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1D, 2D, and 2D Parallel Interpenetrated Dicarboxylato
Bridged Co(II) Metal Organic Frameworks: Synthesis,
Crystal Structure, Fluorescence Sensing and Band Gap
Calculation
Soumen Mistri,[a] Ennio Zangrando,[b] Pavel Vojtı́šek,[c] and Subal Chandra Manna*[a]

Metal organic frameworks of Co(II), {[Co(bphz)1.5(tp)(H2O)2]·3.2H2

O}n (1), {[Co(bphz)(ip)]·(bphz)0.5}n (2), and [Co(bpp)(ppda)(H2O)2]n
(3) [where bphz=N,N’-bis-pyridin-4-ylmethylene-hydrazine;
tp=1,4-benzenedicarboxylate; ip=1,3-benzenedicarboxylate;
bpp=1,3-bis(4-pyridyl)propane; ppda=1,4-phenylenediacry-
late] have been synthesized and characterized by single crystal
X-ray diffraction and spectroscopic studies. Complex 1 is a
ladder like 1D polymeric chain, 2 is a 2D porous sheet, while 3
is a 2D parallel interpenetrated network. The band gap of

complexes has been calculated using solid state reflectance
spectra, and results show that complexes act as semiconductor.
In dispersed methanolic solution complexes 1–3 exhibit intense
fluorescence at room temperature. The complexes were tested
with several aromatic compounds such as benzene, nitro-
benzene, o-nitrotoluene and p-nitrotoluene, etc., in dispersed
methanol medium. Results show that complex 3 selectively
senses nitro aromatic compounds and this behavior has been
explained on the basis of PET and RET mechanisms.

Introduction

During the last two decades, research on metal-organic frame-
works (MOFs) built with 3d transition elements and organic
bridging ligands has been of great interest due to the
intriguing structural diversity of the compounds obtained[1] and
their potential application as functional materials in the area of
catalysis, porosity, magnetism, luminescence, conductivity,
sensing, nonlinear optics and chirality.[2–7] These compounds
present structure and properties that depend on several factors
such as reaction conditions,[8] metal ion, organic ligands,[9]

solvent,[10] metal-ligand ratio[11] and weak interactions.[12] Among
the several factors, suitable choice of ligands and of metal ions
is crucial for tuning the conformational/structural dimension of
MOFs.[13] Literature survey reveals that various architectures e.g.
diamondoid,[14] honey comb,[15] grid,[16] T-shaped,[17] ladder,[18]

brick wall,[16a,18a] and parallel/inclined interpenetrated[10a,13,19,20]

have been reported by proper combination of organic ligands
and metal ions. Long organic ligands [rigid/flexible] often yield
interpenetrated structures and a large number of interpene-
trated structures, ranging from two-up to ten-fold, has been
reported.[21]

Combination of rigid aromatic dicarboxylates with rigid/
flexible long spacer is a common strategy for designing MOFs
of high dimension, where carboxylates have the double
function to bridge the metal ions and partially or fully counter-
balance their charge. On the other hand neutral spacers
enhance the dimensionality of the compounds. In the literature
several multidimensional MOFs with interesting structures are
reported using nitrogen/oxygen donor neutral ligands in
combination with aromatic dicarboxylates.[22,23] Among the
latter, p-phenylenediacrylic (H2ppda),

[13] terephthalic (H2tp)
[10a,20a]

and isophthalic acid (H2ip),
[24] are members of multidentate

aromatic dicarboxylic acids having carboxylic groups orientated
at 1808or 1208, and are potential for designing Co(II) based
MOFs. Using terephthalate a number of 2D inclined and parallel
interpenetrated networks, such as {[Co(bpe)(tp)(H2O)2]·2.5H2

O}n,
[10a] and {[Co(bpe)(tp)(H2O)2]·(glycol)}n,

[10a] beside 1D MOFs,
{[Co(dpyo)(tp)(H2O)2]·[Co(H2O)6]·(tp)·H2O}n,

[25] and [Co
(bpp)(tp)(H2O)2]

[20a] has been reported. Using p-phenylenedia-
crylate recently our group reported a 1D polymeric chain {[Co
(ppda)(dpyo)(H2O)3]·4H2O}n

[13] and a 3-fold interpenetrated a-
polonium network {[Co(ppda)(bpe)]·0.5H2O}n.

