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Magnetic ordering in TCNQ-based metal–organic
frameworks with host–guest interactions†
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Lei Sun,b Maria Ballesteros-Rivas,a Hanhua Zhaoa and Kim R. Dunbar*a

Host–guest interactions between the aromatic molecules benzene, toluene, aniline and nitrobenzene

and the redox-active TCNQ-based metal–organic framework (MOF), Fe(TCNQ)(4,4’-bpy) (1) (TCNQ =

7,7,8,8-tetracyanoquinodimethane), have been found to modulate spontaneous magnetization beha-

viours at low temperatures. An analogous MOF, Mn(TCNQ)(4,4’-bpy) (2) with isotropic Mn(II) ions as well

as the two-dimensional compound Fe(TCNQ)(DMF)2·2DMF (3·2DMF), were also prepared as models for

studying the effects of single-ion magnetic anisotropy and structural distortion on spin canting. The

results indicate guest-dependent long range magnetic ordering occurs at low temperatures, which corre-

lates with the electrostatic and steric effects of the incorporated aromatic guests.

Introduction

Metal–organic frameworks (MOFs), also known as porous
coordination polymers (PCPs), have attracted enormous atten-
tion over the past two decades because of their potential appli-
cations in gas separation/storage, catalysis and sensing.1 These
versatile crystalline materials exhibit rich structural variability
and porosity and are ideal platforms for introducing multi-
functionality. The topic of MOF materials has primarily
focused on increasing porosity for gas storage but recent excit-
ing advances are being made in relatively underexplored areas
of catalytic reactivity,2 electrical conductivity3 and magnetic
properties.4 Ligand design is extremely important in MOF
research due to the plethora of choices these organic linkers
offer for the variation of MOF topologies and functionalities.
Long rigid anionic carboxylate and phosphonate, and/or
neutral N-donor ligands have been commonly used as MOF
linkers in order to ensure both large void spaces and thermo-
dynamic stability of the frameworks.

Recently, the use of redox-active organic linkers or those
equipped with functional groups has been on the upsurge as
part of the current trend to design MOF’s that display special
properties such as selective gas/guest adsorption, catalytic

reactivity, charge mobility and conductivity.5 The use of redox-
active linkers as alternatives to carboxylic acid ligands in MOFs
is exemplified by the implementation of ligands such as TTF
derivatives, NDIs, TCNQ•−, TCNQ2− and (TCNQ-TCNQ)2− (TTF
= tetrathiafulvalene, NDI = naphthalenediimide, TCNQ =
7,7,8,8-tetracyanoquino-dimethane) in the formation of
MOFs.3a,6

The Investigation of MOF materials for different appli-
cations in magnetism, such as data storage and quantum com-
puting,7 is hindered by the fact that the long linkers typically
employed in the syntheses of MOF materials are not effective
at mediating magnetic interactions. To tackle this problem, we
have been studying organocyanide linkers that are known to
engender conducting and magnetic properties in extended
architectures and which have potential applications in non-
volatile switching and memory devices.6c,8 The tunability of
the redox activity of the organocyanide ligands make them very
promising for accessing materials that combine semiconduct-
ing properties and magnetic ordering. Both theoretical and
experimental studies have demonstrated that doubly reduced
diamagnetic organocyanide ligands are capable of engender-
ing effective magnetic coupling between metal spins, results
that are attributed to an energetically favorable match between
the ligand pπ and the metals dπ orbitals.9 In this vein, we and
another group recently studied the magnetic properties of a
series of anionic frameworks of the type [M2(TCNQ)3]

2− (M =
Mn, Fe, Co, Ni) and it was found that the TCNQ2− ligand pro-
motes long range magnetic ordering despite the long coupling
pathway.10 The lack of accessible cavities in these three-dimen-
sional materials, however, precluded the possibility of enhan-
cing magnetic and electronic properties via post-synthetic
modifications or interactions with small guest molecules.

