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ABSTRACT

The metal-organic framework [Y(tbpp)]-nDMF (1) was synthesized from yttrium(III) nitrate
and the tritopic linker 4',4",4""-phosphanetriyltris(([1,1'-biphenyl]-4-carboxylic acid))
(Hstbpp). The distance between the coordinating atoms of the carboxylate groups of the
extended tridentate phosphine linker is more than 1.8 nm, resulting in an average pore
dimension of 9 A in the non-interpenetrated metal-organic framework. The material exhibits
high thermal stability and permanent porosity after removal of guest molecules from the one-
dimensional pore system. The desolvated compound adsorbs nitrogen, argon, hydrogen, and
carbon dioxide. Favorable adsorption of CO> over N; is predicted using ideal adsorbed
solution theory (IAST). The isosteric enthalpy of adsorption of H> and CO; of -7 kJ mol™! and
-22 kJ mol’!, respectively, are representative for compounds with no accessible strong host-
guest binding sites, despite the bifunctional nature of the organic ligand. The absence of
strong specific adsorption sites was confirmed by in-situ powder synchrotron X-ray

diffraction of the reversible isobaric CO» sorption process. Analysis of the diffraction data



indicates that the CO> molecules in the pores are disordered and non-localized. Despite this, it
was possible to quantify the evolution of the occupation of the pores. CO> is adsorbed at a

constant rate below 320 K from 10% loading to full capacity at 195 K.

INTRODUCTION

Metal-organic frameworks (MOFs) are coordination networks with solvent filled pores built
up from inorganic and organic building blocks.! These porous materials show an intriguing
breadth of properties within application areas such as catalysis,?* sorption® and separation.”
The heterogeneity of the pore surface plays a crucial role in the specific interaction between
the host framework and substrate or adsorbate. An advantage of the crystalline nature of
MOFs is that structural information about the interaction between host framework and guest
molecule can be gained using diffraction methods.”!° In-situ diffraction experiments
following the adsorption of gases in MOFs have been a powerful tool in elucidating site-
specific adsorbate-adsorbent interaction between gas molecules and Lewis acidic or Lewis

basic sites on the pore surface.!!°

Several organic bridging linkers derived from triphenylphosphine have been used to prepare
porous coordination polymers in which metal complexes were grafted to phosphine sites,?!?®
in attempts to establish the viability of using the Lewis basic P(III) atom of the phosphine
group to immobilize catalytically active systems in the MOF. It would also be interesting to
study the effect of the presence of the phosphine group on the selective adsorption of
environmentally relevant gases like CO>. However, the adsorption properties of these
materials were usually evaluated using only nitrogen physisorption.*2>26: 28-30 There are only
few adsorption studies relevant to gas storage and separation in these MOFs. Humphrey et al.

used 4,4',4"-phosphanetriyltribenzoic acid (Hstpp) to prepare the porous calcium-organic

framework PCM-10.2!:3! Its structure contains one-dimensional pores with P(III) sites



exposed on the internal surface. PCM-10 adsorbed CO> at 195 K and H» at 77 K, while the
adsorption of N> and O, was negligible. Post-synthetic modification of the P(III) sites with an
Au(I) complex resulted in selective adsorption of 1-hexene over n-hexane at 303 K and an
uptake of 4.72 weight percent of H» at 77 K. We recently used the Hstpp linker to synthesize
the three MOFs [Zns(tpp)2(DMF)2]-nDMF , [Zn3(tpp)2(4,4’-bpy)2]-nDMF and
[Zn3(tpp)2(3,3'-bpy)]- nDMF, all of which adsorbed CO» at 195 K.*? A large gate effect was

observed for [Zn3(tpp)2(3,3'-bpy)].

