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Diverse isostructural MOFs by postsynthetic metal
node metathesis: anionic-to-cationic framework
conversion, luminescence and separation of dyesf

Soana Seth, Govardhan Savitha and Jarugu Narasimha Moorthy™

An extremely flexible and robust anionic Cd—-MOF - accessed with a tetraacid linker, viz., 3,3,5,5-
tetrakis(p-carboxyphenyl)-2,2',6,6'-tetramethoxy-1,1'-biphenyl - is to exhibit abundant
postsynthetic metal exchange (PSME) of metal ion nodes with a number of metal ions that differ vastly in
terms of their charges, ionic radii and chemical nature; as many as 16 isostructural new MOFs with

shown

transition, lanthanide as well as main group metal ions have been characterized with single crystal X-ray
structures determined for 11 of them. The PSME allows unique conversion of the anionic framework
structure of the Cd—MOF into a cationic one, when the divalent cadmium metal ions are exchanged by
trivalent Ln(in) ions. The Eu@MOF and Tb@MOF, accessed by PSME of a transition metal MOF, are shown
to be brilliantly luminescent. The switch-over in the charge characteristics of the framework with PSME
has been judiciously exploited for the separation of organic dyes based on their charges. The
comprehensive investigations illustrate the broad scope of PSME to access new functional materials that

www.rsc.org/MaterialsA cannot be readily accessed.

Introduction

Porous metal-organic frameworks (MOFs) have currently
emerged as inextricable hybrid materials with astounding
potential for applications in material science, synthetic chem-
istry and biological sciences.™* Despite the fact that explosive
research over the last two decades has led to well-defined
guidelines as to the topologies of MOFs based on connectivity
dispositions of the metal ions and the organic linkers, experi-
mental conditions involving solvent, temperature, pressure,
additives, etc. render the accessibility of MOFs with predictive
topologies a daunting proposition. Key to the success of MOFs
for applications is the convenient synthesis with a desired
functionality built-in for a specific purpose and the possibility
for fine-tuning their properties."*>*® The synthetic protocols
based on de novo approaches entailing judicious choice of
organic linkers and metal ions - although successful to some
degree - do not lead always to MOFs with predefined topologies/
structures. Post-synthetic modification (PSM) of MOFs has
emerged as one of the fine approaches that allows modification
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of the chemical nature and associated functional properties of
MOFs in a predictive manner.’?* PSM permits one to access
functional MOFs with new properties, while maintaining the
same framework topologies of the parent MOFs; such func-
tionally modified MOFs are not necessarily prepared by direct
synthetic recipes.**° The success of PSM, however, is limited by
the identification of ideal experimental conditions and the
ability of MOFs to sustain crystallinity with the framework
structure intact; in some instances, PSM may also lead to
unexpected results.””** The PSM of MOFs may, in general, be
carried out in four different ways: (1) by introducing a new
functional group via modification of the organic spacer;**>° (2)
by anchoring new functionality to the open metal sites in the
framework structure;****** (3) by exchanging the guest species
in the cavities of the networks;***® (4) by substituting the
building blocks of the framework structures, namely, metal ions
and/or the organic ligands, with new building blocks via the
metathesis reaction without disturbing the overall integrity of
the framework structure.”>*9->>

We herein report abundant postsynthetic metal exchange
(PSME) of an anionic Cd-MOF with an extremely flexible
framework structure-accessed from a twisted D,q-symmetric
organic spacer HyL, namely, 3,3,5,5"-tetrakis(p-carboxyphenyl)-
2,2',6,6'-tetramethoxy-1,1"-biphenyl, ¢f. Scheme 1, with transi-
tion, lanthanide as well as main group metal ions, leading to
a wide array of isostructural MOFs containing different metal
ions.>*** As many as 16 isostructural MOFs containing metal
ions of varying ionic radii have been characterized, and at least
three functional properties are demonstrated. First, the PSME is
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Scheme 1 Synthetic protocol for the tetraacid Hul, i.e., 3,3',5,5 -tetrakis(p-carboxyphenyl)-2,2’,6,6’-tetramethoxy-1,1'-biphenyl.

shown to occur in a single crystal-to-single crystal (SCSC)
fashion with transition, lanthanide and main group metal ions
of very small-to-large ionic radii. Second, the exchange of
divalent Cd(u) ions with trivalent Ln(m) ions translates essen-
tially into the conversion of the anionic framework into
a cationic one, which is extremely rare.* Third, the modified
MOFs containing trivalent Tb*" and Eu®" are shown to be bril-
liantly luminescent with green and red emission, respectively,
while the parent Cd-MOF exhibits weak linker-based emission.
Modification of the luminescence property of a MOF by post-
synthetic metal node metathesis is heretofore unknown. The
intriguing switchover of the charge characteristics of the
framework has been judiciously exploited for remarkable
separation of mixtures of organic dyes based on cation/anion
exchange. The results compellingly illustrate the power as well
as the scope of PSME as an approach to diversifying the unique
class of porous hybrid materials, whose structural information
is a priori available.