†Electronic supplementary information (ESI) available: Crystallography details
and additional magnetic data. CCDC 1414461–1414463 and 1414477. For ESI
and crystallographic data in CIF or other electronic format see DOI: 10.1039/
c5qi00128e
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With the backdrop of previous work as a source of inspi-
ration, we turned our attention to guest responsive magnetic
MOFs as interesting targets because of their potential appli-
cations in molecular recognition and sensing in addition to
the possibility for fine-tuning the magnetic properties by
absorption/release of small guest molecules.11 Previously,
we had found that [Mn2(TCNQF4)(CH3OH)7.5(H2O)0.5]-
(TCNQF4)2·7.5CH3OH acts as a “magnetic sponge” and can
reversibly switch between a glassy magnetic and a paramag-
netic state triggered by de-solvation and solvation effects.12 Of
interest in the context of this work is the existence of TCNQ
dianionic-based MOFs, M(TCNQ)(4,4′-bpy) . CH3OH (M =
Zn, Cd, Mn, Fe, Co; 4,4′-bpy = 4,4′-bipyridine),6g,13 which
exhibit 3D structures composed of 2D MII-TCNQ2− neutral net-
works pillared by 4,4′-bpy (4,4′-bipyridine) linkers. It has been
shown that these redox-active MOF materials preferentially
absorb aromatic solvent molecules such as benzene, nitroben-
zene and anisole, leading to distinct color changes owing to
variable degrees of charge-transfer between the host frame-
works and the guest molecules.13a We postulated that host–
guest charge-transfer interactions could lead to guest-induced
magnetic responses of the M-TCNQ grids of the MOFs based
on changes in the electron density on the TCNQ dianion.

Herein, we report the guest modulated magnetic properties
of the MOFs, M(TCNQ)(4,4′-bpy) . solvent (M = Fe (1),
Mn(2)), with the inclusion of different aromatic solvent mole-
cules as well as a new 2-D network compound, Fe(TCNQ)-
(DMF)2·2DMF (3, DMF = N,N-dimethylformamide). The
TCNQ2− anions were found to promote cooperative inter-
actions between the high-spin FeII ions modulated by the aro-
matic guest molecules. This case study of solvent mediated
magnetic behavior of redox-active MOFs resulting from electro-
static and steric interactions between the framework and the
guest molecules serves as a proof of concept for the realization
of guest controlled magnetic MOFs.

Results and discussion
Syntheses and structures

The formation of TCNQ2− containing coordination networks
has been achieved by disproportionation of TCNQ•−, the
deprotonation of H2TCNQ by lithium acetate and the direct
reduction of neutral TCNQ by metal complexes.9b,13d,e The syn-
thetic method employed in this work is slightly modified from
reported procedures and was carried out using 4,4′-bpy/DMF
in the absence of LiOAc to deprotonate H2TCNQ in order to
generate TCNQ2− in situ. Under anaerobic conditions, layering
of a solution of FeSO4·7H2O in CH3OH onto a mixture of
H2TCNQ and 4,4′-bpy in DMF results in the formation of red-
orange crystals of the product FeII(TCNQ)(4,4′-bpy) . CH3OH
(1 . CH3OH) in three days. The reaction is considerably
slower than the reported procedures with either LiOAc as the
deprotonation reagent for H2TCNQ or the disproportionation
reactions TCNQ radicals to produce TCNQ2−, a favorable situ-
ation which leads to the formation of larger single crystals.

