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ABSTRACT: Metal organic frameworks (MOFs) derived from

polymeric ligands“olyMOF8) have been prepared from
limited set of polymerization methods. Herein, we repor S0 - 712+ oF Zré
synthesis of polyMOF ligands featuring MOF-forming benzenedi- _—

carboxylic acid (8dc) linkers on their sidechains using comnjon kf +/- free bde

radical polymerization techniques: reversible addition fragmenta- §

tion chain transfer (RAFT) polymerization and free radical( ™' ©

polymerization (FRP). Interasily, high-dispersity ligands+o Radical
prepared through FRP formed crystalline polyMOFs while [low- OH PolyMOFs
dispersity ligands prepared through RAFT required the addition of o - - -

free Hbdc to yield crystalline materials analogous to MOF-5 (Z¥ij RAFT (low ©) { fRnd ciSpersisy(B) J
and UiO-66 (Zr). This work opens new opportunities for the” FRP (high D) controls crystallinity

development of next-generation polyM&F hybrids based on
radical polymerization and suggests that ligand dispersity is a key design parameter for polyMOF synthesis.

INTRODUCTION enhanced processability, tunability, and stability. Nevertheless,

Metal organic frameworks (MOFs) are a class of poroufd the best of our knowledge, all the previously reported
coordination polymer networks composed of metal clusters B3YMOFs have utilized macromolecular ligands synthesized
junctions (referred to as secondary building units, SBU$hrough either step-growth golymenzaﬁ%?ﬁ‘sz _multistep.
connected through organic linkefBhese materials have iterative exponential growifi, or under nonliving cationic
garnered extensive interest in recent years owing to th@@lymerization conditiofs.
valuable properties, including high surface areas, open met&iach of these examples has so far had key limitations,
sites for catalysis, and modular synthestich enable including poor control over ligand composition, molecular
applications such as gas capfurand separatiotf, weight, and dispersit§Figure A) or access to only short
catalysis,° sensing®* and electronic devicés® Recently,  (tetrameric) ligands=(gure B). Moreover, the only example
e orts have focused on the development of hybrid materiat§ a chain-growth polymerization (catiéigelded materials
comprising traditional amorphous or semicrystalline polymersth no permanent porosity. Meanwhile, radical polymer-
and MOFs. Such hybrids coulceiothe processability and ization, one of the most widely used polymerization methods,
mechanical/chemical stability of traditional polzmers withoutas not, to our knowledge, been used for polyMOF ligand
sacricing the crystallinity and porosity of MOFS! synthesis. We reasoned that reversible deactivation radical
One such class of hybrid materials, where MOF-formingolymerization (RDRP) processes could enable access to
organic linkers are covalently connected througixille ~ macromolecular ligands with higher molecular weights and
macromolecular backbone, has been ciogt1OFs™® 2° narrow dispersities from new classes of monomers, opening
Because the macromolecular ligands of polyMOFs contaiportunities to form polyMOFs with a wider variety of
organic linkers within their repeat units and are present durlrpgﬂymeric architectures and compositions (e.g., block copoly-
MOF crystallization, the polymer backbone can becom@ers) and allowing for a more detailed understanding of the

integrated into the MOF lattice rather than, for example,gies of the ligand structure in ti@g polvMOF properties
coating the surface of preformed MOF cry$talBy mixing g g poy prop '

these macromolecular ligands with free ligands during MGr——
formation, it becomes possible to tune the amount ofeceived: July 12,2021
incorporated polymer and hence thal material properties, Revised: November 25, 2021
as has been demonstrated in the context of polyMOFUPlished:December 10, 2021
nanoparticles. More generally, polymeviOF hybrids oer

the potential to introduce a range of traditional synthetic

polymer compositions into porous materials, providing

© 2021 American Chemical Society https://doi.org/10.1021/acs.chemmater.1c02411
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A step-growth or uncontrolled cationic polymerization: Cambridge Isotope Laboratories, Indljlsopropylacrylamide
34/;‘“&:(:“ er ligand (NIPAM) was recrystallized from hexanes three times prior to use.
Styrene was passed through a short basic alumina plug immediately
gm metal ions prior to use. All other chemicals were used withoutatimi.
wh, R Synthesis of PolyMOF Ligand by RAFT (pabdc-0a).
m polymer ligand Acrylamide monomebdc-0e(200 mg, 0.76 mmol, 1 equiv), 2-
AR STV (dodecylthiocarbonothioylthio)-2-methylpropionic acid (DDMAT)