The use of extended linkers is a promising approach to obtain compounds with larger pores
and a larger adsorption capacity. Here, we present the metal-organic framework
[Y(tbpp)]-nDMF (1) formed by reaction of the Hstbpp linker (Hstbpp = 4',4"',4""-
phosphanetriyltris(([1,1'-biphenyl]-4-carboxylic acid))) and yttrium(III) nitrate (Scheme 1).
The non-interpenetrated framework 1 contains infinite chains of condensed yttrium
coordination polyhedra and solvent filled channels. The guest solvent molecules can be easily
removed from the pores of the rigid framework, and the permanently porous compound
readily adsorbs N2, Hz, Ar, and CO.. We evaluated the potential for CO2/Nz separation using
ideal adsorbed solution theory (IAST). The high crystallinity of the desolvated material
indicates that it should be possible to gain in-depth information about the CO2 sorption
process in 1, which we investigated by in-situ powder X-ray diffraction using synchrotron

radiation.

Scheme 1. Synthesis of compound 1
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EXPERIMENTAL SECTION

Materials. All chemicals, reagents and solvents were purchased from Sigma-Aldrich and used
as received without further purification. In order to prevent oxidation of the P(III) in Hstbpp
to P(V) the synthesis was performed under inert atmosphere. Manipulations under inert
atmosphere were performed using Schlenk technique or in a glove box (MBRAUN).

Dimethylformamide (DMF) was deaerated using the freeze-pump-thaw procedure.

Synthesis of the organic linker. 4'4",4""-phosphanetriyltris(([1,1'-biphenyl]-4-carboxylic
acid)) (Hstbpp) was synthesized using an adapted procedure for preparation of 4,4'.4"-
phosphanetriyltribenzoic acid.>*3* A detailed description of the synthetic procedure is

provided in the supporting information to this article.

Synthesis of [Y(tbpp)]-nDMF (1). Yttrium(III) nitrate hexahydrate (191 mg, 0.5 mmol) and
Hstbpp (311 mg, 0.5 mmol) were placed into a glass culture tube with screw cap (Schott, ~6
mL). The open tube was placed in a larger Schlenk flask. The atmosphere in the flask was
exchanged to Ar and deaerated DMF (1 mL) was added to the mixture of solids in the tube
under Ar flow. The tube was sealed with the cap under Ar flow and taken out of the larger

Schlenk flask. The reaction mixture was sonicated for an hour. The tube was then placed in an



oven pre-heated to 383 K. The tube was taken out after 5 days and allowed to cool to room
temperature. The solid product was filtered and washed with DMF. Yield: 355 mg (83%
calculated on linker basis for [Y(tbpp)]-2DMF). Elemental analysis calcd. for

C39H2406PY -2.2C3H7NO-0.35H20: C, 62.55; H, 4.62; N, 3.52 %. Found: C 62.54, H, 4.59, N

3.54 %.

Single crystal structure determination. A suitable crystal was mounted in a minimum amount
of oil in a nylon loop. Intensity data for as-synthesized 1 was collected at beamline BMO1A of
the Swiss-Norwegian Beamlines (SNBL) at ESRF using a custom made one-axis
diffractometer equipped with a Pilatus 2M detector and an Oxford Cryostream 700 system.*
Data processing was performed using the CrysAlisPro software. Structure solution was
performed using SHELXT-2014/5%7 and refinement was performed using SHELXL-2014/3.3
The structure factor contributions from spatially disordered solvent molecules inside the pores

were taken into account using SQUEEZE.*

Table 1. Crystallographic data for as-synthesized and desolvated 1.

Compound As-synthesized 1 Desolvated 1

Type of X-ray diffraction experiment  Single crystal Powder

Empirical formula C39H2406PY C39H2406PY

Formula weight 708.46 708.46

Temperature / K 103 453

Crystal system, space group Monoclinic, Cc Monoclinic, Cc

romtey S

ab el A 23.293(3), 27.463(3), 23.2598(4), 27.5104(3),
T 6.8852(10) 6.96111(19)

a, B,y/° 90, 109.649(16), 90 90, 109.916(2), 90

VA3 4148.0(10) 4187.94(15)



Z

Calculated density / Mg-m
Absorption coefficient / mm"!
F(000)

Theta range for data collection / ©
Index ranges

Reflections collected
Independent reflections

Absorption correction
Refinement method

Data, restraints, parameters
Goodness-of-fit on F2

R[F? > 26(F?)]

