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fluorescent block molecules for trace Zn(II) sensing:
structures and mechanisms
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and Qunhui Yuan*a

2D epitaxial nanostructures formed by functional molecules at interfaces/surfaces have attracted

considerable research interest because of their promising applications in catalysis, photonics, electronic

devices, and so on. In this study, we demonstrate for the first time that a monolayer of functional

molecules may be used as a fluorescence indicator for heavy metal ions. Self-assembly of bisligand TPE-

C4-L2 on highly oriented pyrolytic graphite was performed and the self-assembled monolayer (SAM) was

used for trace amounts of Zn(II) sensing with an output signal of fluorescence. In contrast to the Zn(II)-

induced fluorescence enhancement of the TPE-C4-L2 block molecule in solution, the self-assembled

TPE-C4-L2 film showed quenched fluorescence after Zn(II) was introduced. Using a high-resolution

scanning tunneling microscope, the SAM structures of TPE-C4-L2 and its zinc complex were

determined. The correlation between their optical properties and structures at the molecular level was

also revealed.
1. Introduction

Because top-down methodologies are approaching their theo-
retical limits, great efforts have been made in bottom-up
fabrication of two-dimensional (2D) or three-dimensional (3D)
self-assembled nanostructures in a controlled manner. The
bottom-up fabrication provides diversity in terms of designing
functional nano- architectures, which are believed to be highly
relevant to the development of nanotechnology and nano-
devices.1,2 In recent years, there has been increasing motivation
for the design and fabrication of 2D self-assembled monolayers
(SAMs) of functional molecules, owing to their sophisticated
structures at the nanoscale.3 In particular, functional surfaces
with tailored properties based on the structure and arrange-
ment of block molecules may lead to potential applications of
the SAMs in molecular electronics, chiral separation, sensing,
thin lm materials for lubrication, and so forth.4 Self-assembly
is an efficient approach in this case, and has been commonly
exploited for construction via non-covalent forces such as van
der Waals interactions, hydrogen bonds, p–p stacking,
d Technology, The Xinjiang Technical

aboratory of Functional Materials and

Academy of Sciences, Urumqi 830011,

+86-991-3838957; Tel: +86-991-3677875

Beijing, 100049, China

ciences (BNLMS), State Key Laboratory for

ble Species, College of Chemistry and

hengfu Road 202, Beijing 100871, China

hemistry 2015
electrostatic, dipole–dipole interactions, and metal–ligand
coordination.5–7

The bridge between the properties and the microcosmic
structure of the SAMs is the key for improving SAM perfor-
mance.8 It has been demonstrated that the molecular-scale
manipulations of SAM structures can generate SAMs with
various properties and functions.9 For example, Fang et al.
showed that modied graphene with self-assembled 1-octade-
canethiol arrays could be successfully used for mercury detection
at 10 ppm.10 Lahann et al. demonstrated that reversible confor-
mational transitions of the molecules in a SAM on a gold
substrate could be used as an electrical potential-controlled,
hydrophilic–hydrophobic switchable surface.11 It is believed
that a clear understanding and effective manipulation of SAM
structures would be indispensable for the development of func-
tional surfaces with diverse potential applications, as has been
suggested by some of the leading groups in this research
eld.1,4–7,12–19 To understand the connection between the prop-
erties and the assembling structure of the SAMs at a molecular
level, techniques such as sum frequency generation (SFG), quartz
crystalmicrobalance (QCM), atomic forcemicroscopy (AFM), and
scanning tunneling microscopy (STM) could be relied on.1,10,11,20

Herein, we demonstrate a practical protocol of the self-
assembled monolayer of a functional SAM derived from the
organic tetraphenylethylene (TPE)-based bisligand TPE-C4-L2
(see Scheme 1 for the molecular structure) on the highly
oriented pyrolytic graphite (HOPG) surface. With the aid of STM,
we investigated the microcosmic structure and determined its
uorescence (FL) response to Zn(II). As a simple and sensitive
RSC Adv., 2015, 5, 106061–106067 | 106061
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Scheme 1 Chemical and optimized structure of TPE-C4-L2 (K is
omitted in the optimized structure).
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approach for species detection, FL sensing of heavy metal ions
has been intensively studied, because of their severe risk to
human health and the environment.21,22 The design and
synthesis of uorescent molecules is commonly based on the
high affinity between organic ligands andmetal ions.23,24 Because
the sensing occurs in solution, it may not be ideal for detection
because of the recycling of sensing probes and secondary pollu-
tion of the environment.21 As a consequence, incorporation of
sensing molecules onto solid substrates, such as mesoporous
silica, electron spun nanobers, and even ltration paper, has
been investigated as an alternative to solution-based sensing.25–27