B lIterative exponential growth: (8.3 mg, 0.022 mmol, 0.03 equiand azobisisobutyronitrile
X ¥ Treeligand (AIBN) (1.3 mg, 0.0076 mmol, 0.01 equiv) were combined in a 3
} metal ions mL dram vial. The vial was brought into a nitrotieti-glovebox,
X7 P . - where the solids were dissolved in anhyddduslimethylforma-

N A mide (DMF) (2 mL). The solution was stirred and heated &€ 70
% <—oligomer ligand for 3 h. The reaction was quenched by submerging the vial into an ice
C RAFT versus free-radical polymerization (this work): bath and opening to air. The solvent was evaporated, and the
/ A remaining viscous yellow material was guutdy preparatory gel
m _ permeation chromatography (Prep GPC) to give the isolated polymer
, \, metalions as a powder. The trithiocarbonate end group was removed by stirring
I a solution of the polymer with lauroyl peroxide (4 equiv) and AIBN
% (40 equiv) in toluene at P€ overnight under nitrogen. The polymer
- was then isolated by Prep GPC. Hydrolysis was performed by
) ) addition of a 1 M aqueous solution of KOH (100 equiv) to a
Figure 1.PolyMOFs have been formed from either (A) step-growthmethanol solution of the polymer and stirring &€3&ernight. The
or cationic polymerizations that yield highly disperse miiiotes ( product was precipitated with 1 M HCI.
the schematic depicts step-growth structures, with metal-coordinat|n$ymhesiS of PolyMOF Ligand by FRP (pabdc-Qg,,).
sites embedded within the polymer backbone) or (B) iteratiyg;crymmide monomebdc-0e(100 mg, 0.38 mmol, 1 equiv) and
methods that provide discrete, yet short, ligands. Here (C), radicalgn (0.62 mg, 0.0038 mmol, 0.01 equiv) were combined in a 3 mL
polymerizationsreversible addition fragmentation chain transfergram vial. In a nitrogetled glovebox, the solids were dissolved in
(RAFT) and free radical polymerization (FRRje introduced to  anhydrous DMF (1 mL). The solution was then stirred &C70
polyMOF synthesis. FRP is convenient yet it provides high-dispersifyernight and then the reaction was quenched, and the solvent was
ligands. RAFT enables controlled ligand compositions with tunabi§aporated. The crude solid was then dissolved in 10 mL of DMF,
molecular weights, low dispersities, and new compositions (acrghd a 1 M aqueous solution of KOH (3 mL) was added. The solution
amides and block copolymers), but additional free ligands a{gas stirred at 3% overnight, and the product was precipitated with
required to form crystalline materials. 1 M HCL.
Representative Synthesis of Zn-Based PolyMOF# a 20 mL
Herein, we report on the use of FRP as well as one of thsintillation vial, 15 mg @@abdc-0athe desired amount of 1,4-
most widely used RDRP method®AFT polymerization benzenedicarboxylic acidlftc), and 3 equiv of Zn(Nf}-6H,0
for the synthesis of novel polyacrylamide-based macrgased on total jdc, see theSupporting Informatignwere
molecular ligands bearing -bsenedicarboxylic acid (2800 T [ B o0t )" A erended white powder was
(H zbdc)-baseq &de_qha?ﬁsRAFT-denved ligands, V.Vh'Ch collected by decanting the solution and centrifuging at 4000 rpm for
featur_e low Q|spersmes and tunable molecular 'WEIght'S, € min. The powder was washed with anhydrous DME@3L)
combined with bbdc to form crystalline materials with py soaking for 30 min and isolation by centrifugation.
tunable stabilés and BrunaueEmmett Teller (BET)
surface areas. Moreover, the same ligands can be employed
to generate two dérent classes of polyMOFs depending on RESULTS AND DISCUSSION
the metal salt used, and they are amenable to chain extensitv¢ synthesis of polyMOF ligands with pendant metal-
to generate novel crystalline block-copolymer systems. Meaneordinating groups requires additional design parameters
while, FRP-based ligands with high dispersity formecompared to step-growth methods wherein coordinating
crystalline polyMOFs without addition of fregbdd, groups are embedded within the polymer backbdmeo
suggesting that ligand dispersity plays a key role in enabliigerent dimensions can be tundHe pendant sidechain

polyMOF crystallization. length and the backbone spacer length. The former can be
altered by changing the length of the linker between the
EXPERIMENTAL SECTION coordinating group and the polymerizable functionality (here,
Materials. Starting materials and solvents were purchased fron acrylamide). The average backbone distance could be tuned
commercial suppliers (Sigidrich, TCI, AK Scient Inc., through statistical copolymerization with another monomer or

