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Fluoride-responsive gelator and colorimetric sensor based on simple and
easy-to-prepare cyano-substituted amide†
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A new and easy-to-prepare gelator based on cyano-substituted amide (BPNIA) was designed and
synthesized. BPNIA could form thermoreversible gel in DMSO–H2O (v/v, 9 : 1) and ultrasound-
stimulated gel in DMSO. FT-IR, UV–vis and XRD spectra indicated that the gelator molecules
self-assemble into a fibrous network resulting from the cooperation of intermolecular hydrogen bonding,
π–π stacking and cyano interactions. BPNIA can act as a highly selective colorimetric sensor for fluoride
in DMSO, overcoming the interference of H2PO4

−, AcO− and other halide anions. The deprotonation of
the NH groups is responsible for the dramatic color change from colorless to yellow. Interestingly, the
organogel of BPNIA could allow a two channel fluoride response by proton controlled reversible sol–gel
transition and color changes.

Introduction

There has been an increasing amount of interest in low-molecu-
lar-mass organic gelators (LMOGs),1 which is motivated by
their unique supramolecular architectures and wide range of
potential applications. Organogels are formed by assembly of
LMOGs into entangled three-dimensional networks through
weak intermolecular forces such as hydrogen bonding, π–π
stacking, and van der Waals interactions in which solvent mole-
cules are efficiently entrapped and immobilized.2 These weak
intermolecular forces can be easily manipulated by external
stimuli, allowing for the tuning of the physical properties of the
gel. To date, a great number of examples based on organogels
that respond to pH,3 anions,4 redox agents,2c,5 electric or mag-
netic fields,6 light7 and sound,8 have been reported. Such
stimuli-responsive gels are especially beneficial for the develop-
ment of sensor devices or in applications like drug delivery or
catalysis. Hence, the design of simple and easy-to-prepare
stimuli-responsive gelators is worth exploring.

Anions are ubiquitous and play a crucial role in a wide range
of chemical and biological processes. Among various anions,
fluoride is a useful chemical for dental caries and treatment of
osteoporosis, but too much accumulation of fluoride can result in
fluorosis.9 Therefore, a great deal of attention has been devoted
to the detection of fluoride.10 Optical colour changes as a

signaling event, employing synthetic receptors, are widely used
owing to their simplicity, low cost and no equipment require-
ments. However, most of them suffer the interference of other
anions. Specifically, the discrimination of fluoride from H2PO4

−

and AcO− with similar basicity is rather problematic.11 So, it is
still a challenge to design and synthesize artificial sensors with
high selectivity and sensitivity for fluoride anions. Furthermore,
these fluoride sensors commonly are used in solution, which will
significantly restrict their practical applications. Faced with these
limitations, anion-responsive gels have attracted increasing atten-
tion because the gel–sol transition allows naked eye detection
and the gels are more convenient to use. Till now, the reports of
organogels displaying fluoride response are still limited.2b,12

Therefore, it is desirable to develop fluoride-responsive organo-
gels that could display two channel recognition of fluoride
through gel–sol transition and color changes with the advantage
that these responses can be conveniently detected by the naked
eye.

In this work, we designed and synthesized a new fluoride-
responsive gelator based on cyano-substituted amide which lacks
steroidal units and long alkyl chains, as shown in Scheme 1. The
synthetic strategy stems from the fact that a cyano-substituted
aromatic amide with strong intermolecular hydrogen bonding
and π–π stacking may provide powerful driving forces to form
an organogel.2b,13 On the other hand, the two NH groups of the
amide can act as anion acceptors and the cyano-substituted aro-
matic groups can be utilized as the chromophore that converts
the interaction between hydrogen atom and anion to optical
signals.14 Finally, the cyano electron-withdrawing groups can
further polarize the NH group and enhance the hydrogen bond
donor tendencies toward anions. Indeed, our compound not only
acts as a smart gel that shows reversible gel–sol transition and a
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visibly noticeable color change controlled by using fluoride
stimuli and proton control, but also exhibits a highly selective
sensing activity versus fluoride in DMSO solution and over-
comes the interference of H2PO4

−, AcO− and other halide
anions. To the best of our knowledge, only a few reports on
LMOGs showing a significant dual channel fluoride ion response
of reversible color change and gel–sol transition are known.12a,d,f

Therefore, the cyano-substituted amide is a good example of a
fluoride-responsive gelator, which may be important to provide
structural criteria for the deliberate design of new, easy-to-
prepare stimuli-responsive gelators with potential applications in
sensor devices for fluoride detection.