Results and discussion

The tetracarboxylic acid ligand H,L was prepared by 4-fold
Suzuki coupling of 3,3,5,5'-tetraiodo-2,2’,6,6'-tetramethox-
ybiphenyl with p-methylphenylboronic acid, followed by
KMnO, oxidation of the resultant 3,3,5,5-tetrakis(4-methyl-
phenyl)-2,2',6,6"-tetramethoxybiphenyl (Scheme 1); the tet-
raiodo compound was synthesized by following the procedure
reported from our laboratory.>*”

Heating the solution of H,L in N,N-dimethylformamide
(DMF) containing four equivalents of Cd(NO3), in a screw-cap-
ped glass vial at 90 °C for two days led to the formation of
colorless crystals of the Cd-MOF. Single crystal structure
determination subsequent to intensity data collection and
processing revealed that the crystals are centric, and belong to
the triclinic crystal system. In the crystal structure, one observes
a linear trinuclear Cd(n) metal cluster with a Cd-Cd-Cd angle of
177.40°, and coordinated by eight carboxylate groups such that
it serves as a 8-connecting node, Fig. 1; the Cd-Cd distances
between consecutive metal ions are 3.536 and 3.598 A. While
the central Cd(n) ion and one of the terminal Cd(u) ions are
found to be octahedral, the other terminal Cd(u) ion is found to
be heptacoordinated with a distorted pentagonalbipyramid
geometry. The assembly of an 8-connecting trinuclear cluster
and a pair of 3-connecting organic linker L leads to the 3D
framework structure that is overall anionic, Fig. 1. Thus, the
repeating unit of the 3D framework of the Cd-MOF is [Cd;L,]>".
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The counter cations are inferred to be dimethylammonium
species and are not located in the X-ray structure, due suppos-
edly to the disorder arising from their location in the void
spaces of the 3D framework.***® Insofar as the structural aspects
of the tetracarboxylate spacer L are concerned, the central rings
of L are twisted by 65.5°and 70.6°, while the phenylcarboxylate
rings are twisted by angles ranging from 42.8° to 63.1° with
respect to the dimethoxyaryl rings that constitute the core of L.
PLATON analysis suggests that the framework structure is
associated with a void volume of 59%, which includes the
untraceable dimethylammonium cations. By reducing the
organic spacer to a pair of 3-connecting module of the topology
of an allene and 8-connecting trinuclear cluster to a simple 8-
connecting node, one obtains a 3,8-connecting net of sqc-495
topology as that shown in Fig. 1.7

In view of the fact that the network is highly porous, we
wondered if the cations located in the channels could be
replaced by Cd** ions themselves by employing a large excess of
Cd(NO;), during the synthesis. Accordingly, solvothermal
synthesis of the Cd-MOF was carried out with varying equiva-
lent amounts of Cd(NO;), with respect to the linker. Thus, a set
of five Cd-MOFs were isolated, termed Cd-MOF1, Cd-MOF2,
Cd-MOF4, Cd-MOF8 and Cd-MOF12, where the numerical
digit(s) refer(s) to the equivalent of Cd(NO;), employed for the
synthesis; in each case, the Cd-MOF was isolated in a respect-
able yield. In the case of Cd-MOF8 and Cd-MOF12, solvent-
coordinated Cd(u) guest ions were found to be present in the
cavities of the MOFs - as revealed from single crystal structural
analysis, ¢f ESIT - to counterbalance the negative framework
charges; this indeed accounts for different empirical formulae
for Cd-MOF8 and 12, which contain 4 Cd(u) ions in contrast to 3
in Cd-MOF1, 2 and 4. All the 5 different MOFs were found to
show similar PXRD patterns, see ESI.T The single crystal X-ray
structure determination in each of the MOFs revealed intrigu-
ingly divergent cell parameters with cell volumes that ranged
between 3484 and 3844 A® for Cd-MOF1, Cd-MOF2 and Cd-
MOF8 and between 7466 and 7589 A* for Cd-MOF4 and Cd-
MOF12, ¢f ESL.T The TOPOS analyses showed that the frame-
work structure is similar in all cases, which also accounts for the
similarity of all PXRDs. This led us to ponder as to what then is
the source of variable cell volumes for Cd-MOF1, 2, 4, 8 and 12.
A careful analysis shows that the framework structure is quite
flexible and undergoes considerable shrinkage and expansion
depending on the matter contained within the framework
structure as guest species, namely, counter ions and solvent
molecules; the dimethylammonium cations are found to be