Scheme 1. Synthesis of Polyacrylamide Ligand pabdc-Oa

O O
MeO__O MeO___O
H,N Acryloyl Chloride, o_ N HO n CN HO n CN
EtN 1. DDMAT,AIBN,DMF,70°C O HN~ YO KOH 0 HN Yo
—_—
DCM,0°C —rt 7 2. AIBN, Lauroyl Peroxide o MeOH/H,0, 35 °C
Toluene, 70 °C Me HO
O~ "OMe O~ "OMe OMe OH
0] (0]
abdc-0e pabdc-0e pabdc-0a
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potentially through ring-opening polymerization of monomers
varying in ring size. The copolymerization approach would
enable facile access to a range of macromolecular ligands of
various comonomer compositions and properties, as demon-
strated below for block copolymers.
Here, we designed and synthesized two monoatsds-
3e and abdc-0e that feature three-carbon and zero-carbon
spacers, respectively, between a polymerizable acrylamide and
dimethyl bdc $cheme ,IFigure Sl Monomerabdc-3ewas
prepared from 2-hydroxyterephthalic acid in four steps in
34.4% overall yield, whilbdc-Oewas prepared in one step
from dimethyl aminoterephthalate and acryloyl chloride in
43.3% vyield. To investigate their suitability for RAFT
polymerization, each monomer was exposed to DDMAT and
AIBN in DMF for 3 8 h at 70°C under a Natmosphere. The
polymerizations displayed kinetic behavior indicative of RDRP
processed-{gure SR
Polymers ofabdc-3eand abdc-Oehad number-average
molar masses of 6500 and 6400 g/mol, respectively, according
to 'H NMR and monomodal molar mass distributions withFigure 2."H NMR (DMSO4) spectrum opabdc-0a
low dispersities ( = 1.08 and 1.04, respectively) as
determined by GPG-{gure S3Table ). 'H NMR supported  preheated isothermal oven at 100for 24 H*%*2 Though
- - - similar conditions readily formed crystalline polyMOFs in
Table 1. Molar Mass and Dispersity of Polymer Ligands  Cohers work, no crystalline materials were obtained using our
RAFT-based ligands as determined by powder Xremtidn

H a

FRUEr g e ST (PXRD). Moreover, the amorphous powder formed from
pabdc-0e 8360 6420 1.04 pabdc-Ozhad a very low surface areidd infra
pabdc-Ogy 21,640 20,089 1.18 While the backbone and sidechain dimensions of our RAFT-
pabdc-Ogn 34,310 217 based ligands may explain their inability to form crystalline
PStb-pabdc-0e 12,860 14,600 1.05 polyMOFs, we hypothesized that their low dispersities may
pabdc-3e 2380 6470 1.08 also play a key role, as low-dispersity ligands will have fewer
pabdc-3eoNIPAM 1:1 3480 4270 1.09 oligomeric species that codldyaps in the forming polyMOF
pabdc-3e&eNIPAM 5:1 3970 4880 1.19

_ lattice. This hypothesis was inspired by a report from Yazaki
“Number-average molar masses were determined by end-groyiy co-workefS,which showed that high-dispersity polyvinyl
analysis using proton nuclear magnetic resofBNNMR). ethers that have a similar backbone and sidechain spacings to
our RAFT-based ligands could successfully generate crystalline
the proposed structures of the methyl ester polymers, showipglyMOFs. Additionally, Cohen and co-workers have shown
the expected peak broadening and lack of monomer pedkat comparably lower dispersity polyether ligands form less
(Figures S4 and 5To demonstrate the utility of RAFT crystalline or distorted crystalline structures compared to
polymerization for the synthesis of polymer ligands diigher dispersity analogtfedio test our hypothesis, we
controlled length, a higher molar mass vahgnt (20,000 synthesized a high-dispersity £ 2.17) variant of our
g/mol, = 1.18) ofabdc-Oewas also synthesized. The polymer,pabdc-0g,,, by FRP Figures S11 and $land
formation of statistical and block copolymeaba¢-3eand subjected this polymer to the same conditions used to form
abdc-Oewith NIPAM was also exploradde infraFigures S6  polyMOFs using the RAFT-based ligpalddc-0a Remark-
and SY. ably, this FRP-based ligand did indeed form crystalline
To avoid any potential interference with MOF crystalpolyMOFs with diraction peaks matching MOF{&igure
lization, the trithiocarbonate end groups of RAFT-derive®13. These results support the notion that increased dispersity
polymers were removed by exposure to AIBN and laurofacilitates polyMOF crystallization. Thus, to mimic thig,e
peroxid€? providing pabdc-3e pabdc-3e&eNIPAM, and we explored the addition of fregbit to our low-dispersity
pabdc-0g Scheme ,IFigure S)L The number-average molar RAFT-based polymer ligands. Compared to the use of disperse
masses and dispersities werergwd to be unchanged by ligand mixtures, this approaclers a more controllable way