Inspired by several real-space observations of the in situ
coordination of surface-conned ligand arrays and metal ions
under electrochemical or ambient conditions,28–32 in which the
directional coordination bonds or the subtle balance between
molecule–molecule and molecule–substrate interactions aer
coordination determine the SAM structures. In this work, we
rstly demonstrate that the FL response of a TPE-C4-L2 SAM on
HOPG can be used to determine the existence of zinc ions in
aqueous solution based on the coordination between zinc and
the uorescent building blocks in the SAM. The surface-
conned monolayer of TPE-C4-L2 on HOPG exhibited distinct
FL quenching upon the addition of Zn(II), aer being stabilized
with a small amount of “seed” Zn(II). This FL quenching was
opposite to the Zn(II)-induced FL enhancement of the TPE-C4-
L2 molecules in aqueous solution. Using STM, the SAM struc-
tures of TPE-C4-L2 and its complex were revealed, which was
used to understand this unusual FL response. This work helps
to build the bridge between the macroscopic properties and the
microcosmic structures of functional surfaces.
2. Experimental
2.1 Materials

The same batch of TPE-C4-L2 molecules was used as that in our
previous report.33 Zn(NO3)2$6H2O (99.5%, spectroscopic grade)
and methanol (99.9%, HPLC grade) were purchased from Acros
and used without further purication.
2.2 Sample preparation

TPE-C4-L2 or TPE-C4-L2/Zn(NO3)2 (1 : 1 mixture) was dissolved
in methanol to form the sample solution with concentration
106062 | RSC Adv., 2015, 5, 106061–106067
<0.1 mM. The assembly of TPE-C4-L2 or the TPE-C4-L2/Zn(II)
mixture (1 : 1) was prepared by depositing one drop (7 mL) of
sample solution onto a freshly cleaved, highly oriented pyrolytic
graphite surface (HOPG, ZYB grade, Bruker). For the in situ
coordination, a drop of Zn(NO3)2$6H2O in methanol (0.1 mM)
was applied to the same location of the initial drop aer
successful imaging of the TPE-C4-L2monolayer at the air/HOPG
interface. The HOPG with deposited solution containing
molecules was dried in air for 1 h prior to the STM investigation.

2.3 STM investigation

The STM measurements were performed on a Nano IIId scan-
ning probe microscope (Bruker, USA) under ambient condi-
tions. STM images were recorded in constant current mode with
a high-resolution scanner. Mechanically cut Pt/Ir (90/10) tips
were used as STM probes. All of the STM images are presented
without further processing, except for necessary image
attening.

2.4 Fluorescence (FL) sensing of Zn(II)

(1) FL measurement in water solution. TPE-C4-L2 was dissolved
in methanol and diluted with DI water to obtain an aqueous
solution of 5 mM. Then, the obtained TPE-C4-L2 solution was
placed in a quartz cell for FL measurement, with the excitation
wavelength set at 310 nm and a slit width of 5 nm. The FL
changes were detected upon the addition of Zn(II)/methanol
solution (1 mM). The resulting mixture was thoroughly stirred
and allowed to stand for 3 min before each measurement.

(2) FL measurement on HOPG surface and glass slide. The
TPE-C4-L2 SAM for the FL measurement was prepared by drop-
casting 15 mL of a 0.1 mM TPE-C4-L2/methanol solution onto
a freshly cleaved HOPG surface because of the bigger HOPG
used in this case. The SAM was dried for 10 min and then used
for FL measurements. The FL changes were recorded upon the
sequential addition of 15 mL Zn(II)/methanol solution (1 mM)
every 10 min, with the excitation wavelength set at 310 nm and
a slit width of 10 nm. The FL measurements with similar TPE-
C4-L2 molecular densities and identical FL setups but on
glass slides have also been employed for comparison.

All FL measurements were carried out on an F-7000 lumi-
nescence spectrometer at room temperature (ca. 22 �C). A
commercial set of accessories for powdered or lmy samples
was used for the FL measurement of the SAM on HOPG and
glass slide. Briey, the SAM/HOPG or SAM/glass slide was
attached to a metal disc and held in a sample holder for the
measurement. The incident light exposed to the samples was at
an angle of 45� and the uorescent signal was detected at an
angle of 90� from the incident light.

