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We have synthesized a two-dimensional metal organic framework (MOF) containing
compound [CoII

0.5(Hbpydp)(H2O)]n·2nDMF (1) by solvothermal synthesis. Compound
1 has been characterized by routine spectral analyses including elemental analysis
and unambiguously by single crystal X-ray crystallography. In the crystal structure, the
cobalt(II) ion is characterized by an octahedral geometry, which consists of two nitrogen
donors from two different ligands, two oxygen donors from two different ligands and two
water oxygen atoms. Thus, each cobalt has {CoO4N2} core octahedral moiety with all
six donors coordinated in a monodentate fashion. This octahedral geometry of Co(II) in
compound 1 is reflected by the characteristic orange coloration of compound 1 crystals.
When the orange colored crystals of compound 1 are heated at 150◦C under vacuum for
3 h, the orange crystals become deep-purple in color indicating some structural change
around Co(II) with the loss of two coordinated water molecules resulting in the formation
of compound 2 {[CoII

0.5(Hbpydp)]n·2nDMF} (2). The deep-purple solid (compound 2),
on keeping in a water-DMF solvent mixture at an ambient condition for 15 h (rehydration),
is converted back to orange solid again (this regenerated compound denoted as 1R).
This reversible conversion of 1–2 through 1R occurs in a crystal-to-amorphous-to-crystal
(CAC) transformation. And the reversible thermochromism can be monitored by solid
state electronic absorption spectroscopy (DRS) and thermogravimetric (TG) studies.

Keywords: metal-organic-framework, two-dimensional Co(II) coordination polymer, hydrothermal synthesis,

self-assembly process, thermochromic behavior

INTRODUCTION

Metal-organic frameworks (MOFs) or coordination polymers (CPs) are the compounds formed
by the self-assembly process of the metal nodes/clusters with multi-topic organic ligands. The
intriguing structures and unique properties of thesematerials, achieved through the combination of
organic and inorganic building units, make them functional materials for their diverse applications
in different fields including catalysis (Dhakshinamoorthy et al., 2013; Chughtai et al., 2015),
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magnetism (Ryu et al., 2010; Mínguez Espallargas and Coronado,
2018; Mondal et al., 2018), sensing (Kreno et al., 2012;
He et al., 2018), fuel cells (Hirayama et al., 2008; Ren
et al., 2013), and electrochemistry (Manna et al., 2016).
Compared to the traditional using of mixed-ligand systems
(carboxylate and N-linker) to fabricate these materials, the
multifunctional ligands, such as, 3,5-dimethyl-1H-pyrazole-4-
carboxylic acid (HMe2pzCO2H) (Heering et al., 2013), 2,6-bis-
(pyrazol-1-yl)pyridine-4-carboxylic acid (bppCOOH) (García-
López et al., 2018; Bommakanti et al., 2019), amino-halo benzene
dicarboxylates (NH2X-BDC, where X=Cl, Br, or I) (Kim et al.,
2011), 4,4′-(4,4′-bipyridine-2,6-diyl)dibenzoic acid (H2bpydb)
(Hou et al., 2010, 2017; Wei et al., 2013) etc., in which both
functionalities present in a single ligand, offer diverse and
interesting structural integrities.

In the recent years, the focus on the design and the
construction of the new chromic organic-inorganic hybrid
materials has increased due to their potential applications in
the fields of sensors (thermo and chemical), display devices
and non-linear optical (NLO) materials (Stavila et al., 2014).
Generally, the chromism is associated with the reversible color
change of the materials in response to the transformations
occur in the corresponding materials. Depending on the external
stimuli, which causes the color change in these materials, such
as, light, temperature, pressure, and solvent molecules, they
are categorized as photochromic (Pardo et al., 2011; Tandekar
et al., 2018), thermochromic (Lim et al., 2018; Liu and Li,
2019), piezochromic (Dey et al., 2018), and solvatochromic
materials (Lu et al., 2011; Mehlana et al., 2013), respectively.
The investigation of the underlying mechanism for such sort of
chromic behavior reveals that the color change is associated to
the one of the following reasons: (i) charge transfer (CT)/electron
transfer between the organic ligands [such as, 4,4-bipyridinium
(Toma et al., 2015; Zhang et al., 2016), vialogen based ligands
(Wan et al., 2015; Hu et al., 2017)] and the metal which changes
their absorption properties, (ii) disruption of the interaction
between the solvent molecules and the compounds which leads to
the alterations in the crystal packing/supramolecular interactions
(such as, hydrogen bonding, and π···π interactions), and (iii)
coordination geometry transformations (Kundu et al., 2014;
Burneo et al., 2015; Thapa et al., 2018) due to the loss of metal
bound solvent molecules/rearrangement of the coordinating
atoms around the metal centers.