this end-group removal procedsg@re SR Finally, to tune the polyMOF composition through rational mixing of
saponication of the ester sidechains yielded thiadd- high- and low-molecular-weight ligands. To our knowledge,
functionalized ligands (e.gabdc-Oh as indicated byH this mixed ligand concept has not been applied to the
NMR spectroscopy-{gures 2S9, and S)0 formation of bulk polyMOFs or to systems using high-

With these polymers in hand, we targeted the formation @holecular-weight ligands.
polyMOF analogues of MOF-5, a well-known MOF composed Gratifyingly, upon addition of one, two, or three equivalents
of bdc linkers and Z@-based SBUs. This MOF was chosenof H,bdc per repeat unit pabdc-0do a solution gpabdc-0a
because of its relative ease of synthesis and as a pointanfl Zn(NQ),-6H,0 (where the ratio of total,bdc, taken as
comparison to polyMOFs of the same topology formed frorthe sum of Ebdc units inpabdc-Oaand free kbdc, to
step-growth polymer ligands reported by Cohen and c@&n(NO,),-6H,0O was kept constant at 1:3), mixtures of white
workers? Each polyacrylamide ligand was dissolved in DMBowders and visible crystals (the latter idghtis MOF-5 by
along with Zn(NQ),-6H,0, and the mixtures were placed in a PXRD,Figure SI¥were obtained. Separation of the white
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powders (denoted a&n-pabdc-Oa-leqZn-pabdc-0a-2eq

Oak (20 kDa) formed a comparable crystalline white powder

andZn-pabdc-0a-39qgvas readily achieved by centrifugation under analogous conditiofsgire S1)§ showing that RAFT

at 200 rpm; following subsequent washing with DMF

tgolymerization can be used to obtain polyMOF hybrid

remove any unbound ligands, PXRD of the isolated powdearsaterials from polymer ligands with a range of molecular

revealed lattice structures comparable to MGH3Eré 3.

Figure 3. Powder X-ray dractograms o#n-pabdc-Oa«eq,
polymer MOF hybrids synthesized fropabdc-Oa and various
equivalents of freebtic.

Scanning electron microscopy (SEM) imagin-qfabdc-
Oa-2eq(Figures 4S15, and S)&evealed interconnected,

Figure 4.SEM images ain-pabdc-0a-2eq

weights. By contrast, the addition of frgsléltopabdc-3ar
pabdc-3aeNIPAM produced a mixture of large, nonpolymer
containing MOF-5 crystals (as determined by digestiéd and
NMR) and an amorphoudm (as determined by PXRD),
suggesting that the pendant sidechain of this polymer ligand is
too large to accommodate the 12 A pore size and 8 A aperture
width of MOF-5, compared to the approximately 10.2 A
extended length of the pendant arm between i kinit
and the polymer backboté>