3. Results and discussion
3.1 Fluorescent behaviours of TPE-C4-L2 in the solution and
on HOPG

The detailed synthesis of the bisligand TPE-C4-L2 has been re-
ported elsewhere.33 Scheme 1 shows the chemical structure of
TPE-C4-L2, in which the TPE group would act as the reporter for
This journal is © The Royal Society of Chemistry 2015
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its aggregation-induced emission (AIE) in solution, while the L
groups at both ends would act as the acceptors for metal ions
owing to coordination. The molecular dimensions of TPE-C4-L2
were estimated by geometry optimization with the MM+
molecular mechanics method (Hyperchem 8 soware package).
Fig. 1A shows the FL intensity changes of TPE-C4-L2 upon the
addition of aqueous Zn(II). A general trend of enhanced
response with increasing Zn(II) concentration was observed.
This enhanced light emission may result from the formation of
the TPE-C4-L2–Zn(II) complex (see in Scheme 2), where the
restriction of molecular rotation is the key factor for the AIE
phenomenon, as suggested by Tang et al.34

The adsorption of bisligands on HOPG was investigated with
the aid of STM. The assembly of TPE-C4-L2 for FL experiments
and STM observations was prepared with similar molecular
densities, which could be achieved by adjusting the volumes of
the deposited solutions considering the different areas of the
HOPG used. Due to the coffee-ring effect caused by the evapo-
ration of the solvent, the local molecular densities at the near-
edge regions on the HOPG surface are generally relatively
higher. Therefore, in the FL measurements, the stimulating
light was directed only to the centered part of the adlayer/
HOPG. The FL performance of the TPE-C4-L2 adlayer on
HOPG was investigated in the presence of different concentra-
tions of zinc ions introduced by dropping Zn(NO3)2$6H2O in
methanol solution. Unexpectedly, a drastic decrease of
normalized FL intensity was observed with increasing amount
of Zn(II) from 0 to 0.075 nmol, as shown in Fig. 1B. Control
experiments with the addition of pure methanol on the SAM
Fig. 1 Normalized FL spectra (excitation at 310 nm) of (A) TPE-C4-L2
(5 mM) in aqueous solution and (B) TPE-C4-L2 (0.1 mM, 15 mL) on the
HOPG surface before and after the addition of different amounts of
Zn(II). The upward and downward arrows indicate the increase of Zn(II)
from 0 to 5 mM and 0–0.075 nmol, respectively. Different from the
concentration unit of mM, here nmol refers to the amount of zinc ions
at the surface instead of the concentration. F0 and F are the normalized
FL intensities in the absence and presence of Zn(II), respectively.

Scheme 2 Schematic description of the TPE-C4-L2/Zn(II) complex.

This journal is © The Royal Society of Chemistry 2015
were also performed. It was found that the FL intensity of the
SAM was very unstable in the presence of pure methanol,
presumably because of resolving of the TPE-C4-L2 SAM into
methanol. However, the FL intensity of the SAM aer the
addition of methanol with zinc at very low concentration
(0.015 nmol) was stable in the subsequent presence of pure
methanol (see Fig. 2). This indicated that a small amount of zinc
caused a change of the SAM structure and made it relatively
stable in a methanol environment. For this reason, the FL
intensity of the stabilized SAM was used to help understand the
effect of zinc on the TPE-C4-L2 SAM. As shown in Fig. 2, the FL
intensity decreased with the continuous addition of zinc solu-
tion, while the FL intensity was unchanged with the addition of
methanol, which proves that zinc interacts with the stabilized
SAM structure and quenches the FL.