This journal is © The Royal Society of Chemistry 2015
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Fig. 1 The crystal packing diagram of the Cd—MOF down a-axis (a) and b-axis (b). Also shown is the coordination around the metal ions in the
trimetallic Cd(i) cluster (c). The simplified TOPOS diagram of the crystal packing with the ligand L considered as a pair of 3-connecting spacer and

the metallic cluster as a 8-connecting node (d).

replaced by solvent-coordinated Cd(u) ions in Cd-MOF8 and 12
such that the empirical formulae for these cases contain 4 metal
ions in contrast to 3 in all others, i.e., Cd-MOF1, 2 and 4, cf.
ESL.T Thus, we inferred that all of these Cd-MOFs are chemi-
cally one and the same. The variations in cell parameters and
doubling of the cell volume in some cases are a consequence of
guest-induced structural changes of the ligand structure and
small deformation of the supposedly linear geometry of the
trimetallic cluster, ¢f. ESI, Fig. S1 and S2.f The fact that the
tetracarboxylate linker L lends itself to small structural pertur-
bations is evidenced from considerable torsional flexibility
available to carboxyphenyl rings as well as the dimethoxyaryl
rings of the core. The dimethoxyaryl rings are found to be
twisted by 63-73°, while the angles between the phenyl-
carboxylate rings and dimethoxyphenyl rings that make up the
central core are found to vary between 42.78° and 82.85°, ¢f. ESI,
Table S2.1 It is thus apparent that the flexible framework
structure is reproducibly formed with Cd(NO;),, which attests to
the fact that the MOF corresponds to the thermodynamic
product of the solvothermal synthesis. We were motivated by
the remarkable variability and also by the extent of porosity to
the framework structure to explore if such a structure allows
postsynthetic modification of the cation and metal node;
porosity is important for material transport in and out of the
crystals.

Remarkably, suspension of crystals of the anionic Cd-MOF4,
simply referred to hereafter as Cd-MOF, in 0.01 M solutions of
different metal salts in DMF, was found to result in slow
exchange of the framework metal ions. With metal ions such as
Cu(u) and Co(u) ions, the exchange could be made out by visible

This journal is © The Royal Society of Chemistry 2015

color changes of the crystals, vide infra. PXRD and SXRD anal-
yses showed that metal ion metathesis occurs leading to new
MOFs with the framework integrity intact. The trinuclear cluster
of Cd(u) ions was found to be exchanged by a series of transition
metal (Tm) ions, viz., Mn(u), Co(u), Cu() and Zn(u), to different
degrees leading to several Tm@MOFs, vide infra. Indeed, the
exchange of Cd(u) ions was found to proceed in a single crystal-
to-single crystal fashion for different transition metal ions.
Astonishingly, a similar trend was observed for exchange with
trivalent lanthanide metal (Ln) ions as well. The exchange was
found to occur with a number of lanthanide ions, namely,
La(m), Pr(m), Nd(m), Eu(m), Tb(m), Gd(m), Sm(m) and Yb(m),
whereby a series of Ln@MOFs is accessed. In the same manner,
the framework metal ions were also found to be exchanged by
main group metal (Mm) ions, namely, Mg(u), Ca(u), Sr(u) and
Pb(u), leading to unique Mm@MOFs. In Fig. 2 are shown the
color changes that one witnesses — as observed under a digital
microscope - for cases when the crystals undergo visible color
changes.

