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Structural properties of incommensurate solid inclusion com-
pounds formed between long-chain a,x-dihalogenoalkanes [1,10-
dibromodecane, Br(CH2)10Br; 1,8-diiodooctane, I(CH2)8I; 1,10-
diiododecane, I(CH2)10I] and tri-ortho-thymotide (TOT) are
reported, together with a detailed discussion of the di4raction
properties of these inclusion compounds. At ambient temper-
ature, all three inclusion compounds have essentially the same
TOT 99host:: structure, within which there are linear, parallel
tunnels. The a,x-dihalogenoalkane 99guest:: molecules form an
ordered arrangement along these tunnels, with an incommensur-
ate relationship between the periodicities of the host and guest
structures along the tunnel direction. However, the guest molecu-
les do not exhibit strong inter-tunnel ordering (in contrast to the
situation for the same guest molecules in urea inclusion com-
pounds). As a consequence of the partially disordered guest
substructures in these TOT inclusion compounds, the single-
crystal X-ray di4raction patterns contain substantial di4use scat-
tering. The results reported here provide evidence for a weak
superstructure of the host in the 1,10-dibromodecane/TOT and
1,10-diiododecane/TOT inclusion compounds and evidence for
a low-temperature phase transition in the 1,8-diiodooctane/TOT
inclusion compound. The di4raction properties of these inclusion
compounds and their corresponding structural implications are
assessed in detail. ( 1999 Academic Press

INTRODUCTION

In solid inclusion compounds of tri-ortho-thymotide
(TOT), appropriate &&guest'' molecules are located within
cavities or tunnels generated from the crystal packing of
TOT molecules (the &&host'' structure). The TOT molecule
(Fig. 1) is #exible, and in solution two di!erent chiral confor-
mations predominate (1). The major conformer is described
as a &&propeller,'' with all three carbonyl oxygen atoms
1Dedicated to Professor C. N. R. Rao, FRS, on the occasion of his 65th
birthday.
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pointing to one side of the central 12-membered ring. The
minor conformer is described as &&helical,''with one carbonyl
oxygen atom pointing in the opposite direction to the other
two. The pure crystalline phase of TOT (2) is a racemic
mixture of the two enantiomers of the propeller conforma-
tion. When TOT is crystallized in the presence of appropri-
ate guest molecules, inclusion compounds of TOT can be
formed. A wide variety of guest molecules can form such
inclusion compounds with TOT, and the TOT host struc-
ture can di!er substantially depending on the structural
characteristics of the guest. Comprehensive reviews of solid
inclusion compounds of TOT are given in Refs. (3, 4).

In general, TOT inclusion compounds can be classi"ed as
either cage type or tunnel type depending on the nature of
the inclusion cavities within the host structure. In the cage-
type inclusion compounds, the guest molecules are enclosed
in discrete cavities within the host crystal, and guest molecu-
les in di!erent cages are not in direct contact with each
other. Virtually all cage-type TOT inclusion compounds
have space group P3

1
21, and are formed by guest molecules

with maximum dimension shorter than ca. 9 As , such as
acetone, methanol, bromocyclohexane, and pyridine. In
general, the cage-type inclusion compounds have a host/
guest molecular ratio of 2.

The tunnel-type inclusion compounds can be subdivided
into two general types, characterized by di!erent tunnel
topologies:

i. Systems of intersecting tunnels (denoted here as type
T-I): This type of tunnel structure is typically formed with
nonlinear guests such as benzene, toluene, trans-stilbene,
and cis-stilbene. The space group is P11 and there are three
di!erent types of tunnels in the host structure. Two types of
tunnels are parallel to each other and have uniform cross-
sectional areas. The third type of tunnel lies along another
direction and its cross-sectional area varies, through a series
of constrictions and bulges, on moving along the tunnel.

ii. Parallel, nonintersecting tunnels (denoted here as type
T-II): This type of tunnel structure is typically formed with
0022-4596/99 $30.00
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FIG. 1. Molecular structure of TOT.
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long-chain, unbranched guest molecules longer than ca.
9.5 As . Linear, parallel tunnels run through the crystal, gen-
erally along the principal crystallographic axis. The space
group is usually P6

1
(P6

5
), P6

2
(P6

4
) or P3

1
(P3

2
) depending

on the guest, with the screw axis lying along the tunnel
direction. The "rst studies of TOT inclusion compounds of
type T-II, carried out by Lawton and Powell (5), investi-
gated a range of di!erent types of guest molecules, and the
lattice parameters and space groups were characterized
from single-crystal X-ray di!raction photographs. Among
these guests, a,u-dibromoalkanes [Br(CH

2
)
n
Br] with n"1,

2, and 3 and a,u-diiodoalkanes [I(CH
2
)
n
I] with n"1 and 6

were studied. We note that, in common with many other
solid organic inclusion compounds, the tunnels are stable
only if guest molecules are present. If the guest molecules are
removed (for example, by heating), the empty tunnels col-
lapse to give the pure crystalline phase of TOT.

