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In recent years, chemical sensing has attracted the
interest of many research groups, especially in the areas
of photochemical and photophysical sensing.1 One of the
important areas in contemporary sensor development
is the design and synthesis of functionalized molecular
models that trigger a measurable response upon expo-
sure to a specific family of analytes.2 Current detection
systems consist of the chemoselective sensor coupled
with a transducer device, which may use optical meth-
ods, a conducting polymer, or Langmuir-Blodgett mul-
tilayer, a quartz crystal microbalance (QCM), or a
surface acoustic wave (SAW) device, to quantify the
analytes.3 While the analytical instrumentation for
these kinds of transducers is relatively advanced, well-
characterized chemically sensitive layers are still needed.
A number of solution-based probes, sol-gel films, and
molecular sieves systems with sensitivity to inorganic
ions4 and volatile organic compounds5 (VOC) have
recently been reported. However, in terms of practical-
ity, solid-state sensors are often more desirable systems,
as such devices would minimize sample contamination
and, after regeneration of the sensing element, can be
used again.6 Recently, supramolecular architectures
designed from noncovalent interactions have been em-
ployed for the fabrication of functional materials with
a targeted utility in chemical sensory devices.5g,h,7

Following on our recent report on the preparation of
crystalline solids of 1-, 2-, and 3-D noncovalent networks
formed via complexes of N-(4-pyridyl)benzamide (NP-

BA),8 herein we report a new structure, namely, Co-
(NPBA)2(H2O)2(NO3)2 (1), Figure 1, with a functional
lamellar-like supramolecular arrangement that, upon
activation by removal of solvent, forms a chromatic
chemoselective sensor for small (≈5 Å) hydroxyl-
containing molecules.

The Co-complex 1 was synthesized by slow evapora-
tion of a mixture of the nitrate salt of Co(II) and NPBA
in an ethanol:water mixture (80:20) at room tempera-
ture over 2 days (yield 83%). The formulation of 1 was
confirmed by X-ray crystallography9 and elemental
analysis. When microcrystals of 1 are heated to 110 °C,
a deep purple crystalline material is generated (2) with
the molecular formula corresponding to desolvated 1.
The Co-complex 2 is obtained as a crystalline solid as
evident from its X-ray powder diffraction pattern and
was characterized with elemental analysis and UV-vis
reflectance and Resonance Raman spectroscopies.

The single-crystal X-ray diffraction study on 1 reveals
that the Co2+ centers exist in an octahedral configura-
tion as trans-Co(NPBA)2(H2O)2(NO3)2, Figure 1. The
supramolecular structure of 1 exhibits a remarkable
π-π stacking ensemble along the ac plane generated
from the stacking of phenyl and pyridyl moieties of
adjacent molecular units with average inter-ring con-
tacts of 3.63 Å and forms two-dimensional layers similar
to those found in lamellar solids, Scheme 1.7a These
lamellar-like layers are interconnected by hydrogen
bonds generated between the solvent and the nitrite ions
and the carboxamide moieties of NPBA units along the
b-direction.
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The presence of Lewis (Co2+) and Brönsted acid
(NO3

-) sites in 2 confer the crystalline solid with optical
properties that allows it to exhibit a chromatic response
toward hydroxyl-containing molecules. Co-complex 2
exhibits a strong absorbance band at 530 nm that can
be followed with UV-vis reflectance spectroscopy. Ex-
posure of freshly prepared crystalline samples of 2 to
dichloromethane solutions of small alcohols such as
methanol has a dramatic effect on the optical bands of
2 and allows for the quantitative sensing of various
kinds of alcohols with a detection limit in the sub-
millimolar range; see Figure 2. Co-complex 2 exhibited
the highest sensitivity to methanol in the 0.1-100 mM
range with a standard deviation (n ) 5) determined to
be from 1 to 5% within the measured range. The time
needed for 95% of the total signal change is 3 h. When
methanol is present in high concentrations (>0.5 M), a
fast response time is obtained and detection is obtained
within 5 min, Figure 3. The Co-complex 2 was investi-
gated for its selectivity to different alcohols and the
results are shown in Figure 4. After methanol, the next
highest sensitivity was observed with ethanol and
followed with n-propanol, phenol, and cyclopropanol
under the same analytical conditions. This affinity trend
was attributed to the size of the analytes and their
ability to diffuse into the structure of 2. Although Co-
complex 2 is sensitive to water, the experiments above
were performed under anhydrous conditions. Competi-

tive binding studies between different kinds of alcohols
and water are undistinguishable in the 1-100 mM
range; however, excess water in acetone (>3 M) was
observed to reconstitute Co-complex 1 in the cases when
the bulkier alcohols were used.

