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publicatioﬁ of H. M. Powell's papers on'tﬁe stfuctures and
compositions of [3jquinol clathratesl'4, that the structure
of an inclusion compound was first elucidated by accurate X-
ray- studies. This revealed complete enclosure of guest
molecules by infinite three-dimensional complexes formed by
hydrogen bonding bétween individual hydroquinone molecules
and led_to the coining of a new word ‘clathrate' to name
this thorough type of inclusion compound. The word arose
from an ancient word, 'clathratus, meaning closed or
protected by the «cross-bars of a trellis, which ' was
explained in a dictionary concerning the social 1life and

industrial arts of the Greeks and Romans; the entry is

illustrated in fig.1.2.

The variety of inclusion compound types is vast since it
depends not only on'the physico-chemicalvproperties of the
host and guest components but also on their numerical ratio
and type éf interaction between them.:

The major forces operating in the formation of an inclusion
compound depend on the type of compound being formed. Weak
dispersion or Van der Waals forces are considered very
important and highly oriented ‘dipole interactions may be
cqntributing factors. The wide applications associated with
'extramolecular chemistry' have encouraged a grbwing
interest in the chemistry of 'weak interactions'l's.

The application of spatial 'fittiﬁg together' of molecules
has already proved to be amazingly effective in the
separation of molecules. with similar physico-chemical
properties. The synthesis of host lattices with 'tailor-

made' specificity for various isomers, enantiomers or even



Fig.1.2 Entries in 'A dictionary of Roman and
Greek Antiquities' ( A. Rich; Longmans

'Green, London, Revised 1884 ).

CLATHRA'TUS. Closed or
protected Dby cross-bars of trellis
(clathri), as explained in the mnext
paragraph. Plaut. Mil. il 4. 25.

CLA'THRY. A trdlis or grating
of wood or metal employed 10 cover
over and protect an aperture, such as

NISININANA
Be0o85

a door or window, or to enclose any-
thing generally.  (Hor. 4. P. 473.
Plin. A A viii. 7. Cato, . R.iv. 1.
Columell. viii. 17. 10.) The example
represents the trellis which covered

in the lunettes over the stalls (car-
ceresY in the circus of Caracalla.

Fig.l1.3 "Polymerization of 2,3-dimethylbutadiene

in the thiourea channell'lo.

Polymerization




isotopomers 1is practically possible,.for éxample with host

molecules of either tri-o—thymotidel'6 or Hoffmann-type

pomplexesl'7.

Study into the way in which the reactivity of a molecule, a
guest, is governed by its environment, the host, has
increased'as-inclusiOn compounds are more extensively used
as enzyme modelsl's, An early study ih this area concerned .
thé preferential formation of stereo-regular polymers from

unsaturated molecules entrapped in the channels'of \.treal'9

1.10

and thiourea , as shown in fig.1l.3. Since then inclusion

polYmerisatiqn' has been carried out in a number of host
latticesl°ll.

A relatively new application of inclusion compoﬁnds'is their
use as highly selective chemical reagents. An example, which
is illustratéd in fig., 1.4, concerns the use of bromine
included in Zeolite 5A as a selective brominating agent of
styrené iﬁ mixtures of the latter with cyclohexenel'lz. The
included bromine is only éccessible to the styrene double
bond since its aliphatic chain can penetrate the cavity, an
impossible task for cyclohexene's double bond to pérform.
Inclusion compounds have also found application as sources
and reservoirs of unstable species. The cyclodextrinsl‘l3
provide the sure example of enclosure by a single molecule
with a éuitable hole in thé middle ( an intramolecular host-
guest aggregate ). The fact. that they ﬁay be regarded as
natural products and thét their imprisoning action ﬁakes
place also when they are in solution has 1led to their

development as efficient delivery systems' for anti-cancer

drugs.



Fig 1.4

The bromination reactions of styrene and

cyclohexenel'lz.

.CHBrCHzBr
+
Br
Br2 / ‘Br
solution
CH=CH2
+
Br, |
zeolite 5A CHB:CHzBr
‘\N . :



Xéray diffraction stddies on proteins, synthetic fibres,
cellulose, rubber, crystalline vifuses, vitamins and others
have revealed the inclusion properties of many of these
naturally occﬁrring compounds. Intramolecular folding in
polypéptide chains, « -helix structures as in C!—keratin,
and the various forms of hemoglobin in whose wet crystals
alternate layers of protein and liquid of crystallization
are found, all indicate the eveﬁtual, deliﬁeation of

inclusion characteristics.