It is important to note that the host structure in many
TOT inclusion compounds is chiral, and may in#uence
signi"cantly the properties of the guest molecules. For chiral
guest species, one enantiomer would be expected to pre-
dominate within a given single crystal of the inclusion com-
pound, and the opportunity for exploiting this host}guest
chiral recognition has received considerable attention for
TOT inclusion compounds (3, 4, 6, 7).

The work presented here is part of a comprehensive study
of the structural properties of organic inclusion compounds
containing tunnel host structures. Much research has
been devoted to other families of solid organic inclusion
compounds, particularly the urea and thiourea inclusion
compounds (8), with some focus on families of inclusion com-
pounds containing long-chain a,u-dihalogenoalkane guest
molecules. The present paper extends previous research on
TOT inclusion compounds by considering TOT inclusion
compounds containing long-chain a,u-dihalogenoalkane
guest molecules, with the expectation that these guest mol-
ecules will generate one-dimensional tunnel structures of
type T-II, analogous to the tunnel topologies of the urea
inclusion compounds. Among other aspects, the fact that
the distance between adjacent tunnels in the TOT inclusion
compounds (ca. 14.3 As for type T-II) is larger than that for
urea inclusion compounds (ca. 8.2 As ) may provide a system-
atic means of investigating the factors that in#uence the
intertunnel ordering of the guest molecules. Concepts de-
veloped to understand the structural properties of urea
inclusion compounds may be applied to other inclusion
compounds with one-dimensional tunnel structures, such as
the TOT inclusion compounds of type T-II. These concepts
are discussed in detail in Ref. (9) and are summarized in
Section 2.

In this paper, we focus on TOT inclusion compounds
containing the following a,u-dihalogenoalkane guest
molecules: 1,10-dibromodecane [Br(CH

2
)
10

Br, abbreviated
C

10
Br

2
], 1,8-diiodooctane [I(CH

2
)
8
I, abbreviated C

8
I
2
],

and 1,10-diiododecane [I(CH
2
)
10

I, abbreviated C
10

I
2
]. We

"nd that these inclusion compounds have certain structural
features in common (as well as certain subtle di!erences)
and it is convenient to discuss them together. The structural
properties of other TOT inclusion compounds containing
long-chain a,u-dihalogenoalkane guest molecules (such as
1,8-dibromooctane and 1,12-dibromododecane) contrast
markedly with those reported here, and will be discussed in
detail elsewhere (10).

2. OVERVIEW OF STRUCTURAL ASPECTS OF
TUNNEL INCLUSION COMPOUNDS

Solid inclusion compounds are composed of two chemic-
ally distinguishable subsystems: the host and guest compo-
nents. For one-dimensional tunnel structures, an important
classi"cation concerns the relationship between the peri-
odicities (denoted c

)
and c

'
) of the host and guest compo-

nents along the tunnel axis (Fig. 2). The relationship is
commensurate if su$ciently small integers (p and q) can be
found such that pc

)
+qc

'
, and incommensurate if su$-

ciently small integers cannot be found to satisfy this equa-
tion. The commensurate or incommensurate nature of the
inclusion compound has important implications with re-
spect to the structural and dynamic properties of the inclu-
sion compound. We note that other criteria, based on the
energetics of host}guest interaction, have been developed
(11) for distinguishing commensurate and incommensurate
behavior.

With respect to structure determination, a commensurate
inclusion compound can be understood as a single com-
posite system, with periodicity described by a three-
dimensional lattice and symmetry described by a three-
dimensional space group. For a commensurate system, it is
not necessary to delineate any explicit structural distinction
between the host subsystem and the guest subsystem. In
reciprocal space, all di!raction maxima can be rationalized
on the basis of a conventional three-dimensionally periodic
reciprocal lattice, which can be rationalized completely in
terms of di!raction from the composite inclusion compound



FIG. 2. Schematic two-dimensional representation of a tunnel inclusion compound, viewed perpendicular to the tunnel axis, indicating the de"nitions
of c

'
and c

)
.
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(with no requirement to attribute separate contributions to
the di!raction pattern from the host and guest subsystems).