Our experimentation of postsynthetic metal node metathesis
with a number of metal ions led to the characterization of 16
new isostructural MOFs form a single Cd-MOF. The integrity of
the framework structure was found to be conserved throughout
the metal exchange process as confirmed by powder X-ray
diffraction of the resultant MOFs for all, and single crystal
structure determinations of several; the X-ray intensity data
were collected and structures determined for as many as 11
postsynthetically modified MOFs, c¢f ESLf It should be
mentioned that our best efforts to independently access all of
these MOFs by direct synthesis as that of the Cd-MOF were in
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http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c5ta04551g

Open Access Article. Published on 01 October 2015. Downloaded on 12/4/2025 10:37:44 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Journal of Materials Chemistry A

—— Emission
——Excitation
2
g 0.8+
]
= 06
°
o
N
T 0.4
£
S
=z 024
00+t ——1——1——
200 300 400 500 600 700

Wavelength (nm)

View Article Online

Paper

P

——Emission
—— Excitation

300 400

500
Wavelength (nm)

600

Fig. 2 Visible coloration of the colorless crystals of the Cd—MOF with PSME, and luminescence of Eu@MOF (1¢, = 325 nm) and Tb@MOF (Aex =

350 nm).

vain. The extent of metal exchange was evaluated in each case by
3 different analyses, namely, refinement of site-occupancies of
the exchanging metal ion and Cd(i) metal ion, elemental
analyses by inductively coupled plasma atomic emission spec-
troscopy (ICP-AES) and EDX analyses. The results are collated in
Table 1 with the cases for which more than 90% exchange was
possible highlighted; it should be noted that the single crystals
employed for assessment of exchanged metal ions were not
necessarily suspended for the durations similar to those of the
samples analyzed by ICP-AES and EDX. Therefore, comparison
of the results of EDX/ICP-AES with those of SXRD is not
reasonable. Otherwise, it compellingly emerges that the loca-
tions of the exchanged metal ions and their contributions can
be assessed by the refinement of occupancies that lead to the
best R-factor. As is evident from Table 1, the exchange was
found to occur almost quantitatively for Tb**, Yb**, Cu®**, Zn**,
Ca®", Sr** and Pb>" ions when the crystals were immersed over
a period of 25 days. However, 65-75% exchange was found to
occur for Eu®*, Nd*', pr**, Gd**, Co*" and Mn*" ions after 25
days. The extent of exchange was found to be rather slow
amounting to less than 50% for La®>", Sm*" and Mg>" ions over
similar durations. The abundant postsynthetic exchange of
framework metal ions is remarkable given the chemical nature
and wide range of ionic radii of the metal ions that are
employed for exchange. In particular, the exchange with triva-
lent metal ions is of particular interest, as the framework
structure now turns from anionic to cationic for an exchange of
>67%. The counter anions in these cases must be NO; ™ species,
as the lanthanide ions were employed in the form of their
nitrates; the latter could not be identified in the crystal
structures.

A careful analysis of the X-ray determined structures shows
that the trinuclear cluster that is almost linear in the Cd-MOF
undergoes significant bending when exchanged by lanthanide

22918 | J. Mater. Chem. A, 2015, 3, 22915-22922

metal ions; for transition and main group metal ions, such
a deformation is not seen. An overlay of the trimetallic cluster
observed in the Eu@MOF and Sm@MOF is shown along with
that of the Cd-MOF in Fig. 3. The observed angles between the
three metal centers for Ln@MOFs are in the range of 154.7-
160.8°. Similarly, the tetracarboxylate linker, as stated at the
outset, undergoes torsional motions leading to changes in the

Table 1 Results of analyses of MOFs accessed by PSME of the Cd—
MOF with different metal ions (M), as analyzed by EDX, ICP-AES and
SXRD refinement

M : Cd (atomic ratio)

MOF code EDX ICP-AES SXRD*
La@MOF 62:38 40: 60 51.6: 48.4
Pr@MOF 83:17 71:28 52.3:47.3
Eu@MOF 70: 30 68 : 32 44 : 56
Nd@MOF 78:22 69:31 55.7 : 44.3
Yb@MOF 94:6 93:7 -t
Gd@MOF 86 : 14 76 : 24 b
Th@MOF 92:8 93:7 100 : 0
Sm@MOF 74:26 46 : 54 43:57
Mn@MOF 61:39 65:35 42 :58
Co@MOF 73:27 90:10 80.7 :19.3
Cu@MOF 100 >99 82.8:17.2
Zn@MOF 95.5: 4.5 91:9 97.3:2.7
Mg@MOF 46: 54 46 : 54 -
Ca@MOF >99 100: 0 43.8:56.2
SrT@MOF 98.5:1.5 >99 —r
Pb@MOF 91:9 >99 —b

¢ Results obtained by refinement of the atomic positions in the SXRD
structure cannot be directly compared with the results of EDX and
ICP-AES analyses, as the durations of exchange are different. ” The
crystals were found to develop cracks to preclude structure
determination. Although the cell parameters were determined,
structure solution was not possible due to poor intensity data.

