. The ratio-
metric fluorescence change of the UTF with the presence of Hg2+ is
probably related to the binding between Primuline and Hg2+, which
will be further discussed in the next section.

3.2.2. Reversibility
The reversibility is a key factor for chemsensors from the view-

point of practical application. To realize the reversibility of the
chemosensor, the treated by Hg2+ UTF was  immersed into a solution
of EDTA (a metal ion chelator, 5 �M),  and the fluorescence inten-
sity at 422 and 377 nm of the UTF increased and decreased gradually
respectively and recovered completely after 35 s (Fig. 4A), demon-
strating the binding between Primuline and Hg2+ is chemically
reversible. A good repeatability of the chemosensor was observed
with RSD = 1.23% (EDTA) and RSD = 2.56% (Hg2+) in 20 cycles by
alternate immersion into two solutions with Hg2+ and EDTA respec-
tively (Fig. 4B).

3.2.3. Stability
The stability of chemosensor is of major importance, since

it leads to indicator leaching and/or signal drifting even the
breakdown of sensor ability [16]. The fluorescence intensity ratio
(I422/I377) of the (Primuline/LDH)25 UTF as a function of bleach-
ing time upon illumination by UV light is recorded (Fig. S8), with
the Primuline solution as a comparison sample. It was  found that
the half-live of the (Primuline/LDH)25 UTF sample (10 h) is far
longer than that of the Primuline solution (50 min). The result indi-
cates that the photostability of Primuline molecule is significantly
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Fig. 2. (A) Top-view of SEM image, (B) side-view of SEM image, (C) tapping-mode AFM image and (D) XRD pattern of the (Primuline/LDH)25 UTF.

enhanced in the LDH matrix. In addition, the ∼96% of its initial
fluorescence intensity remained after one month measurement,
indicating the high storage stability of the chemsensor (Fig. S9).
Moreover, the adhesion test of the UTF film to the substrate shows
no delamination or peeling occurred on cross-cutting the surface
(shown in Fig. S10).

3.2.4. Selectivity
For other competitive species, a high selectivity of the

chemosensor toward analyte is obviously important. Fig. 5 shows
the fluorescence intensity ratio (I422/I377) of the (Primuline/LDH)25
UTF in solutions containing Ca2+, Cd2+, Pb2+, Mn2+, Fe2+, Co2+,
Zn2+, Cu2+, Ni2+, Cr3+, Al3+ and Mg2+, respectively. The results
display the response of the UTF to other cations was  very low
compared with Hg2+, and less change in the fluorescence inten-
sity ratio of UTF for these interferential species (∼5%) than Hg2+

(∼65%) was observed. Furthermore, with the presence of a mixture
of the above-mentioned metal ions (1 �M each), there is no sig-
nificant influence on the fluorescence intensity ratio response to
Hg2+.

3.2.5. Determination of Hg2+ in real water samples
Application experiments are crucial for evaluating analytical

performance of the chemosensor because of possible influence
from naturally existing molecules and interferences. Two real sam-
ples (tap water and lake water collected from the Weiming lake
in the Peking University) were used for the Hg2+ determination.
Both the samples filtered through a 0.5 �L membrane showed no
Hg2+ based on results of the elemental analysis. Thus, different
concentrations of Hg2+ were respectively added in the water sam-
ples and then record the fluorescence intensity ratio (I422/I377)
of the (Primuline/LDH)25 UTF (Table 1). The satisfactory results
for both the samples have been obtained, indicating that the
(Primuline/LDH)25 UTF can be potentially used as a ratiometric
chemosensor for the detection of Hg2+ in the environmental field.

3.3. Studies on the mechanism of measurement–regeneration
cycle

The process of fluorescence quenching and regeneration for
the fluorescence chemosensor is shown in Scheme 1. The coor-
dination of Hg2+ with Primuline in the UTF results from high
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Fig. 3. (A) Emission spectra of the (Primuline/LDH)25 UTF upon increasing Hg2+ concentration (293 K; �ex = 334 nm); (B) Hg2+ titration curve of the chemosensor for emission
ratio  at 422 and 377 nm (I422/I377).

Fig. 4. (A) Emission spectra of the treated by Hg2+ chemosensor in EDTA (5 �M)  as a function of time; (B) the reversibility of the chemosensor recorded by alternate
measurement in two solutions of Hg2+ and EDTA respectively.

thermodynamic affinity of Hg2+ for typical S and N-chelate ligands
and fast metal-to-ligand binding kinetics; while the decomplex-
ation was rooted in the coordination of Hg2+ and EDTA owing
to the much larger complex constant between EDTA and Hg2+

(log K ≈ 21.8) [17] than Primuline and Hg2+ (log K ≈ 7 based on the
fit result of Stern–Volmer formula, see Fig. S11). This XPS and
Raman measurement verified the process above (Fig. 6). The XPS
spectrum after measurement of Hg2+ (Fig. 6A-b) displays signals

Table 1
Determination of Hg2+ in the tap and lake water.