For an incommensurate inclusion compound, on the
other hand, the composite system does not have periodicity
described by a conventional three-dimensional lattice nor
symmetry described by a conventional three-dimensional
space group. Instead, four (or more) basis reciprocal lattice
vectors are required to de"ne the structural periodicity, and
a four-dimensional (or higher-dimensional) superspace
group (12) is required to describe the overall symmetry of
the composite inclusion compound. As a "rst step toward
understanding the structural properties of an incommensur-
ate inclusion compound, it is convenient to step back from
the superspace description of the composite system and to
consider that the inclusion compound is composed of two
separate (but not independent) substructures*the host
substructure and the guest substructure*intergrown with-
in each other. Such a description is particularly appropriate
when, as in the present case, one substructure (the guest
substructure) is substantially less well ordered than the
other substructure.

In this description, each substructure is considered in
terms of a basic structure that is subjected to an incommen-
surate modulation. In general, each basic structure has
periodicity described by a conventional three-dimensional
lattice and symmetry described by a conventional three-
dimensional space group (although in practice the basic
guest structure is often substantially disordered). The in-
commensurate modulation to a given basic structure repres-
ents the structural perturbations that it experiences due to
its interaction with the other basic structure (i.e., host}guest
interaction). The di!raction pattern can be described in
terms of two interrelated scattering components, which we
call the &&h'' and &&g'' di!raction patterns. The &&h'' di!raction
pattern (denoted by subscript h) results from scattering by
the basic host structure (and by the incommensurate modu-
lation to the basic guest structure), whereas the &&g'' di!rac-
tion pattern (denoted by subscript g) results from scattering
by the basic guest structure (and by the incommensurate
modulation to the basic host structure).

In general, analysis of the &&h'' di!raction pattern (as
described in Section 4.2) allows the basic host structure to
be determined, but also provides some information concern-
ing the guest substructure, as now described. First, for
a structure with tunnels along the c axis, the (hk0) re#ections
are common to the &&h'' and &&g'' di!raction patterns and
provide two-dimensional information on the basic host
structure and the basic guest structure projected onto the
plane perpendicular to the tunnel axis. Second, the (hkl)

)
re#ections with lO0 convey information on the incommen-
surate perturbations to the basic guest structure (these per-
turbations, which arise from host}guest interaction, have
the same periodicity as the basic host structure). This &&per-
turbation electron density'' represents the di!erence in elec-
tron density between the true guest substructure averaged
over the periodicity of the basic host structure and the basic
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guest structure averaged over the periodicity of the basic
host structure. In general, the basic host structure alone
usually accounts for the majority of the intensity of the
re#ections in the &&h'' di!raction pattern.

In principle, measurement and analysis of the &&g'' di!rac-
tion pattern should allow the basic guest structure to be
determined. Unfortunately, the opportunities to determine
the basic guest structures of incommensurate tunnel inclu-
sion compounds are often limited by the fact that the
number of well-de"ned Bragg di!raction maxima in the &&g''
di!raction pattern is usually very small. Nevertheless, in
some cases (13}15), it may be possible to determine
the periodicity of the basic guest structure and, thus,
establish the mode of intertunnel ordering of the guest
molecules.

To gain an overall (qualitative) impression of the struc-
tural properties of tunnel inclusion compounds, X-ray dif-
fraction oscillation photographs recorded for a single
crystal oscillating about the tunnel axis are particularly
informative. Among other information, such photographs
allow an assessment of the commensurate/incommensurate
nature of the inclusion compound (the periodicities c

)
and

c
'
may be determined directly from such photographs). For

an incommensurate tunnel inclusion compound, the layer
lines of the &&h'' di!raction pattern usually comprise sharp,
discrete di!raction maxima, arising predominantly from the
three-dimensionally ordered basic host structure. In general,
the layer lines of the &&g'' di!raction pattern may contain
both di!use and discrete scattering, depending on the extent
and nature of the ordering within the basic guest structure.
Sheets of di!use scattering perpendicular to the tunnel axis
signify one-dimensional ordering of the guest molecules
along the tunnel (9), whereas discrete Bragg scattering is
characteristic of three-dimensional ordering of the guest
molecules (i.e., intertunnel ordering in addition to ordering
along the tunnel).