3.2 STM investigation of the TPE-C4-L2 SAM on HOPG

To understand this unusual FL response, STM images of the
TPE-C4-L2 SAM on HOPG were analyzed, with the TPE-C4-L2/
HOPG samples bearing similar molecular densities as that of
the FL experiments shown in Fig. 1B. For the STM observation,
some randomly picked areas at the center position were chosen
for the investigation, which are located inside the faculous
region for FL investigations. Fig. 3A shows a typical large-scale
STM image of the TPE-C4-L2 adlayer at the air/HOPG inter-
face. Upon adsorption, the bisligands could usually formed
well-ordered domains extending over 100 nm2 with few defects
(not shown here). Blank areas aside the well-ordered domains
with no adsorption features were also observed, whereas no
packing features of the multi-layered adsorptions were found in
all the repeated experiments, indicating that the surface
coverage of the TPE-C4-L2 adlayer is close to or less than one
monolayer. The molecular adlayer included two types of alter-
nately arranged rows with different contrasts (marked as
Column I and II in Fig. 3A). The high-resolution image in Fig. 3B
shows that ordered molecular rows formed shbone structures
with a crossing angle of 120 � 2�, in which adjacent molecules
Fig. 2 The change of the FL intensity (excitation at 310 nm, detection
at 465 nm) from a stabilized TPE-C4-L2 SAM on HOPG with the
addition of Zn(II) or pure methanol. The data points were normalized to
the first point. Each addition of Zn(II) was with a drop (15 mL) of 1 mM
Zn(II) methanol solution. Each addition of methanol was with a drop (15
mL) of pure methanol (x axial:number of the added drop).

RSC Adv., 2015, 5, 106061–106067 | 106063
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Fig. 4 (A) Large scale STM image of the SAM structure of TPE-C4-L2
molecule after the in situ addition of Zn(II), I ¼ 275 pA, E¼ 779 mV. The
white circles highlighted the less ordered area upon Zn(II) addition. (B)
High-resolution STM image of the assembled structure of TPE-C4-L2
after the in situ addition of Zn(II) (I ¼ 419 pA, E ¼ 631 mV). The white
arrows indicate the complexation sites. (C) A tentative model for the

Fig. 3 (A) Typical large-scale STM image of amonolayer of TPE-C4-L2
(I ¼ 370 pA, E ¼ 595 mV). The large white and black arrows marked by
‘Column I’ and ‘Column II’ indicate the alternately arranged molecular
rows with different contrasts. (B) High-resolution STM image of the
assembled structure (I ¼ 412 pA, E ¼ 600 mV). (C) A tentative model of
the TPE-C4-L2 arrays.
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staggered half of the intermolecular spacing to form a tail-to-tail
arrangement because of lateral repulsion. Several molecular
structures are superimposed on the image for clarity.

It is well known that the contrast of a STM image is domi-
nated by topographic and electronic coupling factors.1,4–7 For
this bisligand, the bright protrusion with a size of ca. 0.9 � 0.1
nm (dened as D1) in Fig. 3B corresponds to the conjugated
TPEmoiety, considering its higher electron density than the 1,4-
dimethoxybutyl chains. According to previous ndings,
aromatic moieties adopt tilted packing arrangements if limited
space is available.29 The formation of bright Column I can be
ascribed to p–p stacking between the tilted TPE cores of adja-
cent molecules since the intermolecular spacing was bigger
than the thickness of p–p stacking in 3D crystals (0.4 nm) while
smaller than the optimized size of TPE core (0.94 nm).35 Next to
the bright columns, parallel 1,4-dimethoxybutyl chains with
lower contrast were observed. The length of the chain, dened
as D2 (0.9 � 0.1 nm) in Fig. 3B, was in good agreement with the
optimized sizes. Close inspection of Fig. 3B indicated that there
is a visible dark trough inside bright Column I. This dark trough
with a width of 0.5 � 0.1 nm (dened as M1 in Fig. 3B) can be
assigned to another side chain (C4-L group) of the bisligand
molecule. The smaller distance of M1 than the optimized length
of the C4-L group indicated that this part of the molecule was
directed toward the gas phase. Similar upward orientations of
partial side chains of molecules containing conjugated moieties
have also been observed and discussed in the literature.29,36

Therefore, in the proposed model in Fig. 3C, only one C4-L
group is shown. In this model, TPE-C4-L2 molecules obliquely
adsorb on HOPG with the TPE cores adopting a p–p stacking
mode, with one side chain in a tail-to-tail fashion and the other
in a directed-up orientation (not shown in Fig. 3C). The unit cell
is outlined in Fig. 3C with dimensions a ¼ 0.7 � 0.1 nm, b ¼ 4.7
� 0.1 nm, and q ¼ 90 � 2�.

Based on these unit cell parameters and the amount of the
deposited molecules, the coverage of the TPE-C4-L2 should be
several monolayers. However, due to the coffee-ring effect
caused by the solvent evaporation, no multi-layered adsorption
features were observed. The observed blank areas aside the well-
106064 | RSC Adv., 2015, 5, 106061–106067
ordered molecular domains also conrms the TPE-C4-L2
coverage closed to or less than one monolayer within the
regions for FL and STM observations, that were carried out at
the center position of the HOPG substrate.

