Chapter 1
Introduction

1.1 Crystal engineering

Crystal engineering is a branch of crystallografiist entails the rational design of
functional materials at the molecular levBlegirajy 2003. It is able to achieve this
by controlling the various molecular interactiosisch as non-covalent interactions
and coordination complexeswhich occur during the nucleation process
(Hollingsworth, 2002).This allows researchers to tailor-make solids widésirable
chemical and physical properties in both the mdécand bulk forms, thus making

this field of prime interest to research€&fienget al, 2005).

The utilisation of these intermolecular interaciomay vary between organic and
inorganic systems. Organic systems primarily ilison-covalent interactions,
whereas inorganic systems are mainly made up ddlroebrdination complexes. The
bonding interaction within these systems may vaoynf metal to ligand bonding to
non-covalent interactions in the form of hydrogemding, electrostatic interactions,
and van der Waals forces which inclugern interactions (Oshovskgt al, 2007,

Lehn, 1988). The approach of using non-covalemeérattions to create new

materials, make up a part of chemistry known asasuplecular chemistry.

Supramolecular chemistry deals with the formatidrsaperstructures through the
design and utilisation of non-covalent interactidmg making use of small molecular
building blocks (Ghoslet al, 2005). These non-covalent interactions are feaker
than covalent bonding and have been demonstratémhportant concepts such as
host-guest chemistry, molecular recognition, mdkcself-assembly and folding
(foldamers) (Oshovskyet al, 2007). Molecular self-assembly and molecular
recognition allow for the formation of host guesimplexes through non-covalent
interactions and are studied extensively in suptaocutar chemistry (Oshovskgt
al., 2007, Lehn, 1988).



Their use in chemistry has been greatly exploited@rystal engineering due to the
fact that they form supramolecular networks that salf assemble by directional
molecular recognition between the molecules or i@is et al, 2005). Interactions
between molecules are often conservatively maiathin different supramolecular
structures, as a consequence these molecular catiani® may be referred to as
supramolecular synthons (Desiraju, 1995). Supracatde synthons can be classed
into two different groups namely, homosynthons aeterosynthons (Walsét al,
2003, Etter, 1982). Homosynthons refers to int@vactbetween the self
complimentary functional groups e.g. carboxylicdaci{Walshet al, 2003, Etter,
1982), whereas heterosynthons refer to interactidoedween different but
complimentary functional groups e.g. acid-pyridineseractions (Vishweshwar,
2003). Detailed knowledge of these non-covalenerattions is useful as they
provide information for constructing supramolecusdructures. Thereby allowing
researchers to expand and exploit solid-state atsmiesearch and engineering
(Bis et al, 2005, Zaworotko, 2000).
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Figure 1.1: Schematic representation of homosyn{B@et al, 2005)
and heterosynthon (Walgh al., 2003).

1.2 Porous materials

Industry and academia has provided particular éstento porous materials (Kitagwa
et al, 2004), which was fuelled by the formation ofhiigrigid structures that are
permeable (Barbour, 2006). Permeability plays apoirtant role in the formation of
porous materials as the removal of guest moleahesld lead to the formation of a
cavities, which form a network on interconnectearutels within a rigid structure

(Barbour, 2006). These vacant channels and cawafiesv porous materials to be



utilised in areas such as gas storage, drug dgligensor technologies and catalysis
(Hermeset al, 2006, Férey, 2008, Kitagwet al, 2004, Volkringeret al, 2009).
There are currently three known types of porousensds, namely zeolites, activated
carbons and metal organic frameworks (MOFs) (Kitagtal, 2004), and each class
has problems associated with them. The problemsdféy zeolites and activated
carbon materials is that they either have low poro&eolites) or broad pores
(carbons), thus hindering gaseous uptake and oflégagwaet al, 2004). In
addition to these problems, exhisiting synthetichnds do not allow for the design
ablity, and tailoring of these structures (Kitagetaal, 2004). However, the last and
most recent form of porous materials MOFs (cootamapolymers), has attracted a
lot of attention recently amongst material scitsti This is due to current synthetic
methods allowing for the creation and modificatmiregular repeating nano-sized
pores within the framework (Eddaousti al, 2001, Kitagweet al, 2004). Figure 1.2
outlines the possible modification of these matena terms of size, shape, surface

functionality and dimensionality by altering th&indamental components.
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Figure 1.2: Possible alterations of MOF materidgdsourrent synthethic methods
(Uemuraet al, 2009).