This journal is © The Royal Society of Chemistry 2015
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Fig. 3 The coordination environment of the trimetallic cluster in Sm@MOF (a). An overlay of the structures of the trinuclear clusters in the Cd—
MOF, Sm@MOF and Eu@MOF (b); notice the deviation of the trinuclear centers from linearity in the case of the Sm@MOF and Eu@MOF vis-a-vis
Cd—-MOF. An overlay of the structures of L in these three MOFs (c). An overlay of the TOPOS crystal packing for the same three MOFs by reducing

the structure to a 3,8-connecting net (d).

overall framework skeleton. In Fig. 3 is also shown an overlay of
the structure of L in the Cd-MOF and two Ln@MOFs. Also
notable are small variations in the coordination modes in
Ln@MOFs, cf. Fig. 3. Solvent molecules are found to remain
coordinated to the central metal ions of the trinuclear nodes to
satisfy higher coordination numbers of the Ln(ur) ions.

The SC-SC transformation of the Cd-MOF to the MOFs
containing other metal ions allows one to modulate the prop-
erties of the MOF as a whole, which should be appealing from
the point of view of applications notwithstanding incomplete
metal exchange.*® The anionic framework of the Cd-MOF is
converted to the cationic one after exchange of ca. 67% of the
Cd(u) ions by Ln(u) ions. The Ln@MOFs are particularly inter-
esting from the point of view of luminescence exhibited by some
of the metal ions in the visible region. The parent Cd-MOF
shows very weak ligand-based emission that is blue. However,
for the Eu@MOF and Tb@MOF, one observes red and green
emissions emanating from the metal ions, while only ligand
emission was noted for other Ln@MOFs, ¢f. Fig. 2. It should be
mentioned that postsynthetic exchange of SBUs in transition
metal-MOFs with lanthanide ions and sequestration of lumi-
nescence from the resulting Ln@MOFs are heretofore
unprecedented.

Given the ease with which the Cd-MOF permits metal node
exchange leading to switchover of the charge characteristics of
the framework structure, we envisioned the possibility of
exchange of the counter ions with charged organic dyes,
whereby separation of organic dyes of different charges should
be feasible.** Thus, the parent Cd-MOF with an anionic
framework structure and cationic counter ions was explored for
exchange with cationic organic dyes, and the Eu@MOF with
a cationic framework structure and anionic counter ions was
explored for exchange with organic anionic dyes. Methylene
blue (MB), thioflavin-T (TT), nile blue (NB) and rhodamine-6G

This journal is © The Royal Society of Chemistry 2015

(Rh6G) were chosen as cationic dyes, and bromophenol blue
(BB) and xylene cyanol (XC) were employed as anionic dyes. For
competition experiments, neutral nile red (NR) dye was also
included. To begin with, crystals of the anionic Cd-MOF were
dispersed in 10" to 10~® M solutions of cationic dyes, namely,
MB, NB, Rh6G and TT, in DMF. Absorption of the supernatant
solution was gradually monitored by UV-vis absorption spec-
troscopy, cf. Fig. 4 and ESI.T The occurrence of cation exchange
could be gradually made out from a progressive decrease in the
absorbance of the solution in conjunction with coloration of the
colorless crystals of the Cd-MOF, Fig. 4. The selectivity of the
Cd-MOF to bind cationic dyes in preference to anionic and
neutral dyes was investigated by competition experiments.
Likewise, the cationic Eu@MOF was also explored for selective
binding of an anionic dye in the presence of cationic and
neutral dyes, Fig. 4. As expected, the Cd-MOF was found to
adsorb the cationic dye MB selectively from a mixture of
cationic MB and anionic BB or the neutral NR dyes; indeed, the
crystals were found to acquire the color of MB, Fig. 4. Similar
selective binding of TT was observed for the pairs of TT and XC,
and TT and NR, ¢f. ESI.f Remarkably, the colors of the dye-
adsorbed crystals could be reverted to colorless forms by
immersing them in a saturated solution of NaCl in DMF, cf.
ESL} In fact, the dye separation process could be carried out
multiple times without any noticeable disintegration of the
framework structure.