Herein, we report the synthesis of a Co(II) based coordination
compound {CoII0.5(Hbpydp)(H2O)}n·2nDMF (1) using a
bifunctional ligand, i.e., H2bpydb {4,4′-(4,4′-bipyridine-2,6-
diyl)dibenzoic acid} (see Scheme 1) and a secondary N-linker
3-BTA {N,N′,N′′-tris(3-pyridyl)-1,3,5-benzenetricarboxamide}
under the hydrothermal conditions. The presence of the
secondary ligand (3-BTA) is not observed in the crystal structure
of compound 1, however, it plays a key role in the formation
of single crystals of compound 1. The compound 1 is well-
characterized by PXRD, IR, elemental and thermal analyses and
unambiguously by the single crystal X-ray diffraction (SCXRD)
studies. The SCXRD analysis reveals that the compound 1

forms a two-dimensional coordination network having an
octahedral core of {CoO4N2}, coordinated by the two oxygen

and two nitrogen atoms from four different ligands and two
water molecules. When compound 1 is heated at 150◦C under
the vacuum condition, it undergoes a structural change to
form a dehydrated compound {CoII0.5(Hbpydp)}n·2nDMF

(2). The resulting deep-purple colored compound 2, upon
keeping in the water-DMF solvent mixture at room temperature,
regenerates the parent compound (1R). However, during
this reversible thermochromic process, the compound 1

undergoes structural transformation to form an amorphous
substance 2 (loses its crystallinity), followed by regeneration
of 1R in a reversible crystal-to-amorphous-to-crystal (CAC)
transformation process. We, therefore, could not characterize
the compound 2 unambiguously by single crystal X-ray
crystallography, but it is characterized by the thermogravimetry
(TG), UV-visible absorption spectroscopy, IR spectral analysis,
and elemental analyses.

SCHEME 1 | Structural representation of the ligand i.e., H2Bpydb.

TABLE 1 | Crystal data and structure refinement parameters for compound 1.

1

Empirical formula C30H31Co0.50N4O7

Formula weight 589.06

T(K)/λ(Å) 293 (2)/1.54184

Crystal system Monoclinic

Space group P21/n

a (Å) 7.5930 (3)

b (Å) 17.7114 (4)

c (Å) 21.4805 (6)

α (◦) 90

β (◦) 94.230(3)

γ (◦) 90

Volume (Å3) 2880.89 (15)

Z, ρcalcd (g cm−3) 4, 1.356

µ (mm−1), F (000) 2.949/1,230

Goodness-of-fit on F2 1.032

R1/wR2 [I > 2σ (I)] 0.0602/0.1656

R1/wR2 (all data) 0.0788/0.1819

Largest diff peak/hole (e Å−3) 0.504/−0.320
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EXPERIMENTAL

