Metal-Organic Frameworks Containing Dihydroxy
Motifs: Control of Phase Formation and

Pore Environments

Damien Rankine

Department of Chemistry
School of Physical Sciences

The University of Adelaide

Supervised by Christopher J. Sumby and Christian J. Doonan

A thesis submitted to the University of Adelaide for the degree of
Doctor of Philosophy

2015

THE UNIVERSITY

of ADELAIDE







Declaration

Declaration

I certify that this work contains no material which has been accepted for the award of
any other degree or diploma in my name, in any university or other tertiary institution and, to
the best of my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text. In addition, I certify that
no part of this work will, in the future, be used in a submission in my name, for any other degree
or diploma in any university or other tertiary institution without the prior approval of the
University of Adelaide and where applicable, any partner institution responsible for the joint-

award of this degree.

I give consent to this copy of my thesis when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright Act 1968.
The author acknowledges that copyright of published works contained within this thesis resides

with the copyright holder(s) of those works:

Rankine, D., Avellaneda, A., Hill, M. R., Doonan, C. J., Sumby, C. J. (2012). Control
of framework interpenetration for in situ modified hydroxyl functionalised IRMOFs. Chem.

Commun. 48(83), 10328—-10330.

Keene, T. D.,* Rankine, D.,* Evans, J. D., Southon, P. D., Kepert, C. J., Aitken, J. B.,
Sumby, C. J., Doonan, C. J. (2013). Solvent-modified porosity in chiral 3D kagome
frameworks. Dalton Trans. 42(22), 7871-7879. * Authors contributed equally.

Rankine, D., Keene, T. D., Sumby, C. J., Doonan, C. J. (2013). Chelation-driven
fluorescence deactivation in three alkali earth metal MOFs containing 2,2'-dihydroxybiphenyl-
4,4'-dicarboxylate. CrystEngComm. 15(45), 9722-9728.

Rankine, D., Keene, T. D., Sumby, C. J., Doonan, C. J. (2014). Re-programing kinetic
phase control and tailoring pore environments in Co" and Zn" metal-organic frameworks.

Cryst. Growth Des. 14 (11), 5710-5718.

il



Declaration

I also give permission for the digital version of my thesis to be made available on the
web, via the University’s digital research repository, the Library Search and also through web
search engines, unless permission has been granted by the University to restrict access for a

period of time.

Damien Rankine

December 2015

v



Acknowledgements

Acknowledgements

The experience of engaging in a doctoral research degree has proven enjoyable and
rewarding, whilst challenging me in ways that surpass any expected intellectual contribution.
Whilst this was unexpected, it taught me a lot about who I am, my limits and gave clearer

perspective on who and what [ want to be.

There are a number of people I wish to thank for their involvement in my life, my PhD
candidature and for their overall contribution to this thesis. Chris, over the past five years,
through honours and PhD work, you have given me inspiration, support and guidance, with the
freedom to learn and develop independently. Your positivity and approachable nature were very
much appreciated during my time in your research group, and I hope you continue this way in
the future, as it is an often overlooked asset in a supervisor. You have been a great mentor and
I am glad to have worked with you during this stage of my life. To Christian, I thank you for
your enthusiasm in my work, supportive discussions and guidance in writing the journal articles

that made this thesis possible.

Tony Keene, despite the short length of time you were in our research group, you taught
me more about MOFs, magnetism and chemistry in general than I can even remember, as well

as how to be a “proper” scientist.

To the Sumby/Doonan group members that I spent a lot of time with - Wit, Jesse,
Antonio, Alex, Courtney, Jack, Cam and Rachel - you have all had a positive impact on my life

and I wholeheartedly enjoyed the time I spent with you all.

I’d also like to acknowledge the support and assistance received from both Matthew
Hill and Deanna D’Alessandro. In particular, Matt’s gracious donation of time to instruct me

in the fundamentals of gas adsorption was both generous and incredibly helpful.

To my friends, Kelly & Daniel, whilst we could rarely spare the time to walk 2 mins
across campus to catch up, as we were always too busy finishing our PhDs in three years, I
always enjoyed the times we did see each other and am proud to have (sort of) shared this

experience with you both!

To PhD comics™, you were a constant reminder that [ wasn’t crazy... thanks. I hope to

have had my last existential crisis.



Acknowledgements

To my group of awesome school friends - I’'m not sure that you even know what I was
doing for 5 years, but the distractions you provided probably saved my sanity, even if you didn’t

know it. Thanks guys.

