This is a repository copy of Highly selective CO2 vs.

molecular coordination cage.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/114713/

Version: Accepted Version

]

The
University
g Of
Sheffield.

N2 adsorption in the cavity of a

Article:

Wright, J.S., Metherell, A.J., Cullen, W.M. orcid.org/0000-0001-6540-6341 et al. (3 more
authors) (2017) Highly selective CO2 vs. N2 adsorption in the cavity of a molecular

coordination cage. Chemical Communications . ISSN 1359-7345

https://doi.org/10.1039/C7CC01959A

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

2=\ White Rose

| university consortium
/‘ Universities of Leeds, Sheffield & York

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Journal Name Dynamic Article Links »

Cite this: DOI: 10.1039/coxx00000x

WWW.ISC.Org/XXXXXX ARTICLE TYPE

Highly selective CO, vs. N, adsor ption in the cavity of a molecular
coor dination cage

James S. Wright,* Alexander J. Metherdll,* William M. Cullen, Jerico R. Piper, Robert Dawson* and
Michael D. Ward*

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX
DOI: 10.1039/b000000x

o

Two Mgl 1, cubic coordination cages, as desolvated crystalline polar organic solvent§:*® or may be substitutedL": R =
powders, preferentially adsorb CO, over N, with ideal ~ CH;OH in the figure) to make the cages water-soldbfé. These
selectivity CO,/N, constants of 49 and 30 at 298 K. A binding s cages have been shown to bind a wide range of organic guests in
10 Site for CO, is suggested by crystallographic location of CS, the central cavity. In organic solvents guest binding is partly
within the cage cavity at an electropositive hydrogen-bond driven by hydrogen-bonding of electron-rich regions of guests to
donor site, potentially explaining the high CO,/N, selectivity H-bond donor pockets located on the interior surface of the cage,
compared to other materialswith thislevel of porosity. in regions of high positive electrostatic potential; this affords
ss binding constants in the range?10 10° M In water, the
Porous solid-state materials are attractive for gas adsorptioRydrophobic effect provides the dominant driving force for strong
1s purposes, with several classes of porous material gainininding of hydrophobic guests with binding constants of up fo 10
increasing attention in recent years. These include metal-organi¥ ™.**>* Here we report an investigation into the gas sorption
frameworks (MOFs)/coordination polymef&’ covalent organic ~ capability of these materials, demonstrating a high selectivity for
frameworks (COFs)/ microporous organic polymers (MOP&); e CO, uptake over Hin the solid state, which we ascribe to the
molecular cage&° and other molecular crystafs*? presence of the same H-bond donor sites on the cage interior
» In the case of MOFs and MOPs, impressive gas uptakéurface that facilitate guest binding in solutfdri’
capacities have been reported, and extremely highly porous
materials describetf:}*?' However, higher uptake capacity in (a)
porous materials can come at the expense of selectivity between
small gaseous molecular guests, as shown in previous work
comparing porous organic cages of different pore sizes with each
other, and with MOF& Adsorbents which are selective for the
desired adsorbate are desirable, but not necessarily at the expense
of uptake capacity. For this purpose, the design of flexible
adsorbents whose pores may open under the influence of an
external stimulus has been demonstrated, both in M&&and
extrinsically porous materiaé;*”*?*this is still an emerging field. N
Perhaps l:_)ett_er developed is th(_e functionalisation of t_h(_a por?:ig_ 1. General structure of host cagess{M(BFa) typesA (R = H, M
space of intrinsically porous materials, to enhance selectivity fo —"cqy andB (R = CHOH, M = Co). (a) A sketch emphasising the cubic
binding of different gaseous guests. In particular, the array of M(Il) ions and the disposition of a bridgifgand spanning an
ss improvement of C@ adsorption selectivity in MOFs has been edge; (b) a space-filling representation of the cemphtion with ligands
demonstrated by the addition of hydrogen-bondingsites the ™ coloured separately for clarity.
fluorination of pores:*“® These internal surface modificati_ons We used the cages [gt%)11(BF)1s (A)® and [Ca(L")1]
can however come at the expense of uptake capacity by(BF4)16 B),

occupying some of the interior space, so an adsorbent in which &)mpounds were prepared as methanol solvates, and then dried
binding site is built into the ‘walls’ of the cavity is desirable. and thermally desolvated. Powder X-ray diffraction analysis of

we havefprhevious_ reportgq the structures and _gue?]t. t;ind;gghe dried materialsshowed thaB retains the same phase that
properties of the cubic coordination cages[MIX 6, in whic was observed in the single crystal structure of the methanol