Results and discussion

Synthesis and crystal structure of BPNIA

The structure and synthesis of the cyano-substituted amide
BPNIA is shown in Scheme 1. It was easily synthesized in good
yield by condensation of 5-nitro-isophthaloyl dichloride with
2-phenyl-3-(p-aminophenyl)acrylonitrile in the presence of tri-
ethylamine, and characterized by 1H NMR, MS, FT-IR and
elemental analysis.

A single crystal of BPNIA suitable for X-ray crystallography
was obtained with slow evaporation of its DMF solution at room
temperature. The crystal structure is triclinic with space group
P1̄, two independent BPNIA molecules exist in a unit cell and
each of them is in contact with two DMF molecules through
intermolecular hydrogen bonding. All the NH groups of BPNIA,
as donors of hydrogen bonds, interact with the oxygen atom of
DMF. According to meticulous inspection of the BPNIA
packing arrangement, strong intermolecular interactions exist
among BPNIA molecules. As shown in Fig. 1b, the molecules
self-assemble into one-dimensional (1D) chains along the a axis,
where hydrogen bonds of C–H⋯NuC, C–H⋯OvC and π–π
stacking are responsible for the formation of such molecular
assemblies with a less optimal way of J-aggregate molecular
stacking mode. The interaction distances of hydrogen bonds
H⋯N, H⋯O and π–π are 2.663, 2.430 and 3.418 Å, respecti-
vely, meaning that these intermolecular interactions are relatively
strong. Furthermore, two types of C–H⋯OvC and C–H⋯NuC
hydrogen bond are bound along the b axis in the crystal mol-
ecules, these distances are 2.646 and 2.748 Å, respectively
(Fig. 1c). Driven by these strong intermolecular interactions, the

molecules of BPNIA self-assemble into tight two-dimensional
layer frameworks.

Gelation property of BPNIA

The gelation abilities of BPNIA were evaluated in various
organic solvents by the standard heating-and-cooling method
and summarized in Table 1. The compound BPNIA was insolu-
ble in aliphatic hydrocarbon solvents, lower alcohols and aro-
matic solvents, such as n-hexane, cyclohexane, chloroform,
methanol and toluene at room temperature, but was easily dis-
solved in DMF and DMSO. The gelation properties of BPNIA
in DMSO were further investigated. Cooling of a thermally dis-
solved DMSO solution of BPNIA resulted in precipitation;
however, when ultrasound irradiation was introduced into the
system, it could form stable gels in pure DMSO. These implied
that ultrasound may cause desolvation of BPNIA and trigger the
gelation.12h,15 Furthermore, BPNIA can form thermoreversible
gels in DMSO–H2O (v/v, 9 : 1). The gel–sol transition tempera-
tures (Tgel), determined by the ‘inverse flow method’,16 were
62 °C in DMSO–H2O (12 mg mL−1) and 46 °C in DMSO
(30 mg mL−1). The formed BPNIA gels were quite stable and

Table 1 Gelation properties of BPNIA in various solventsa

Solvent Phase Solvent Phase

n-Hexane I Ethyl acetate I
Cyclohexane I Toluene I
Dichloromethane I THF I
Chloroform I DMF S
Methanol I DMSO S
Ethanol I DMSO–H2O (9 : 1) G (12)
Acetonitrile I DMSO G (24)b

a S, solution; G, stable gel; I, insoluble. Numbers in parentheses present
the critical gel concentration (CGC, mg mL−1). bGel induced by
ultrasonic stimulation.