The structure of the compound (1 . CH3OH) was con-
firmed to be the same as previously reported by Kitagawa and
coworkers.13d Data collected at 133 K reveal that the
(FeII-TCNQ2−) units form corrugated sheets with adjacent
μ4-TCNQ2− bridges being arranged perpendicular to each
other (Fig. 1a); these sheets become more flattened as the
temperature increases from 133 to 243 K. The 2-D networks
are pillared by 4,4′-bipyridine to form the 3-D frameworks
(Fig. 2) and the cavities are filled with methanol molecules
that can be replaced with aromatic guest molecules by soaking
the crystals in neat aromatic solvents. Single crystals are pre-
served during these experiments but only in the case of
Zn(TCNQ)(4,4′-bpy) . C6H6 were the benzene molecules crys-
tallographically located.13a In the case of the reported nitro-
benzene and anisole soaked crystals of compound 1, the
framework structure was solved with the Fe-TCNQ network
being disordered between the corrugated sheets and the
planar sheets; weak peaks of electron density were observed in
the cavity and are ascribed to disordered guest molecules.
Charge-transfer between the TCNQ2− in the host framework
and the guest aromatic molecules was reported previously on
the basis of diffuse reflectance UV-Vis spectra but no
additional properties were reported.13d

Fig. 1 Two of the most common coordination modes of TCNQ dia-
nions, with adjacent TCNQ species perpendicular (left) and parallel
(right) to each other.

Fig. 2 Structure of the metal–organic frameworks Fe(TCNQ)(4,4’-bpy)
. CH3OH. Solvent molecules are omitted for clarity.
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We collected single crystal X-ray structures of compound 1
with different interstitial aromatic solvents in order to probe
structure–property relationships (Table 1). For benzene,
toluene and aniline, low electron densities of the disordered
solvent molecules were observed in the frameworks. The struc-
tures were solved in the tetragonal space group I4/mcm, which
is consistent with reported structures of these frameworks.13d

Refinement of the guest molecules in the pores of the frame-
work was carried out by using models of the corresponding
aromatic molecules to fit the residual electron densities. The
positioning of the guest molecules from refinement of 2 .

C6H6 is consistent with the structure of Zn(TCNQ)(4,4′-bpy) .

C6H6 as previously reported (Fig. 3, right), where no intimate
interaction between the aromatic guest molecules and the host
framework is observed and the planes of the aromatic mole-
cule are vertical to the M-TCNQ 2-D planes. Unfortunately, the
crystal structure of compound 1 . C6H5NO2 exhibited severe
twinning and disorder problems and was not refined satisfac-
torily.† A possible lower symmetry space group was found, as
compared to benzene, toluene and aniline containing frame-
works of 1, which is consistent with the observation of extra
peaks for 1 . C6H5NO2 in the powder X-ray diffraction pat-
terns (vide infra).

In addition to the relative positions of the guest molecules in
the framework, structural distortions were also observed with
the inclusion of different guest molecules as reflected in the
bond distances and angles listed in Table S2.† The Fe-TCNQ

2-D sheets of the benzene, toluene and aniline containing
MOFs are essentially planar with respect to the TCNQ2−

bridges, whereas those of 1 . CH3OH and 1 . C6H5NO2 are
clearly corrugated with larger TCNQ dihedral angles. Presum-
ably the observed structural distortions reflect both steric and
electrostatic effects of the guest molecules and are expected to
exert different effects on the magnetic coupling through the
TCNQ2− bridges as well as the canting angles of the Fe(II)
centers.

In order to further investigate the effects of structural dis-
tortions as well as the single-ion magnetic anisotropy of the
metal center, two additional model compounds were prepared,
viz., Mn(TCNQ)(4,4′-bpy) (2)13e with the isotropic MnII ions and
the new 2D compound Fe(TCNQ)(DMF)2·2DMF (3·2DMF) with
planar Fe-TCNQ networks. As in the case of the FeII analogues,
crystallographic studies of 2 . CH3OH revealed corrugated
2-D Mn-TCNQ networks whereas a new structure for 2 .

C6H6 was found to contain planar Mn-TCNQ networks with
disordered benzene molecules situated vertical to the Mn-
TCNQ planes (Fig. S11,† left). These results further support
the electrostatic nature of the interactions. Single crystal X-ray
studies of compound 3·2DMF revealed a 2D structure with flat
Fe-TCNQ sheets (the TCNQ2− units are parallel to each other
as shown in Fig. 1b, Fe–N(cyano) bond lengths are 2.124(5)
and 2.113(6) Å), with two DMF molecules occupying the axial
positions (Fig. 4).

