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Series of Lanthanide-Alkali Metal-Organic Frameworks Exhibiting
Luminescence and Permanent Microporosity
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A series of permanently porous luminescent lanthanide frameworks of the general formg(ld(Ng-
[Ln(L) 4](H20):Cl, Ln = Sm (1), Eu @), Gd ), Tb (4), and Dy §), have been prepared by the reaction
of trivalent lanthanide salts with sodium-4disulfo-2,2-bipyridineN,N'-dioxide, L. The structures are
formed via the one-pot self-assembly of the anionic cubic metalloligand, [L]A(l.)and subsequent
cross-linking with sodium cations and chloride to afford a three-dimensional network with two-dimensional
channels. The cross-linking units involve [IE]®" clusters which resemble ideal faces of the halite
structure. Both coordinated and uncoordinated water molecules,©fd%o, can be reversibly removed
from 1-5 as identified using thermal gravimetric analysis/differential scanning calorimetry (TGA/DSC)
leaving a rigid and porous framework with a DubiriRadushkevich (DR) surface area of 426/gn
determined using CQadsorption. The permanent microporosity of the framework is also supported by
the energy level splitting in the luminescence spectra which are maintained in both the hydrated and
mostly dehydrated frameworks. Compouridss were each characterized by X-ray crystallography, TGA/
DSC, water and C@sorption analyses, and luminescence spectroscopy.

Introduction

that combine porosity with the intrinsic luminescent proper-
ties of the lanthanide due to the difficulty in synthesizing

Metal-organic frameworks (MOFs) continue to be an

active area of research with an impetus on the coupling of SUch compoundsWhile the higher coordination numbers

desirable framework features with specific functional proper-

ties to create robust and/or dynamic materidlgVith respect

to sensor development, the coupling of a porous MOF wit

of the lanthanide metals predispose them to the formation
of high-dimensional frameworks, the flexible and irregular
h coordination geometries restrict the level of control in the

a luminescent phosphor is highly attractive as it provides a preparation of the lanthanide complexes and often result in

direct route to the development of robust and tunable sensing
materials. Lanthanide-containing MOFs are highly attractive
in this regard due their unigue photophysical characterigtics.

densely packed structures. Therefore, the development of
rational synthetic routes for the construction of structurally
well-defined solids is the most important factor for the

Until recently, only a handful of examples have been reported Création of porous lanthanide-based MOFs.

One approach to circumvent the formation of nonporous
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metalloligands (Scheme 1). Altering the choice of ligand and
stoichiometry used in the metalloligand formation dictates
the resulting geometry and direction of polymer extension.
Multidimensional frameworks can then be formed by sub-
sequently cross-linking the metalloligands with secondary
metal cations such as transition metalsalkali/alkaline earth

metals? Judicious choice of ligand is required to ensure that
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Scheme 1. In-Situ Assembly Process of Lanthanide-Based Metalloligands

Na,(H,0),[Ln(L1),)(H,0) CI
Ln =Sm,(1); Eu, (2); Gd, (3); Dy.(4); Th, (5)

the chosen lanthanide metal is well-shielded from the Experimental Section
surrounding environment to prevent quenching of the excited
state and e?mance its emissi%n Deri(\]/atives dgtﬁpzyridine Synthesis and Characterization.EuCk-6H;0, qu"‘sH?o'

. ) e . DyCl3-6H,0, ThCk-6H,0, and GdC-6H,0 (99%) were obtained
are knovyn to bg Well-sum?d for the senfsmzatl'on. of eu“?P'“m from Aldrich Chemical Co. and used as received. Sodium-4,4
and terbium cations a"OWIng for the facile emission of visible disulfo-2,2-bipyridineN,N'-dioxide was synthesized and purified
I|ght via f—f transitions®° Recently, we demonstrated that based on a previously reported proceddr€ompounds—5 were
the formation of a nonsymmetrical, unsaturated metalloligand prepared via vapor diffusion methods. In a typical synthesis, for
using three equivalents of 4-disulfo-2,2-bipyridineN,N'- compoundl, sodium-4,4disulfo-2,2-bipyridineN,N'-dioxide (0.1
dioxide, L, followed by subsequent cross-linking using 9. 0.233 mmol) was dissolved in water (5 mL). This ligand solution
barium cations, can generate luminescent porous frame-Was then added to 6 N hydrochloric acid (100) containing
works1® Recent MOF syntheses incorporating the cross- SMCk6H0 (21.3 mg, 0.058 mmol) dissolved in water (5 mL).
linking of saturated metalloligands containing transition '€ Mixed ligand and metal solution was refluxed for 5 min and
metals have also been shown to be a viable synthetic rou'[ecf)()le.d 1o room temperature. Smgle. crystals were grown by vapor
. . . diffusion of acetone into this solution. Between 1 and 3 weeks,
in the formation of porous frameworksHerein, we present