3. EXPERIMENTAL

TOT was synthesized from thymol following the proced-
ure reported in Ref. (16). The a,u-dihalogenoalkanes (1,10-
dibromodecane, 1,8-diiodooctane, 1,10-diiododecane) were
obtained commercially. To prepare the inclusion com-
pounds, solutions of TOT dissolved in the guest species (as
solvent) were prepared, and crystallization was allowed to
occur by slow evaporation of solvent from these solutions at
553C. The use of the a,u-dihalogenoalkane as the solvent in
this way is preferable over alternative procedures (such as
using both TOT and the a,u-dihalogenoalkane as solutes in
another solvent) as it avoids competition between di!erent
potential guest molecules (the solvent and the a,u-dihalo-
genoalkane) when forming the inclusion compound. After
su$ciently large crystals had grown, they were collected and
washed with 2,2,4-trimethylpentane. Powder X-ray di!rac-
tion data recorded at ambient temperature for these samples
were consistent with the hexagonal type T-II phase of TOT
inclusion compounds. There was no evidence for the pure
crystalline phase of TOT.

Structural properties of the a,u-dihalogenoalkane/TOT
inclusion compounds were investigated by single-crystal
X-ray di!raction (using oscillation photographs to assess
the overall di!raction properties and di!ractometric data
collection for structure determination). Single-crystal X-ray
di!raction data collections were carried out using graphite-
monochromated MoKa radiation on a Rigaku R-Axis II
di!ractometer equipped with an area detector. Data collec-
tions comprised 18 frames, each recorded over an oscillation
range of 103, with crystal-to-detector distance of 100 mm
and exposure time of 20 min. Data collection parameters for
C

10
Br

2
/TOT, C

8
I
2
/TOT, and C

10
I
2
/TOT at 293 K are

summarized in Table 1. Crystal structure re"nement calcu-
lations were carried out using the SHELXL-93 (17) and
SHELXL-97 (18) programs.

Single-crystal X-ray di!raction oscillation photographs
[with rotation axis parallel to the main axis of the hexa-
gonal crystal morphology (tunnel axis of the TOT host
structure)] were recorded on a Rigaku R-Axis II di!rac-
tometer (at 293 K and selected low temperatures) as follows:
C

10
Br

2
/TOT [CuKa

1
radiation, crystal-to-detector dis-

tance 60 mm], C
8
I
2
/TOT [MoKa, 120 mm], and

C
10

I
2
/TOT [CuKa

1
, 60 mm]. A standard MSC low-tem-

perature device was used for experiments below ambient
temperature (the stability and accuracy of the low-temper-
ature device have been determined to be $2 K). For C

10
I
2
/

TOT, de Jong-Bouman single-crystal X-ray di!raction pho-
tographs were also recorded at 293 K on a Stoe Reciprocal
Lattice Explorer using Ni-"ltered CuKa radiation.

Although we focus here on structural properties at ambi-
ent temperature (293 K), preliminary investigations of
C

8
I
2
/TOT and C

10
I
2
/TOT below ambient temperature

have been carried out. Di!erential scanning calorimetry
(DSC) studies of C

8
I
2
/TOT and C

10
I
2
/TOT were carried

out between 293 and 123 K (cooling rate, 20 K min~1) on
a Perkin Elmer Pyris 1 instrument. For C

8
I
2
/TOT, an

exotherm is evident at about 136 K (peak maximum tem-
perature). For C

10
I
2
/TOT, on the other hand, no exotherms

or endotherms were observed in the temperature range
studied.

4. RESULTS AND DISCUSSION

4.1. Qualitative Assessment of Diwraction/Structural
Properties

a. C10Br2/TOT. The X-ray di!raction oscillation photo-
graph (Fig. 3a) recorded at 293 K for a single crystal of
C

10
Br

2
/TOT rotating about its tunnel axis reveals two

separate di!raction patterns assigned as the &&h'' and &&g''
di!raction patterns of an incommensurate system. The &&h''



TABLE 1
Data Collection and Re5nement Parameters for Crystal Structure Determination of C10Br2/TOT, C8I2/TOT, and C10I2/TOT

at 293 K

Compound

C
10

Br
2
/TOT C

8
I
2
/TOT C

10
I
2
/TOT

Temperature 293(2) K 293(2) K 293(2) K
Wavelength 0.71069 As 0.71069 As 0.71069 As
Space group P6