The recent exponential growth in host-guest chemistry has
resulted in a vast increase in' the number and variation of
new host molecular structures which have necessitated a
definite classification of these host molecular
structuresl'l4. This is based on the criteria of:
a) Host-guest type and the type of interaction between the
two components. |

b) The topology of the host-guest aggregate.
c) The number of the various components forming the

- aggregate.
In this characterization Powell's original definition of a
clathrate, which necessitated complete enclosure of the

guest, was broadened to state merely that the guest 1is

retained by steric barriers.



1.2‘Werner Clathrates:

A Wernér clathrate ( named afterthepioneer of coordination
chemistry, Alfred Werner ) is an inclusion complex with a
host framework made up of transition metal coordination

complexes represented by the general formula[MX2B4]where, M

is a divalent transition metal cation ( eg: Fe2+, C02+,
Niz+, Cu2+, Zn2+, Cd2+ ), X'denotes the anionic ligand ( eg:
NCcS™, NCO ,CN, No3', NOZ_, Br , Cl1', I ) and B represents
. an electrically neutral substituted pyridine, = «& -

arylalkylamine or isoguinoline. The 'variation of these
complexes is vast since the possibility of isomerism and/or
complexation by more than one type of B ligand exists.

These Werner complexes form extramolecular host—guest
aggregates in which the guest is retained by steric barriers
formed by the host lattice ( crystal lattice forces ).

Interest in Wern'err clathrates was sfimul-ated by Schaeffer

and coworkers who announced their use in the separation of

/.20
various aromatic hydrocarbons from petroleum fractionsl'ls.

The most thoroughly studied complex thus far investigated
has been [Ni(NCS)2(4-Mepy)4] thch can entrap a wide varieﬁy
of guest molecules ranging from noble gases toO condensed
aromatic hydrocarbons, in cavities of the channel, layer or
cage type. The formation of these inclusion compounds is:
stereosélective and may be used for the separation of isomer
mixturesl'l§ and even isotopomersl'17. The structures and
thermodynamics of the clathration process with this complex
forming the host framework have recently been reviewed by

Lipkowskil'ls’ 1'19.



Host complexes of this type are synﬁhésised by the double
decomposition of nickel chloride with thiocyanate salt, and
subsequent addition of ﬁhe aromatic ligand. Crystallization
of the host in the presence'of.the guest 1is sufficient to

- obtain the clathrate.

X-ray crystallography.has revealed that the MX234 moleéules
usually have irregular ‘oétahedral coordination and are
'overcrowded' in their central region ie: there are non-
bonded repulsive interactions between the ligands which lead
to a limited number of stable conformations.-The most common
one is a ‘'propeller' conformation: in the tNi(NCS)2(4—
Mepy)4] molecule, for example, the four pyridine rings are

twisted by 43° - 55°

from the coplanar arrangement. It is
believed that an éssential feature affecting the clathrating
ability of the [Ni(NCS)2(4—Mepy)4] molecule is the
conformational freedom of its pyridine rings which is
achieved by their ability tobroﬁate, to a certain degree,
ébout their correspohaing Ni - N bonds. In this manner the
complex 1is able to 'adjust' its molecular shape and make
possible clathration of guest molecules differing in size,
shape and polarity.

Most of the inclusion forming [MX2B4] complexes contain
thiocyanate groups as. the anionic ligands ( X ). Usually
these groups are bound to the central metal atom through the
nitrogen atom ( isothiocyanates ) in such a‘way that they
are trans to each other and each one .is bent at its nitrogen
atom. The M - Ncs - Cs bond aﬁgle ranges.from 154° - 175°

and 1is governed in part by both intra- and intermolecular

interactions.