WR(F?)

Largest diff. peak and hole / e-A™
R,

Rp

Rexp

Rprage

Goodness of fit, Ryp/Rexp

4
1.134

1.48

1440
2.3t024.5

-25<h<25,
-32 <k<32,
-8</<8

16332
6863 [R(int) = 0.124]
empirical

Full-matrix least-
squares on F?

6863, 629,424
0.91

0.088

0.260

1.10 and -0.58

1.5t027.0

Rietveld

0.968 %
1.200 %
0.159 %
0.551 %
7.545

Powder X-ray diffraction and isobaric CO; sorption experiment. As-synthesized 1 was pre-

treated in a dynamic vacuum at 473 K overnight in order to remove guest solvent molecules.

The desolvated sample was transferred into a glove-box and filled into a 0.5 mm glass

capillary. Quartz-glass wool was placed on top of the sample in the capillary in order to

reduce the risk of the sample moving within the capillary as pressure changes during the

adsorption experiment. The capillary was flame sealed for transportation.



Variable temperature in-situ powder X-ray diffraction under static CO; pressure was
performed at beamline BMO1A of the Swiss-Norwegian Beamlines (SNBL) at ESRF. A

custom sample holder was used for the experiment.>

The glass capillary with the sample and
wool inside was glued to the sample holder. The sample holder was connected to a gas dosing
system, which allowed exposure of the sample to vacuum or to CO». An Oxford Cryostream
700 system was used to heat and cool the sample. It was heated at 453 K in a dynamic
vacuum for 20 minutes in order to ensure the absence of guest molecules. Then, CO> was
dosed at the pressure of 1 bar and the temperature was decreased from 453 K to 195 K with a
ramp of 2 K min'!. The sample was kept for 15 minutes at 195 K in order to allow the system

to reach equilibrium, after which the sample was heated to 298 K with a ramp of 2 K min™.

Powder X-ray diffraction intensity data was collected using a custom made diffractometer
equipped with a Pilatus 2M detector. 2D frames were integrated azimuthal with the Bubble
tool.>*> Pawley profile fits of the powder diffraction patterns were performed using TOPAS
4.2. Structure of desolvated 1 was determined by Rietveld refinement using TOPAS 6.4 The
Fourier electron density difference maps were calculated from powder X-ray diffraction

patterns based on a procedure described by Smeets et al.*!

CCDC 1553721-1553722 contain the supplementary crystallographic data for as-synthesized
and desolvated 1. These data can be obtained free of charge from the Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures/.

Thermal analysis. A Netzsch STA 449 F1 Jupiter was used for simultaneous
thermogravimetric-differential scanning calorimetry measurements. Measurements were

performed using a flow of pure Ar or O»/Ar (20/80 mixture) and a heating rate of 2 K min'.

Volumetric gas adsorption. Gas adsorption measurements were carried out on a BELSORP-

max instrument. The gases used were of 99.9995 %, or higher, purity and were purchased



from Yara Praxair. As-synthesized 1 was pre-treated by heating in a dynamic vacuum at 473
K overnight. Sample was transferred into the glove-box, where sample cells were filled and
transferred to the instrument under inert atmosphere using quick seals. Prior to the sorption
experiment, the sample cells were again heated overnight in a dynamic vacuum at 473 K. A
cross sectional area of 0.162, 0.142 and 0.195 nm? was used for N2, Ar and COx respectively,
in the calculation of the specific surface area.*? Ideal solution adsorbed theory (IAST)