Powder X-ray diffraction

Room temperature powder X-ray diffraction methods were
employed to monitor the structures of bulk samples contain-
ing different aromatic solvent molecules. The match of the pat-
terns indicates that the frameworks of the structures are
preserved in all cases (Fig. 5). Several new peaks arising from
the inclusion of different solvent molecules may be attributed
to the ordered arrangement of the corresponding solvent mole-
cules and the small distortions of the host frameworks
resulted from the included guest molecules.

Infrared spectroscopy

Infrared spectral data, summarized in Table 2, indicate the
presence of ν(CuN) stretching modes characteristic of
TCNQ2−.10 The lower energies of these bands as compared to
previously reported compounds indicate a slightly higher

Table 1 Summary of the crystallography data of 1 . guest from single
crystal X-ray studies

Compound 1 . benzene 1 . aniline 1 . toluene

Empirical formula C42FeN6H32 C34H26FeN8 C36H28FeN6
Formula weight 676.58 602.48 600.49
Temperature/K 100 110 100
Crystal system Tetragonal Tetragonal Tetragonal
Space group I4/mcm I4/mcm I4/mcm
a/Å 12.3580(6) 12.340(2) 12.3673(3)
c/Å 22.9288(15) 22.852(4) 22.9031(6)
Volume/Å3 3501.7(4) 3480.0(13) 3503.03(19)
Z 4 4 4
Goodness-of-fit on F2 1.182 1.335 1.122
Final R indexes
[I ≥ 2σ (I)]

R1 = 0.0598,
wR2 = 0.1639

R1 = 0.0774,
wR2 = 0.2042

R1 = 0.0592,
wR2 = 0.1632

Fig. 3 Fragments of the crystal structure of 1 . guest (benzene (left),
toluene (middle) and aniline (right)) showing the relative positions of the
different guest molecules in the MOF. The pyridyl and benzene rings are
disordered, and only one of the disordered guest molecules are shown
for the sake of clarity. Fig. 4 Packing diagram of 3 showing the flat planes of FeII-TCNQ2−.
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negative charge on the TCNQ2− units, consistent with charge-
transfer from aromatic guest molecules to the TCNQ2− units.

Magnetic properties

The tendency of the compounds in this study to lose intersti-
tial solvents renders it difficult to accurately characterize them
in the dry state. Owing to this situation, samples for magnetic
measurements were conducted on crushed crystals covered in
a minimum volume of the solvent in sealed quartz tubes to
avoid interstitial solvent loss. The magnetic measurements of
these compounds were carried out using a SQUID MPMS
instrument over the temperature range 1.8–300 K. Diamagnetic
contributions of the intercalated and excess solvent were
accounted for during the subsequent data analysis process.

The temperature dependence of the χT susceptibilities are
shown in Fig. 6. The room temperature χT values (1 .

CH3OH, 3.32 emu K mol−1; 1 . C6H6, 3.41 emu K mol−1;
1 . C7H8, 3.33 emu K mol−1; 1 . C6H5NO2, 3.48 emu K
mol−1; 1 . C6H5NH2, 3.41 emu K mol−1) correspond to the
expected value for an isolated high spin iron(II) center (S = 2,
g = 2.12). Upon lowering the temperature, the χT values
decrease monotonically down to ∼5 K (Fig. 6) indicative of
antiferromagnetic interactions. The small fluctuations in the

χT values above 50 K are attributed to freezing of the solvents.
The temperature dependence of the magnetic susceptibilities
between 300–5 K were fit to a Curie–Weiss law with Weiss con-
stant values of θ = −9.4 K for 1 . CH3OH, −11.1 K for 1 .