To my amazing family, Mum, Dad, Caitie & Pat, you are all fantastic and have always
encouraged me to do whatever made me happy. Your constant support and confidence in me is
the cornerstone of any success I have achieved. You have always shown me love and respect,

for which I can’t ever thank you enough.

Last but certainly not least, I would like to thank my beautiful wife, Amie, for her
unwavering support, patience and her belief in me that, in particular, helped get me through the
last and most difficult part of this journey. You have been amazingly patient and I couldn’t
have finished it without your loving support. To my newly arrived son, Aiden, whose response
to seeing this manuscript will likely be to chew or eat it, you have unknowingly provided me
with the inspiration to finish this thesis. Your smile and laughter brighten my life. Love you

mate.

Vi



Table of Contents

Table of Contents

DECIArAtION .uueeeuiiiniiiniciiicsinineiseineicseisatsssnessseessssssssssssssssessssssssssssassssesssssssssssssssssasssssssases iii
ACKNOWICAGEIMENILS ..ouuvveriiiirrriecsssannicsssssniosssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasss v
Table Of CONLENLS ...cuueiieeiriiiiniiiiinneistenitecstenstecssnissesssesssseessessssesssnsssssssssssssssssassssssssassssesss vii
LiSt 0f ADDIeVIAtIONS ..cuuueiiiiueiiiiiiiiiniiinineiisiniicssnnecssnecsssnecssseecssssssssssssssssssssssesssssessssasssssasans xiii
TRESIS OVEIVIEW ..uueeieiiineisuiiinensnnisnensnenissecssensssecssnssssesssesssseessassssesssasssssssssssssssssassssssssassssssss XV
Chapter 1. INtrodUCHION........coiiuiiiiiiieciie ettt re et e e e e e sreeenaeeens 1