calculations were performed using the open-source Python package pyIAST.*#

RESULTS AND DISCUSSION

The presence of Lewis basic sites in the structure of MOFs frequently facilitates the selective
adsorption of gas molecules like CO,.% ** Examples of CO, adsorption in metal-organic
frameworks with uncoordinated Lewis basic P(III) sites are so far limited to frameworks
based on 4,4'4"-phosphanetriyltribenzoic acid (Hstpp).2! 3132 It is a natural progression to
employ an extended derivative of Hstpp in the preparation of the framework compound in the
expectation that it would lead to larger pore sizes and adsorption capacities. 4',4",4""'-
phosphanetriyltris(([1,1'-biphenyl]-4-carboxylic acid) (Hstbpp) is a rigid molecule with a
distance of ~18-19 A between carboxylic acid groups, which implies potential to obtain
networks with sufficiently large pore size. In cases where the organic linker is not
commercially available, linker synthesis frequently becomes the reaction step determining
progress in the discovery of new MOFs. Lin et al. recently synthesized the Hstbpp linker
using C—C cross-coupling reaction.?® Herein, we used an alternative synthetic route that
requires only two steps starting from commercially available reactants and avoids the use of

the costly palladium based coupling agent.

We selected yttrium(III) as counter-ion for synthesis of the MOF in expectation that the hard

Lewis acid Y** will be exclusively coordinated by the oxygen atoms of the carboxylate



groups of the tbpp?~ linker and not by the soft Lewis basic phosphorus atom. This synthetic
strategy avoids formation of networks with metal-P coordination bonds, which have been
obtained with other metal cations.*° Rather, it leads to formation of a framework structure

with uncoordinated P atoms.

Another challenge for the synthesis of MOFs with the Hstbpp linker is the ease of oxidation of
P(IIT) to P(V)=0 at the elevated temperatures at which the solvothermal reaction is carried
out. While the oxide derivative of the Hstbpp linker does form coordination polymers, the
P(V)=0 group is usually coordinated to oxophilic metal atoms and participates in formation
of the framework.>! In order to avoid oxidation to the phosphine oxide and synthesize
structures with the P(III) moiety, reactions including the Hstbpp ligand have to be performed
under inert atmosphere and using deaerated solvents, which significantly increases the effort

required for the materials discovery process.

Colourless single crystals of 1 were obtained by reaction of Y(NO3)3-6H20 with Hstbpp in
DMF for 5 days at 383 K under inert conditions. The trivalent metal cation and the linker
anion bearing three carboxylate groups form a charge neutral framework with 1:1
composition. 1 crystallizes in the non-centrosymmetric monoclinic space group Cc (Table 1).
Each Y atom is coordinated by nine oxygen atoms belonging to six different carboxylate
groups. The inorganic secondary building unit (SBU) consists of adjacent Y atoms that are
connected through p-n'm?- coordinated carboxylate groups into an infinite chain of
condensed Y coordination polyhedra parallel to the c axis (Figure 1a). The inorganic SBUs
are connected by tbpp*” linkers into a three-dimensional non-interpenetrated coordination
network. The structure has pores in the shape of thombic channels along the ¢ axis, with
diagonals of approximately 7 and 10 A (Figure 1b). The pores are filled with disordered
solvent molecules in the as-synthesized compound. The solvent accessible volume amounts to

1409 A3 or 34 % of the unit cell volume (calculated using PLATON?>?), which is sufficient



space to accommodate the two DMF solvent molecules per formula unit indicated by

elemental and thermal analysis.
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Figure 1. Crystal structure of 1. a) Chain of condensed Y(III) coordination polyhedra forming
the Y-based inorganic secondary building unit, b) View of the structure along [001] showing

the rhombic channels (color code: Y, green; P, magenta; O, red; C, grey; H, white).

As expected, the P atom of the Hstbpp linker is not coordinated to the yttrium atom in the
structure of 1, as has also been the case for other coordination networks based on tridentate

phosphine linkers.?" 232 3% Unfortunately, the non-coordinated P atom in 1 is not accessible
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from the pore volume because it is pointing towards an adjacent molecule with which it forms
a double wall between channels. This fact restricts the application of 1 in post-modification

and as anchor for catalytically active species.