[13]

Fluorescence quenching based detection of ultra trace-
analytes is a central challenge in the area of chemical sensors,[26]

and recently carboxylato bridged MOFs showing selective
fluorescence sensors for aromatic compounds have been
reported.[27]

In this contribution we report 1D ladder, 2D porous and 2D
parallel interpenetrated MOFs of cobalt using aromatic dicar-
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boxylates and N donor rigid/flexible long spacers. Combination
of linear tp with rigid spacers bphz results in a ladder like 1D
polymeric compound {[Co(bphz)1.5(tp)(H2O)2]·3.2H2O}n (1). When
combination of angular ip and rigid bphz are used, a 2D porous
compound {[Co(bphz)(ip)]·(bphz)0.5}n (2) is formed. On the other
hand combination of relatively longer linear carboxylate (ppda)
with flexible spacer bpp results in 2D parallel interpenetrated
compound [Co(bpp)(ppda)(H2O)2]n (3). Complexes 1–3 are
fluorescent when dispersed in methanol. The effect of various
aromatic compounds on the fluorescence of complexes 1–3
has been investigated. For all compounds a great fluorescence
quenching is observed in presence of electron deficient
aromatic compounds. The determination of optical band gaps
for the metal complexes, evaluated by diffuse-reflectance UV-
vis spectra, show that 1–3 may function like semiconductor.

Results and Discussion

IR Spectral Studies

IR spectra of complexes 1–3, free pyridyl ligands, and sodium
salt of carboxylates are shown in Figures 1S-8S and the more
significant bands are summarized in Table 1S. Complexes 1 and
3 exhibit broad bands in the region 3100 �3600 cm�1, which
are assigned to be n(O-H) stretching vibrations of water
molecules.[28a] The weak bands in the region 2982–2989 cm�1

correspond to aromatic n(C�H) stretching vibrations in 1–3,
and imine Csp2-H stretching vibration in 1 and 2. The band at
2946 cm�1 for 3 is due to aliphatic Csp3-H stretching vibration of
bpp ligand. nas(OCO) stretching vibrations for 1 and 3 appear at
1647 cm�1 and 1644 cm�1, respectively; whereas for 2, nas(OCO)
stretching vibrations appear at 1572 and 1555 cm�1. For both 1
and 3, ns(OCO) stretching vibration falls at 1374 cm�1, on the
other hand for 2, ns(OCO) stretching vibrations appear at 1470
and 1417 cm�1. To get better understanding about the
carboxylate stretching of complexes, we have compared IR
spectral results of complexes with IR spectral results of sodium
salts of respective carboxylates. The comparisons are given in
Tables 1S and 2S. Very high separation of stretching frequen-
cies, Dn [Dn=nas(OCO) - ns(OCO); 273 cm�1 for 1, and 270 cm�1

for 3], corroborates the presence of monodentate coordination
mode of carboxylates in 1 and 3. Low (85 cm�1) and moderate
(155 cm�1) Dn values for 2 correspond to the bidentate
chelating and bidentate bridging coordination, respectively.
These are also further illustrated by comparison of Dn values
for complexes and for sodium salt of carboxylates. Generally
observed trends are Dnstudied complex@ Dnsodium salt, Dnstudied complex �
Dn sodium salt and Dnstudied complex ! Dnsodium salt, for monodentate
carboxylate, bidentate bridging carboxylate and bidentate
chelating carboxylate, respectively.[28] In the present study
Dn(complex 1) (273 cm�1) and Dn(complex 3) (270 cm�1) > Dn sodium salt

(for both Na2tp and Na2ppda, 227 cm�1), and Dn(complex 2)

(155 cm�1 and 85 cm�1) ! Dn sodium salt (for Na2ip 244 cm�1). All
these observations corroborate crystallographically character-
ized (vide infra) coordination modes carboxylates in complexes
1–3. The bands in the region 1466–1572 cm�1 correspond to
n(C=C) and n(C=N) stretching vibrations in 1–3. 1r(H2O) bands

of compounds 1 and 3 appear at 819 cm�1. Weak bands of 1
and 3 in the region 658–644 cm�1 correspond to 1w(H2O). The
presence of 1r(H2O) and 1w(H2O) bending vibrational modes
indicate the presence of coordinated water molecules in 1 and
3.