To investigate the change in the molecular structure of the
TPE-C4-L2 monolayer induced by Zn(II), a drop of 0.1 mM Zn(II)/
methanol solution (7 mL, 0.7 nmol) was added aer successful
imaging of the TPE-C4-L2monolayer. As shown in Fig. 4A and B,
a new packing structure with some irregular defects formed,
and is clearly different from the original bright-and-dark stripes
in Fig. 3. This submolecular resolved image ensured identi-
cation of the C4-L side chains as well as the Zn(II)-coordination
sites (indicated by white arrows). In contrast to the TPE-C4-L2
adlayer in Fig. 3, the sites corresponding to pyridine-2,6-
dicarboxylate groups (L ends in Scheme 1) became brighter
upon the addition of Zn(II). Compared with Fig. 3B, the 1,4-
dimethoxybutyl chain in Fig. 4B twisted to promote metal
complexation with a straight metal–ligand chain structure.
Similar surface-induced molecular distortion has been reported
by Barth et al.37 From the STM image, the distances between two
successive bright protrusions along the molecular axis were D3
¼ 2.1 � 0.1 nm and D4 ¼ 1.6 � 0.1 nm. The increased distance
between adjacent columns (dened as M2, 1.0 � 0.1 nm) and
the reduced free space between neighboring bright columns
must originate from the required molecular rotation during the
formation of the complexes. These features clearly demon-
strated that structural changes of the TPE-C4-L2 adlayer
occurred during in situ metal coordination. It was also noticed
that only one side chain of the bisligand was involved in
complexation while the other one remained uncomplexed and
pointed away from the HOPG surface, similar to the bare TPE-
C4-L2 adlayer. As previously reported, Zn(II) adopts 6-coordi-
nation with pyridine-2,6-dicarboxylate groups.33

Therefore, 6-coordinated complexation is proposed based on
the obtained information from the high-resolution image in
Fig. 4B. The Zn(II) centers could not be clearly recognized in the
STM image because of a possible electronic effect, as has been
pointed out by Barth et al.37 A tentative adsorption model with
coordination sites was deduced, as shown in Fig. 4C, with a unit
cell of a¼ 0.7� 0.1 nm, b¼ 11.8� 0.1 nm, and q¼ 55� 2�. It is
observed structure in (B).

This journal is © The Royal Society of Chemistry 2015
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shown that the STM images in this study are not as clear as
those obtained from planar structures, e.g. porphyrins and
phthalocyanines.38,39 This should originate from the relatively
complicated three-dimensional structures of the metal–organic
complexes. Such effect has also been shown in some leading
research groups with their reported STM studies on the metal–
ligand complexes, especially for the cases of in situ
coordinations.40–44
Fig. 5 (A) High-resolution STM image of the SAM structure of TPE-
C4-L2/Zn(II) complex, I¼ 728 pA, E¼ 399mV. (B) A tentative model for
the observed Fig. 5A. Unit cell dimensions: a ¼ 0.9 � 0.1 nm, b ¼ 3.9 �
0.1 nm, and q ¼ 65 � 2�.

Fig. 6 Histogram of the normalized FL of TPE-C4-L2 on HOPG (0.1
mM, 15 mL) in the presence of 0.03 nmol metal ions. F0 and F are the FL
intensities from the stabilized TPE-C4-L2 SAMs before and after the
addition of one drop metal/methanol solutions (1 mM).
3.3 Further discussion on the mechanism of the unexpected
uorescence response

Using the detailed STM images, the unusual FL response of the
TPE-C4-L2 adlayer to Zn(II) can be interpreted by the following
assumptions. Firstly, the strong FL of the bisligand SAM can be
ascribed to the propeller-like, nonplanar conformation of TPE
cores. The stacking force between the conjugated uorophores
in the highly ordered 2D self-assembly at the air/HOPG interface
may restrict the molecular rotations, as shown in the STM
observation (Fig. 3).45 Secondly, the strong FL of the 2D SAM can
be considered as an analogue of AIE emission in the solution
phase.34 However, aer the addition of Zn(II), the local ordering
of the 2D SAM reduced because of the necessary rotation of the
1,4-dimethoxybutyl chain for in situ coordination, which caused
quenched FL of the SAM, as shown in Fig. 4A and B. This
coordination resulted in a reduced local ordering of the pre-
formed well-ordered stacking of the TPE cores, which leads to
the lower degree of restricted intermolecular rotation.46 These
may be the reasons, the addition of Zn(II) results in the
quenched emissions of uorescence. The observed structural
difference between the coordination of zinc ion with TPE-C4-L2
in solution and at the HOPG interface could be ascribed to the
surface connement. Upon adsorption on HOPG, the confor-
mational freedom of the TPE-C4-L2 molecule would be
dramatically decreased due to the existence of intermolecular
and molecule–substrate interactions.