1.1 INtrOAUCTION ....eiteiieieeie ettt 1

1.1.1 Self-Assembly in Biological SyStems ...............cccccevvivvinoiniiivcniecnennen. 1

1.1.2  Supramolecular CREMISIIY...........cc.cccoeeeiiiieaiiieeeieeee e 1

1.1.3  Coordination POIYMEFS ...............cccccovieciriiiniiiiiiiiniiieieee e, 3

1.2 Metal-Organic FramewWorks ..........cccoccuiiiiiriieiiieeieeieeeieeiee et 4

1.2.1  BaACKGIrOUNA ............cccoooiiiiiiiiiiieee e 4

1.2.2 MOF SYRERESIS ..o 5

1.3 Rational Design Principles for Constructing Functional MOFs........................ 6

1.3.1 General ConSiderations ...............ccccooceviiiiiiiniiiiiiiiiiieseseese e 6

1.3.2  Synthetic APPFrOACRES ..............cccovoveiiiiiiiiiiiiiiieeeee e 7

1.3.3  General Metal-Ligand Considerations ................cc.ccocevevvvencvrencuenennnn.. 8

1.3.4 LigANA EffECtS.........cccvaiiiiiiiiiiie et 9

1.3.5  Metal NOAES ...........ccocovueiiiiiiiiiiiiieet e 13

1.3.6 SOIVENT EffECtS ...c..ocviiiieiiiiiiiiiieie et 14

1.3.7  Framework INterpenetration...................cccueevuveeecueesceeeniieeneeeereeenens 15

1.4 Post Synthetic ProCeSSING .......ccvveeriieiiiieiieiie ettt 16

1.4.1 Post-Synthetic Modification (PSM)..............ccccoovvveveieeniiieniieeeeeen, 16

1.4.2  Post-Synthetic Metalation (PSMet)..............ccccccouviavcienieeneaiaiannne. 19

1.5 MOF CharacteriSAtION. ......ceiueiiiieriieeieeriie ettt ettt 21

1.6  Hydroxyl Groups in MOF Synthesis .........ccccoeeiivieniiieniiiieiieeiceee e 22

1.6.1 BaCKGrOUNd. ...............cceoooviieiiiieiiieeie e 22

vii



Table of Contents

1.6.2  Aromatic Derivatives ..............cccccouviiiiiiieniiiiniieinie et 23

1.6.3  ALIphQtic DeFiVALIVES..............c..cccveveeaieiaeiieeiieeieee e 26

1.6.4  Dihydroxy Motifs in MOFS .............ccccoovueeeiiieeiieesiieeeiee e 26

1.6.5  CaIECRHOIS. ...t 28

1.7 RETEIEIICES. ...uuiiiiieiieie ettt sttt e 29
Chapter 2. Control of Framework Interpenetration for in situ Modified Hydroxyl
Functionalised IRIMOFS.......cccooiiiiiiiiee et 37
2.1 ADSIIACE ...ttt ettt ettt et 39
2.2 INtrOAUCTION. ...ttt et et 39
2.3 DISCUSSION .utiutieitieiieetieteete ettt sttt et et e bt et eate s et ebeestesbeebeentesaeebeensesneenes 40
2.4 CONCIUSIONS. ..ttt et ettt ettt et et e neeenee 44
2.5  ACKNOWICAZEMENLS. ......coiieiiieiiieiiecie ettt ettt ere e eteesaeesbeessaeenseens 44
2.6 Supporting INfOrmation ..........cocceeeiiiiieiiiiiee e 44
2.6.1 General EXperimental...............ccccccocueiviuiiiiiieniiiesiieeeie e 44

2.6.2  Synthetic ProCedures...................cccuvieiiiiiiiiiiniiiiiiiinieeneeneee e 45

2.60.3  MOF SYNERESIS ..ottt 51

2.0.4  ACHVALION ... e e 52

2.6.5 MOF CharacteriSAtioN...............ccccooeueiieiaieiiiienieiieee e 53

2.6.6 Metallation Experiments for [ZnsO(L1)3] and a-[ZnsO(L1)3] ............. 58

2.6.7 Characterisation of [ZnsO(L1)3] >Cu and o-[Zn4O(L1)3] >Cu............ 58

2.6.8 X-Ray CryStallography ..............c.cccceuviuieioiieiiiiesiie e 65

2.6.9 Additional Refinement Details .................ccccocveioeiiiiianiiaianieeien, 66
2.6.10 Powder X-Ray Diffraction .............cccccccoveeviieicieeniiiesiieeeiee e 67

2.7 RELEIENCES. ..ottt 70
Chapter 3. Solvent Modified Dynamic Porosity in Chiral 3D Kagome Frameworks ..
........................................................................................................... 73

3.1 ADSETACT ...ttt ettt 77
3.2 INEOAUCTION. c .ttt sttt ettt 77
33 Results and DiSCUSSION ........couiiiiiiiiiiiiiiiie e 78

viii



Table of Contents

3.3.1 Synthesis and Crystal StrUCHUFES................cccceeveveevceeeeiieeeiieeeieeeennn 78
3.3.2  Thermal Structural PrOPerties ..................cccoeveeeeeeieeesienieaieeseeennnns 80
3.3.3  Dynamic Solvent Responsive Behaviour of [Ni(H>diol)] ..................... 86
3.3:4 DUSCUSSION ...ttt 87
34 CONCIUSIONS ...ttt ettt ettt e bt e et e e 89
3.5 EXPerimental......c.ccceieoiiiiiiiiiieiiecieeeee e 89
3.5.1 General Experimental Methods .................ccccccoveveueivciieeniiiencieeannnn. 89
3.5.2 Single Crystal X-ray Crystallography................cccccceuvcvevcrinieeaceeannnnn. 89
3.5.3  Powder X-ray Diffraction .............cccccoooeivoiiiiiioiiaiiiiiiesieeeese e, 90
3.5.:4  GAS AASOFVPLION. ..o 90
3.5.5 Magnetic Susceptibility Measurements...............ccccccceuvceeneeeeneenoeannnnn. 91
3.5.6 X-ray Adsorption Near-Edge SpectroSCOpY ...........cccouveueevcveeiceennnnn.. 91
3.5.7  Synthetic Methods .................cccovuiviiiiiiiiniiiiiiiiiiieiee e 91
3.5.8 Computational Methods..................ccccouvueeeiiiieniieiiiieeeiie e 91
3.6 AcCKNOWIEdZEMENTS.......coouiiiiiiiieiii e 92
3.7 Supporting Information............cccueeeeiieeiiieniieeee e 93
3.7.1  Synthetic Procedures.................ccccooueiiiiiniiioiiiiiniiinieieeeseesee e 93
3.7.2  MOF Synthesis and Activation CORItIONS .............ccccevveevceveenceeaannnn. 94
3.7.3 X-ray Diffraction Methods and Crystallographic Data....................... 95
3.7.4  Powder X-ray Diffraction ..............ccccccccuveveiieniieeiiieeeiie e 99
3.7.5  GAS AASOFVPLION. ...t 101
3.7.60  StrUCtUral PrOPEFLIEs...........cc.cccvueeeiiieaiieeeiieeeiie e 105
3.8 REIEIENCES .. .eiuiiiiiiiieiecee e e 108
Chapter 4. Chelation-Driven Fluorescence Deactivation in Three Alkali Earth Metal
MOFs Containing 2,2’-Dihydroxybiphenyl-4,4’-dicarboxylate..........c.cccceeeveeuennen. 111
4.1 ADSETACT ...ttt 113
4.2 INrOAUCHION . .c..eiiiiiiiieiteiecee ettt et 113
43 Selected Experimental Details.........c.cocoveeeiiieiiiieniieecie e 114
4.3.1 Synthesis of Metal-Organic Frameworks ................ccccccoccveverannennn.. 114