1
P6

1
P6

1
Unit cell parameters a"14.294(2) As a"14.319(1) As a"14.285(3) As

c"29.039(4) As c"29.111(2) As c"29.122(7) As
Unit cell volume 5139(1) As 3 5169.1(7) As 3 5146(2) As 3
h range for data collection 1.643}22.423 1.643}22.033 1.653}22.143
Index ranges !154h414 !154h415 !154h414

!144k415 !154k414 !144k414
!314l428 !304l430 !314l428

Re#ections collected 14,168 17,425 12,482
Independent re#ections 3902 (R

*/5
"0.063) 4026 (R

*/5
"0.046) 3607 (R

*/5
"0.059)

Re"nement method Full-matrix least squares on F2 Full-matrix least squares on F2 Full-matrix least squares on F2

Data/restraints/parameters 3902/52/340 4026/52/370 3607/52/379
Goodness-of-"t on F2 1.258 1.138 1.308
Final R indices [I'2p(I)] R"0.130 R"0.110 R"0.150

wR"0.272 wR"0.309 wR"0.296
R indices (all data) R"0.132 R"0.111 R"0.152

wR"0.273 wR"0.310 wR"0.297
Absolute structure parameter 3(4) 1(4) 2(5)
Largest di!erence map peak 0.197 e As ~3 0.334 e As ~3 0.247 e As ~3

Largest di!erence map hole !0.211 e As ~3 !0.216 e As ~3 !0.235 e As ~3
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di!raction pattern comprises discrete Bragg maxima and is
consistent with the standard cell for TOT inclusion com-
pounds of type T-II, whereas the &&g'' di!raction pattern
comprises layers of di!use scattering. The ratio of the peri-
odicities of the basic host and basic guest structures along
FIG. 3. (a) Oscillation photograph (with oscillation range 1203) recorded f
The curvature of the layer lines [except for the (hk0) layer] arises from the u
oscillation photograph of the type shown in (a). Additional superstructure r
the tunnel direction is estimated to be c
'
/c

)
+0.54, corre-

sponding to an incommensurate relationship.
Within the di!use scattering in the (hk1)

'
layer, broad

local intensity maxima (which may represent broad
Bragg maxima) can be identi"ed. Thus, in addition to the
or a single crystal of C
10

Br
2
/TOT oscillating about its tunnel axis at 293 K.

se of a #at detector. (b) Detail of the low-angle region of a long- exposure
e#ections are indicated by arrows.



FIG. 4. Relationship between the lattice vectors Ma, bN of the supercell
for C

10
Br

2
/TOT (and C

10
I
2
/TOT) and the lattice vectors Ma

4
, b

4
N of the

standard T-II cell.
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one-dimensional ordering of the guest molecules along the
tunnel direction (giving rise to the layers of di!use scatter-
ing), there is evidence for some extent of three-dimensional
ordering of the guest molecules (representing weak intertun-
nel ordering). In contrast, strong three-dimensional order-
ing of the guest molecules would give rise to sharp Bragg
maxima in the &&g'' di!raction pattern, as observed for some
urea inclusion compounds (13}15). The other layer lines
with signi"cant intensity in the &&g'' di!raction pattern
[(hk3)

'
and (hk4)

'
] represent di!use scattering, with no local

intensity maxima discernible within these layers.
On close inspection of the low-angle region of oscillation

photographs recorded with long exposure time, additional
very weak re#ections are evident (Fig. 3b) between the layer
lines of the &&h'' di!raction pattern and within the (hk0) layer
[note that these supercell re#ections are very weak in com-
parison with other re#ections in the &&h'' di!raction pattern].
These additional re#ections are not indexed by the standard
T-II cell, and are attributed to a weak supercell of the basic
host structure. The supercell has been determined by com-
paring the 2h values extracted from the oscillation photo-
graph and calculated 2h values based on plausible
supercells. From this analysis, the supercell Ma, b, cN is
related in the following way to the lattice parameters Ma

4
, b

4
,

c
4
N of the standard T-II cell,

a"!a
4
!2b

4
,

b"2a
4
#b

4
,

c"2c
4
,

with the following relationships between the magnitudes of
the cell edges:

a"b"J3 a
4
"J3 b

4
,

c"2c
4
.