Crystal Structure Description

Single-crystal X-ray analyses show that the conformations and
the functions of the ligands play an important role in affecting
the final structural motifs of the polymers obtained. The self-
assembly process of Co(II) salt with 1,2-bis(4-pyridylmethylene)
hydrazine and terephthalate anion, acting as di-topic subunits,
results in a 1D coordination polymer (1), while changing the
anion with isophthalate a 2D framework (2), containing
dicobalt Co2 units, is obtained. A novel parallel interpenetrated
2D structure (3) of (4,4) topology is obtained with the more
flexible neutral 1,3-bis(4-pyridyl)propane spacer in connection
with 1,4-phenylenediacrylic acid.

{[Co(bphz)1.5(tp)(H2O)2]·3.2H2O}n (1)

Single-crystal X-ray analysis reveals that 1 is a one-dimensional
coordination polymer. Each CoII center has a slightly distorted
{N2O4} octahedral chromophore (the ORTEP drawing of the
coordination sphere is depicted in Figure 9S). Two nitrogen
donors are located in trans positions of the octahedron, one
comes from a monodentate, the other from a bridging bphz
connector. The four oxygen donors in the equatorial plane
derive from two aqua ligands and two carboxylate groups from
a terephthalate anion acting as bridging bis-monodentate
ligand. The Co–O(carboxylate) bond lengths, of 2.0670(13) and
2.0486(13) �, appear slightly shorter than the Co-O(water) and
Co�N bond lengths that range from 2.1357(15) to 2.1739(16) �.
The carboxylate groups are coplanar with the central aromatic
ring, as well as the pyridine rings of the bridging bphz, being
located on a center of symmetry. On the other hand the
pyridine rings of the monocoordinated bphz form a dihedral
angle of 13.58. The relative coordination bond angles reported
in Table 1 indicate small distortions from the ideal octahedral
geometry. Intrachain hydrogen bonds around the coordination
sphere reinforce the overall structure [O(1w)–O(4) =2.624(2); O
(2w)–O(2)=2.659(2) �] (Figure 9S). The structural analysis
evidences a polymeric arrangement with a ladder-like motif in
which two [Co(H2O)2(tp)]n chains are linked by bphz species
that feature the rungs (Figure 1).

Thus the framework appears to be composed of parallelo-
gram boxes, of dimensions 11.385 3 15.744 �, corresponding
to the Co–Co separation across the tp and bphz, respectively.
The polymer is bordered by monodentate bphz ligands that
complete the metal coordination sphere (Figure 1). The water
molecules (two of these at low occupancy, see experimental
Section) dispersed in between the polymeric chains lead to a
3D network through a H-bonding scheme (Figure 2).

In particular O(3w) and O(5w) interacts with the uncoordi-
nated nitrogen of the pendant bphz, and in turn with another
lattice water molecule O(4w). The geometrical data relative to
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the H-bonds are reported in
Table 3S. The presence of these
water molecules blocking a N
donor at one bphz likely im-
pedes the formation of a 2D
net as observed for the close
related structure {[Co
(bpe)(tp)(H2O)2]n [bpe=1,2-bis
(4-pyridyl)ethane][10a] where the
bpe behaves as a bridging
ligand. Two isostructural struc-
tures of compound 1, specifi-
cally one of nickel and the
second of cobalt with a differ-
ent amount of solvent, namely
one CH3OH and 1.5 water mol-
ecules, have been already re-
ported.[10c]

{[Co(bphz)(ip)]·(bphz)0.5}n (2)

When the terephthalate anion
was replaced by its isomer, 1,3-
benzenedicarboxylate, we ob-
tained compound 2 of compo-
sition [Co(bphz)(ip)]n, which ex-
hibits a 2D layer of rectangular
meshes, where dinuclear cobalt
entities are located at the no-
des and pair of neutral bphz
ligands and pair of ip anions
form the edges (Figure 3).