; } crystals of1-5 of sufficient size and quality were obtained for
the construction of a new series of robust and permanently x_ray analysis.

porous frameworks using four equivalents of L to form  gingle-Crystal X-ray Diffraction. All single-crystal diffraction
anionic cubic metalloligands, [Ln(L]P~, (where Ln= Sm experiments were conducted at 173 K unless otherwise noted. Single
(1), Eu (2), Gd (3), Tb (4), and Dy b)) that are subsequently  crystals were collected using an Enraf-Nonius diffractometer with
cross-linked into three-dimensional luminescent architecturesgraphite. monochromatic Mo & radiation & 0.71069 A) and
using sodium chloride clusters. The sodium-chloride clusters €quipped with a charge-coupled device (CCD) detector. The
in this work resemble ideal faces of solid NaCl and impart Intensity data collection was performed in e scanning mode
great stability to the framework. While sulfonate complexes with the goniometer and detector angular settings optimized using

f divalent alkali i h d trated i the program COLLECT# The crystal-to-detector distance was 30
Ol divalent alkaline earth 1ons have demonstrated SOrpive o, ., ¢, 4| data collections. The unit cell and the orientation matrix

properties and ion exchange, no sulfonate salts of monoca-yere refined using the entire data set of reflections. The diffraction
tions have shown any porosity although some have shownspots were measured in full with a high accuracy, scaled with
reversible guest sorption properti@sTherefore, this work ~ SCALEPACK corrected for Lorentz-polarization correction, and
is the first example of a permanently porous sulfonate integrated using DENZ®: Structure solutions (SIR9¥) and
framework using metals that are monocationic. As well, it refinements (SHELXL-97} were run in the space grou for
represents the first use of a lanthanide-based, cubic metallo-2ll lanthanide-containing structures. The structure model (excluding

ligand to form a porous coordination framework. hydrpgen atoms) was rgadlly obtained from successive Qn‘ference
Fourier maps. All aromatic hydrogen atoms were placed using AFIX

43. Hydrogen atoms were placed on well-defined water molecules
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Table 1. Crystallographic Data for Compounds 5

compound 1 2 3 4 5
formula sum GoH24SMCINOseNasSs C40H24EUC|N$O43N8658 C4oH24GdC|NgO48N6658 C4oH24TbC|N8046N6658 C40H24DyC|N3047N8653
formula 1932.38 1966.59 1971.87 1941.55 1961.12

weight
crystal tetragonal tetragonal tetragonal tetragonal tetragonal
system _ _ _ B B
space P4 (no 81) P4 (no 81) P4 (no 81) P4 (no 81) P4 (no 81)
roup
a (2) 12.238(5) 12.265(5) 12.234(5) 12.245(5) 12.213(5)
b (A) 12.238(5) 12.265(5) 12.234(5) 12.245(5) 12.213(5)
c(A) 12.398(5) 12.412(5) 12.373(5) 12.407(5) 12.345(5)
o (deg) 90 90 90 90 90
B, (deg) 90 90 90 90 90
v, (deg) 90 90 90 90 90
V, (A3) 1856.8(7) 1868.5(13) 1851.9(13) 1860.3(13) 1841.3(13)
Z 1 1 1 1 1
Fooo 961 978 979 964 973
Deac(@cm3)  1.729 1.748 1.768 1.733 1.768
u (mm1) 1.193 1.243 1.303 1.352 1.422
A (A) 0.71069 0.71069 0.71069 0.71069 0.71069
GOF 1.028 1.055 1.061 1.194 1.053
Flack 0.5065 0.5007 0.0512 0.0219 —0.0068
o Flack 0.0256 0.0156 0.0152 0.0123 0.0093
AR % 7.64 5.54 6.48 5.28 4.05
bRy % 10.12 6.10 7.43 5.91 4.50