Sample Number Hg2+ added (mol L−1) Hg2+ found (mol L−1) (meana ± S.D.b) Recovery (%)

Lake water No. 1 5.0 × 10−9 (5.04 ± 0.12) × 10−9 100.8
No.  2 2.0 × 10−8 (2.03 ± 0.21) × 10−8 101.5
No.  3 8.0 × 10−8 (8.12 ± 0.11) × 10−8 101.5
No.  1 5.0 × 10−9 (5.01 ± 0.09) × 10−9 100.2

Tap  water No. 2 2.0 × 10−8 (1.98 ± 0.15) × 10−8 99.0
No.  3 8.0 × 10−8 (8.10 ± 0.13) × 10−8 101.25

a Mean of three determinations.
b Standard deviation.
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Fig. 5. The fluorescence intensity ratio (I422/I377) of the (Primuline/LDH)25 UTF induced by indicated metal cations (1 �M respectively); mix = a mixed solution containing all
the  tested cations (1 �M each), none = pure water solution. Indicated values are means of three measurements with the standard error less than 3%.

Scheme 1. The schematic representation for the measurement–regeneration cycle of the UTF (Mg  blue, Al orange, H white, S yellow, O red, N blue, C gray and Hg purple).

attributed to Hg 4d3 (380.1 eV) compared with the original UTF
(Fig. 6A-a), displaying that Hg2+ was bonded within the UTF via
the complexation with Primuline. The removal of Hg2+ from the
regenerated UTF by EDTA is confirmed by the absence of Hg signals

(Fig. 6A-c). Compared with original (N C: 399.8 eV; N C: 402.1 eV)
and regenerated one (N C: 399.8 eV; N C: 402.3 eV), the shift in
the XPS peak for N 1s (N C: 399.1 eV; N C: 401.7 eV) of the Primu-
line/LDH UTF after measurement of Hg2+ indicates the formation of

Fig. 6. (A–C) XPS spectra and (D) Raman spectra: (a) the original (Primuline/LDH)25 UTF, (b) the treated UTF by Hg2+, (c) the regenerated UTF by EDTA.
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Fig. 7. Photoemission profiles in the (a) VV, (b) VH, (c) HV, (d) HH, (e) polarizations and anisotropy of the sample measured at room temperature (293 K): (a) the original
(Primuline/LDH)25 UTF, (b) the treated UTF by Hg2+ and (c) the regenerated UTF by EDTA.

coordination bond between Hg2+ and N atoms in Primuline (Fig. 6B).
A similar shift in the banding energy of S 2p 3/2 was also observed
(Fig. 6C), which can be attributed to the reduction of electron den-
sity [18]. In addition, Raman spectroscopy shows the absence of the
C N absorption and the band shift of C H (from 1062 to 1045 cm−1)
and C N (from 1200 to 1170 cm−1) for the treated by Hg2+ com-
pared with original and regenerated Primuline/LDH UTF, which
further verified the results above (Fig. 6D).

The anisotropy of the (Primuline/LDH)25 UTF is an another
important information for illustration the mechanism of
measurement–regeneration cycle. Fig. 7 shows the polarized
photoemission spectra of the original, the treated and recovered
(Primuline/LDH)25 UTF samples. The well-defined fluorescence
anisotropy of original (Primuline/LDH)25 UTF with the anisotropy
value (r) of 0.38 (377 nm)  and 0.23 (422 nm) is observed in
Fig. 7A, which caused by well-oriented and ordered arrangement
of Primuline; while the r value decreased to 0.13 (422 nm)  after
measurement of Hg2+ (Fig. 7B) due to the decrease in the conjugacy
of Primuline. The r value again recover to 0.23 after regeneration
by EDTA (Fig. 7C), indicating the removal of Hg2+ from the UTF.
In addition, AFM has also been used to confirm the reversible
measurement–regeneration cycle and shown in Fig. S12. A smooth
surface of the original (Primuline/LDH)25 UTF with a root-mean
square roughness of 3.46 nm is observed (Fig. S12A). However, after
measurement of Hg2+, the RMS  roughness increases to 7.39 nm
accompanied with sharp peaks (Fig. S12B). After regeneration by
EDTA, the RMS  roughness decreases to 3.58 nm (Fig. S12C). In

conclusion, the embedment/removal of Hg2+ leads to reversible
changes in both anisotropy and morphology owing to regular
variations in orientation and/or stacking of Primuline.

4. Conclusions

In summary, the present work demonstrates a method for the
fabrication of the ordered (Primuline/LDH)n UTFs by the LBL depo-
sition technique, and their application as a ratiometric fluorescence
chemosensor for Hg2+ was  demonstrated. The structural and sur-
face morphology studies show that the UTF  is continuous and
uniform with stacking order in the normal direction of the sub-
strate. The rigid LDH nanosheets isolate Primuline molecules from
each other and thus suppress the interlayer �–� stacking inter-
action. Furthermore, the (Primuline/LDH)25 UTF is successfully
used as ratiometric fluorescence chemosensor for Hg2+ with a low
detection limit, good regeneration and reversibility, high stability
(light, storage and mechanics) as well as selectivity. The reversible
changes in chemical composition, surface morphology and fluores-
cence anisotropy of the UTF due to the embedment/removal of Hg2+

explain the mechanism of the measurement–regeneration cycle.
Therefore, the novel strategy in this work provides a facile method
for the fabrication of ratiometric fluorescence chemosensors via
assembly of an organic fluorophore indicator within an inorganic
matrix, which can be potentially used for the detection and mea-
surement of toxic metal pollutants in biological and environmental
detection.
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