The FL experiments with similar TPE-C4-L2 molecular
densities but on glass slides have also been employed for
comparison. The FL response upon zinc titration also shows
a decrease of approximately 30%. However, the step-by-step FL
quenching upon zinc titration was changed to uctuations at
about 20% to 30%, whichmakes its potential application in zinc
ion sensing much less promising. This difference should be
resulted from the different assembling structures of the TPE-C4-
L2 on HOPG and glass slide. As has been discussed above, the
highly ordered intermolecular packing between the aromatic
TPE uorophores in the highly ordered 2D SAM and the
degraded local ordering of the 2D SAM played key roles for the
unusual FL quenching of the TPE-C4-L2 adlayer induced by
Zn(II). As for the TPE-C4-L2/glass, due to the inordinance of the
underlying glass slide, the highly ordered 2D SAM structure
could not be formed. Therefore, it is understandable why the Zn
response is also relatively weak and with more uctuation.

To further conrm the reduced local ordering of the TPE-C4-
L2 SAM and the surface-induced molecular distortion upon Zn
addition, the SAM of the pre-organized Zn-complexes was also
investigated. Fig. 5 shows that all of pre-organized complexes
This journal is © The Royal Society of Chemistry 2015
adsorbed equivalently along the lamella axis, indicating the
complex adopted a fully extended lying-on arrangement with
zinc ions located in between the two adjacent L ends for the
formation of linear complexation, as with the coordination
mode shown in our earlier report and Scheme 2.33 It can be
noticed that the structure of the in situ experiment with the
addition of Zn to the TPE-C4-L2 monolayer was different from
the SAM formed from a solution of complexes. The complexa-
tion mechanism upon in situ Zn addition in this study may
involve desorption and conformational adjustment of the
already adsorbed molecules, similar as that reported by de
Feyter et al.29,30 Also, although the desorbed TPE-C4-L2 ligands
tend to twist to accommodate the added Zn ions, they could not
form the same metal complexes as that formed in the solution
because of the surface connement from the underlying HOPG.

EDTA was also used as a potential chelating agent to check
whether the effect of Zn(II) on the TPE-C4-L2/HOPG is reversible
or not. In this experiment, the TPE-C4-L2/HOPG aer the
addition of 0.03 nmol Zn(II) was rstly dipped into an aqueous
solution containing excessive amount of EDTA, then taken out
for FL measurement. The extra adsorbed water was carefully
removed by applying a napkin at a corner of HOPG. It shows
that the FL is not recovered upon the addition of EDTA,
RSC Adv., 2015, 5, 106061–106067 | 106065
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implying that the effect of Zn(II) on the HOPG-TPE is
irreversible.

Control experiments with other metal ions such as Cu(II),
Ni(II), Mg(II) and Co(II) were also carried out following the same
procedure used in Zn(II) test with TPE-C4-L2/HOPG, considering
their comparable properties for coordination. It was shown in
Fig. 6 that the uorescence of the adlayer responses to Cu(II),
Ni(II), Mg(II) and Co(II) with much less sensitivity. However, the
mechanism of the different change in the uorescence of TPE-
C4-L2 molecules caused by these metallic ions needs further
investigations.
4. Conclusions

In conclusion, a graphite-based SAM of conjugated TPE-C4-L2
molecules was fabricated and used as a protocol for sensing
trace amounts of Zn(II). The quenched FL response of this SAM
to Zn(II) was opposite to the FL enhancement of TPE-C4-L2
molecules in aqueous solution when Zn(II) was introduced.
This unusual FL response was interpreted by using STM
observations of the SAMs at the air/HOPG interface before and
aer the addition of Zn(II) as well as the comparison of FL
responses of the TPE-C4-L2/HOPG and TPE-C4-L2/glass slide
towards Zn(II). According to the STM observations, p–p inter-
actions between the conjugated TPE cores, van der Waals
interactions between the 1,4-dimethoxybutyl chains, andmetal–
ligand coordination were the main factors that caused the
change of the SAM structures and thus the change of the FL
response of this molecule.
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