1.3 Metal Organic Frameworks (MOFS)

The design, synthesis and characterisation of Mi@ve shown exponential growth
over the recent years (Kitagved al., 2004, Longet al, 2009). As a result there are
close to 4000 fully characterised MOFs structuesél in the CSD, with roughly a

1000 journal articles being published every yeacei2002 (Kitagwaet al, 2004,

Longet al, 2009, Muelleet al, 2006).
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Figure 1.3: Exponential growth in MOF research dherpast three decades (Lagtg
al., 2009).

The reason for this immense growth is due to thesibdity of altering these
materials in a systematic manner (Roswvetllal, 2004). Thus allows researchers,
molecular control of structural details by utiligiconcepts from both classic organic
and inorganic solid-state structural chemistry (€Mal993). As a consequence it is
possible to design materials that are able to asdémble into 1D, 2D and 3D
extended network structures (figure 1.4) (Roswedl, 2005, Janiak, 2003).



1D 2D 3D
Figure 1.4: Representation of 1D, 2D and 3D netvgbnictures in MOFs.

1.4 MOF components

MOFs are hybrid materials that are mainly basedanic ligands (linkers) and
cationic transition metal ions (connectors) (Kitaget al, 2004, Muelleret al,
2006). Metals are used as they readily self asserabt directly influence the
framework topologies formed by a MOF material (@ztj al, 2009, Volkringeret
al., 2009). The two main linker components that axeeresively used for MOF
production are usually based on a pyridyl and/ab@eylate functionality, which
occurs at the both terminal positions of the organblecule (Muellert al, 2006,
Hao et al, 2004). These functional groups are essentidhag coordinate onto a
metal thereby forming a metal cluster (figure 1b),(these clusters are then usually
linked together by the organic molecule (linkerhereby forming the MOF

framework.

Pore volume

(b)
Figure 1.5: Diagram of MOF-5 (Muellet al, 2006), indicating (a) organic linker

and pore volume and (b) metal-carboxylate cluster.




1.4.1 Linkers
Currently pyridyl and carboxylate groups are the twain functional groups used in
linker components for MOF synthesis. Each linkeyvdes its own unique structural
characteristics to the MOF. The use of monoderdgigridyl linkers leads to the
formations of cationic frameworks with the additiohcounterions (Eddaouei al,
2001). Pyridyl linker components often form nonpgtructures as the counterions
tend to inhibit pore formation (Kinet al, 2001, Montneyet al, 2007). Topology
prediction is made extremely difficult due to tHexfble nature of these linkers

coupled with the presence of counterions (kihal, 2001).

Carboxylate linkers in the form of dianionic dicaxrlylates have been shown to be
essential in the formation of neutral porous MOHRarials without the incorporation
of counterions (Montnegt al, 2007, Kitagawaet al, 2004, Eddaoudet al, 2001).

It has also been noted by Eddaoudi and co-worl28®1(), that the use of carboxylate
groups (known to be essential in chelating metag)actually locks the metal into a
respective position, thereby forming a secondaiidimg unit (SBU) (figure 1.5 (b))
(Kitagawaet al, 2004). It does this by forming an M-O-C clustehjich has the
ability to aggregate (Eddaouet al, 2001). These SBU’s are very rigid and as a
result tend to be structurally stable and robugjureé 1.6 indicates various pyridyl

and carboxylate linker components.
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Figure 1.6: Various pyridyl and carboxylate linkeomponents used in MOF

formation.