The Hstbpp linker is isostructural to other tritopic linkers that were used in syntheses of
coordination networks, e.g. linkers containing N,>*-%¢ B67-%% or SIOH® instead of P as the
central atom. The use of some of these tritopic linkers has led to formation of structures
similar to 1, in which three-dimensional frameworks are built from various infinite chains of
condensed coordination polyhedra interconnected by the linker around one-dimensional pores
parallel to the direction of the chains.’®>% % The compound [Ce(L)]-1.5H20-0.5EtOH-DMF
(H3L =4'4",4""-nitrilotris(([1,1'-biphenyl]-4-carboxylic acid))) (FIR-8) actually crystallizes
with a framework isostructural to 1. It is based on a nitrogen-containing linker and trivalent

cerium cation and exhibits second-harmonic generation.>®

Thermal analysis of as-synthesized 1 shows a decrease of weight of 16 % at about 440 K,
corresponding to the loss of the two DMF molecules per formula unit (Figure 2). In Ar
atmosphere, the loss of the solvent is followed by a pronounced plateau in the temperature
range 500—770 K indicating that 1 remains stable after desolvation at elevated temperatures in
inert atmosphere. In oxidizing environment (O2/Ar atmosphere) the weight percent signal
does not significantly drop until ~700 K. In fact, a weight increase of ~2 % is observed with a
maximum at about 650 K. This weight increase corresponds to the addition of one O atom per

tbpp>” anion and is in all likelihood due to the oxidation of P(III) to P(V)=0.
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Figure 2. Simultaneous thermogravimetry (solid line) and differential scanning calorimetry

(dashed line) of as-synthesized 1 in Ar (red) and O2/Ar (20/80) atmosphere (blue).

The solvent molecules can be removed from the pores of as-synthesized 1 by treating the
sample at 473 K in a dynamic vacuum overnight. The desolvated material adsorbs N, Ha, Ar,
and CO» (Figure 3). The Langmuir and BET specific surface areas values are 915 and 781 m?
g! for N, 814 and 663 m? g'! for Ar, and 903 and 747 m? g! for CO,, respectively. The
observed total pore volume of 0.32 cm® g'! (at p/py = 0.5 for N adsorption) corresponds well
to the pore volume of 0.29 cm? g! calculated for single crystal structure using PLATON.>? A
narrow pore diameter distribution with a maximum at 9 A was found from the Ar adsorption
isotherm at 87 K and NLDFT calculation with cylindrical pore model (Figure S14),
corresponding well with the rhombus profile of the channel with diagonals of about 10 A and

7 A as determined from the single crystal structure of as-synthesized 1.
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p/p,
Figure 3. Sorption isotherms of nitrogen at 77 K (red), argon at 87 K (green), carbon dioxide
at 195 K (blue) and hydrogen at 77 K (magenta) on desolvated 1. The adsorption branch is
shown as closed symbols, whilst the desorption branch is shown as open symbols. Lines are

only there to guide the eye.

Desolvated 1 remains highly crystalline (Figure S7). Its crystal structure was determined by
Rietveld refinement of powder X-ray diffraction data using synchrotron radiation collected at
453 K in dynamic vacuum (Figure 4a). The structure of desolvated 1 differs from the single
crystal structure of as-synthesized 1 only by minor conformational changes (Figure S9),
which confirms that 1 is a rigid (2nd generation) permanently porous MOF.” The absence of
significant electron density in the pores in the Fourier difference map confirms the successful

removal of solvent guest molecules (Figure 5a).
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Figure 4. a) Powder X-ray diffraction patterns of desolvated 1 at 453 K in a dynamic vacuum
(green), 1 loaded with CO; at 1 bar and 195 K (blue) and as-synthesized 1 at 298 K (red)
measured using synchrotron radiation (A = 0.6973 A), plotted with normalized intensities.