Materials and Methods
Themetal source CoCl2 ·6H2O and the N,N-dimethylformamide
(DMF) solvent were purchased as a reagent grade and
used without any further purification. The ligands 4,4′-(4,4′-
bipyridine-2,6-diyl)dibenzoic acid (H2bpydb) (Sharma et al.,
2011) and N,N′,N′′-tris(3-pyridyl)-1,3,5-benzenetricarboxamide
(3-BTA) (Rajput and Biradha, 2011) were prepared according
to the literature procedure. Elemental analyses were determined
by using a FLASH EA series 1112 CHNS analyzer. Infrared
spectra of solid samples were recorded as KBr pellets on
a JASCO-5300 FT-IR spectrophotometer. Thermogravimetric
analyses were carried out on an STA 409 PC under the flow of
N2 gas at a heating rate of 10◦C min−1, in the temperature
range of 30–600◦C. Powder X-ray diffraction patterns were

recorded on a Bruker D8-Advance diffractometer using graphite
monochromated CuKα1 (1.5406 Å) and Kα2 (1.54439 Å)
radiation. The title compound was synthesized hydrothermally
in a 23mL Teflon-lined stainless steel vessel (Thermocon, India).
The electronic absorption spectra were recorded in the solid state
on a UV-2600 Shimadzu UV-visible spectrophotometer at room
temperature. Differential scanning calorimetry (DSC) thermal
studies were carried out on a Pyris Diamond (Perkin-Elmer)
instrument at a heating rate of 10◦C/min.

Synthesis
Synthesis of {CoII0.5(Hbpydp)(H2O)}n·2nDMF (1)
A mixture of CoCl2 · 6H2O (12mg, 0.05 mmol), H2bpydb
(19.82mg, 0.05 mmol) and 3-BTA (22mg, 0.05 mmol) was
dissolved in a mixture of solvents (8mL), i.e., water, DMF, and

FIGURE 1 | (A) Asymmetric unit found in the crystal structure of compound 1 along with the two DMF and one water solvent molecules; hydrogen atoms are omitted
for clarity. (B) Coordination environment surrounding the Co(II) metal ion. (C) 2D representation of compound 1 formed by the connectivity of the metal and Hbpydb1−

ligand. (D) The overall structure of compound 1 including solvent DMF molecules.
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ethanol (2:4:2) and stirred for 30min. Then the reaction mixture
(pH 3.25) was transferred to a stainless steel autoclave, sealed
and heated to 120◦C for 60 h to obtain orange crystals of 1 in
65% Yield (based on Co). Anal. Calcd for C60H62CoN8O14 (Mr
= 1,178.12): C, 61.17%; H, 5.3%; N, 9.51%. Found: C, 61.85%;
H, 4.41%; N, 9.48% (Supplementary Figure 3). IR (KBr pellet,
cm−1): 1,704, 1,665, 1,578, 1,539, 1,435, 1,391, 1,254, 1,200, 1,178,
1,101, 1,019, 865, 772, 652 (Supplementary Figure 6).

Synthesis of {CoII0.5(Hbpydp)}n·2nDMF (2)
The orange colored single crystals of compound
{CoII0.5(Hbpydp)(H2O)}n·2nDMF (1) were heated under
vacuum at 150◦C for 3 h to obtain deep-purple colored
dehydrated compound {CoII0.5(Hbpydp)}n·2nDMF (2).
C60H58CoN8O12 (Mr = 1142.09): C, 63.1%; H, 5.12%;
N, 9.81%. Found: C, 62.65%; H, 4.92%; N, 9.69%
(Supplementary Figure 4). IR (KBr pellet, cm−1): 1,688,
1,587, 1,534, 1,381, 1,232, 1,177, 1,106, 1,068, 1,013, 862, 822,
780, 743, 699, 625 (Supplementary Figure 7).

Synthesis of Regenerated Compound

{CoII0.5(Hbpydp)(H2O)}n·2nDMF (1R)
When the amorphous compound 2 was immersed in a
water-DMF (8:2) solvent mixture for 15 h, the color of this
compound was observed to change from deep-purple to orange
resulting in the formation of regeneration of parent material,

TABLE 2 | Hydrogen bond parameters (Å, ◦) in the supramolecular architecture of
compound 1a.