1.4.2 Connectors

The use of transitional metal-ions plays a largke no the formation of MOF
materials as they are able to self assemble andsacbordination sites for a wide
range of polyatomic bridging ligands (Cza&gal, 2009). The oxidation state of the
metal also influences the overall topology of MQfysaltering the coordination site,
which could range from linear to octahedral (Kitaget al., 2004). This is illustrated
by figure 1.7, whereby a linear linker componentiigised with metals of various
oxidation states. The use of metals also enhameephysical properties by forming
robust materials that have increased thermal anchamécal stability (Czaj&t al,
2009).



Figure 1.7: Framework alteration with varying mefabmetries using a linear linker
(Kitagwaet al, 2004).

1.5 Bonding interactions

There are a large number of different frameworkicttires possible due to the
relative abundance of different metals and organkers. These frameworks are able
to extend infinitely in all dimensions due to bamglinteractions between the clusters
(Janiak, 2003). Bonding interactions may vary fraoordination bonding (CB),
hydrogen bonding (HB)z-n interactions and other van der Waals interactions
(Nattinenet al, 2003). The use of weak interactions in congrctivith coordination
bonding (CB) results in the formation of flexibledarobust MOF structures (Kitagwa
et al, 2004).
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Figure 1.8: Interactions resulting in overall exdiem of MOF structures (Kitagwet

al., 2004).

1.6 Alterations

The alteration of these crystalline porous materextables researchers to develop

materials with specific chemical functionality (Lgpet al, 2009, Hacet al, 2004).
As a result, careful selection of linker and cortaecomponents makes it possible to
tune the physical characteristics of the MOFs titesspecific applications (Janiak,
2003). The large variety of ligand and metal ioesuitts in large diversity in
topologies in the metal building unit within the M@Janiak, 2003), thereby allowing

for the design of very novel materials.

Void formation and functionality (Roswe#t al, 2004) within the framework is
dependant on the size, length, and the functignafithe organic unit, as shown in
figure 1.8 and table 1.1. Hence understanding theding interactions between the

linker and connector components is essential, agd# in understanding how these



materials (MOF) come into existence, and so progdmaterial designers with
predictive capabilities (Yaglat al, 2003).

Figure 1.9: Effect of ligand size on the pore voluai MOFs with the same metal

cluster (Kesanlet al, 2003).
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Table 1.1: Effect of linkers and joiners on thetwall dimensions of MOF materials
(Rosiet al, 2005).

MOF-70 MOF-72 MOF-73
Linker 0,C ‘@‘COz OZC\©/COZ 0, ‘@'COZ
Metal Pb Cd Mn
Unit cell:
a(h) 8.36 13.69 24.78
b(A) 17.99 18.25 10.58
c(A) 9.96 14.91 17.42
a(®) 90.00 90.00 90.00
B(°) 102.687 101.01 129.93
v 90.00 90.00 90.00
Volume (A% 1462.40 3654.52 3504.1
Z 4 8 8
Space group C2lc
Structure

From table 1.1 and figure 1.8, it can clearly bensthat MOFs can be altered by
simply changing the metal ion and/or linkers, tbhgraltering the MOFs chemical

and physical (pore size) properties (Clauseal., 2005).
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MOF networks provide attractive properties sucheggoselectivity, stereoselectivity,
shape selectivity and precise binding (Nattir¢ral, 2003), and can be used in a
number of applications, which are listed below:
Current applications where MOFs have been usedmsidered:

» Gas purification (Muelleet al, 2006).

e Gas separation (Muellet al, 2006).

e Magnetic properties (Clausen al, 2005).

* Production of optically pure compounds (Lin, 2005).

» Gas storage (Hydrogen and Hydrocarbons) (Herhas, 2006).

» Zeolite type catalysts (Hermesal, 2006).