Substitution on the pyridine ring ( B ) results in a
.decrease in the packing efficiency of the[MX2B4]n©lecules
which makes spaces available for guest occupation in the

crystalline state.
1.2.1 The [Ni(NCS)2(4-Mepy)4] Werner complex:

Deéending on the solvent type, the ,[Ni(NCSf2(4-Mepy)4]
complex may crystalliée in either a compact non-clathrating
lattice type, designated the & -phase by Hart and Smithl’zg,
or in a porous clathratiﬁg phase, designated the [3-phase by
the same authors. They reported the maximum -possible
aromatic guest content in the ﬁ—phase to exist when the
guest : host ratio 1is 1 : 1. Subsequently Lipkowski et
all'z-1 found that if‘thé concentration of aromatic guest is
sufficient ( > @.5M ) a clathrate with a different
crystalline phase , designated the 7 -phase, is formed. The
Y -phase clathrates were found to be firstly less stable
than original [3—phases and secondly to have a maximum guest
: host ratio of 2 : 1.

Subsequent X-ray crystallographic studies on these phases
have revealed similar overall [Ni(NCS)2(4—Mepy)4] molecular

configurations in all phasesl'22-1'24:

thus practically all
differences between them are concerned with the packing of
these molecules which is in turn depeﬁdent on the solvent
from which they crystailise.

All the 3 -phase vclathrateé of [Ni(NCS)2(4-Mepy)4]
crystallise in the tetragonal space group I4l/a_in such.a

way that the host molecules leave a three-dimensional system

of cavities interlinked by channels of guest molecular
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. 1. . . . .
size 25. This type of structure contains two different
cavities, or 'adsorption centres', of 1 and 4 local symmetry
available for guest molecules. Until now only occupation

of the 1 cavities has been revealed in single-crystal
studies. The latter have shown how a singlé aromatic guést
molecule fills the 1 site and how two smaller molecules (
eg: methanol ) are required to fill the same sitel‘23.
Although the crystal symmetry may differ from one'guest‘to’
another, the overall structure of a 7Y -phase [Ni(NCS)2(4—
Mepy)4] clathrate is composed of layers formed by the host
molecules. Guest molecules are located in cavities confined
by the isothiocyanate groups which protrude into the,space
between host layers. These layered structures are stable
only in the presence of guest molecules while the zeolite-
like (3 -phase preserves its porosity even in the absence of
guest molecules, a feature that‘hasvbeen exploited to obtain
thermodynamic information in this type of latticel‘26. Both
clathrating phases can alter their porosity in order to
absorb bigger or smaller guest molecules.
1.26

Kinetic studies on the course of the reaction:

o -[Ni(NCS),(4-Mepy) ;] + G — B -INi(NCs),(4-Mepy) ,].G

liqg.
together with sorption . equilibria in solid clathrate

1.20

compound - ligquid guest solution systems and absorption

1.27 have revealed that

studies of guest from the gas phase
the clathration process does not involve a dissolution-
crystallization process. Altgrnatively, when the
concentration of a suitable guest reaches a threshold value,

a— (3 -phase reconstruction in .the solid phése takes

place.

11



Practically important for separation purposes are equilibria
in systems where competitive absorption of different guests

takes place at different sites in the host 1atticél'26’

1'28. These reflect the strong influence a guest's molecular
structﬁre has on the number and shape of the cavities in the
host framework.

Macroscopically, energy of guest-lattice interactions, which
reflects the overall stability of the clathrate, appears as
the enthalpy of the enclathration reaction, ZSHclath ):

« -[Ni(NCS),(4-Mepy) ;] + nG — [-[Ni(NCS),(4-Mepy),].nG

Thermochemical studies on this enclathration reaction were
1.20

initiated by Hart and Smith who subdivided the total
enthalpy, AHclath' into the components:
AHclath =4 Ha——B + ,A Hevap A Hsorp

such that:

a) A Ha__b - enthalpy associated with lattice
transformation from the - to B.-éhase.

b) AHevap = enthalpy of conversion of the guest compound
into the gaseoﬁs state.

c) AHsorp =_enthalpy ofv sorption of gaseous guest mole‘cules
by the clathrating (3 -structure.

However, it has subsequently been found that the AHOI—»B

component cannot be aséumed to be constant ( ie: independent

of the type of guest component ) because of the dilation-

contraction which occurs when either éorption—desorption of

the guest or its exchange with another type 6f guest t_akes

place in the [J-clathrate. It has therefore been split into

two components:

i) AHOI—-B corresponding to the Ot—-BO phase transition,
0 .

where Bo denotes ‘empty' (3 -structure, which is

12



independent of guest tYpe. This value has been determined

experimentallyl'zg.
ii) AH 8 -y which dendte$ the enthalpy of (3 -structure

dilagion occurring on absorption of the guest and may be

" derived for each guest typel'ls.