Jupiter analyzer with heating and cooling rates of 5 K/min. Vapor geometry. The sulfonate groups are oriented on the periphery
sorption experiments were performed on the TGA using the of the metalloligand in a distorted cubic geometry. The
following procedure. Samples were heated3ch at 120°C until distortion arises from a single edge containing two corner
desolvation was complete, and they were cooled to room tempgr-vertices being lowered by 28.1¢2jlative to the rest of the
ature for 2 h. Water uptake experiments were performed by passing ;e (Figure 1a). The cubic metalloligands are cross-linked
a stream of nitrogen over water at a flowrate of 50 mL/min for 1 via sodium cations and NaCl clusters into elliptically shaped

h and 30 min at 24C and passing this “wet” gas into the sample . - .
chamber. Finally, the sample was purged with dry nitrogen for an two-dimensional pores, 9.93 A5.05A, running along the

additiond 2 h toremove any surface-adsorbed water and reach full @ @ndb-axes in the three-dimensional structure (Figure 1b).
equilibration at 25C. This process was then repeated over multiple  Looking at the cross-linking more closely, the first sodium
cycles to test the reproducibility of uptake. cation, Nal, is a minimally distorted octahedron. Two
Porosity Characterization. Surface area determination was suylfonate oxygen atoms, O3, from two different ligands are
performed via C@sorption measurements using a Quantachrome sjtyated trans to one another, Ne@3 = 2.33(5) A, while
Instruments Autosorb 1 surface area and pore size analyzer at Owyo additional sulfonate oxygen atoms from two separate
°C after outgassing at 12@ for 12 h and using a cross-sectional ligands are cis with respect to each other, N&B = 2.48-
area of 21 & for CO,. Quantification of the surface area was ©6) A The remaining two sites on Nal aré occupied by two
performed using the DubininRadushkevich (DR) equation. symmetry related water molecules, Na@1S= 2.37(7) A

Photophysical Characterization.Room-temperature phospho- hich bri I h .
rescence measurements and lifetime determinations were carriedVC bridge Nal and Na2 metal centers. The second sodium

out using a Varian Cary Eclipse fluorescence spectrophotometerCation, Na2, is involved in forming the NaCl cluster. Na2 is
with excitation and emission slit widths of 2.5 nm spectral also seven-coordinated and ligated by three sulfonate groups,
resolution. Solid samples were suspended on a brass pin usingwo unique water molecules and a chloride anion. One
Paratone oil as an adhesive. Lifetime data collection proceeded usingpxygen atom from each of the two sulfonate groups bind
a single flash with a delay of 10@s, a gate time of 50@s, and a ~ Na2, Na2-05 = 2.41(5) A, while the remaining sulfonate
decay of 5 ms unless otherwise noted. Lifetime data were fit using group emp|oys two oxygen atoms, Na@6 = 255(6) A
a first-order single expon.en.tial with a good quality of fit based on gnd Naz2-08 = 2.41(5) A, in a chelating mode. The
the reduced;-square stafistics. coordination between the sodium cations, Na2, and chloride
anions, Cl1, is of particular interest due to the aggregate that
results and the effect such a motif has on the resultant
Structure. Compoundsl—5 represent an isostructural framework. In the extended structure, each chloride anion
series of three-dimensional porous frameworks and crystallizeSits in the center of a square plane formed by four Na2 atoms
in the non-centrosymmetric tetragonal space giediTable (Na2—-Cl = 2.72(2) A, Figure 2a). This motif, with respect
1). Compound2, the Eu analogue, will be used as a to both symmetry and distances, is nearly identical to one
representative example for structural description. The three-face of the NaCl halite structure (N&I = 2.81(4) A)¥
dimensional structural motif of arises from the initial ~ Above and below this plane, coordinated and non-coordi-
formation of the anionic tetrakis-bipyridj-oxide lanthanide =~ nated water molecules are present. Compoandiffers
metalloligands, [Ln(L)]5~, which are subsequently cross- slightly from 2—5 in that the chloride anion is disordered
linked through the sulfonate groups by sodium ions and between two positions 0.68(0) A directly above and below
sodium chloride clusters. The eight coordinate lanthanide the square plane of sodium atoms. Thus, it is a slight
cations are chelated in a bidentate fashion by four L
molecules resulting in a mildly distorted square antiprismatic (17) Abrahams, S. C.; Bernstein, J. Acta Cryst.1965 18, 926-32.

Results and Discussion
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deviation from the ideal halite motif observed in compounds
2—5. The halite motif, NgCI*", has, to date, only been

observed in purely inorganic systems; therefore, this is the

first observation of this structural motif in a metal-organic
framework. The NgCPP™ “halitelike” aggregates clearly
represent a very stable building unit and are important not

Chandler et al.