» Conductivity applications (Kepert, 2006).

« Gas sensor applications (Achmagtral, 2009).

1.7 Formation of MOF materials

connector

linker  eounteranion

Figure 1.10: Vital components in MOF formation @Gtvaet al, 2004).

MOF synthesis usually requires the use of a metlalasmd an anionic/neutral linker,
with the relevant stoichiometry. In addition to shivarious other auxiliary
components can be used, in the form of blockinghtsgecounteranions and guest
molecules (Kitagwaet al, 2004). Each of these components play a rolehen t
eventual formation of the MOF material (Kitagweh al, 2004). Blocking agents
actually help in the formation of the SBU’'s (Roswet al, 2004), whereas
counterions are used in the formation of catioraceworks when pyridyl linkers are
used (Eddaoudst al, 2001). The use of non-bonding guests (such lasr#s) aid in
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the formation of porous structures, by facilitatihg formation of extended structures
(Kitagwa et al, 2004). These guests can be displaced by vanmibods such as
irradiation wherein more reactive species can hbmorporated within the pore,

provided that it is volatile enough and can fibithe cavity (Hermest al, 2006).

1.8 Problems affecting MOFs

The predictive capability associated with MOFs wHocontrol of certain crystal

properties to be achieved, by controlling the dagon of building blocks in the solid
state (Kimet al, 2001). Unfortunately crystal engineering stidicés immense
problems over the control of overall topology, #iband reproducibility of a
framework (Huanget al, 2006, Nattineret al, 2003). This has been noted by Yaghi
and Wright, who synthesised MOF-2, in differentdathat yielded different gas
absorption properties (Nattinet al, 2003).

Synthesis still remains a key obstacle in the faiomeof these materials (Eddaouedi
al., 2001), as they are synthesised under relatiwelg conditions (Zhenget al,
2002). These mild conditions do not allow cryssation to be greatly effected, hence

making it difficult for crystalline materials to mbtained (Eddaoudit al, 2001).

The prediction of the resulting structure remaimgeat challenge, and when obtained
are often difficult to reproduce (Kinet al, 2001). However, MOFs are more
attractive than more conventional porous mateaalsheir basic molecular building

blocks are retained in the final assembled netWGtauseret al,, 2005).

1.9 Solid State Gas Sensors

Solid state gas sensor technologies have beconmemasing importance over the

past decade (Capom al, 2003). This is due to the need for improved romg
devices for safety and environmental protectionppses. It is believed that solids
state gas sensors are currently the best sensuolegy available. The main reason

for this is due to these sensors being able toigeoeal-time chemical analysis for a
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wide range of gaseous chemical compounds (Capbak 2003). These sensors are
also typically of a compact design, portable, hygkénsitive and most important
inexpensive, all of which are highly desirable pdms (Caponeet al, 2003,
Allendorf et al, 2009). This current technology provides numeradigantages over
the more conventional analytical techniques, as trege data analysis is possible,
sample preparation is not required and there isnmestment in costly and bulky
instruments (Caponet al, 2003).

As with all new technology, current solid state gamsors do suffer from a few
problems, especially with regard to long term therand chemical stability (Capone
et al, 2003, Achmanret al, 2009). However, these problems are being oveecom
through advances in nanotechnology. Nanotechnologks at controlling and
manipulating the material on a nanometer scale,these alterations greatly affect
the materials properties and characteristics (Capbal, 2003). A material which is

prone to manipulation on the nanometer scale is MOF

MOFs are highly ordered nanoporous materials tbatazn extremely high surface
areas (Achmanet al, 2009, Allendorfet al, 2009). These desirable properties have
attracted a great deal of attention particularlfhwiegard to gas separation and
storage, thus making MOFs ideal candidates forsgasor applications (Pagt al,
2008, Allendorfet al, 2009). They have also shown superior adsorpteEserption
properties over the more conventional inorganicemals, as gases are not covalently
bonded to the framework (Achmam al, 2009). This allows the gas to be easily
desorbed at relatively low partial pressures (Achmet al, 2009).