M qre transition metal dications [gsually Co(Il)] !ogated ?t t.he solvate, whereasA loses crystallinity and becomes amorphous.
vertices of the cage, and L are bis(pyrazolyl-pyridine) IOmlg'ngThis is likely related to the fact that iB the presence of

® Ilrg];ands wh:)clh co.nneg_sg parl]r Olf me;al 1ons alt?ng evetr)y gdg% 0Eydroxymethyl groups on the exterior surface of the cages results
the assembly (Fig. I}:™ The ligand L may be unsubstitute g0 in a formation of an intermolecular B0 hydrogen-bonding

0 o> yp: . . .
(L™ R = Hin the figure) in which case the cages are soluble Metwork of cage molecules which allows crystallinity to be
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retained even when solvent molecules areflost.A in contras 4 using X-ray crystallography on single crystals under a, CO
there are no such interactions between the exterior surfaces a@tmosphere, but the crystals fractured rapidly into
adjacent cages and crystallinity is lost on desolvation. Howevermicrocrystalline powder upon desolvation. Instead, using the
'H NMR and mass spectrometric analyses confirmed that thenethod that has worked with other guests, single crystaB of
s integrity of the molecular cages is retained even when the crystalstill solvated to prevent crackingere soaked in liquid GS- as
are desolvated. 45 a structural analogue of GO at 40°C for 2 hours. This resulted
in uptake of Cginto the cage cavity.

Tablel. Gas sorption quantities for G@nd N, and CQ/N; selectivity

061 constants, for both cages.
0.4- 1 bar CQ 1bar N CO,/N; selectivity
constant
Cage T/K uptake uptake Simol T S
—e—CO, Ads (mmollg) | (mmollg) IMple | Henry's
0.2+ —o-CO, Des (ideal) law
e N, Ads B 273 1.003 0.0309 32 156
298 0.672 0.0138 49 165
0.0-¢ : : - ' g A 273 1.005 0.027 37 59
0.0 0.2 0.4 0.6 0.8 1.0 298 0.673 0.022 30 32

so Crystallographic analysis showed the structure to be
[Cog(L")1](BF4)1°CS,*5H,0 (Fig. 3) in which a molecule of
CS; is located such that it interacts with one of the hydrogen-
e o, Ads bond donor pockets on the interior surface which are located at
—o—COi Des the two fac tris-chelate sites at either end of the long diagonal of
—— N, Ads ss the approximately cubic assemUiy°

Quantity Adsorbed / mmol g-1

00 590 6 50 80 8 0008 8se
T

00 02 04 06 08 10

Pressure / bar

Fig. 2. Volumetric gas sorption profiles for G@nd N in cagesA (top)
10 andB (bottom) at 298 K. Filled circles represent adsorpgiod hollow
circles represent desorption.

The cages were found to be non-porous having BET surface
areas <20 Alg. The volumetric gas sorption isotherms were
measured for uptake @O, and N by both cagest 298 K (Fig.

15 2) and also at 273 K.Both cages demonstrate highly selective
uptake for CQ@ vs. N, at both temperatures. The gas uptake
comparisons and selectivity constants are summarised in Table 1,
and Henry’s law calculation data is presented in the ESI.” The
capacity for CQ uptake is very similar for both cages. Although

20 the cages have identical internal cavities, as we mentioned above
the supramolecular structure of the cages is different because of
the presence (cag®) or absence (cagé) of inter-cage
hydrogen-bonding interactions between peripheral functional
groups. This suggests either that Cdptake in the interstitial