Nal

05

only in an electrostatic role but also as rigid spacers between

the Ln metalloligands. Eight such units link to the sulfonate
groups of a single metalloligand (Figure 2b) to enable the
permanent porosity of the framework. This is fundamentally
different from our previous work in which we reported the
stepwise assembly of a different anionic metalloligand,
[Ln(L)3(H20),])%", to create a porous framewotkThe 3:1
ligand to metal ratio was specifically chosen not to fill the
coordination sphere as it was our notion that a 4-fold
symmetric metalloligand would be predisposed to the forma-

tion of densely packed frameworks. However, spaced by the

Na,CI** aggregates, the cubic metalloligands form not only

an open structure but also a robust framework. Increasing

the chloride concentration by the addition of 1g0solution
of 6 N hydrochloric acid favors the formation of the Na

CI3* clusters due to the enhanced association of sodium and
chloride ions in solution and subsequently produces larger

crystals with an improvement in the overall yield. The 4:1
ligand:Ln ratio also efficiently shields the metals centers from

Figure 1. Extended framework view and structure components. All non-
coordinating water molecules have been removed for clarity. (a) Ball and
stick representation illustrating the distorted cubic building block, [L4?L)
shown in blue with sulfonates comprising the vertices of the cube. (b) Space-
filling diagram demonstrating the 9.9 A 5.0 A hydrated channels.

Figure 2. (a) Standard geometry of the MGI3* sheets. The planar sheets
are parallel to thab-plane. (b) lllustration of the interaction between the
cubic metalloligand (blue box) and the plana8E" sheets. Each sulfonate
coordinates to a single sheet giving a total of eight sheets per cube acting
as rigid spacers between adjacent cubes.

closely diffusing water molecules resulting in an enhanced
sensitization of the lanthanide due to a decrease in the
vibronic quenching effects commonly observed with water.
Photophysical Characterization.A key advantage of the
[Ln(L) 4> metalloligands is the incorporation of an intrinsic
and efficient phosphor into the framework. The'2jByridyl
core of each ligand, L, has previously been established as a
highly effective energy absorbing/transferring moiety and is
therefore suitable for the sensitization of the lanthanides,
particularly for E&" and T8+ cations in compound and
4, respectively®® Due to the sensitive nature of the electronic
transitions of these metals, the emission spectra provide
valuable information about the local environment of the
metal. No detectible emission was observed for th&'Smm
Dy3t cations presumably due to the efficient deactivation
pathway of the excited state through vibrational relaxatfon.
The europium emission spectrum obtained for compaund
principally arises from transitions originating at tti&, level.
The strong emission is visibly detected at room temperature
and ambient pressure (Figure 3). The emission spectrum

(18) Horrocks, W. D., Jr.; Sudnick, D. R. Am. Chem. Sod.979 101,
334-40.

(19) Sastri, V. S.; Bunzli, J.-C.; Rao, V. R.; Rayudu, G. V. S.; Perumareddi,
J. R.Modern Aspects of Rare Earths and their Complefdsevier:
New York, 2003.
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Figure 3. Stacked emission spectrum for the hydrated (red) and desolvated (black) phases for cotpreitet at 330 nm. (inset) Magnified view of
transitions demonstrating the nearly identical emission spectra.

for compound2, the dominant peak is the hypersensitive
transition,’D4 — ’Fs, which is made up of a single intense
] . peak with a secondary shoulder at half the intensity. The
. 5D, — "F, transitions are made up of four weakly resolved
peaks, and theD, — "F; transition appears as a single peak.
The room-temperature phosphorescence lifetime of the
europium and terbium complexes were determined to be 402
us and 40Qus, respectively. The phosphorescent emission
spectra for the samarium and dysprosium compounds yielded
no discernible transitions; the emission intensities cannot be
separated from the background. The lack of resolution and
intensity from the emission spectra for compoudd®nd5
is most likely due to the vibrational mixing of excited stat®s.
These metals have a number of internal energy levels
between the lowest emissive level, (8m*Gsp,, Dy*': “Fop)
and the ground state, (Sm ®Hsj,, Dy*": ®H;s/5) providing
an efficient deactivation pathway of the excited state through
vibrational relaxation.