Donor (D)–hydrogen

(H)···Acceptor (A)

d(D–H)/A◦ d(H···A)/A◦ d(D···A)/A◦ (D–H···A)/(◦)

O(5)–H(23)···O(6)#1 0.80 (4) 1.95 (4) 2.747 (4) 176 (4)

O(5)–H(24)···O(2) 0.75 (4) 2.03 (4) 2.727 (4) 155 (4)

C(4)–H(4)···O(7)#2 0.93 2.50 3.332 (6) 149

C(5)–H(5)···O(6)#3 0.93 2.55 3.275 (5) 135

C(7)–H(7)···O(7)#2 0.93 2.55 3.463 (6) 168

C(12)–H(12)···O(7)#2 0.93 2.57 3.500 (6) 175

aSymmetry transformations used to generate equivalent atoms: #1 = 2-x, 1–y,–z,

#2 = −1/2 + x,1/2–y,1/2 + z, #3= −3/2 + x,1/2–y,1/2 + z.

compound 1R. C60H62CoN8O14 (Mr = 1178.12): C, 61.17%;
H, 5.3%; N, 9.51%. Found: C, 61.63%; H, 5.38%; N, 9.56%
(Supplementary Figure 5). IR (KBr pellet, cm−1): 1,668, 1,589,
1,537, 1,384, 1,256, 1,180, 1,110, 1,069, 1,015, 856, 819, 780, 741,
697, 666, 639, 578 (Supplementary Figure 8).

Single Crystal X-Ray Structure
Determination of Compound 1
Data for the single crystals suitable for structural determination
of compound 1 was collected on an Oxford Xcalibur Gemini Eos
CCDdiffractometer at 293K using Cu-Kα radiation (λ= 1.54184
Å). Data reduction was performed using CrysAlisPro (CrysAlis
CCD and CrysAlis RED, Ver. 1.171.33.55; Oxford Diffraction
Ltd: Yarnton, Oxfordshire, UK, 2008). Empirical absorption
corrections using equivalent reflections were performed with the
program SADABS (Sheldrick, 1997). Structure solutions were
done by direct and Fourier methods using SHELXT (Sheldrick,
2015b) and refined by a full-matrix least-squares method using
SHELXL (Sheldrick, 2015a) for the title compound. All the
non-hydrogen atoms were refined anisotropically. Hydrogen
atoms on the C atoms were introduced at calculated positions
and were included in the refinement riding on their respective
parent atoms. Crystal data and structure refinement parameters
for compound 1 are summarized in Table 1, and the selected
bond lengths and bond angles found in compound 1 are
presented in Supplementary Table 1. CCDC 1903411 contains
the supplementary crystallographic data for compound 1.

RESULTS AND DISCUSSION

Description of Crystal Structure
{CoII0.5(Hbpydp)(H2O)}n·2nDMF (1)
Compound 1 crystallizes in the monoclinic space group P21/n
and the single crystal X-ray diffraction (SCXRD) analysis of this
compound shows that, in the asymmetric unit of the compound
1, half of Co(II) metal center, one Hbpydb1−, one coordinated
water molecule, and two lattice DMF molecules are present
(Figure 1A). The Co(II) metal center, in the molecular unit of
compound 1, is in an almost perfect octahedral geometry where it
is coordinated with the two oxygen atoms of the two different “–
COO” groups of the two Hbpydb1− ligands, two N atoms of the

FIGURE 2 | Optical images of compound 1, (Left), and compound 2, (Right), clearly indicating a color change from orange to deep purple.
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pyridyl ring of the other two Hbpydb1− ligands and two water
molecules (Figure 1B). All the Co–O bond distances are in the
range of 2.086–2.120 Å and the Co–N bond distance is 2.147
Å. Among the two “–COOH” groups and two pyridyl N atoms
of one H2bpydb ligand (see Scheme 1) only one “–COO” group
and one pyridyl N–atom are coordinated to the metal centers
whereas the other “–COOH” group and pyridyl N-atom remain
uncoordinated. The “–COO” group of the Hbpydp1− ligand is
coordinated to the Co(II) metal ion in a monodentate µ1-η1:
η0 coordination mode. Each Co(II) center is connected to the
other four Co(II) centers by four Hbpydp1− ligands resulting in
the formation of a 2D framework (Figure 1C). Intramolecular
π···π stacking interaction is observed between the phenyl ring
of one Hbpydb1− ligand and the uncoordinated pyridine ring
of another Hbpydb1− ligand. Figure 1D represents the overall
structure of compound 1 including lattice solvent molecules. The
crystal structure of compound 1 is found to be isostructural to the