This is allowed by the differ-
ent coordination mode of the
ip carboxylate groups, one act-

ing as bridging featuring the dinuclear entity, the other
chelating towards another metal ion of a symmetry related

Table 1. Coordination bond lengths [�] and angles [8] for complexes 1–3.

Complex 1

Co-N(1) 2.1435(16) Co-O(3) 2.0486(13)
Co-N(5) 2.1739(16) Co-O(1w) 2.1627(15)
Co-O(1) 2.0670(13) Co-O(2w) 2.1357(15)
O(3)-Co-O(1) 176.85(6) O(2w)-Co-O(1w) 178.52(5)
O(3)-Co-O(2w) 90.00(6) N(1)-Co-O(1w) 87.60(6)
O(1)-Co-O(2w) 93.16(6) O(3)-Co-N(5) 90.83(6)
O(3)-Co-N(1) 88.81(6) O(1)-Co-N(5) 89.47(6)
O(1)-Co-N(1) 90.96(6) O(2w)-Co-N(5) 87.29(6)
O(2w)-Co-N(1) 91.51(6) N(1)-Co-N(5) 178.74(7)
O(3)-Co-O(1w) 91.16(6) O(1w)-Co-N(5) 93.61(6)
O(1)-Co-O(1w) 85.68(5)

Complex 2

Co-N(1) 2.1583(16) Co-O(2) 2.1915(14)
Co-N(4’’’) 2.1393(16) Co-O(3’’) 2.0420(12)
Co-O(1) 2.1549(13) Co-O(4’) 2.0178(14)
O(4’)-Co-O(3’’) 116.32(5) N(4’’’)-Co-N(1) 177.34(6)
O(4’)-Co-N(4’’’) 90.98(6) O(1)-Co-N(1) 91.86(6)
O(3’’)-Co-N(4’’’) 92.44(6) O(4’)-Co-O(2) 149.75(5)
O(4’)-Co-O(1) 90.06(5) O(3’’)-Co-O(2) 93.13(5)
O(3’’)-Co-O(1) 153.48(6) N(4’’’)-Co-O(2) 94.66(6)
N(4’’’)-Co-O(1) 89.55(6) O(1)-Co-O(2) 60.35(5)
O(4’)-Co-N(1) 86.75(6) N(1)-Co-O(2) 88.00(6)
O(3’’)-Co-N(1) 87.31(6)

Complex 3

Co-N(1) 2.1477(15) Co-O(2’) 2.0908(12)
Co-N(2’’) 2.1616(15) Co-O(1w) 2.1218(13)
Co-O(1) 2.1226(12) Co-O(2w) 2.1344(13)
O(1)-Co-N(1) 170.70(5) N(1)-Co-N(2’’) 85.90(6)
O(1)-Co-N(2’’) 94.24(5) O(1w)-Co-O(1) 84.27(5)
O(1)-Co-O(2w) 91.33(5) O(1w)-Co-N(1) 86.52(5)
O(2’)-Co-O(1) 87.51(5) O(1w)-Co-N(2’’) 98.70(5)
O(2’)-Co-N(1) 94.00(5) O(1w)-Co-O(2w) 174.63(5)
O(2’)-Co-N(2’’) 169.77(5) O(2w)-Co-N(1) 97.94(6)
O(2’)-Co-O(1w) 91.49(5) O(2w)-Co-N(2’’) 84.66(5)
O(2’)-Co-O(2w) 85.23(5)

Symmetry codes for 2: (’) -x+1, -y+1, -z+1; (’’) x, y+1, z; (’’’) x, y, z-1; for 3: (’) -x+3/2, y+1/2, -z+3/2; (’’) -x+1/2,
y-1/2, -z+1/2.

Figure 1. Schematic drawing of the ladder-like polymer of complex 1.