Given that Hbdc was added to form a crystalline powder
with pabdc-Oathe question arises: is the polymer ligand truly
incorporated into the MOF lattice, or is it simply coating the
surface of separately formed MOF-5 crystaldirst, we
note that we do not observe any obvious cubic MOF-5 crystals
in the isolated powders by SEM imaging. Additionally, the fact
thatpabdc-3aloes not form a crystalline powder suggests that
surface binding is not the only operative mechanism, as a
sidechain linker length should play less of a role in such cases.
To further address this question, we digesteaabdc-0a-
2eq in DCI/DMSO-¢; and quantied the ratio of free to
polymer-bound pbdc byH NMR analysis; the measured
value, 1.66:1, matched the reaction stoichiometry of 2:1 well
(Figure S1Pespecially considering that some visible MOF-5
crystals composed oflddc were removed through centrifu-
gation. Inductively coupled plasma-mass spectrometry showed
that the powder contained 25.0% Zn by mass, slightly less than
the 30.6% Zn that would be expected for the formula
Zn,0O(bdc), g-{pabdc) ;,5corresponding to the 1.66:1 ligand
ratio, which could be a result of surface-bound polymer or
polymer coordinated to Znions not incorporated into the
SBUs. Notably, howeverp#fbdc-Oavas only bound to the
surface of MOF-5 crystals of a typical sizenj2 we would
conservatively expect at least an order-of-magnitude greater
ratio of free ligand to macromolecular ligand (see the
Supporting Informatiofor calculation). When the protected
version of the polymermpdbdc-0¢ was used with two
equivalents of J4dc, visible crystallites matching MOF-5 by
PXRD formedKigure S20)they did not contain any polymer
as determined from thel NMR spectrum of the digested
crystallites Kigure S21 This observation comms that the
crystalline powder could only be obtained when the polymer
ligand is able to coordinate to the metal, as was also observed
visually Figure S22 Finally, MOF-5 crystals were presynthe-
sized and placed in a solutiopalbdc-0an DMF at 100°C
for 24 h, following similar conditions to those used in the
literature to attach polymers to the surface of MOF-5
crystal§! PXRD analysis of the materials isolated after this
treatment no longer matched the patterns of MOHghres
S23 and S24 showing thatpabdc-Oais not capable of
coordinating to the surfaces of presynthesized MOF-5 crystals
to form stable MOF-5 analogues under these conditions.
Instead, degradation of the MOF-5 structure is observed.

round particles with smooth surfaces, similar to reporteflitogether, these observations strongly suggegsalidatOa
polyMOFs and unlike the cubic crystals observed for MOF-& integrated into the lattice of these materials; however, we
mixtures of presynthesized MOF-5 and polymers, or polymeote that our results cannot rule out the presence of some
surface-coated MOF-5 crystalBourier transform infrared small (<150 nm) MOF-5 particles mixed with polymer.
spectroscopy-(gure S1)7revealed that the carboxylate bands Encouraged by these results, we further investigated the
from the ligands were relifted, as expected upon impact of the number of equivalents of frged¢ion the

coordination to Z#.>* Notably, high-molar magsbdc-

crystallinity and stability of these materials. Comparing the
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PXRD patternsHigure 3, broader peaks are observed whensynthesis conditions. Addition of one, two, or three equivalents
only one equivalent of freghdc is used, suggesting lower of free Hbdc per polymer repeat unit, however, yielded
crystallinity. We hypothesized that samples formed in therystalline white powders with PXRDections matching
presence of more,btic would display properties like the those of UiO-66Higure S29°’ Digestion of these powders in
native MOF-5 while those made from fewer equivalents m&,SQ/DMSO-d; and subsequertHd NMR analysis con-
display properties more eetive of their polymeric ligand, rmed the incorporation @abdc-Oawith ratios of free to
0 ering a versatile way to tune the properties of these hybrblymer-bound fbdc matching the initial reaction stoichi-
materials. This hypothesis was supported by time-dependemietry Eigure S30 Comparison ofZr-pabdc-0a-2eq
stability studies under an ambient atmospheryerés and synthesized both with and without formic acid as a modulator
showed that exclusion of the formic acid led to narrower peak
widths in the PXRD diactogram Kigure S31land an
increase in the ratio of free to polymer-bousimti¢iin the
digested sample from 2.2 to FBy(re S3? suggesting that
the slowed kinetics imposed by the modulator aids the
incorporation of the polymer ligand.

Because of its controlled nature and excellent end-group
delity, RAFT polymerization is a powerful tool for block-
copolymer synthesis. To explore the potential for the
formation of diblock copolymers featuring a polyMOF-forming
domain, a novel block-copolymer ligaR&th-pabdc-0a
was synthesized through the sequential polymerizations of
styrene andbdc-0Oa(Figures & andS33. PSth-pabdc-0a

Figure 5. Powder X-ray diactograms oZn-pabdc-Oa-2eds-
synthesized and after being stored under ambient conditions for 1
month.