Current research by Allendorf and Hesketh (20083 shown that this reversible
process can be both selective and sensitive teafgpgas (Achmanmet al, 2009,
Allendorf et al, 2009). These include, testing for chemical weapand being

utilised as breathalysers that could determinesgmeptomatic infections due to
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exposure to environmental toxins (Capateal, 2003, Allendorfet al, 2009). The
possibilities are endless.

1.10 Charge Transfer Complexes / Host-quest complex

Charge transfer (CT) complexes are electron-donoefator based structures. They
can either be formed intra-molecularly or inter-swllarly. The host-guest
framework is made up of weak interactions (Lehr@@9which allows for flexibility.
This enables it to accommodate for a large varétglectron rich systems (donor)
(Kishikawaet al, 1999). A key feature of CT complexes is thaytban be formed in
gas, liquid and solid states of matter, and cart amange of colors depending on the
size and shape of the donor molecules. These cotors in the visible range and so
can be clearly seen with the naked eye.

The formation of CT complexes is due to an eletatas interaction between the
donor (electron rich) and the acceptor (electrolrp@romatic molecules. This
interaction (stabilising force) allows the aromatitgs to overlap such that there is a
-7 interaction between them (Huntet al, 1990). The strength of these non-
covalent interactions between the donor-acceptdecntes are usually strong and of
a short range order, and depends on the stackraggaments (orbital overlap for
donor to acceptor charge transfer) between the rdacweptor molecules, (Huntet
al., 1990., Gabriett al, 2002., Zhengt al, 2005)

1.10.1 Host molecules

The availability of host molecules for the purpasfestudying CT interactions is
currently very scarce due to lack of new acceptotegules (Parket al, 2003).
Acceptor molecules need to have an aromatic rinigtwis made electron deficient
due to electron withdrawing groups close by. Anrepke of such a molecule is
2-(2-hydroxyethyl)isoindoline-1,3-dione (figure 1)1 a derivative of phthalimide. It
is an interesting acceptor molecule, as it rapghif assembles to form host-guest

complexes. A reason for this rapid formation ofthgqsest complexes is mainly due
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to the molecule being relatively flat as well astamning polar carbonyl groups and
acceptor sites (Barooadt al, 2003). These carbonyl amdacceptor sites are able to
stabilise host-guest framework by €kl and CH-O, hydrogen bonding interactions
(Barooahet al., 2003).

Figure 1.11: Diagrammatic representation of 2-(8rbxyethyl)isoindoline-1,3-dione
(Barooahet al, 2003).

The acceptor molecule of choice to form host gaestplexes in this study i¥,N’-
bis(glycinyl) pyromellitic diimide (figure 1.12). Alis molecule was chosen as it is a
derivative of phthalimide, with the addition of anide and terminal polar carbonyl
groups (Barooalet al, 2006). The addition of these groups makes theg highly
electron deficient as it pulls electron density yweom the carbon backbone.
According to Barros and co-workers (1997), the tadidiof the second imide group
lowers the first transition energyy-SS; which is due to the,n*. This indicates that
the addition of the second imide helps to stabilise n,n* transition state and
illustrates a strong conjugation between the carbonyl groups and thetren rich
aromatic rings (Barrogt al, 1997). The pyromellitic diimide molecule, jugte
phthalimide, is also relatively planar in shape asd result should be able to readily

accommodate donor molecules to form host guest Exag.