Note that the absolute intensity of the [110] reflection changes very little compared to the
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[200] and [020] reflections, see c), b) 3D plot of the variable temperature powder X-ray
diffraction patterns measured using synchrotron radiation (A = 0.6973 A) for adsorption of
CO2 on desolvated 1 under isobaric conditions (p = 1 bar), c) Intensity change of the first 5
reflections as a function of temperature, as derived from the Pawley profile fits during CO»

adsorption on desolvated 1 under isobaric conditions (p = 1 bar).

Figure 5. Fourier electron density difference maps (Fobs — Fealc) With positive electron density

shown with isosurfaces at 50 % of Fmax, generated from a) The Rietveld refinement of
desolvated 1 at 453 K in vacuum. b) The structural model obtained from Rietveld refinement
of desolvated 1 and powder X-ray diffraction pattern at 270 K at 1 bar CO-. ¢) The structural
model obtained from Rietveld refinement of desolvated 1 and powder X-ray diffraction
pattern at 195 K at 1 bar CO,. View along [001] (color code: Y, green; P, magenta; O, red; C,

grey; H, white; electron density, yellow).

We subsequently exposed this desolvated sample to CO> under isobaric conditions (p = 1 bar)
and collected in-situ powder X-ray diffraction data while cooling down and heating up the
sample in an attempt to follow the adsorption and desorption process and gain structural

information about dynamic processes occurring in 1.2 Upon exposure to CO, and continuous
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decrease of the temperature from 453 K to 195 K, increasing amounts of CO; are adsorbed in
1, which is reflected by continuous changes of relative intensities of the reflections in the
powder X-ray diffraction patterns (Figure 4b). There is no significant change of the lattice
parameters during adsorption which corroborates the rigidity of the framework during the
adsorption process. The relative change is 0.4 % for a, 0.5 % for b, and 0.7 % for c in the
temperature range 453-195 K (Figure 6). The powder pattern at 195 K, at which the pores are
fully filled with CO», exhibits a similar distribution of relative intensities as as-synthesized 1
with solvent molecules in the pores (Figure 4a). The intensities of the [020] and [200]
reflections relative to the [110] reflection are the most affected by the pore content of the

framework, whether it is solvent or adsorbed CO; molecules (Figure 4b and c).
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Figure 6. Lattice parameters in dependence of temperature during CO: adsorption on

desolvated 1.

Regrettably, our attempts to localize the CO2 molecules in the pore of the fully loaded
structure at 195 K did not succeed despite the excellent quality of the diffraction data and

clear differences in the relative intensity distribution of the desolvated and CO; loaded
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compound. The most likely explanation for the failure to find definite locations for the CO»
molecules is that the individual CO; molecules are disordered instead of on well-defined
positions in the pore. This interpretation is corroborated by the Fourier electron density
difference maps obtained for two exemplary temperatures, representing different CO»
occupancies (Figure 5b-c). There is significant electron density located in the pores at both
270 K and 195 K, confirming that 1 adsorbed increasing amounts of CO> as the temperature
was decreased under isobaric pressure. The electron cloud is relatively diffuse in the pores at
270 K (Figure 5b). At 195 K (Figure 5c), at which the amount of adsorbed CO> is maximal,
the electron density is distributed inside the pore channel following the shape of the Connolly
surface more closely, thus filling the pore more completely than the lower density at the
higher temperature. In neither map are there isolated maximums of electron density that

indicate the presence of well localized individual CO> molecules.