This indicates a possible mechanism for clathration being .

initially a fast a-»Bo traﬁsformation in the solid lattice
followed by a slow lattice change from Bo tov B with
absorption of guest molecules.
The rate of deéorption of a‘ guest from a f -
[Ni(NCS)2(44Mepy)4] lattice is limited either by diffusion
~through the channel structure or by breaking the guesffhost
bindings. Ortho- and meta-substituted dinitrobenzenes  have
the slowest diffusion rates owing to their molecular shape
which does not permit easy diffusion through the narrowings
in the B-—strdcture. The more sfreamlined centrosymmetric
.para isomer, however, does not diffuse much faster through
this lattice type because it is the best fitting guest to
its ‘para' selective cavities. So in this case the breaking
of guest-host 'bonds', rather than diffusion, is the rate

‘determining step1'26.

1.2.2 Clathrating ability and selectivity

It is commonly agreed that the clathrating ability of these
Werner complexes depends on their molecular structure and in
particular on the pyridine ligand. An investigation into the
structural and stability changes which occur with variations

in the pyridine ligand IS the primary aim of the present
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study. One . variation in the anionic ligand has also
been examined.

The selectivity of enclathration is thought to depend on the
" shape more than the volume of the potential guest molecule,
and -on the shape of the neutral ligands.

Specific chemical host - guest interactions such as charge-
transfer processes héve been eliminated as factors
contributing to the sorption properties since good overlap
of the pyridine rings and aromatic parts of guest molecules
is geometfically impossible; thus selective énclathration
seems to be almost entirely based on steric considerations.
The strong guest influence on the clathrating host 1atti¢e
type in [Ni(NCS)2(4—Mepy)4] clathrates is illustrated by the
fact that Aacross almost the whole range of possible
compositions of the'ortho, meta and para xylene isomers the
thermodynamically ' stable host lattice is the {3-phase
which isr'para' selective. However, at.ﬁigh o-xylene and low
p-xylene concentrations the stable crystal lattice is .the
layer-type Y -phase which is 'ortho' selectiye1‘24.

No correlation between selectivity and enthalpy of inclusion-
has been observed for this Werner complex, wﬁich high;ights
tﬁe importance _of dynamic factors in determining the

selectivity of inclusion.

Host lattices of the type‘[Ni(NCS)2ﬁR2-C6H4—(CH—R1)-NH2)4]
where R = Me, Et, Pr... etc, and R®> = H, p-Me, o-Me... etc
have also shown selectivity among various xylenes and
methyl-naphthalenesl'3g.The greater flgxibility of these
neutral ligands about their metal coordinating nitrogen and

the subsequent location of their aromatic rings allow for

14



some weak electronic host : guest interactions. The presence
of chiral ligands introduces the possibility of enantiomeric

selectivityl'al.

1.2.3 [Niszz] Werner coﬁplexes:

Inélusion compdund formation from two;basé complexes of the
type [Ni(NCS)Zle has nét been aé extensively studied.

This work was stimulated by"a previous studyl°32 on the
dependence of the stereochemistry of [Ni(NCS)z(q-pr)zl
complexes on various positions of a substituent (g = 2,3 or
4) on the pyridine ligand (py), as weil_as on the nature of

the substituent (R = Me, Et, NH2, Cl, Br and CN). The

authors reported association of solvent molecules when 2~

| NHzpy was used as the neutral ligand.