Figure 2. Crystal packing of compound 1 with indication of lattice water
molecules (big spheres).
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pair. Thus two metals separated by 4.127 � are bridged by two
carboxylate groups in a centro-symmetric fashion, forming an
octa-membered ring. Each cobalt(II) center completes the
slightly distorted octahedral geometry with trans located bphz
nitrogen donors, and the chelating carboxylate of another
anion (Figure 10S). The Co�O coordination bond lengths of the
chelating carboxylate group [Co-O(1)=2.1549(13), Co-O(2)
=2.1915(14) �] are slightly longer with respect to those
involving the bridging carboxylate oxygen donors [2.0420(12)
and 2.0178(14) �]. The axial Co�N bond lengths are of 2.1583
(16) and 2.1393(16) � fixing the N1-Co�N4 bond angle at
177.34(6)8 (Table 1). The rectangular spaces defined by the
bridging ligands are filled by the uncoordinated bphz mole-
cules (Figure 3a) and suggest that the network can potentially
behave as porous system. In fact the area left by these
molecules account for 34.0% [422.2 �3] of the unit cell.
Adjacent 2D layered networks are inter-digitated in the crystal
packing as shown in Figure 3b connecting via p···p interactions
realized between the isophthalate aromatic rings [centroid-to-
centroid distance of 3.848(1) �]. The uncoordinated bphz
molecules, which show a high thermal motion, form a weak p

interaction with N(1) pyridine ring of the framework [centroid-
to-centroid distance of 4.330(2) �]. Truly speaking during these
studies the structure of 2 was reported by Bhattacharya
et al.[24b]

[Co(bpp)(ppda)(H2O)2]n (3)

The X-ray structural analysis shows that compound 3, of
composition [Co(bpp)(ppda)(H2O)2]n, consists of 2D corrugated
layers of deltoid meshes (Figure 4), that is of kite-like shape
having two pairs of adjacent sides of equal-length.

The edge formed by the bridging bpp ligands and the
ppda anions space the metal ions at 12.530 and 15.320 �,
respectively. The nodes are occupied by cobalt ions exhibiting
octahedral coordination geometry with a pair of bpp N donors
and two ppda carboxylate O atoms cis located. The metal

completes the coordination geometry with two aqua ligands at
axial positions (Figure 11S). The pair of Co�N bond distances of
2.1477(15) and 2.1616(15) � and the Co-OH2 ones [2.1218(13)
and 2.1344(13) �] appear comparable in length, while the
Co�O distances of the carboxylate oxygen atoms are slightly
different of 2.1226(12) and 2.0908(12) �. A careful analysis of
the crystal structure shows parallel interpenetrated layers[29]

(illustrated in Figure 5), which are formed by the long spacers
but facilitated also by the conformation assumed by the bpp
linker.

In fact this ligand exhibits a TG (trans-gauche) conforma-
tion[30] with torsion angles of 174.22(16) and 64.4(2)8 about the
propyl chain. Within the phenylenediacrylate anion the carbox-
ylate groups form dihedral angles of 49.25 and 51.028 with the
central ring likely in order to favor the interpenetration. The
water molecules reinforce the whole structure being involved
in intra-layer hydrogen bonds with carboxylate oxygens in the
cobalt coordination geometry [O(1w)–O(4)’ and O(2w)–O(3)=
2.698(2) �, Figure 11S], but also with those of the symmetry
related interpenetrated layer [O(1w)–O(1)=2.774(2) and O(2w)–
O(2)=2.782(2) �], thus connecting the two 2D networks, as
shown in Figure 5b.

It is worth of note that a unique complex having the same
ligands was built with nickel(II) ions, [Ni5(ppda)5(bpp)5]·12H2

O,[13b] having a parallel 2-fold interpenetrated layered structure
(2D ! 2D). However between the nickel derivative and
complex 3 a different architecture is observed which is dictated
by the different coordination mode of the dicarboxylate anions
(bis-chelating and bis-monodentate, respectively), slightly dif-
ferent conformation of bpp, the presence of water molecules in
the coordination sphere of 3. These features determine a
different shape of the windows and a different thickness of the
layers (ca. 10 � in the nickel complex and ca. 4 � in compound
3). Thus the water appear to have a template effect leading in
both cases to interpenetrated 2D structures but of different
topology.