X



Table of Contents

4.3.2  X-ray CryStallo@raphy ............cccccooueeceieeiiiiiiiieeiieeeeie e 115
4.3.3  Powder X-ray DiffracCtion ..............ccccccouveeiieeieeiieeeeeieeee e, 115
4.4 DISCUSSION ...ttt ettt ettt ettt ettt e e st e e bt e et e e beeeabeesbeesnbeanaees 117
4.5 CONCIUSIONS. ..cutiiuiiiiiiieieeitete ettt sttt ettt sttt e sbe et seeenaeenneas 125
4.6 ACKNOWICZEMENTS.......oiiiiiiiciieciee et e e e 125
4.7 Supporting INformation ............cceeeieeiierieniieieee e 126
4.7.1 General EXperimental.................cccocvoueeeiuieaiiireeiieeniieesireeesieeeeneeens 126
4.7.2  Activation CONILIONS. ............cccoueviieiiieeieeeeie e 126
4.7.3  Structural CharacteriSation .................ccccceoveeeioeeieesiiaieieeieeen, 127
4.8 REIETENCES. .. eeiiiuiiiietieie ettt ettt st 136
Chapter 5. Control of Kinetic Phase Formation and Tailoring Pore Environments in
Co' and Zn" Metal-Organic FramewWorks .............cccocoeveveueveeerereeeeeeeeeeeeeeeeenennnn. 139
5.1 ADSETACT ...ttt e ettt ettt ettt eaees 141
5.2 INIOAUCHION. c..citieieeiieiieteete ettt sttt et 141
53 EXPerimental..........cccuiiiiiiiiiiicciieeceeee e e e 143
5.3.1 General Experimental Methods ................cc.cccouemvvuvemeieesiieesineaninanns 143
5.3.2  Synthesis of Metal-Organic Frameworks................ccccccceeenvenennnnn. 143
5.3.3 X—Ray Crystallography...............ccccoovvoiieiiieiiiieeiieesie e 144
5.3.4 Powder X—ray Diffraction...............cccccouvoiivciiiiiiiiiaiiiaieie e, 145
54 DISCUSSION ..ttt ettt ettt ettt e bt e b e e 147
5.4.1 Synthesis and Structure of 1-Zn, 1-Co and 2-Co..............ccccccueeuen..n. 147
5.4.2 Thermodynamic vs. Kinetic Control of Crystallization Products....... 149
5.4.3 Expansion of Mixed—Metal Analogues of I ...........c.cccccccevvevvrennn.ne. 151
5.4.4 Selective Coordination of Co" over Zn'" at the Non-Coordinating Diol
MOTEIIES ...t 152
55 CONCIUSION ..ttt ettt 156
5.6  AcCKNOWIEAZMENTS ......oooiiiiiiiiieiiecieee e 156
5.7 Supporting INformation ............cceccvieiiieeiiieeieee e 157
5.7.1 X-ray Crystallography .............c.ccccocovoeviiioiiiiiniiiiiet e 157



Table of Contents

5.7.2  GAS AASOFVPLION. ... 163

5.7.3  Powder X-Ray Diffraction................cccccceuvieviienieaiienieeiieseeeeeees 168

5.7.4  Additional Structural Characterisation ...................ccccceecveneeancennne. 171
5.8  RETCICNCES....eiutiiiiiiieieeieet ettt 177
Chapter 6. Conclusions and Future Prospects.........cccccveevvieriiieeciieecieeeiee e 181
6.1 Conclusion and Future Prospects............coecueerieeiieriienieeiieeieeieesee e 181
6.2 RETRINCES ...t 184
Chapter 7. APPENAICES ......oovuiiiiieiieeieeieeeie ettt ettt e b e seeebeesaeebeessneenseens 185
7.1 Appendix L. Statements of Authorship .........coceeiiiiiiiiiiie 185
7.2 Appendix II. Other PUbliCations ...........cccueevierieeiiienieeieerie e 199

xi






Abbreviations

2D

3D

Ac
BDC
BET
bipy
bpdc
CDCl;
DABCO
DEF
DHTA
DMF
DMSO
dobpdc
EDTA
eq
ESI-MS
EtOAc
EtOH
FT-IR
MeCN
MeOH
mmen
MOF
NaOH
Oh
phen
PSM
PSMet
PTE
PXRD
SCXRD
SP
t-BOC
Td
XANES
XRD