C6H5NO2 and −11.2 K for all three of 1 . C6H6, 1 . C7H8

and 1 . C6H5NH2 (Table 3), data that support the presence of
antiferromagnetic interactions within the MOF framework
(Table 3), in addition to other possible contributing factors
such as spin–orbit coupling and also zero-field splitting at low
temperatures.

For estimation of the magnetic exchange parameter the
mean field approximation formula14 can be used:

J ¼ 3θkB=ð2zSðSþ 1ÞÞ: ð1Þ

where z is the number of neighbor ions. Keeping in mind a
layered motif of the compounds in our case z = 4. The obtained
values are in the Table 3.

Given the crystal structure, the magnetic susceptibility data
can be alternatively interpreted through eqn (2), describing the
χT of a 2D Heisenberg quadratic-layer antiferromagnet. This
formula, based on the isotropic Heisenberg Hamiltonian H =
−2JΣijSiSj is as follows:

15

Ng 2β 2=2χT ¼ 3xþ
X

Cn=xn�1 ð2Þ

Fig. 5 Powder X-ray diffraction patterns of Fe(TCNQ)(4,4’-bpy) with the
inclusion of different solvent molecules: methanol (black, simulated),
methanol (orange, experimental), benzene (blue), toluene (red), nitro-
benzene (green) and aniline (turquoise).

Table 2 IR stretching frequencies of the –CN groups in different
TCNQ2− species

Compound ν(CN)/cm−1

H2TCNQ 2257, 2204
1 . CH3OH 2181, 2112
1 . C6H6 2185, 2059
1 . C6H5NO2 2183, 2114
1 . C7H8 2183, 2116, 2055
1 . C6H5NH2 2182, 2116
3 2197, 2134

Fig. 6 Temperature dependence of the χT plot of the MOF Fe(TCNQ)-
(4,4’-bpy) in different solvents.

Table 3 Summary of the magnetic parameters in 1 . guest

Guest Tc/K θ/K
J/cm−1

(estimated)
J/cm−1

(calculated)
Canting
angle/°

Methanol 4.5(2) −9.4 −0.41 −0.32 0.02
Aniline 4.9(5) −11.2 −0.49 −0.32 0.19
Benzene 3.9(2) −11.2 −0.49 −0.35 0.42
Toluene 3.7(2) −11.2 −0.49 −0.37 0.49
Nitrobenzene 4.7(2) −11.1 −0.48 −0.34 0.84
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where x = kT/JS(S + 1), N is Avogadro’s number, β – Bohr mag-
neton and k – Boltzmann constant and Cn are tabulated con-
stants. The results of fitting the data to eqn (2) (Fig. S6–10†)
are summarized in Table 3.

Similar behavior was observed in our recently reported
[Ph3PMe]2[Fe2(TCNQ)3] magnetic MOF,10 but it is worth noting
that the estimated coupling constants using the same equation
for the current series is more than double of that in the former
case. This is presumably due to the higher degree of planarity
of the bridging TCNQ units, which allows for better dπ–pπ
overlap between the metal centers and TCNQ dianions. In the
case of [Ph3PMe]2[Fe2(TCNQ)3] the planarity of the TCNQ2−

moiety has been significantly disrupted (the dicyanomethyl
and the phenyl fragments of TCNQ2− have an average dihedral
angle of 28.05°), whereas in compound 1, the TCNQ2− moiety
remains planar with only a little distortion in the case of
methanol and nitrobenzene (see dihedral angles in Table S2†).
Therefore, two additional magnetic superexchange coupling
pathways (through trans-7,8- and cis-7,8-cyano groups) may be
contributing to the dominating antiferromagnetic interactions
in the temperature range of 300–5 K in addition to the 7,7-
cyano coupling pathway through the short end of TCNQ2− as
found in the case of [Ph3PMe]2[Fe2(TCNQ)3]. The additional
coupling pathways can help to explain the increased coupling
in the current series. Given the structural similarity of the
dicyanomethyl fragment of the TCNQ2− bridge and dicyana-
mide anion, we note that they exhibit comparable magnetic
coupling strength between Fe(II) spin centers.16