Scheme 1 Synthesis route to gelator BPNIA.

Fig. 1 (a) Molecular packing of BPNIA along the a axis; DMF mole-
cules are omitted for clarity. (b) C–H⋯NuC, C–H⋯OvC and π–π
interactions viewed along the ab plane. (c) C–H⋯NuC and
C–H⋯OvC interactions between adjacent molecules.

6974 | Org. Biomol. Chem., 2012, 10, 6973–6979 This journal is © The Royal Society of Chemistry 2012
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could be preserved for more than half a year at room temperature
without phase separation.

The morphologies of BPNIA xerogels were obtained by
freeze-drying them and examining with a scanning electron
microscope (SEM). The microscopic observations revealed that
the BPNIA molecules exhibited an outstanding 1D self-assem-
bling tendency. The xerogel from DMSO–H2O consisted of
numerous intertwined fibers with diameters of 50 nm, entangled
to form networks sustaining solvent therein (Fig. 2a). In the
DMSO xerogel, a large amount of long, flat and thick fibers
could be observed, with a high aspect ratio, width of 180 nm
and length of tens of micrometres (Fig. 2b). The slight differ-
ences among the general characteristics of these 1D architectures
might arise from the fact that the fabrication methods and con-
ditions are different for these two xerogels. The formation of
elongated fiber-like aggregates indicated that strong directional
intermolecular interactions are responsible for the self-assembly
of BPNIA molecules.

In order to confirm that the intermolecular interactions play a
significant role in the gelating process, UV–vis, FT-IR and XRD
spectra of BPNIA xerogels were obtained. The UV–vis absorp-
tion spectra of BPNIA in DMSO solution and xerogels states
were determined to gain information on the organization of the
chromophores. As shown in Fig. 3, the dilute solution of BPNIA
with 10 μM in DMSO gave a strong absorption maximum at
355 nm, whereas this peak broadened and a new broad shoulder
at 420 nm was detected in the xerogels. It is well known that
J-aggregates where the molecules are arranged in a head-to-tail
direction induce a red-shift in absorption. The new shoulder
band is properly assigned to the J-aggregation band due to

specific arrangements by the cyano group.13,17 These results
indicated that π–π stacking plays a key role in gel formation and
that BPNIA might adopt J-aggregates in the gel states. This is
consistent with the arrangement of BPNIA molecules in the
crystals.

FT-IR spectra were measured to focus on the role of the cyano
and amide units in the formation of the observed fibers. Fig. 4
compares the IR spectra of the powder and the xerogels of
BPNIA. In the powder, the cyano stretching band appears at
2217 cm−1. But the corresponding bands shifted to 2210 cm−1

in the case of xerogels, which is due to the results of intermole-
cular cyano interactions in the gel states, as previously
reported.18 In addition, the NH and CO stretching vibrations in
the powder appeared at 3340, 1684 and 1673 cm−1, respectively,
while these peaks became broad and shifted to lower wavenum-
bers at 3307, 1681 and 1669 cm−1 in the BPNIA xerogels,
suggesting that intermolecular hydrogen bonds exist in the gel
states.2d,12c In order to further investigate the intermolecular
hydrogen bonds between amide groups, we carried out the temp-
erature-dependent FT-IR spectra. As shown in Fig. 5, with the
temperature increasing, the band at 3307 cm−1 gradually
declined and a new band at 3335 cm−1 appeared and increased
synchronously. This was attributed to the destruction of inter-
molecular hydrogen bonds, causing the NH position to move to

Fig. 2 SEM images of BPNIA xerogels formed from (a) thermal-
induced gelation in DMSO–H2O (v/v, 9 : 1) and (b) ultrasound-stimu-
lated gelation in DMSO. Insets in (a) and (b) show the corresponding
magnified SEM image and the organogel.