The Eu@MOF - accessed by PSME over a period of >25 days -
was likewise subjected to adsorption of an anionic dye, namely,
BB. As shown in Fig. 4, selective adsorption was observed for the
anionic dye in the presence of cationic Rh6G dye and neutral NR
dye in competition experiments. It should be noted at the same
time, no exchange was observed with a Eu@MOF with only ca.
30% exchange, which attests to the fact that charge reversal as
a whole is important. As was observed for Cd-MOF, the colored

J. Mater. Chem. A, 2015, 3, 22915-22922 | 22919
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Fig.4 Adsorption of cationic MB (a) and anionic BB (d) dyes by the anionic Cd—MOF and cationic Eu@MOF, respectively, as monitored by UV-vis
absorption spectroscopy. Competitive adsorption of MB in the presence of anionic BB dye (b) and a neutral NR dye by the Cd—MOF (c).
Analogous competitive adsorption of BB in the presence of a cationic Rh6G dye (e) and a neutral NR dye (f) by the EuU@MOF. The UV-vis
absorption spectra were recorded at times t = 0 h (olive), 2 h (orange), 4 h (black), 8 h (pink), 14 h (blue), 24 h (green) and 48 h (wine).

dye-adsorbed crystals could be completely reverted to the
colorless crystals by suspending them in a saturated solution of
NaCl in DMF. As to the question of how the dye absorption
occurs, that is, by migration of the material into the pores or by
simple adsorption on the surface, we believe that the latter
process is more likely; the sizes of the dyes are larger than the
pores for facile transport into the crystals.

It should be mentioned that the rate of PSME of Cd-MOF is
rather slow, but its applicability for MOFs of wide ranging
metal ions is astounding; the PSME occurs with different light-
to-heavy metal ions of varying ionic radii, oxidation states and
divergent chemical properties. A thorough literature search
reveals that the exchange of the framework metal ions for
a given MOF is limited to only a few metal ions, due presum-
ably to the differences in ionic radii, charges and coordination
modes.” We are tempted to attribute the abundant PSME of
Cd-MOF to the flexible, yet robust integrity of the porous
framework structure, which evidently sustains significant
structural deformations caused by experimental conditions
that entail solvent, guest metal ion concentration, etc. The
guest metal ions thus may diffuse in and out of the channels
and slowly substitute the Cd(u) ions that are part of the SBU
with the torsional flexibility extant to the ligand L augmenting
the exchange of metal ions under the influence of concentra-
tion gradient. The fact that the PSME is largely a consequence
of the flexibility of the ligand as well as of the framework
structure is corroborated by the reversibility; the metal-
exchanged MOFs could be reverted back to the Cd-MOF upon
suspension of the crystals in solution containing Cd(NO3),, ¢f.
ESLt

Although remarkable flexibility as well as porous nature of
the overall framework structure of Cd-MOF lends itself to metal
node metathesis and counter ion exchange, the crystals of both
Cd-MOF and its metal-exchanged members incidentally were

22920 | J. Mater. Chem. A, 2015, 3, 22915-22922

found to be unstable once removed from the solvent, i.e., DMF;
in the latter though, the crystals were found to survive for
several months. The instability of the crystals to desolvation
precluded the otherwise exotic possibility of exploring how
reversal in the charge characteristics of the framework structure
influences properties such as gas storage, magnetism, etc. of the
porous MOFs with the same framework structure.

Conclusions

D,4-symmetric tetratopictetraacid HuL is shown to lead to
highly flexible and robust trinuclear Cd-MOF. Significant
porosity extant to the MOF structure and flexibility of the
organic linker L are found to permit metal node metathesis with
a variety of transition, lanthanide and main group metals ions,
providing access to as many as 16 isostructural new MOFs of
which 11 metal-exchanged MOFs have been determined by
single crystal X-ray structure determinations. The abundant
metal exchange with a wide array of metal ions of smaller as well
as larger ionic radii than Cd(n) is unprecedented. The PSME also
allows unique conversion of the anionic framework structure of
Cd-MOF into a cationic one, when the divalent cadmium metal
ions are exchanged by trivalent Ln(IlI) ions. Eu@MOF and
Tb@MOF, accessed by PSME, are shown to be brilliantly lumi-
nescent. In addition to metal node metathesis, Cd-MOF and
Eu@MOF are demonstrated to be effective for selective and
reversible separation of organic dyes based on their charges.
The counter ions of anionic Cd-MOF and cationic Eu@MOF are
shown to be exchanged selectively by cationic and anionic dyes,
respectively, in the presence of neutral dyes or dyes of opposite
charges. Remarkable metal node metathesis and cation/anion
exchange of a single MOF leading to a wide array of MOFs
clearly emphasizes the power of PSME to engineer functional
materials with precise structural information.

This journal is © The Royal Society of Chemistry 2015
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