List of Abbreviations

Two-Dimensional
Three-Dimensional

Acetyl

1,4-Benzenedicarboxylic acid
Brunauer-Emmett-Teller
1,1°-Bipyridine
Biphenyl-4,4-dicarboxylic acid
Deuterated chloroform
Diazobicyclo[2.2.2]octane
N,N’-Diethylformamide
Dihydroxyterephthalic acid
N,N’-Dimethylformamide
Dimethylsulfoxide
Dioxobiphenyldicarboxylic acid
Ethylenediamine tetraacetic acid
equivalents

Electrospray lonisation-mass Spectrometry
Ethyl Acetate

Ethanol

Fourier-Transform Infrared Spectroscopy
Acetonitrile

Methanol
methylethylenediamine
Metal-Organic Framework
Sodium Hydroxide

Octahedral

Phenanthroline

Post-Synthetic Modification
Post-Synthetic Metalation
Positive thermal expansion
Powder X-ray Diffraction
Single-Crystal X-ray Diffraction
Square Planar
tertiary-butoxycarbonyl
Tetrahedral

X-ray Absorption Near Edge Spectroscopy
X-ray Diffraction

xiii






Thesis Overview

Thesis Overview

This thesis is comprised of 4 manuscripts that form the results chapters 2 to 5. All
manuscripts were completed during candidature and have been published in international, peer-
reviewed journals. The connections between these publications will be briefly presented here,

tying in the content of each chapter with the overarching theme of this thesis.

Herein, the use of ligand-bound hydroxyl groups, specifically potentially chelating
dihydroxyl motifs, in support of carboxylate donors for the formation of novel Metal-organic
Frameworks (MOFs) was explored using a rational design and modification approach. The
multi-dentate ligand 2,2’-dihydroxy-1,1’-biphenyl-4,4’-dicarboxylic acid, that was used
throughout this work, was utilised in both an ester protected form (Chapter 2) or with free
phenol groups (Chapters 3-5). Careful control of synthetic conditions (e.g. choice of starting
metal salt, co-ligand or reaction conditions) to dictate the desirable MOF phase and tailor final
MOF characteristics was a major theme of investigation, along with the use of post-synthetic
processing methods to access enhanced functionality within the pore structures of the resultant
materials. A further focus was placed on establishing new synthetic, or post-synthetic, protocols

for efficient synthesis of functional MOF materials.

Chapter 1 serves to introduce the broad field of coordination polymers and inform the
reader of seminal developments in the sub-field of metal-organic framework (MOF) chemistry,
focussing on methods for controlling both the structure and internal pore environment of MOFs.
A short review of pertinent literature concludes this chapter, highlighting the use of hydroxyl
groups in the formation and application of MOFs. Influential examples of MOFs that
incorporate hydroxyl groups into their structures and onto the backbone of the ligand moiety

are discussed to highlight the potential of, and the opportunities, in this area.

Chapter 2 presents a fundamental study into the incorporation of a biphenyl carboxylate
ligand (2,2’-dihydroxy-1,1’-biphenyl-4,4’-dicarboxylic acid), with protected hydroxyl groups,
into metal-organic frameworks. Predicable inclusion of such functional groups had previously
proven difficult in cases where these groups can also function as donors for the MOF nodes and
adopt a structural role. This manuscript describes an in situ method for MOF synthesis and
deprotection of ester—protected hydroxyl functional groups with retention of crystallinity,
eliminating the need for potentially degradative post—synthetic deprotection strategies. Reliable
access to non-interpenetrated structures was realised with this method, as well as the post—

synthetic incorporation of Cu(Il) at the free diol moieties. Modification of the pore environment
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with dihydroxyl moieties, and subsequently with Cu(Il) ions, resulted in increased pore size

and improved enthalpy of CO: adsorption at low pressures.