Below 5 K, maxima of χT begin to appear for all samples
indicating the onset of weak ferromagnetic interactions.
Taking into account that the magnetic interactions of the
metal ions through 4,4′-bpy are usually weakly antiferromagne-
tic,8d,17 the magnetic behavior is essentially 2-D between the
FeII centers in the frameworks bridged by μ4-TCNQ2− linkers;
the increase in χT at low temperatures can be ascribed to
canted spin states from the interlayer interactions. Structural
distortions in the 2-D sheets of Fe(TCNQ) and/or electronic
interactions between TCNQ2− and the aromatic solvent mole-
cules are the plausible reasons for the uncompensated mag-
netic moments and therefore “weak ferromagnetic” (canted
antiferromagnetic) responses at 3–5 K.

Zero-field-cooled (ZFC) and field-cooled (FC) magnetization
data at 10 Oe exhibit bifurcations in all cases (Fig. S1†),
implying that long-range ordering of the magnetic moments is
occurring. This conclusion is also supported by the presence
of frequency independent peaks in both the in-phase and out-
of-phase AC magnetic susceptibilities at low temperatures
which suggests a magnetic transition is occurring from a para-
magnetic state with antiferromagnetic interactions to a canted
antiferromagnetic state (Fig. 7). In addition, field dependent
magnetization hysteresis loops were observed for all samples
at 1.8 K (Fig. S3†), which signifies the presence of spontaneous
magnetization below their corresponding Tc values.

The field dependent magnetization curves at 1.8 K
(Fig. S4†) did not reach saturation even under a field of 7 T
which is another piece of evidence for uncompensated

moments from the spin-canted states. The canting angles
(Table S2†) can be estimated from the equation ψ = tan−1(Mr/
Ms), where Ms = gS is the saturation magnetization when all
the moments are aligned in a parallel manner in the structure
and Mr is the remnant magnetization (intercept of the linear
part of magnetization curve).18 The largest canting angles of
the 1 . nitrobenzene and 1 . toluene are consistent with
the most prominent weak ferromagnetic responses at low
temperatures.

The trend of ordering temperatures in the present series is
affected by structural distortions of the Fe(TCNQ) planes
which are the main source of spin canting. The effect of struc-
tural distortions is evident in 1 . CH3OH and 1 . C6H5NO2

which exhibit corrugated Fe(TCNQ) sheets unlike the planar
sheets in the structures containing benzene, toluene and
aniline. It is worth noting that the three polar solvents,
CH3OH, C6H5NO2 and C6H5NH2 induce higher Tc values (4.5,
4.7 and 4.9 K respectively) as compared to the less polar
benzene and toluene guest molecules (Tc = 3.9 and 3.7 K,
respectively). Such an observation suggests an effect of guest
polarity (Table S3†) on the ordering temperature which is con-
sistent with the orientation of the guest molecules observed in
the crystal structures. Another possible factor is charge-trans-
fer between the host frameworks and the guest molecules
which was previously reported.13d Such interactions should
affect the spin density on the TCNQ2− units hence the mag-
netic coupling through it, but the observed Tc values do not
simply follow the order of π-accepting strength of the guest
molecules. It is also possible that the electrostatic interaction
between the framework and guest molecules results in
changes of the electron density on the TCNQ2−, and in turn
affects magnetic coupling.