25 spaces between cages is very low, or that the void space between
cages is similar in both materials (which in the case of the
desolvated cag® is known to be small due to the hydrogen
bonding, and therefore uptake here would be low anywsyg
have noted in previous work that when crystalline cage samples

30 are soaked in solutions of guests, quite large guest molecules can
permeate the crystals and enter the cage cavittlégven when
the windows are occluded in the crystal structure and when the
guest dimensions are larger than the 4 A windbivsthe cage
faces. Thus, for guest molecules as small gs oN CO,

3s differences in crystal packing are unlikely to prevent adsorption  Fig. 3. Crystal structure of the complex cation of §8)15](BF4)1s
the similarity in CQ uptake for both cage types therefore most '05'5"'505_(3) a view of the entire cage (in wireframe) viftb CS
Elagsibly relates to the similarity of the cavity inside cayend *° gug)s)t;sctl)o/so:lt; %cfctﬁgzn;cﬁég:s_cbhoﬁ;ﬁ’:'g gﬁ;%ﬂ%ﬁ%ﬁi@;g’

guest, with the shortest CHe*+S contacts shown with red dashed lines.
Attempts to locate COguests within the cages were made
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The site occupancy of the €8 each of the two pockets is 0.5, materials, with the results for cadge at 298 K lying furthest
i.e. in the crystal structure there is one guest molecule per cagabove the trend-line of any of the representative set of examples
but it is disordered equally over the two possible sifBse CS soincluded in the figure.
guest is oriented such that the S atom [S(11S)] that is directed In conclusion we have demonstrated good, @Ptake by a
sinto the corner pockeis involved in several CHessS contacts molecular cage complex in which the gaseous guest binds in the
(Ce++S distances in the range 3-8.7 A) with H atoms from CH central cavity even when the bulk materials are not
groups and naphthyl groups that converge around the guesibnventionally porous.Such examples of gas sorption into the
binding site; the (noended) Co(1)++*S(11S) separation is 5.65 ss cavities of molecular cages in contrast to porous network
A. The other S atom of the guest S(13S) is also involvesl in materials- are very raré-%2 On the basis of the structural model
10 short CHee»S contact (3.51 A) with an inwardly-directed naphthyl (based on C$ this arises because of favourable polar
CH proton. This set of interactions is emphasised in Fig. 3(b).  interactions between the quadrupolar ,C@uest and charge-
The quadrupole moment of €8 opposite in sign to that of assisted hydrogen-bond donor sites on the interior surface of the
CO, s0 in terms of point charges it is denot&8)«(5)—(8"):;*** « cage host/®*5* these same structural features also result in
in this respect CSis not electronically analogous to €O particularly high selectivity for binding of polar G@ompared to
s although it is a reasonable geometric model. Nonetheless theonpolar N..
ability of the S atoms of GSo act as hydrogen-bond acceptors,  We thank EPSRC for financial support (grant EP/N031555/1;
based on the local electron density at the S atoms associated wiind GCRF Institutional Sponsorship Funding 1S2016)
lone pairs, is well establishéd® We showed a while ago that
the convergent array of CH donors located close to the Co@Notes and references

ions at the fac tris-chelate cage corners, in a region of hi
% . . . g . ’ 9 . grbepartment of Chemistry, University of Sheffielde$ield S3 7HF, UK
positive electrostatic potential, provides an H-bond donor site tQE-maiIim.d.ward@sheffield.ac.dlk.dawson@shefﬁeld.ac.uk

guests that is comparable in strength to ph&nh@iven that
phenol has been shown to be a sufficiently strong H-bondrdonot Electronic Supplementary Information (ESI) availabletads of the
to form SessHX hydrogen bonds with CS,,°” we propose that this 7 crystal Stt’_UC“:jfet of E%L?rl)rl(ﬂ(lSl\F/lgemt.'(t:SirSHiio;t P?WS;T XF:'?: arjatlysBes;
. . rption ) Itration n
= structure of theB-CS, cqm pllex .pI‘OVIdeS (.I) 4a reasnonable ignaeslqsuoegu: solﬁti)g; additidnal figure: oSeeaD?)I?TliﬂDl%)OOOSOOXIO
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