Figure 3. (a) 2D coordination polymer of compound 2 with lattice bphz
molecules indicated as big spheres and (b) crystal packing down axis c
showing two adjacent 2D networks (uncoordinated bphz molecules removed
for clarity).

Figure 4. View of the 2D coordination polymer of compound 3 built by the
1,4-phenylenediacrylate anions and 1,3-bis(4-pyridyl)propane ligands.
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Solid State Electronic Spectra and Band Gap Calculation

Solid state UV-vis-NIR spectra of all the MOFs have been
recorded and the data were collected in Table 2.

Figure 6 indicates that all the complexes exhibit d-d
electronic transitions. The broad band in the region 9689–

8795 cm�1 can be assigned to the spin allowed d-d transition
4T1g(F)!4T2g(F) [�n, 9049 cm�1; l, 1105 nm for 1; �n, 9689 cm�1; l,
1032 nm for 2; �n, 8795 cm�1; l, 1137 nm for 3]. The bands at �n,
19685 cm�1; l, 508 nm for 1; �n, 19960 cm�1; l, 501 nm for 2;
and �n, 19841 cm�1; l, 504 nm for 3, are characterized as spin
allowed 4T1g(F)!4T1g(P) transition. In addition to these bands
the hump that appears at �n, 15748 cm�1; l, 635 nm for 1; �n,
15197 cm�1; l, 658 nm for 2 and �n, 15873 cm�1; l, 630 nm for 3,
can be assigned as a 4T1g(F)!4A2g(F) transition. From the Orgel
diagram (ignoring configuration interaction), for weak field
octahedral cobalt(II) (d7) compounds n1=8Dq, n2=18 Dq and
n3=6Dq+15B. These relations allow calculating the 10Dq
values for complexes 1–3 of 6699, 5508 and 7078 cm�1,
respectively, which indicate higher ligand field strength in 3 as
compared to that in 1 and 2. The calculated B values are 1044,
1110 and 1039 cm�1 for 1, 2 and 3, respectively. Apart from d-d
transitions, all the complexes show very higher energy
transitions below 500 nm [325, 310 and 275 nm for 1; 375 and
300 nm for 2; and a broad band 200–400 nm for 3]. These
transitions correspond to intra-ligand charge transfer transi-
tions.[31]

The solid state reflectance spectra of MOFs help to calculate
their band gaps. From Kubelka-Munk[32a] plot, the band gaps
were calculated and for this plot the following equation was
used

Figure 5. (a) 2D parallel interpenetrated nets viewed down axis a of compound 3. (b) intra- and interlayer H bonds (dotted lines) involving water molecules
and carboxylate oxygen atoms..

Table 2. Solid state electronic spectral data of complexes 1–3.

Complex 4T1g(F)!4T2g(F)
n1, cm

�1; (l1, nm)

4T1g(F)!4A2g(F)
n2, cm

�1; (l2, nm)

4T1g(F)!4T1g(P)
n3, cm

�1; (l3, nm)
n2/n1 10Dq (cm�1) B (cm�1)

1 9049 (1105) 15748 (635) 19685 (508) 1.74 6699 1044
2 9689 (1032) 15197 (658) 19960 (501) 1.56 5508 1110
3 8795 (1137) 15873 (630) 19841 (504) 1.80 7078 1039

Figure 6. Solid state electronic spectra of complexes 1–3.
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ahn ¼ A ðEBG- hnÞn ð1Þ

where a is the absorption coefficient, h Plank’s constant, n
the frequency, A is a constant, n=0.5 for direct allowed
transition and n=2 for indirect allowed transition, and EBG is
the band gap, calculated when a=0. The intersection point
between the energy axis and the extrapolated line portion of
the plot Kubelka-Munk function, ((ahn)1/n) versus energy (hn),
provides the EBG band gap.[32] (ahn)1/n vs hn plot for compounds
1–3 is shown in Figure 7 [n=2].