Fig. 3 UV–vis absorption spectra of BPNIA in DMSO solution
(10 μM) and xerogels.

Fig. 4 FT-IR spectra of BPNIA (a) powder; (b) xerogel from DMSO
and (c) xerogel from DMSO–H2O (v/v, 9 : 1) at room temperature.

Fig. 5 Temperature-dependent FT-IR spectra of xerogel from DMSO
(15 mg/0.5 mL).

This journal is © The Royal Society of Chemistry 2012 Org. Biomol. Chem., 2012, 10, 6973–6979 | 6975
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a higher wavenumber. Moreover, the band at 1681 cm−1 shifted
to a higher wavenumber, the band at 1669 cm−1 gradually
decreased, and a new band at 1651 cm−1 appeared. These obser-
vations clearly show that most of the amide groups were
involved in intermolecular hydrogen bonds and promoted the
aggregation of BPNIA molecules to form gel. We assume that
the intermolecular hydrogen bonds and cyano interactions may
both contribute to the gel formation.

XRD was used to explore the regularity of molecular packing
and the gelation mechanism of BPNIA in the gel phase. Fig. 6
shows the XRD patterns of BPNIA in xerogels and crystal state.
Compared with the crystal of BPNIA, a series of sharp peaks
were observed in the BPNIA xerogels formed in DMSO and
DMSO–H2O, demonstrating a typical feature of crystalline-like
order structure, which suggested the ordered arrangements of
BPNIA in the gel states. In addition, the crystal exhibited an
obvious peak at 2θ = 25.5° corresponding to a d spacing of
0.349 nm, a typical π–π stacking distance,12a,c which was con-
sistent with the distance between phenyl rings in the crystal
phase. Similarly, prominent reflection peaks corresponding to d
spacing of 0.347 and 0.322 nm were observed from xerogels of
DMSO and DMSO–H2O, respectively. These results supported
that π–π stacking interaction was involved in their self-assembled
structure. On the basis of UV–vis, FT-IR and XRD data, it was
reasonable to suggest that the driving forces for gelation fol-
lowed by entanglement of the self-assembled nanofibers resulted
from the combined effects of intermolecular hydrogen bonds,
π–π stacking and cyano interactions.

Anion responsive properties

It is well known that the amide is an especially good hydrogen
bond donor and excellent anion receptor.10c,19 In order to investi-
gate the interactions of receptor BPNIA with anions, the charac-
teristic UV–vis absorption changes have been obtained after
addition of TBA salts of F−, Cl−, Br−, I−, H2PO4

− and AcO− to
its DMSO solution. As can be observed in Fig. 7a, in the pres-
ence of 100 equiv of F−, the absorption band at 355 nm van-
ished, and a new absorption band appeared at 459 nm. However,
H2PO4

−, AcO− and other halide anions did not induce any sig-
nificant spectral changes, suggesting no bonding or very weak

interactions with the receptor BPNIA. Due to the appearance of
a new band in the visible region, the addition of fluoride can
cause a vivid color change. As expected, the addition of fluoride
led to a noticeable color change from colorless to yellow,
whereas no color changes were observed when the other anions
were added (Fig. 7b). This suggests that BPNIA allowed highly
selective fluoride detection visually.

More importantly, further studies suggested that BPNIA could
selectively detect fluoride even in the presence of other competi-
tive anions, and the monitor effect was almost not affected
(Fig. 8). The selectivity of fluoride over other anions, in particu-
lar H2PO4

− and AcO−, is important because many reported
fluoride colorimetric sensors suffered from deleterious interfer-
ence of other anions.11

The interaction of BPNIA with fluoride was investigated in
detail through absorbance spectra titration experiments and intri-
cate spectral behaviors were observed (Fig. 9). On addition of
from 0 to 25 equiv fluoride, the band at 355 nm decreased, while

Fig. 6 XRD patterns of BPNIA (a) xerogel obtained from DMSO; (b)
xerogel obtained from DMSO–H2O (v/v, 9 : 1) and (c) crystal.