FIGURE 3 | Variable temperature PXRD patterns of compound 1.

previously reported structures of Ni(II) and Cu(II) (Song et al.,
2012; Sun et al., 2013). In the crystal structure of compound 1, the
coordinated water molecules show classical hydrogen bonding
interactions with one DMF molecule and one carboxylate
oxygen of the Hbpydb1− ligand, present in the 2D layer; the
coordinated water molecule forms two hydrogen bonds: one
with the DMF molecule (lattice solvent) (O5–H23···O6) and
the other one with the carboxylate oxygen (O5–H24···O2)
in the same 2D layer (Supplementary Figure 2a). In addition
to these interactions, both the DMF molecules form non-
classical hydrogen bonding interactions with the C–H moieties
of phenyl rings, present in the corresponding ligand. The
oxygen (O6) of one of the DMF molecule forms a C–H···O
interaction, whereas the other one (O7) forms three such
interactions: they are C5–H5···O6, C4–H4···O7, C7–H7···O7 and
C12–H12···O7, respectively (Supplementary Figure 2b). In this
way, both the solvent molecules i.e., coordinated water and lattice
DMF molecules exhibit non-covalent interactions within the
same 2D layer rendering the compound 1 a two-dimensional
supramolecular network. Crystal packing diagram of 1 can be
seen in the Supplementary Figure 2c. Table 2 contains overall
hydrogen bonding interaction parameters (Å, ◦) involved in the
formation of supramolecular architecture in the crystal structure
of compound 1. The compound 2, which is obtained by heating
the sample of 1 at 150◦C for 3 h under the vacuum, loses
its crystalline nature resulting in an amorphous material, and
compound 1R, which is regenerated by immersing the sample
of 2 in water-DMF mixed solvent system for 15 h, regains its
crystalline phase during this period, which is reflected in their
PXRDpatterns (vide infra and also see Supplementary Figure 1).

Reversible Thermochromic Behavior
Mediated by Compound 1
As described in the crystal structure, the Co(II) metal center in
the molecular unit of compound 1, is present in an octahedral
environment (Figure 1B), where the two opposite (apical)

FIGURE 4 | Differential scanning calorimetry (DSC) of compound 1.

Frontiers in Materials | www.frontiersin.org 5 July 2019 | Volume 6 | Article 170

https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


Bommakanti and Das Thermochromism in Co(II) Coordination Polymer

FIGURE 5 | Thermogravimetric curves of the compounds 1, 2, and 1R.

coordination positions are occupied by the two water molecules
forming {H2O-Co(II)-OH2} moiety; the other four positions
are coordinated by two nitrogen and two oxygen atoms of
four H2bpydb ligands. When the compound 1 crystals (orange
color), are heated at 150◦C for 3 h under the high vacuum,
the color of the crystals is changed to deep-purple resulting
in a dehydrated compound 2 as shown in Figure 2. In order
to see any phase/structural transformations in 1 during this
dehydration process, associated with color change, we measured
the variable temperature powder X-ray diffraction (VT-PXRD)
plots at various temperatures (30, 60, 90, 120, and 150◦C) at
an interval temperature of 30◦C. As shown in Figure 3, the
PXRD patterns of compound 1 reveal that the compound 1