The emission spectra obtained for compoudand 4
consist predominantly of sharp well-defined transitions. As
mentioned previously, the small splitting patterns that
characterize each transition are useful for establishing the
transition; it consists of a single peak weakly split into two coordination number and the symmetry around the metal.
lines. The hypersensitive transitioto — ’F,, consists of Since the structural details are known for both compounds,
an intense band split into two sharp peaks. A less intensethe photophysical data complements the structural informa-

Terbium Emission |

T ) T T
526 550 5§75 600

Wavelength (nm)

Figure 4. Terbium emission spectrum for compoufgdexcitation at 330
nm.

T T
475 500

shows a weak band observed in the region offthe— "Fo
transition. The®Dy — 7F; is the second most intense

doublet of peaks is observed for thiBy — “F; transition,
while the ®Dy — F4 transition is comprised of two well-

tion and allows for a more complete understanding of the
degree of ligandglanthanide covalency. Europium spectra

defined peaks. The fluorescence spectrum collected for thecontain a greatly simplified fine structure compared to the

terbium compound is more complicated than that Bkince

other lanthanides making identification of the local site

an increased number of energy states are available due taymmetry of the metal ion in the complex possi#léOn

the larger total angular momentum values in the ground- the basis of the crystal data, the metal center exists in a mildly
state manifold (Figure 4). TH®, — "Fs is the second largest  distorted square antiprismatic geometry resulting ina D
peak observed and appears as a broad peak covering an Boint symmetry based on the crystallographic data. When
nm range. Closer inspection reveals a fine structure of four europium cations exist in a/3ite symmetry, two compo-
closely spaced peaks that decrease in intensity upon increas-
ing frequency. Similar to the emission spectrum obtained (20) Forsberg, J. HCoord. Chem. Re 1973 10, 195-226.
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Figure 5. TGA loss of compoun@. The red line is representative of the 0 200 400 600 800
sample mass. The percentage values correlate to the range of mass losse Time (min)

observed for compounds-5. Figure 6. Reversible water vapor sorption for compoudThe dashed

curve represents the heating cycle while the solid line indicates the
7 concurrent mass loss. Percentage values indicate net uptake of water each
nents for the’Dy — ’F; and one component of tH®, — cycle during the hydrating stage using a stream of “wet’ N

F, are expected to be observed and¥g— "Fo transitions
remains strictly forbidden. While two peaks are observed 120 °C, endothermic peaks (113.9 J/g) are observed in the
for the °Dy — “F; transition, two well-resolved sharp peaks DSC accompanying the loss of coordinated water molecules.
are seen on the hypersensitive transition indicating a small At a heating rate of BC/min, complete loss of solvent occurs
distortion from an ideal I symmetry. The appearance of between 120 and 20%C with the total mass loss ranging
the Dy — "F, transition is common when europium exists from 9.8% to 14.5% which corresponds to 181%5.1 waters
in a non-centrosymmetric ligand field allowing both electric- per unit cell for compound&—5. Allowing for necessary
dipole and magnetic-dipole transitions to mix resulting in differences in sampling and handling, this is in good
transitions to the “forbidden” stat@ The®Dy — 7F; and®Dg agreement with the crystal data which suggests a value
— "k, transitions are expected to consist of two peaks eachbetween 12 and 14 water molecules per unit cell. The
of which is observed in the spectrum. On the basis of the samples reach a stable plateau from 2@ until the
experimental spectroscopic data collected, the emissiondecomposition of the frameworks at 36C with a con-
spectra of compoun@ supports the crystallographic data comitant exothermic peak in the DSC. Since compoun¢s
explicitly and indicates that the metal is in an approximately contain two-dimensional channels, are thermally robust, and
D, point symmetry. Impressively, when the europium are permanently porous based on the lanthanide emission
compoundp, is fully desolvated via thermal treatment, the spectra, a water uptake study was performed using the TGA
emission spectrum remains nearly identical to the original. to demonstrate porosity via reversible uptake. A thermogram
The stacked plot of the dehydrated and hydrated structuresis shown in Figure 6 containing three dehydrating/rehydrating
of 2 (inset of Figure 3) exhibits only small changes in the cycles for compoun@. A 10% mass loss is observed during
hypersensitive transition fine structure. Analysis of the the first drying step which can be completed by heating at
weaker transitions in the spectra indicate that the forbidden 120 °C over a period of 2 h. Upon cooling, a stream of
Do — "F transition is absent in the dehydrated structure, nitrogen passed over 10 mL of water was introduced into
suggesting that water can perturb the ligand system to athe sample chamber. As evidenced from the change in mass,
minor extent inducing the non-centrosymmetric ligand field the sample does resorb water, although only approximately
necessary for the forbidden transition to be observed. A one-third of the initial amount lost. This process is repeatable
lifetime of 399us was observed for the desolvated sample, multiple times with the net uptake increasing a small amount
indicating that the water in the channels does not directly during each cycle. Thus, while the sample is able to resorb
affect the emission rate of the efficiently shielded europium water, the kinetics of this process are slow at room
cation. On the basis of these results, which indicate a minimal temperature requiring longer loading times. To verify this,
change in the ligand field of the lanthanide with dehydration, single crystals were fully dehydrated at 120 for 10 h
it is apparent that the overall topology of the network followed by exposure to water vapor at room temperature
structure remains the same. This would require a permanentlyfor 24 h. Subsequent single-crystal X-ray diffraction analysis
porous structure, and so, this was further examined throughand structure determination revealed that the crystals had
X-ray diffraction and gas sorption measurements. hydrated to their nascent form. The reversibility of this
Porosity. The thermal stability and robustness of com- process demonstrates the robustness of the sample to the
pounds1—5 was investigated using thermal gravimetric removal and introduction of water molecules into the
analysis (TGA, Figure 5). All the compounds exhibited very framework. In order to analyze the dehydrated phase by
similar mass losses over the entire operating range. Initial crystallography, a single crystal & was heated on the
loss of disordered water is observed up to°&D At 50— diffractometer and unit cells collected after heating at 50,
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m‘ onset of CQ@ sorption at very low pressures is characteristic
», | —m— Desorption of the presence of micropores undergoing a volume-filling
. g process. Therefore, the dry phas@ iossesses a high degree