Fig. 7 (a) Absorbance spectra and (b) the corresponding color changes
of BPNIA (10 μM) upon addition of 100 equiv various anions in
DMSO.

Fig. 8 Absorption spectra changes of BPNIA (10 μM) to F− (100
equiv) in the absence and presence of 100 equiv of various anions in
DMSO.

6976 | Org. Biomol. Chem., 2012, 10, 6973–6979 This journal is © The Royal Society of Chemistry 2012
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a new band at 447 nm formed and developed. In particular, the
band at 447 nm almost reached the maximum value after the
addition of 25 equiv of fluoride. In the meantime, a faint yellow
color was observed (Fig. 9, inset). The changes suggested that
fluoride first formed a hydrogen bonding complex with BPNIA.
With further increasing of the concentration of fluoride from 25
to 60 equiv, the band intensities at 447 nm progressively
increased, and a clear red shift of the maximum from 447 to
459 nm could be observed. The band at 459 nm reached its limit-
ing value after the addition of 60 equiv of fluoride, and simul-
taneously the solution became bright yellow color (Fig. 9, inset).
These subsequent changes might result from deprotonation of
the amide NH group by the basic fluoride ion, and development
of a negatively charged amide.11g The deprotonation will be
further confirmed through the 1H NMR titration experiments in
DMSO-d6. These results revealed that the deprotonation was the
key factor triggering the chromogenic effect. Such deprotonation
was related to the strong acidity of the receptor caused by the
cyano electron-withdrawing groups and the particular stability of
the [HF2]

−.20

The interaction of receptor BPNIA with fluoride was further
investigated by 1H NMR titration experiments in DMSO-d6
(Fig. 10). The amide NH proton signal at 11.12 ppm shifted
downfield slightly and broadened with increasing fluoride con-
centration from 0 to 1 equiv. When 5 equiv of fluoride was
added, the NH proton signal finally disappeared and a new
signal emerged at 16.10 ppm with a 1 : 2 : 1 triplet peak, which
was ascribed to the [HF2]

− dimer.21 The existence of this new
species confirmed the deprotonation of the amide NH group.
Consequently, the deprotonation of the NH group brought elec-
tron density onto the cyano-substituted aromatic framework, and
the protons of the cyano-substituted aromatic moiety distinctly
shifted upfield.22

Fluoride-responsive gels

From the above discussions, it is interesting to note that the inter-
molecular hydrogen bonding of amide units is one of the main
driving forces that supports gel formation. At the same time,
amide units also act as binding sites in anion recognition. There-
fore in BPNIA gel, if the hydrogen bonding donor NH sites in
the amide units interacted with fluoride, the gelators might not
form stable assemblies, resulting in the transformation of the
gels, into a solution. The photographs of the gel-to-sol conver-
sion of BPNIA in the presence of fluoride are shown in Fig. 11.
After 2 equiv of solid TBAF was carefully added onto the top of
the DMSO gel, a thin layer of red solution immediately appeared
at the upper part. As time passed, the pale yellow gel gradually
vanished and more and more red-colored solution appeared until
all the gel transferred into solution. The presence of fluoride not
only changed the color of the system but also disrupted the pre-
formed gel to a solution through slow diffusion of fluoride. The
results indicated that BPNIA gel is very sensitive to fluoride,
with naked eye sensing by gel–sol transition and obvious color
changes. Because of the commonality of amide units between
organogelator and anion receptor, it was reasonable to attribute
the fluoride triggered gel–sol transition to the disruption of
hydrogen bonding interaction between the amide groups that
results in the dissociation of BPNIA gel network structures and
the release of entrapped DMSO. The striking color changes ori-
ginated from the cyano-substituted aromatic groups as the chro-
mophore converts the deprotonation of the amide moiety with
fluoride to optical signals.11g,14

The binding between fluoride and the amide units of BPNIA
led to gel–sol transition and color changes. On the other hand, it
is well known that there is a strong interaction between fluoride
and the protic solvent, which could weaken the binding between

Fig. 10 Plots of 1H NMR spectra of BPNIA upon the addition of
fluoride in DMSO-d6. The ×5 is the scale factor used for the region of
10.5–18.5 ppm.