O @) O
HOKNMNWOH
@) (@) O

Figure 1.12N,N’-bis(glyciny)-pyromellitic diimide.
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These host molecules also allow for the formatibnamplexes with different donor
acceptor ratios (D:A). The ratio between the D:Alecales may vary from 1:1,
which leads to a D-A-D-A-D-A structure being stadkep in an alternating fashion as
well as a 2:1 ratio which results in a sandwichetygtructure D-A-D D-A-D

(Kishikawaet al, 1999) as illustrated in the figure below:

D =— D

A mEsmmmnm EEEEEEN
D =— D msss—
A mssmmmnm

D m— D m—
A mssmmmnm EEEEEERN
D msss— D msss—
A mssmmmnm

D msss— D msss—
A mssmmmnm EEEEEERN
D mss— D msss—

(a) (b)
D mos—

A EEEEEER

Figure 1.13Diagram illustrating different stacking arrangenssimé¢tween donor and

acceptor molecules, (a) alternating stacking 1tid @& donor and acceptors and (b)

sandwich stacking 2:1 ratio of donor and acceptors.

Thus in this work, a number of guests were usethe formation of host guest
networks with the pyromellitic diimide ligand. A wation of this ligand was used
extensively by Kishikawa and his co-workers (1998here they showed that in
order for host-guest complexes to form in a stagkammation the following criterion
has to be met:
1.) The host molecules must contain an electron peaane at the centre of the
molecule, and the guest molecules must be an efeatich aromatic

compound.
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2.) The n plane on the host molecule must have the idengoaironment on
each side to successfully undergo 1:2 complexations

3.) The formation of the stacking conformation requitke host molecule to
contain four hydrogen bond acceptors, and the guettcule to contain two
hydrogen bond donors, so as to stabilise to hosstguamework.

4.) The host-host interaction should be weaker thamdsé-guest interactions.

a) Electron pooplane

c) * - Hydrogen bond acceptors b) Lines of syntjet

Figure 1.14: Diagrammatic representatiom\oN-bis(glycinyl)-pyromellitic diimide

indicating a) electron poox plane, b) lines of symmetry and c¢) hydrogen bond
acceptors.

From the above figure, it can be seen thatNhé’-bis(pyridyl)-pyromellitic diimide

ligand of choice meets the above criteria set qutKishikawa and co-workers
(1999). Hence it is likely that the pyromelliticidide molecule will readily self-
assemble with various electron rich aromatic systeform host-guest complexes.

Recent work by Barooah and co-workers (2006) hascessfully shown the
formation of colour when using various aromatic tegss with their respective
diimide host molecule. They also illustrated tHa production of color is possible
when non aromatic molecules are incorporated ih&o Host-guest complexes. An
example of this was the formation of red crystalemw nitromethane (a clear liquid)

incorporated itself into the CT complex formed bedw N,N-bis(glycinyl)-
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pyromellitic diimide (colourless) and 4,4-dihydigxiphenyl (beige). This
expression of colour change in the form of CT cawpbs could have tremendous

applications in the gas sensor applications, eafpecince incorporated into a MOF.

1.11 Non-covalent network interactions.

Interactions between host-guest complexes are lysoede up of non-covalent
bonds. These non-covalent bonding between thearmabiguest molecules allow for
the formation of rather flexible networks to be gwoed (Kishikawaet al, 1999), due
to the flexible nature of non-covalent bonds. Hixinetworks have an advantage
over more rigid networks as they can accommodatariaty of guest molecules and

adjust the crystal lattice to form single crysi@shikawaet al, 1999).

The weak non-covalent bonding interaction are priilpmanade up of hydrogen
bonding and intermolecular forces, dipole-dipolel aon-dipole forces, hydrogen

bonding andt--n interactions

1.11.1 Hydrogen bonding

Hydrogen bonding plays a vital role in chemistrgture and in all biological systems

(Jeffrey, 1997). They are essential as they helphm stabilisation of protein
structures within the skin, muscles and other ahitisgsues (Brownet al, 2003).

Hydrogen bond properties differ relative to theug® of atoms surrounding them
(Jeffrey, 1997), and these can be characteriseal thmee types; namely strong,

moderate and weak interactions (table 1.2):
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Table 1.2: Characteristics of strong, moderateveeak hydrogen bonds (Jeffrey,
1997).