Molecular structures have largely Dbeen determined Dby

magnetic and spectral measurementsl'3g’ 1’327 however X -ray

structure analyses have been carried out on [Ni(NCS)2(2,5-
1.33 1.34

diMepy) ,1 ' [Ni(NCS), (prperidine),] CHg and
[Ni(NCS)2(3—methyl isoquinoline)211'35.
In mononuclear [Ni(NCS)2(2-pr)2] structures the

substituent in the 2-position shows steric interaction with

the thiocyanate groups resulting in destabilization of the

" structure. However stabilization can be achieved by the

lengthening of the Ni-N(py) bond and by the twisting of the
pyridine ring from the  equatorial plane, as supported by X-
ray structure analysis results for the [Ni(NCS)2(2,5—di

1.33 ;

Mepy) ,] complex The 2-substituént of the ‘twisted

pyridine ring in this case makes the interaction in axial

positions more difficult, contrary to the effect of

15



substituents in positions 3 or 4.
1.2.4 Industrial uses:

Although the selectivities among ortho, meta, and para
visomers shown Dby [Ni(NCS)2(4—Mepy)4] and [Ni(NCS)z(cx-
varyialkylamine)4] host laﬁtices have been put to good use in
small .scale separations and in chromatographic
applicationsl'36,.$ disappointing aspect of their industrial
‘applications is the absence of any large scéle commercial
separation plants. The Union 0il Company built a pilot plant
to separate meta and para xylene using the selectivity of
[Ni(NCS)2(4—Mepy)4J for the para .isomer, and fig, 1.5
illustrates the flow diagram for the Labofina process for
separating meta and para xylene using the selectivity of
[Ni(NCS)z(cx—(m—chlor0phenyl)ethylamine)4] for the para
isomer1'37.

The main problem in commercial scale separation plants would
be the neea to handle solids with the concomitant need for
précipitation, filtration, and washing sequenées which would
require high cost filtratioﬁ or‘centrifuge equipment and
large volumes.of waéhing ligquid.

These difficuities may possibly be overcome by the use of
'liquid clathrates', which are formed between host compounds
of the general formula [M(Alz(CH3)6X)], where M = alkali
metal or tetraalkylammonium ion; X = N3, SCN, SeCN, F, Cl1,

Br, I, and small aromatic guest moleculesl'38.
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Fig.1.5 Flow diagram for the Labofina process for

separating meta and para xylenes
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The importance of this field of chemistry is reflected in

the increasing number of publications dealing with host-

guest interactions. In particular, a new journal, entitled

' Journal of Inclusion Phenomena ', emerged in 1983 with the

express purpose of reporting original research

aspects of the study of host-guest systems '
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CHAPTER 2



2 EXPERIMENTAL '

All compounds studied together with the numbers'and codes

which refer to them are listed in table 2.1.

2.1 Preparation of [Nisz4] Complexes and their clathrates,

where X = NCS or Br and B = 4-Etpy, 4-Vipy or 3,5-diMepy .

All reagents and solvents used were analytically pure and
generally supplied by SARchem ( Johannesburg )7 t)nly the
substituted pyridines were obtained from the Aldrich Chemical
Company ( Gérmany ). All preparations were carried out with
glass distilled water and crystallizations were done at
room temperature ( 294-303K ). Decomposition temperatures
weré determined on a Reichert Thermovar melting -poiﬁt

apparatus.

2.1.1 Preparation of [Ni(NCS)2(4—Etpy)4], [Ni(NCS)2(4—'

.Vipy)4] and [Ni(NCS)2(3,5—diMepy)4] host powder complexes:

Host powder complexes were prepared by the method of

‘Schaeffer et alﬁ'; as follows:

A green transparent solution of N_J'.(NCS-)2 ( 8.4mm61e_) was
made by dissolving nickel chloride, NiC12.6H20, ( 2.09g,
8.4mmole ) and potassium thiocyénate, KSCN, ( 1.64g,
.16.8mmole ) in distilled water ( 260ml ). The substituted
pyridine ( 36.9mmol - a 1@% excess ) was added dropwise (
over approximately 5 minutes ) with constant stirring to the

green solution. An immediate fine pale Dblue-purple
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TABLE 2.1 The compounds studied together with the numbers

and codes which refer to them.