The relationship between the distortion of the structures
and the magnetic properties can be further modeled for the
2-D network compound 3 which exhibits flat instead of corru-
gated planes of Fe-TCNQ units (Fig. 4). The hypothesis that

Fig. 7 Variable temperature in-phase and out-of-phase AC magnetic
susceptibility data for the Fe(TCNQ)(4,4’-bpy) MOFs in four aromatic sol-
vents at different AC frequencies.
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structural distortion leads to the spin-canted states in the mag-
netically coupled 2-D network is further supported by this
model compound. Temperature dependent magnetic measure-
ments performed on 3 showed it to be a paramagnet with anti-
ferromagnetic interactions with no spin-canted states at low
temperatures. However, the χT value of a dry sample (3a) exhi-
bits an increase at low temperatures (Fig. 8a), indicating the
onset of a spin-canted antiferromagnetic state, which is prob-
ably due to the distortion of the flat plane to a corrugated
plane upon the loss of DMF molecules. The lack of saturation
of the magnetization for both samples indicates that the net
magnetic moments stem from uncompensated canted spin
states. The observation of a hysteresis loop and bifurcation in
ZFC-FC curve (Fig. 8b and S2†) for the dry sample 3a also
underscores the importance of structural distortion for the
canted spin states in the present series.

Single-ion magnetic anisotropy was also found to play a
role in the canted states of the Fe(TCNQ)(bpy) MOFs. When
the isotropic MnII analog was used, 2 . CH3OH showed only
antiferromagnetic ordering at low temperatures without the
presence of the canted spin states although the 2-D networks
of Mn-TCNQ are considerably corrugated.

Experimental

The synthetic procedures were carried out under a nitrogen
atmosphere using standard Schlenk-line techniques. H2TCNQ
was prepared according to the literature by the reduction of
TCNQ with mercaptoacetic acid.19 Fe(TCNQ)(4,4′-bpy)·6CH3OH
was prepared by a slight modification of the reported proce-
dures.13d,e

Soaking of the Fe(TCNQ)(4,4′-bpy) MOFs in benzene,
toluene, aniline and nitrobenzene was carried out with degassed
solvents under a nitrogen atmosphere. Powder X-ray diffraction
measurements were performed with a BRUKER D8-Focus
Bragg-Brentano X-ray Powder Diffractometer equipped with an
CuKα radiation source (λ = 1.5406 Å, 40 kV and 40 mA). The
samples for magnetic measurements were prepared by sealing
crushed crystals with a minimum volume of the corresponding
solvents in quartz tubes.

Synthesis of Fe(TCNQ)(DMF)2·2DMF

A solution of 0.2 mmol of Fe(SO4)2·7H2O, 0.5 mmol of
Li(OAc)·2H2O and 20 mg of ascorbic acid in methanol
was layered on a solution of 0.2 mmol of H2TCNQ in
(N,N-dimethylformamide (DMF). Yellowish green crystals
formed in two days. IR: ν(CN) 2196.7, 2134.5 cm−1; ν(CO)
1639.7 cm−1.

Conclusions

The properties of TCNQ-based magnetic MOF materials were
investigated by magnetic, structural and infrared studies. The
magnetic properties of Fe(TCNQ)(4,4′-bpy) MOFs can be modu-
lated but altering the polarity and the size of the aromatic
guest molecules. In addition, investigation of the magnetic
properties of this series of magnetic MOFs has revelaed that
the TCNQ-dianion as a bridging ligand for the mediation of
magnetic coupling is a promising candidate for the synthesis of
magnetic MOF materials. Structural evidence was obtained to
support the conclusion that significant steric and electrostatic
interactions between the polar nitrobenzene and the negatively
charged TCNQ2− species occurs in the frameworks. The 2-D
model compound Fe(TCNQ)(DMF)2·2DMF was synthesized
and the magnetic studies suggest structural distortion is
responsible for the transition to canted spin states. A compari-
son with isostructural Mn(II) analogs of the MOFs indicate that
single-ion magnetic anisotropy is crucial for the presence of
canted spin states in the Fe-TCNQ-based MOFs. The magnetic
phase transitions are due to electrostatic and steric inter-
actions between the guest molecules and the host frameworks.
The opportunity to modulate magnetic properties by the inter-
action of TCNQ dianions in framework solids with aromatic
small molecules of different polarity and steric hindrance
make them promising for applications in molecule recognition
and sensors.
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