Even though the determination of well-defined host-guest structures was not possible, we
were able to obtain a more detailed picture of the sorption process by quantification of the
number of CO2 molecules that are adsorbed in the pores at variable temperature. The electron
density in the pores due to the adsorbed disordered CO; can be accounted for using the
SQUEEZE routine in PLATON>? (Figure 7), which was performed on /kl intensity sets
obtained from Rietveld refinements using the fixed structural model of desolvated 1. The
calculated CO> uptake continuously changes over time, reflecting the smooth change of
intensities in the powder X-ray diffraction patterns (Figure 4b-c). Upon cooling from 453 K to
320 K, the uptake changes from 3 % to 10 %. Below ~320 K, it increases faster and reaches
100 % at 195 K with an approximately constant slope. The CO» uptake decreases again with a
similar slope upon heating showing the easy reversibility of the adsorption and desorption

processes, neither of which appears to be kinetically hindered. The numbers of adsorbed CO>
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molecules adsorbed at 278, 288 and 298 K normalized to the maximum uptake at 195 K

correspond perfectly for measurements at isobaric and isothermal condition (Figure S12).
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Figure 7. CO; uptake inside the pore of 1 (blue) and temperature as function of time (red)
during the adsorption and desorption of CO; at isobaric conditions (p = 1 bar), expressed in
the form of number of electrons in the pores calculated using the SQUEEZE routine in

PLATON (normalized, see Figure S10, S12 and accompanying explanation).

Volumetric gas adsorption experiments (Figure S13) were used to quantify the strength of the
interaction between framework and adsorptive. The isosteric enthalpy of adsorption of CO> in
the temperature range 278-298 K is about —22 kJ mol™! (Figure 8a), which is in the range
usually found for MOFs without preferred strong adsorption sites such as open-metal sites'"
16.71-78 or available Lewis basic sites.”s*® Hydrogen adsorption at 77 and 87 K achieved
higher coverage of the internal surface than CO2 adsorption close to room temperature. The
isosteric enthalpy of adsorption of hydrogen does not change significantly as the H» uptake
increases to 3 molecules per formula unit (Figure 8a), indicating that different adsorption sites

are energetically similar. At approx. —7 kJ mol!, it is again typical for MOFs without strong

adsorption sites.
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Figure 8. a) Isosteric enthalpy of adsorption of carbon dioxide (red) calculated from
isotherms at 278, 288 and 298 K and of hydrogen (blue) calculated from isotherms at 77 and
87 K, b) IAST calculation for binary mixture of CO2 (15 %) and Nz (85 %) at 278 K:

predicted adsorption of CO; (red) and N> (blue) and selectivity of adsorption of CO2 over N

(green).

The rigidity of the framework 1 during the adsorption process allowed us to apply ideal
solution adsorbed theory (IAST)* calculations to predict mixed-gas adsorption isotherms
(Figure 8b) from pure-gas isotherms of CO2 and N> (Figure S15). The IAST calculations were
performed for a binary mixture of 15 % CO2 and 85 % N3, simulating the content of CO> in
flue gas.”*®! The predicted adsorption selectivity of CO2 over Na is about 11 at 278 K, what is
lower than CO2/N; selectivity numbers predicted with IAST for MOFs with strong adsorption

sites.”” 86:929% G, the selectivity value demonstrates that even in the absence of open metal
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sites or accessible Lewis basic sites in the structure, desolvated 1 favors the adsorption of CO>

over Na.

CONCLUSION

We have demonstrated that the extended tridentate phosphine linker can be used to prepare
MOFs with permanent porosity, high thermal stability and large pore sizes. The rigid non-
interpenetrated porous metal-organic framework 1 is permanently porous and remains
crystalline after solvent removal with rhombus-shaped channels with an average pore size ~9
A. It adsorbs N, Ar, H> and CO,. The CO> sorption process was also monitored using
variable temperature powder X-ray diffraction at static pressure, from which the amount of
adsorbed CO; could be estimated. IAST calculations predict that 1 adsorbs CO; selectively

over Nj.
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The three-dimensional, non-interpenetrated metal-organic framework [Y(tbpp)]-nDMF was
synthesized using yttrium(III) and an extended tridentate phosphine linker. The permanently
porous material readily adsorbs N2, Ar, H2 and CO; and it preferentially adsorbs CO2 over Na.
A detailed study of the CO» adsorption process by in-situ powder X-ray diffraction using

synchrotron radiation indicates that there are no strong adsorption sites in the channels.
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