Compound Formula* Compound Code
Number Name
[NiX2(4—Etpy)4] | I NYET
[NiX, (4-Etpy) ,] 11 NICH
[Nix2(4-Etpy)4].1/2 ccl, ' 111 NICL
.p-Xxylene v NIPAX
.m—xylene \Y NIMEX
.o-xylene - VI ~ NIORX
.2 Cs,,. ' VII- CSDE
.2 cc1, VIII NIGL
[NiX2(4-Vipy)4] X NIVTH
| .p-xylene ' X NIVP
.m-xylene X1 ‘ NIVMEX
.0-xylene - X111 NIVOX
.2 CHC1, XIIIX NIVBU

.1,8 THF * ™

.0,25 4-vipy **

[Ni(Br)2(4—Etpy)4].2H2

0) X1V NIEBB

[NiX,(3,5-diMepy) ,] = XV LIVY
[NiX2(2—NH2py)2].diethyl ether XVI TAPY
[NiX2(3—NH29y)2HzO].H20 XVII TRIPY

24



* e

Where: X = NCS
4-Etpy = 4-ethyipyridine
4-Vipy = 4-vinylpyridine
THF = tetrahydrofuran
3,5-diMepy = 3,5-dimethylpyridine
2—NH2py = 2-aminopyridine

3—NH2py = 3-aminopyridine

%% A compound not used for X-ray crystallographic studies

was not given a name and code.
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precipitate ( the host powder complex ) formed. The mixture
was stirred for an additional 30 minutes after all the
ligand had been added to ensure complete reaction, then the
precipitate was filtered ( Buchi Apparatus ), washed with
distilled water ( 3 x 1@ml ) and air dried for 30 minutes

then finally placed in a desiccator for 24 hours.

An attempt was made to detérmine the melting poiht of each
host powder. However when subjected to heat, the powders
first-went pale green at approximately 138°C then started to
go yellow at 135°C and had evehtuaﬂy'decomposed to a brown
powder by 25¢°C. The thermal decomposition was subsequently
studied! in section 5.4 these results are diséussed in

detail.
2.1.2 Preliminary solubility studies and solvent choice.

Initially the solubilities of the host powders in various
solvents were gqualitatively determined; the observations
made for some solvents are‘listed in table 2.2.

All three hosts show marked differences in solubilities in
the different solvents. The quantitative differences in
solubilities of the [Ni(NCS)2(4—Etpy)4] and [Ni(NCS)2(4—
Vipy)4] complexes in various solvents were determined ( see
section 5.1 for details ).

Solutions of the [Ni(NCS)2(4-Etpy)4] and [Ni(NCS)2(4-Vipy)4]
host powders in the solvents listed in table 2.2 were often
slightly turbid. The pale green colloidal suspension formed
in each case was filtered off ( it never amounted to more

than 2% by weight of the orginal host powder dissolved ) and
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TABLE 2.2 Preliminary qualitative solubility observations.

[Ni(NCs)zLJ where L =

Solvent 4-Etpy 4-Vipy 3, 5-diMepy

THF, C4H8O : vS vS I
chloroform, CHCl3 vS vS I
carbon tetrachloride, CCl4 S I I
p-xylene, p;Csng 8 pS ‘ I
m-xylene, m—C8ng S : S I
o-xylene, o-CgH, o S s . I
carbon disulphide, csé S S I
dimethyl sulphoxide (DMSO0) vS vS s(nh)
| ’ C2H6OS

diethyl ether,4C4ngOf I " I | I
bromoethane, C2H5Br S S I

Where the solubility gradient is expressed as:

vS = Very soluble

n
|

Soluble

S(h)

Soluble only with heat
. pS = Partially soluble

I = Insoluble
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some attempt was made to characterise it ( see sections

3.1.1, 3.1.2 and 5.2 ) .

In order to prepare single crystals of the non-clathrated

« -phase of each host powder a suitable solvent ( ie: one
which would not pbe enclathrated during crystallization of
thevWernef complex ) had to be chosen.

Aromatics are highly suitable guest compounds, the Werner
hosts are totally insoluble in long-chain aliphatic solvents
and soivent molecules like CC14, CHCl3 and CS2 were found to
be enclathrated so short-chain aliphatics and saturated
cyclic solvents seemed the most promising.

From the likely solvents listed in table 2.2 both DMSO and
bromoethane were eliminated because of their ability to
substitute ligands on the Werner complex. X-ray diffraction
studies on single crystals obtained from a DMSO solution of
[Ni(NCS)2(4-Phpy)4]2'2 and a Dbromoethane solution of
[Ni(NCS)2(4-Etpy)4]have revealed that DMSO can displace a
pyridine ligand on the Werner complex by coordinating via

its oxygen - atom2'2 and Dbromine can substitute the

‘isothiocyanate groups ( see compound XIV ).