Fig. 11 The changes in the DMSO gel (15 mg/0.5 mL) after addition
of solid TBAF (2 equiv). The disintegrated solution could re-gelate after
addition of H2O or methanol under ultrasound.

Fig. 9 Absorbance spectra changes of BPNIA (10 μM) upon the
addition of 0–100 equiv fluoride in DMSO. Insert: the absorbance
changes at 459 nm as a function of fluoride and images of BPNIAwith
different amounts of fluoride (left: none; middle: 25 equiv fluoride;
right: 60 equiv fluoride).

This journal is © The Royal Society of Chemistry 2012 Org. Biomol. Chem., 2012, 10, 6973–6979 | 6977
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fluoride and amide units. As anticipated, when 0.07 mL of H2O
was added to the red solution formed by fluoride disintegrated
gel, a new gel was obtained again after brief sonication and
the red color faded (Fig. 11). The addition of 0.15 mL methanol
produced similar changes. The recovered BPNIA gel may be
ascribed to the fact that protic solvent competes with the
amide NH group for fluoride and prevents the deprotonation
of amide groups by the fluoride. So the addition of polar
protic solvents could make the solution re-gelate and the red
color fade.

As mentioned above, the BPNIA gelator could also form
stable gels in water-containing medium (DMSO–H2O, v/v, 9 : 1).
The fluoride-responsive properties of BPNIA gel formed in
water-containing medium were then studied. After 2 equiv
of solid TBAF was carefully added onto the top of the
DMSO–H2O gel, the gel state could be preserved (Fig. 12). To
exclude the diffusion factor, we heated the mixture of
DMSO–H2O gel and 2 equiv of fluoride until it became a homo-
geneous solution, which makes fluoride fully interact with
BPNIA. A stable gel was gained as the solution cooled to room
temperature under ultrasound treatment. The presence of protic
solvent disfavors the interaction between fluoride and amide
units of BPNIA.

Hence, BPNIA can act as a smart gel that reversibly gel–sol
transitions as well as noticeably changes color by the use of
fluoride stimuli and proton control. This is of immediate rel-
evance as the gel-based systems could act as a convenient and
efficient fluoride sensor with dual-channel response of gel–sol
transition and color changes.

Conclusions

A new gelator BPNIA based on cyano-substituted amide without
steroidal units and long alkyl chains was synthesized. It is a rare
receptor that allows for the colorimetric detection of fluoride in
DMSO and overcomes the interference of H2PO4

−, AcO− and
other halide anions. BPNIA could form thermoreversible gel in
DMSO–H2O and ultrasound-stimulated gel in DMSO, which
was attributed to the cooperative interplay of intermolecular
hydrogen bonding, π–π stacking and cyano interactions as
shown by FT-IR, UV–vis and XRD studies. Introducing of
fluoride not only changed the color of the system but also dis-
rupted the preformed gel to a solution. Subsequently, the
addition of polar protic solvents could make the solution re-
gelate and the red color fade. So the reversible gel–sol transition
and noticeable color change were controlled by the use of
fluoride stimuli and proton control. It provides a strategy to
design a novel gelator for constructing stimuli responsive soft

materials and could lead to potential applications in sensor
devices for anion detection and the drug industry.

Experimental section

Materials

Benzyl cyanide (98%), 4-nitrobenzaldehyde (98%) and 5-nitro-
isophthalic acid (98%) were obtained from Aldrich. All of the
reagents and solvents were analytical reagent grade and used as
received without further purification.