remains unchanged in the temperature range of 30–120◦C and
does not show any phase transition; beyond this temperature,
the compound, unfortunately, starts losing its crystallinity to
result in an amorphous substance 2. It can be anticipated, from
this temperature dependent PXRD studies, that at 150◦C, the
compound 1 (wherein Co(II) in an octahedral geometry—
orange compound), loses the two coordinated water molecules
to result in a four-coordinated deep purple compound 2 as
shown in Figure 2. This conversion process is also observed
by the presence of an endothermic peak in the differential
scanning calorimetry (DSC) analysis-plot (Figure 4). Compound
2, an amorphous substance, could not be characterized by
crystallography. Thus, compound 2 was characterized by
IR, CHNS, TGA, and UV-DRS analyses. Based on these
analyses, the formula of compound 2 has been deduced to be
{CoII0.5(Hbpydp)}n·2nDMF (a dehydrated compound). The
reversible nature of this transformation is observed when the
compound 2 (deep-purple in color) is immersed in a water-DMF
solvent mixture at room temperature for 15 h (for rehydration)
resulting in a color change from deep-purple to orange. This
rehydrated orange color compound, regained its crystallinity
as observed by PXRD studies (Supplementary Figure 1), and
showed identical IR, CHNS, TGA and UV-DRS data, as shown

by parent compound 1 indicating the regeneration of compound
1 (the transformed rehydrated compound is denoted as 1R).
Interestingly, the compound 1, when kept in the water solvent
alone/exposed to open atmosphere for 10–15 days, resulted
in the original orange compound but in an amorphous phase,
whereas in the water and DMF system resulted in a crystalline
phase of 1. The formation of this crystalline phase in the presence
of DMF reveals that this solvent has vital interactions with the
framework in maintaining crystallinity in 1. Hence, the reversible
conversion of compound 1 (crystalline phase) to 2 (amorphous)
through 1R (crystalline phase), can be described to occur in a
crystal-to-amorphous-to-crystal (CAC) transformation process.
This kind of structural transformations (i.e., CAC) were reported
in the literature (Tian et al., 2014; Hu et al., 2018). The TGA
curve of the parent compound 1 shows a two-step degradation,
where the first step is owing to the loss of water molecules,
followed by the loss of DMF molecules in the second step. In
contrast to this, compound 2 shows a single step degradation
pertaining to the removal of DMF molecules, having a lack of
water degradation step revealing the fact that the compound
2 is a dehydrated product. Moreover, the reversible nature
can also be confirmed by the restoration of water loss step in
the TGA plot of regenerated compound 1R (vide infra, TGA
studies). The thermochromic behavior in this reversible
crystal-to-amorphous-to-crystal (CAC) transformation
process can be monitored by UV-visible spectroscopy
(vide infra).

The compound 1 is also investigated for the photochromic
as well as solvatochromic behavior; however, the compound 1

does not show any color change either (i) by the exposure of
the crystals of compound 1 in sunlight even for 1 week or (ii)
keeping it in different solvents e.g., in MeOH, DMF, DMSO,
CHCl3, acetone, MeCN, etc.

PXRD and Thermogravimetric Analysis
(TGA)
The phase purity of compound 1 has been ensured by
recording its X-ray powder diffraction data. Similar diffraction
patterns between the simulated data (calculated from SCXRD)
and the experimental data confirm the bulk homogeneity
of the compound 1. The compound 2 (dehydrated product
of 1) is amorphous in nature, as evidenced by its PXRD
pattern and the compound 1R (regenerated by immersing
2 in a mixed solvent system of water and DMF), retains
the crystalline phase and shows a similar pattern to that of
1 (Supplementary Figure 1).

Thermal stability of all the compounds was ensured by
thermogravimetric studies, performed under the nitrogen
atmosphere from room temperature to 600◦C on powdered
samples at a heating rate of 10◦C/min. The TGA curves of
compounds 1, 2, and 1R reveal that these compounds are
stable up to 145, 155, and 150◦C, respectively (Figure 5). In
the first step of their TGA plots, compounds 1 and 1R (that
are essentially identical) show the weight loss of 3.41 and
3.5%, respectively, in the temperature range of 30–110◦C that
corresponds to the loss of the coordinated water molecules
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FIGURE 6 | Solid state-diffuse reflectance spectra (DRS) of (A) compounds 1, 2, and 1R and (B) H2bpydb ligand.