0] ./.,..-- ' T of porosity. The desorption isotherm also shows a marked

18+ ././' hysteresis which has been suggested to indicate dynamic

16 4 _ L flexibility with respect to metal organic frameworksOn

14 ] : _/':/. the basis of the high-temperature X-ray diffraction experi-
S 1] A ment, some structure shifting does take place at the ultimate
E : _/'/. stages of dehydration to yield a highly hygroscopic solid.
‘E 104 /_;)" On the basis of this data alone, it is difficult to assign the
5 8 o _ observed hysteresis to this shift or to nonequilibrated
L 5] /_,l’ diffusion phenomena caused by adsorba@sorbate interac-

2 . - tions between C®molecules and pore-blocking effects of

) the connected pore topologi&s.

0 Conclusions

-2 . In summary, we have demonstrated that a series of
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Figure 7. Carbon dioxide sorption isotherm for compoutdAdsorption
is shown in red, while desorption is shown in blue.

100, 125°C, and after holding at 125C for 8 h. Crystallinity
is observed to 125C, but a gradual loss of order is observed
over the 8 h heating period. This is consistent with the
network structure being intact t880% of water removal.

As mentioned above, at this stage and above, rehydrationterpium compounds and4, serve as useful and predictable
generates the unit cell of the nascent crystal. For the nhosphors. The emission spectra can be used in a diagnostic
luminescence experiments, given the hygroscopic nature ofrgle to gain insight into the framework structure and
the dried material, the samples would likely have partially properties as water is removed. These resuilts further illustrate
rehydrated during the time frame of the experiment.
The porosity of compoun@ was further characterized by
adsorption studies with COat 0 °C. The sample was
degassed fo5 h at 120°C under high vacuum. The
adsorption (red) and desorption (blue) cycles are shown in of the selectivity of the frameworks to additional guests and
Figure 7. As the crystal structure was known to be mi- the photophysical properties that result.
croporous in nature, the DubinitRadushkevich (DR) equa-
tion was used for data analysis of the experimental isotherm Acknowledgment. We acknowledge support from the

and gives a linear fit of the data throughout the entire
adsorption rangé- From the DR analysis, the surface area

was determined to be 426%fg, the micropore volume, 0.09

mL/g, and the average pore width, 1.20 nm, which is in good

agreement with the crystal daaFurther validation of the
DR model stems from the 21.5 kJ/mol adsorption energy details of complete characterization &f-5. This material is
which is typical for CQ physisorption. The observed rapid
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permanently porous luminescent frameworks can be formed
through the formation of a rigid lanthanide metalloligand,
[Ln(L)4]°>", in combination with halitelike N&CI*t aggregates
generated in-situ. These halite units impart significant
stability to the structure and, coupled with the metalloligand
approach, enable the observation of permanent microporosity
as confirmed by reversible hydration and a DR surface area
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structures and for purposes of incorporating predictable
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