S25 S27. MOF-5 is known to be unstable under ambient
conditions because of the lability of the @nbonds®
Isoreticular polyMOFs, by contrast, can exhibit improved
hydrolytic stability”*® Notably, whileZn-pabdc-0a-3eq
decomposed after 2 months under ambient conditions, based
on the disappearance of the PXRD peak 4tb&th Zn-
pabdc-0a-2ecand Zn-pabdc-0Oa-leqgetained their PXRD
patterns, implying that they had maintained their crystallinity.

The permanent porosities &¥i-pabdc-0a-1eqn-pabdc-
0a-2eq and Zn-pabdc-0a-3ecas well as the amorphous Figure 6.Synthesis of macromolecular lig2th-pabdc-0O4a) and
powder Zn-pabdc-Oawere probed with Ngas sorption powder X-ray dractogram (b) and SEM images (c)ZofPStb-
measurements. Type-l isotherms were observed, indicathfpdc-0a-2eéprmed from the ligand and two equivalentsyiodd
microporosity, with calculated BET surface areas of 11, 47, 92,
and 138 rfig for Zn-pabdc-0aZn-pabdc-0a-1e@n-pabdc- was subjected to the same conditions used to syn#imesize
0a-2eq andzZn-pabdc-0a-3egespectively{gure S28 The pabdc-Oa-2e@bove. Interestingly, while no precipitate was
BET surface areas of these hybrid materials are lower thapparent after 24 h at 1U0, a aky white precipitate formed
those reported for many isoreticular polyMOFs formedfter an additional 24 h. The PXRD pattern of this solid
through step-growth polymerization methods or polymemmatched that of MOF-5-(gure 6), and digestion of the
coated MOF crystals 200 to 1100 Rig), which is likely the ~ powder corrmed that it contains the polymer ligaRid(re
result of greater pording from the polymer chains as a S34. The material consisted of interconnected cubic particles
consequence of the sidechain versus main-chain ligand locaudif rounded edges as determined by SEddie 6), which
(Figure ).*#2%*® Regardless, these results suggest that RAFTs notably dierent from the spherical morphology observed
based ligands can be used to generate polyMOF hybf@r the homopolymer ligands above. This result suggests that
materials with accessible permanent porosity and that tHee presence of the polystyrene block may lead to preferential
accessible volume can be rationally tuned via the polymd¥nding of the macromolecular ligand to the surface of MOF
spacer ligand reaction stoichiometry. In the future, it will berystals, leading to phase-separated structures.
interesting to further optimize the radical polyMOF monomers
to optimize material surface areas and other key properties. CONCLUSIONS

Next, the generality of our approach was investigatddere, we describe a new strategy for polyMOF hybrid material
through the synthesis of UiO-66 analogues. Once again, sgnthesis using polymer ligands synthesized by radical
the absence of ,bdc, only an amorphous powder was polymerization (specially, RAFT and FRP). RAFT evs
observed upon subjectipabdc-Oato typical UiO-66  improved control over the composition, molar mass, and
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dispersity of the polymer ligands used for polyMOF synthedifsing Ultra-Microporous Metal-Organic Frameworks: Insights into
and oers a simple way to rationally tune material propertie§ie Structure/Separation RelationsBiem. Soc. Rev. R. Soc. Chem.
Moreover, RAFT facilitates block-copolymer synthesis, allogl17 46 3402 3430. _

ing for further expansion of the scope of these materials. In tf§) Li. J--R.; Sculley, J.; Zhou, H.-C. M&aganic Frameworks for
future, this approach will allow for the exploration of>€Paration€hem. Reg012 112 869 932.

multiblock ligands and the synthesis of complex Iiganén Lee, J; Farha, O. K.; Roberts, J.; Scheidt, K. A; Nguyen, S. T.;

. . upp, J. T. Metal-Organic Framework Materials as CaGihgsts.
architectures such as star and graft copolymers. Finally, .pReQDOQ 38 145% 1459.

work provides evidence that polymer ligand dispersity plays(g) Jiao, L.. Wang, Y.; Jiang, H.-L.; Xu, Q. Metal-Organic

key role in polyMOF formation: more heterogeneous polymetrameworks as Platforms for Catalytic Applicaiaivs. Mater.
ligands (i.e., higher dispersity) lead to more crystallingo18 30, No. 1703663.

materials. This observation should further spur interest

if9) Yang, D.; Gates, B. C. Catalysis by Metal Organic Frameworks:

tuning polymer dispersity, either through advanced polymererspective and Suggestions for Future ReseézcOatak019 9,

ization methods or mixing of ligands okmint sizes, to
further optimize the properties of polynM®F hybrid
materials.
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