(calcd. 3.05%); in the second step, 1 and 1R loses lattice DMF
molecules with weight loss of 23.4 and 24.6% respectively in
the temperature range of 120–250◦C (calcd. 25%). On the other
hand, compound 2 (prepared separately, as described in synthesis
section) shows a single step degradation process (due to the
absence of coordinated water molecules), in which the weight
loss (24.9%) in the temperature of 120–260◦C is attributed to
the loss of lattice DMF molecules (calcd. 25.6%). The identical
features of the TGA curve of regenerated 1R-crystalline phase
to those of parent 1 crystals confirm the reversible conversion
of compound 2 to its pristine 1. Beyond these temperatures,
the compounds follow a significant weight loss corresponding
to the decomposition of the organic part of the compound
i.e., H2bpydb.

Electronic Spectra of Compounds 1, 2,
and 1R
The electronic absorption spectra of compounds 1, 2, and 1R

along with the free ligand (H2bpydb) are recorded in the solid
state on powdered samples. Figure 6 shows the normalized
solid state UV-visible spectra (diffuse reflectance spectra) of
all the compounds at room temperature. The compound 1

shows the absorption maxima (λmax) at 248, 290, 334, and
450 nm, whereas compound 2, exhibits absorption maxima at
239, 328, and 564 nm. In the case of regenerated compound
1R, the absorption peaks are observed at 256, 288, 337, and
450 nm (Figure 6A).

Thus, the solid state diffuse reflectance spectra (DRS) of 1
and 2 show that there is a red-shift in going from compound
1 (450 nm) to compound 2 (564 nm) by thermochromic
conversion as shown in Figure 6. This red shift is consistent
with the color change from orange (compound 1) to deep-purple
(compound 2); this shift can be attributed to hexa-coordinated
Co(II) in compound 1 to tetra-coordinated Co(II) in dehydrated
compound 2. The regenerated compound 1R exhibits almost
identical feature in its DRS spectrum to parent 1 (Figure 6).

This is consistent with its restoration of the orange color of
parent 1.

The high energy bands in the case of all the three compounds
are attributed to the intra-ligand charge transfer transitions due
to their very close resemblance to those of free ligand, i.e.,
H2bpydb ligand, which shows the λmax values at 254, 310, and
353 nm (Figure 6B).

CONCLUSION

In conclusion, we designed and synthesized
a Co(II)-coordination polymer, compound
{CoII0.5(Hbpydp)(H2O)}n·2nDMF (1), based on the bifunctional
ligand, i.e., H2bpydb (4,4′-(4,4′-bipyridine-2,6-diyl)dibenzoic
acid), under the hydrothermal conditions. The SCXRD analysis
reveals that the compound 1 forms a two-dimensional network
in its crystal structure containing {CoO4N2} octahedral core
unit, formed by the coordination of two oxygen and two nitrogen
atoms from four ligands and two oxygen atoms from two water
molecules. The title compound 1 undergoes reversible color
change from orange to deep-purple when heated under vacuum
to form dehydrated compound {CoII0.5(Hbpydp)}n·2nDMF (2).
This is due to the loss of coordinated water molecules leading
to the transformation of octahedral coordination geometry
around the Co(II) center (compound 1) to a tetra-coordinated
Co(II) geometry (compound 2) resulting in different electronic
absorption features of compound 2 rendering different colors
to the pertinent compounds. The reversible nature of this
conversion is observed when the dehydrated compound
{CoII0.5(Hbpydp)}n·2nDMF (2) is immersed in water-DMF
mixed solvent system to regenerate the original rehydrated
crystalline compound 1R. Based on these studies, compound
[CoII0.5(Hbpydp)(H2O)]n·2nDMF (1) can be described as
a functional metal organic framework (MOF) containing
compound exhibiting reversible crystal-to-amorphous-to-crystal
(CAC) transformation. The thermal stability (TGA) of all the
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compounds is studied and we found that all the compounds
are stable up to 150◦C, consistent with PXRD studies. The
thermochromic behavior (reversible color change) of this system
is demonstrated by electronic absorption spectroscopy.
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