Calculated values of band gaps are 0.52, 0.54 and 0.88 eV
for 1, 2 and 3, respectively. These values indicate that all
compounds may behave as semiconductor and, among them
complex 3 may has less conducting ability compared to
complexes 1 and 2.

UV-vis Absorption Spectra and Effect of Benzene and its
Derivatives

The UV-vis spectra of dispersed methanolic solution of 1–3
were recorded at room temperature. These spectra show
different absorption bands with maxima at 277, 286, 298 and
310 nm for 1; 282 nm for 2; 213, 227, 233, 255, 262 and 313 nm
for 3 (Figures 12S-14S). In order to investigate the sensing
ability of 1–3, we added 3 mL 5.079 mM methanolic solution of
benzene (BN) and of its various derivatives such as toluene
(TN), o-xylene (o-XY), p-xylene (p-XY), chlorobenzene (CB),
bromobenzene (BB), nitrobenzene (NB), o-nitro toluene (o-NT)
and p-nitro toluene (p-NT), to the 2.5 ml stock dispersed
methanolic solution of MOFs. It is interesting to observe that a
red shift with remarkable increasing of absorbance of the band
in the region 275–282 nm [275 nm for 1; 282 nm for 2; 278 nm
for 3] takes place only in the presence of nitro derivatives of
benzene, while in presence of benzene and other derivatives
the band positions of MOFs remain same, although a change in

absorbance is observed (Figures 12S-14S). Figures 15S and 16S
show the change of absorption spectra upon gradual addition
of nitrobenzene (3 mL 0.304 mM methanolic solution) to the
2.5 ml stock dispersed methanolic solution of 1 and 2,
respectively, and Figure 17S exhibits the UV-vis spectral change
of 3 upon gradual addition of 3 mL 0.304 mM methanolic
solution of o-nitrotoluene.

Fluorescence Property and Effect of Benzene and its
Derivatives

All the complexes exhibit fluorescence in methanolic dispersed
medium (Figure 8) (lex=286 nm, lem=309, 331, 344 nm for 1;

lex=282 nm, lem=312, 331, 354 nm for 2; and lex=227 nm,
lem=312, 330, 348 nm for 3). These are probably due to p-p*
transitions of organic ligands (bphz/bpp).[33]

In order to investigate the effect of benzene (BN) and its
derivatives like toluene (TN), o-xylene (o-XY), p-xylene (p-XY),
chlorobenzene (CB), bromobenzene (BB), nitrobenzene (NB), o-
nitro toluene (o-NT) and p-nitro toluene (p-NT), on the emission
behavior of different MOFs, we have added 3 mL 5.079 mM
methanolic solution of different analytes to 2.5 ml dispersed
methanolic solution of the MOFs.

Quenching of fluorescence intensities of all complexes was
observed in presence of benzene, toluene, o-xylene, p-xylene,
nitrobenzene, o-nitro toluene and p-nitro toluene, whereas
enhancements of fluorescence intensities of all complexes were
observed in presence of chlorobenzene and bromobenzene
(Figures 9, 18S, and 19S). From Figure 10, it is clear that
complexes 1 and 2 do not exhibit fluorescence selectivity for
organic analytes. On the other hand complex 3 shows selective
fluorescence quenching in presence of nitro aromatic com-
pounds (NACs) and calculated fluorescence quenching efficien-

Figure 7. The diffuse reflectance UV-vis-NIR spectra of the (ahn)1/n vs. energy
(eV) of compounds 1–3 [n=2].

Figure 8. Fluorescence spectra of dispersed solution of complexes 1–3 in
methanol at room temperature (lex=286 nm, lem=309 nm, 331 nm, 344 nm
for 1; lex=282 nm, lem=312 nm, 331 nm, 354 nm for 2 and lex=227 nm,
lem=312 nm, 330 nm, 348 nm for 3).
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cies are 73.30, 86.06 and 95.05% for p-nitro toluene, nitro
benzene and o-nitro toluene, respectively.