Chapter 3 describes the direct use of 2,2’-dihydroxy-1,1’-biphenyl-4,4’-dicarboxylic
acid in the synthesis of Ni(II) MOFs with kagome-like topology. Relatively unusual solvent-
dependent porosity was observed, related to free rotation of coordinated solvent molecules in
an activated form of the material. Upon removal of this coordination solvent, a transition in
metal coordination environment is observed from O, to a distorted-square planar (d-SP)
geometry, clearly observable by a stark colour change from green to yellow. Significant
changes in the unit cell of the structure indicated structural contraction along the
crystallographic c-axis, resulting in drastic modification to the accessible pore volume and
internal pore environment. Re-solvation of the MOF was observed to be solvent size dependent,
with MeOH successfully able to penetrate the contracted framework structure, re-forming the
Oy, coordination environment and pore dimensions, and occupying the axial coordination sites.
Due to differences in magnetic moment between O, and d-SP Ni(Il), time-dependant magnetic
susceptibility measurements were used to monitor the progress of structural modification.
These structural changes were further confirmed by X-ray absorption near-edge spectroscopy
(XANES), computational modelling and variable-temperature powder X-ray diffraction
(PXRD), which incidentally uncovered marked positive thermal expansion along the

crystallographic c-axis of the material.

Chapter 4 examined the impact of increasing the ionic radii of alkali earth metals,
Mg(II), Ca(Il) and Sr(II), in the synthesis of MOFs using 2,2’-dihydroxy-1,1’-biphenyl-4,4’-
dicarboxylic acid and common bidentate co-ligand 1,4-diazabicyclo[2.2.2]octane (DABCO).
Three distinct MOF structures were formed with different alkali earth metal salts, showing
observable differences in ligand-derived fluorescence emission. Reaction with Mg(II) yielded
a MOF isostructural with the Ni(II) kagome structure described in Chapter 3. DABCO was not
incorporated into this structure, despite being present during synthesis, and as the ligand
dihydroxy moiety was involved in structural coordination, fluorescence quenching was
observed. In contrast, the use of Ca(Il) or Sr(II) formed novel MOFs containing both ligands,
in which the dihydroxy ligand moiety is not involved in structural coordination. This was
attributed to the limited ability of the chelate bite angle of the ligand to accommodate metal
ions of particular ionic radii. As a result, large metal ions, such as Sr(Il) and Ca(II) are unable
to chelate the diol and preferentially form alternative topologies. Solid-state fluorescence
emission (A =435 nm) is observed when MOFs are solvated with polar aprotic solvents, such

as DMF or DMSO. Judicious selection of metal ion has been shown to selectively influence
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coordinating mode of 2,2’-dihydroxy-1,1’-biphenyl-4,4’-dicarboxylic acid and tailor the
physical and spectroscopic properties of the resulting MOFs.

Chapter 5 describes how the control of synthetic conditions and choice of metal ion
utilised during synthesis could be used to form a novel MOF containing trimeric nodal clusters
from 2,2’-dihydroxy-1,1’-biphenyl-4,4’-dicarboxylic acid. Using Co(Il) salts, two structurally
distinct MOF phases are formed at high and low temperatures, with a mixture forming at
intermediate temperatures, indicating thermodynamic and kinetic control over MOF formation.
By doping the Co(II) reaction solution with small amounts of a Zn(II) salt, which only forms
the one MOF phase, the kinetic conditions were able to be ‘re-programmed’ to generate only
the thermodynamically-favoured phase with a mixed Zn(II)/Co(II) composition. Additionally,
preferential incorporation of Co(Il) over Zn(Il) was evident at higher temperatures, with
fluorescence emission spectroscopy and pore size distributions indicating coordination of metal
ions to the ‘free’ ligand dihydroxyl groups present within the thermodynamically favoured
MOF material. The extent of metal incorporation at the ‘free’ diol sites was further able to be
controlled by post-synthetic metalation (PSMet) with Co(Il), which allows the internal pore
dimensions to be fine-tuned and the MOF to exhibit an increased enthalpy of adsorption for
CO:z. The combination of specific synthetic protocols and post-synthetic metalation in this study
allow precise control over both phase formation and internal pore environments. While not
examined there is a possibility that this ‘reprogramming’ approach can be further applied in

other MOF systems that exhibit competing phases.

Finally, conclusions and future prospects are presented in Chapter 6, followed by general
appendices in Chapter 7, which include statements of authorship and copies of additional
publications that this author has contributed to during the course of this candidature, but are not

central to this thesis research.
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