Strong Muoderage Weak

A—H---B inleraction mostly covalent mostly elecrosiulic electrostatic

Bond lengths A—H = H—B A—H<=H- B A—H << H--B

H—B (A) =1.2-1.5 ~1.5-2.7 23332
AvaB (A) 2.2-15 2532 3,240

Bond angles (%) 175180 1418 o0 1510

Bond encrgy (keal mal ™ b | d--40 4-15 =il

Relative IR w, vibration 25% 10-25% <1005

shifl {em ™~ ®

H' chemical shifi [4-22 <14

downficld {ppm)

Examples Gas-phase dimers Acids Gas phase dimers
with strong acids Alcohals with weak acids
or strong buses Phenals or wink bases

Acid salis Hydrates Minor components
Proton sponges All biological of 3-center boids
Psewdohydrates mitlecules C—H-—0O™N bonds
HF cumpleses O —H-- bonds

Due to the large number of different types of hgdno bonding interactions
occurring amongst molecules, a methodology in thenfof graph set notation was
proposed by Etter (1990). This methodology takds eccount the formation of
certain hydrogen bonding patterns without considetthe chemical nature of the
compounds involved (Bernste@tal., 1995, Jeffrey, 1997). This methodology allows
all hydrogen bonding patterns to be broken downiadédntified in terms of chains
(C), rings (R), finite complexes (D) and intramal&r interactions (S), as indicated
by fig. 1.15 (Bernsteiret al., 1995, Jeffrey, 1997). In addition to this thember of
hydrogen bond acceptor (a) and donor (d) sites bmamescribed along with the
number of symmetry independent hydrogen bondsJeffréy, 1997), hence leading
to the formation of a graph-set designatidi(® (Jeffrey, 1997).
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H
0
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R

OH=ss==
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) TR, HO

Figure 1.15: Graph set notation of various hydrolgemding molecules (Etter, 1991).

1.11.2x%---w interactions

77 interactions allows for the partial overlappingasbmatic rings (Hunteet al,
1990). This formation is possible due to these mianolecules being planar
(Barooahet al, 2003), hence allowing for overlapping of p-oalstin z-conjugated
systems to occur. These systems do not directlylagye@ach other due to repulsion
interactions between the rings and are alignedhiofiset orientation relative to each
other. The strength of these interactions are lysgtabng and of a short range order,
and depends on the stacking arrangements of thecoles (Hunteet al, 1990.,
Gabrielet al, 2002., Zhengt al, 2005).

1.12 Project Aims

Development of MOFs materials has grown expondwytialer the past decade due to
the ease with which these materials can undergsigddyand chemical change. The
ability customise components with these materias dllowed them to be utilised for
a number of applications. One application of curriemportance is with regard to
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solid state sensors technologies. A key featurthisftechnology is that it provides
real time analysis for chemical compounds that oacall different states of matter,

i.e. solid, liquid and gas. With this in mind, ttiémide linker component was chosen
as it contained the correct terminal functionatbdyform MOF materials as well as
having the ability to formed coloured materials.e$@ features allow this type of
linker to be incorporated within an MOF framewomkdaundergo colour formation

through CT complex formation. Therefore, the airhths project can be summed up
in the following points:

» To design diimide linker components with the appiatp chemical
functionality to be incorporated into a MOF frametwas well as undergo
colour formation for sensor technologies.

* To develop methods for the synthesis and modibcadiimide linker
components.

* To determine the effect of diimide modification cwlor formation.

e To form porous MOF materials using synthesised amadified linker
components.

» To incorporate various aromatic rings into poraasfeworks.

* To study the effect of CT complex formation withine MOF framework, and
to determine the possibility of colour formatioreded for sensor
applications.

e To fully characterise and compare all obtainedcstmes through various

experimental techniques.
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