However DMSO was the only solvent.that could be found for
the [Ni(NCS)2(3,5—diMepy)4] host powder, and preliminary
analyses on the crystals obtained indicated the presence of
the Werner complex only.

The most suitable solvent found for crystal growth of the

« -phases of the other two host complexes was THF.
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2.1.3 Crystal growth of the host complexes.

.The following solutions were used to crystallize £h¢ host
complexes: |
a) A saturated DMSO solution of [Ni(NCS)2(3,5diMepy)4]
obtained by heating the solvent to its boiling point.

b) A saturated THF (»compound I ) or chloroform ( compound
'II ) solution of [i (NCS) , (4-Etpy) , ] obtained with warming.

. ¢). A half-saturated THF solution of [Ni(NCS)2(4—Vipy)4].
Two basic methods of crystallization were employed:

a) Slow Evaporation:

Tﬁe solutions were placed in tubes, covered with perforéted
plastic film and left to stand. The §olvent evaporated and
crystals formed on the edées of the tubes.

The DMSO solution evaporated slowly enough for good quality
"deep purple-blue octahedral crystals of [Ni(NCS)2(3,5—‘
diMepy)4] to grow. However both THF and chloroform
evaporated too quickly for crystals of satisfactory gquality
for struétural stﬁdies to grow and thus the liquid diffusion

method was chosen instead.
2.2
. . . 2.3
b) Liquid Diffusion :
The solutions were placed in tubes ( 1¢mm diameter );then a
i .
suitable precipitating solvent was layered carefully down
the side of each tube onto the surface of the solution in

the tube ( an immediate turbidity occurred as the interface

was being established ). The precipitant chosen was diethyl
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ether because it 1s less dense than and miscible with both

THF and chloroform and the host complexes are insoluble 1in

it. The tubes were stoppered immediately after layering was
complete .and left to stand undisturbed. As the THF or
chloroform diffuses into the diethyl ether blue needle-

shaped crystals of the host complex ( compounds I, II and IX

) form at the interface. Diffusionwas maintained at a minimal

rate by keeping the amount of disturbancé and surface area
to a minimum ( hence the choice of tubes with ‘a small
diameter) to ensure good quality single crystals.

All single crystals of the host éomplexes ( compounds I, 1II,

IX and XV ) were air stable.
2.1.4 Crystal growth of the clathrates.
Single crystals of all clathrates were prepared by initially

making saturated solutions of the host powder complexes in

the prospective guest liquids. This was to ensure that the

guest concentration was always far in excess of that of the

hbst to maintain the extent of clathration at a maximum.
All the clathrates listed in table 2.1

cquld be crystallized by either the slow evaporation or
liquid diffusion »methodsf however generally the latter
method yielded better gquality crystals.
Single crystals>of the xylene clathrates ( compounds 1V, V,
VI, X, XI and XII ), the CS, clathrate ( compound VII ) and
one of the cCl, clathrates ( compound III ) were all dark
blue octahedra ( illustrated in fig 2.1 ).
Blue plate-shaped crystals were obtained for the clathrates

of CHCl, ( compound XIII ) and CCl, ( compound VIII ).
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Both CCl4_clathrates were initially obtained from a single
solution by the 'liquid diffusion method. ‘Octahedra (
" compound III ) formed at the interface while the pléte—
shaped crystals (.compound VIII ) grew in the lower half (

more concentrated in CCl of the solution.

4 )
Green cubic crystals of compound XIV were obtained by both
liguid diffusion and evaporation methods whenever the
solution used was [Ni(NCS)2(4—Etpy)4] host powder
dissolved in ethylbromide.

The single crystals of all the clathrates, on exposure to
ambient conditions, initially crack and become non-
transparent because of surface decomposition ( 1loss of
surface guest ) and eventually crumble to the host powder,
while still retaining the overall shape of the origihal
clathrate crystal , as the internal guest molecules
escape.

Fig.2.1 illustrates:

a) A needle-shaped & -phase crystal of compound IX.

b) A typical (3 -phase octahedral clathrate cryst;l ¢
compound X )} with decomposed crystals from the same solution
alongside

c) A.[3—phase clathrate crystal ( compound X ) decomposing

by cracking.

31






























































































































