To gain some insight into the mechanism of alcohol
detection of Co-complex 2, we followed the reaction of 2
and methanol with X-ray power diffraction (XRPD) and
resonance Raman spectroscopy. When Co-complex 2 was
exposed to a 100 mM solution of methanol in dichlo-
romethane and followed with XRPD over a period of 30
min, a clear crystal phase change toward reconstitution
of Co(NPBA)2(CH3OH)2(NO3)2 is observed and suggests
that methanol molecules diffused into the crystalline
solid 2; the results are shown in Figure 5. The XRPD of
the reconstituted methanol adduct Co(NPBA)2(CH3-
OH)2(NO3)2 matches the diffraction pattern, with only
a slight loss of crystallinity, from single crystals with
such composition. This behavior suggests that the

Figure 1. Structure of Co(NPBA)2(H2O)2(NO3)2 (1).

Scheme 1. Supramolecular Structure of 1 Forms
Lamellar-like Solids with Solvent between Layers

Figure 2. UV-vis reflectance spectra of a sensor layer of Co-
complex 2 after exposure to various solutions of methanol in
dichloromethane.

Figure 3. (a) Layered Co-complex 1 on aluminum plates. (b)
Co-complex 2. (c) After partial exposure to 0.5 M methanol
solution in dichloromethane for 5 min.
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supramolecular milieu of 1 is preserved to some extent
after desolvation and that an orchestrated mechanism
of alcohol diffusion into 2 is at work during the sensing
function.10 These results are consistent with the recent
finding that the absence of pores or tunnels does not
preclude the diffusion of small molecules in crystals with
bilayer arrangements.11

Resonance Raman spectroscopy analysis (λ ) 514 nm)
of a solid sample of 2 showed a change in the intensity
pattern as well as a small shift (∆9 cm-1) to higher
frequencies (1036 cm-1) of the nitrate stretching fre-
quencies as compared to 1, both of which suggest that
the remaining nitrate molecules adopt a bidentate mode
of chelation to the metal center and suggest a tetrahe-
dral configuration for the Co2+ centers, Scheme 2.12

These results are consistent with the set of absorbance

bands at 530 and 750 nm for 2, which have been
observed in other Co(II) systems with pseudo-tetrahe-
dral configuration and are suggested to arise from the
d-d transitions from a Th 3d7 electronic configuration
system.13 It is thus likely, although speculative at this
point, that the NPBA molecules in 2 retain the π-π
stacking arrangement while the Co2+ centers adopt a
tetracoordinated system with the nitrate ions.

In conclusion, the present study has introduced a
novel lamellar-like supramolecular arrangement that
exhibits optical sensing properties toward alcohols when
desolvated. Taken together, our results suggest that the
crystalline solid 2 consists of periodic arrangements of
substitutionally active Co(II) sites that are structurally
assisted with NPBA and exhibit suitable optical proper-
ties that quantitatively respond to small alcohol mol-
ecules capable of diffusing into its crystalline phase.
Attempts to study the applications of Co-complex 2 with
more sensitive transducers devices such as a quartz
crystal microbalance is underway. We are also exploring
the ability of 2 to separate bulk quantities of alcohols
from mixtures, as well as the introduction of rationally
designed modifications in 2 for enantioselective separa-
tions and catalysis.
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Figure 4. Response function measured at 530 nm of Co-
complex 2 to various alcohols in dichloromethane. The solid
lines were calculated according to ref 5l.

Figure 5. X-ray powder diffraction of (a) Co-Complex 2, (b),
(c) as it is exposed to methanol, and (d) reconstituted Co-
(NPBA)2(CH3OH)2(NO3)2 from 2.

Scheme 2
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