Instrumentation

1H NMR spectra were obtained using a Bruker AVANCE
500 MHz spectrometer (tetramethylsilane as the internal stan-
dard). Mass spectra were measured on Thermo Scientific ITQ
1100™ GC/MSn. Elemental analyses were carried out with a
vario MICRO cube elementar. Ultrasound irradiation was per-
formed on a Kun Shan KQ-3200 B ultrasound cleaner
(maximum power, 150 W, 40 kHz). Scanning electron micro-
scope (SEM) images were collected on a JEOL JEM-6700F at
3 KV, with the samples sputtered with a layer of platinum
(ca. 2 nm thick) prior to imaging to improve conductivity.
Powder X-ray diffraction (XRD) patterns were recorded on a
Rigaku D/MAX 2500/PC X-ray diffractometer with CuKα
radiation (λ = 0.15418 nm). FT-IR spectra and temperature-
dependent FT-IR spectra were recorded on a Bruker Optics
VERTEX 80v Fourier transform infrared spectrometer, equipped
with a DTGS detector in pressed KBr pellets. UV–vis absorption
spectra were measured on a Shimadzu 3600 UV–vis–near-IR
recording spectrophotometer using 2 nm slit width. The UV–vis
diffuse reflectance spectra are taken on a Shimadzu 3600 UV–
vis–near-IR recording spectrophotometer using a 20 nm slit
width and BaSO4 as the reference. The crystal data collection
was performed on a Rigaku RAXIS-RAPID equipped with a
narrow-focus, 5.4 KW sealed tube X-ray source (graphite-mono-
chromated Mo Kα radiation, λ = 0.71073 Å). The structure was
then refined on F2 using SHELXL-97.

Synthesis of N,N′-bis(4-(2-cyano-2-phenylvinyl)phenyl)-5-
nitroisophthalamide (BPNIA). 5-Nitro-isophthaloyl dichloride
and 2-phenyl-3-(p-aminophenyl)acrylonitrile (PAPAN) were
synthesized according to the published methods.23 PAPAN
(1.28 g, 5.82 mmol) and triethylamine (0.80 mL, 5.77 mmol)
were added to a solution of 5-nitro-isophthaloyl dichloride
(0.48 g, 1.94 mmol) in dried dichloromethane (25 mL). The
reaction mixture was stirred at room temperature under nitrogen
atmosphere for 20 h with plenty of pale yellow precipitate emer-
ging. The precipitate was filtered and washed several times with
CH2Cl2 and THF, respectively, to obtain a yellow solid as
product (1.10 g, yield 92%). UV–vis (DMSO) λmax (nm): 355.
1H NMR (500 MHz, DMSO): δ 11.14 (s, 2H), 9.13 (s, 1H), 8.99
(s, 2H), 8.06–8.01 (m, 10H), 7.78 (d, J = 7.0 Hz, 4H), 7.53 (t,
J = 7.5 Hz, 4H), 7.45 (t, J = 7.5 Hz, 2H). FT-IR (KBr)
νmax/cm

−1: 3342 (NH), 3096, 3084, 3032, 2217(CN), 1683,
1594, 1519, 1449, 1412, 1322, 1250, 1184. Anal. Calcd for
C38H25N5O4: C, 74.14; H, 4.09; N, 11.38. Found: C, 74.27; H,
4.09; N, 11.67. MS: m/z = 615.41.

Fig. 12 Photographs of BPNIA gel formed in DMSO–H2O (v/v, 9 : 1)
(9 mg/0.5 mL) and the gel retained by adding 2 equiv of TBAF.
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Experimental details for anion sensing

For the UV–vis experiments, the concentration of BPNIA solu-
tion was 10 μM in DMSO. Aliquots of a fresh tetrabutylammo-
nium (TBA) salt standard solution of the envisaged anion (F−,
Cl−, Br−, I−, H2PO4

−, AcO−) were added, and the UV–vis
absorption spectra of the samples were recorded. 1H NMR titra-
tions were carried out with the receptor BPNIA (6.5 mM) in
DMSO. For the naked-eye sensing test of the DMSO gel of
BPNIA, 2 equiv of solid TBAF was dropped on the top of the
gel.
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