Selective fluorescence quenching behavior of 3 may be
explained on the basis of photo-induced electron transfer (PET)
and resonance energy transfer (RET) mechanism.[34] In PET
process, electron is transferred from the excited electronic
energy level of fluorophore to the LUMO of nitro aromatic
compounds (NACs), a process which results in quenching of
fluorescence. Hence lower the energy of LUMO of NAC, higher
will be its fluorescence quenching ability. Using density func-
tional theory (DFT) approach, we have calculated the HOMO,
LUMO energies of different organic analytes. The calculated
results given in Table 4S, clearly indicate that, in comparison to
other analytes, the energies of LUMO of NACs of p-nitro
toluene, nitro benzene and o-nitro toluene are very low and for

this reason an enhanced quenching of fluorescence was
observed in presence of these NACs.

On the other hand in the RET process, fluorophore under-
goes excited state electron transfer process. The efficiency of
fluorescence quenching in RET process depends on the extent
of overlap of emission spectrum of fluorophore with the
absorption spectrum of quencher. Thus higher the overlap
area, higher will be the fluorescence quenching. Figures 20S,
21S and 22S show overlap of absorption spectra of NACs with
emission spectrum of complexes 1, 2 and 3, respectively.
Comparison of overlap area in the spectra shows that more
overlap is observed between emission spectrum of complex 3
and absorption spectra of NACs p-nitro toluene / nitro benzene
/ o-nitro toluene, which causes a higher quenching of
fluorescence. Among these three NACs, nitrobenzene is the
more electron deficient molecule, but surprisingly, the max-
imum fluorescence quenching of 3 is observed in the presence
of o-nitrotoluene. This distinct behavior makes compound 3 an
excellent sensor for o-nitrotoluene.

Figure 11 shows the change of fluorescence spectrum of
compound 3 upon gradual addition of 3 mL 0.304 mM

methanolic solution of o-nitrotoluene. Using the Stern-Volmer
equation [I0/I=1 + Ksv[quencher]), a linear relationship was
obtained for the titration of complex 3 using o-nitrotoluene as
quencher (Figure 11) and calculated value of binding constant
was 0.644 mM�1.

Conclusions

In summary we have presented here the synthesis, crystal
structure, band gap calculation and fluorescence sensing
behavior of three cobalt(II) complexes using N,N ’ donor neutral

Figure 9. Fluorescence spectral changes of complex 3 (2.5 ml dispersed
methanolic solution) upon addition of methanolic solution of benzene and
its derivatives (3 mL 5.079 mM) at room temperature (lex=282 nm,
lem=312 nm, 330 nm, 348 nm, excitation and emission slit width=2.5 nm).

Figure 10. Quenching efficiency of fluorescence intensity at 331 nm for 1
and 2 and at 348 nm for 3.

Figure 11. Fluorescence titration of 3 (2.5 ml dispersed methanolic solution)
with gradual addition of 3 mL 0.304 mM methanolic solution of o-nitro
toluene (top to bottom) at room temperature (lex= 227 nm). Inset: Stern-
Volmer plot with respect to band at 348 nm.
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ligands. Cobalt(II)–bphz in combination with linear tp and
angular ip generate 1D ladder (1) and 2D porous (2) metal
organic frameworks, respectively. On the other hand, a 2D
interpenetrated architecture is obtained by using cobalt(II) ions
and relatively long flexible connectors 1,3-bis(4-pyridyl)propane
(bpp) in combination with ppda (3). 3D supramolecular
architectures in 1–3 are realized through covalent interactions
(H-bonding / p…p stacking). Band gap calculation reveals that
all compounds act like semiconductor. Study of the effect of
various organic compounds on the luminescence property of
1–3 shows that complex 3 selectively senses nitroaromatic
compounds and this behavior has been explained on the basis
of photo-induced electron transfer (PET) and resonance energy
transfer (RET) mechanisms.

Supporting Information Summary

Experimental details, X-ray crystallographic data, IR spectra, and
figures of crystal structure, electronic absorption spectra, and
fluorescence spectra of complexes 1�3 are provided as
Supporting Information.
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