The relationship in the ab plane between the supercell and
the standard T-II cell is shown in Fig. 4.

b. C8I2/TOT. The X-ray di!raction oscillation photo-
graph (Fig. 5a) recorded at 293 K for a single crystal of
C

8
I
2
/TOT oscillating about its tunnel axis is similar to that

for C
10

Br
2
/TOT at 293 K. Two separate di!raction pat-

terns are clearly distinguished, and are assigned as the &&h''
and &&g'' di!raction patterns of an incommensurate system.
The &&h'' di!raction pattern comprises discrete Bragg maxi-
ma and is consistent with the standard cell for TOT inclu-
sion compounds of type T-II, whereas the &&g'' di!raction
pattern comprises layers of di!use scattering. From the
oscillation photograph, the following incommensurate rela-
tionship is deduced: c

'
/c

)
+0.53.
As observed for C
10

Br
2
/TOT, the di!use scattering in the

(hk1)
'
layer has #uctuations in intensity, representing broad

local intensity maxima. Thus, in addition to the one-dimen-
sional ordering of the guest molecules (giving rise to the
layers of di!use scattering) along the tunnel direction, there
is evidence for some extent of three-dimensional ordering of
the guest molecules (representing weak intertunnel order-
ing). The (hk2)

'
and (hk3)

'
layers are very weak, whereas the

(hk4)
'
layer is stronger. No local intensity maxima are dis-

cernible in this di!use (hk4)
'

layer.
The oscillation photograph recorded at 123 K (Fig. 5b)

reveals changes (particularly in the high-angle region) in
comparison with the oscillation photograph recorded at
293 K, indicating structural changes on lowering the tem-
perature. This result is consistent with our DSC experi-
ments, which provide evidence for a phase transition at
about 136 K. In part, the changes observed in the di!raction
pattern (Fig. 5b) on cooling may arise from twinning of the
crystal on entering the low-temperature phase (as com-
monly observed for solid state phase transitions). Attempts
to determine the lattice parameters at 123 K (and sub-
sequently to carry out a complete data collection with
a view to structure determination) were unsuccessful. In
view of these problems, our future strategy to characterize
the structural properties of the low-temperature phase of
C

8
I
2
/TOT will focus on powder di!raction techniques

(which are not limited by the occurrence of crystal twinn-
ing).

With respect to the &&g'' di!raction pattern, the oscillation
photograph recorded at 123 K shows increased localization
of intensity within the (hk1)

'
layer line, suggesting an in-

crease in the extent of three-dimensional ordering of the
guest molecules. Furthermore, additional layers of di!use
scattering are discernible at high angle [for example, on
either side of the (hk4)

'
layer]; the positions of these addi-

tional layer lines, which are particularly broad along the



FIG. 5. Tunnel-axis oscillation photographs (with oscillation range 1203) recorded for a single crystal of C
8
I
2
/TOT at (a) 293 K and (b) 123 K.
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c*
'

direction (vertical in Fig. 5b), imply a doubling of the
periodic repeat distance of the guest molecules along the
tunnel.

c. C10 I2/TOT. The X-ray di!raction oscillation photo-
graph (Fig. 6a) recorded at 293 K for a single crystal of
C

10
I
2
/TOT oscillating about its tunnel axis is similar to

those for C
10

Br
2
/TOT and C

8
I
2
/TOT at 293 K. Two separ-

ate di!raction patterns are clearly distinguished and are
assigned as the &&h'' and &&g'' di!raction patterns of an incom-
mensurate system. Again, the &&h'' di!raction pattern com-
prises discrete Bragg maxima and is consistent with the
standard cell for TOT inclusion compounds of type T-II,
whereas the &&g'' di!raction pattern comprises layers of pre-
dominantly di!use scattering. From this oscillation photo-
graph, the following incommensurate relationship is
deduced: c

'
/c

)
+0.61.

Although the (hk1)
'

layer line is predominantly di!use,
local intensity maxima are clearly evident, suggesting some
extent of three-dimensional ordering of the guest molecules.
These broad peaks appear to be more intense and localized
than those in the (hk1)

'
layers for C

10
Br

2
/TOT and

C
8
I
2
/TOT at 293 K. However, studies of the (hk1)

'
layer of

C
10

I
2
/TOT using de Jong}Bouman photography at 293 K

did not provide su$cient information on the distribution of
the local intensity maxima to deduce the mode of inter-
tunnel ordering of the guest molecules.

A noteworthy feature of the oscillation photograph for
C

10
I
2
/TOT at 293 K, which we have not previously ob-

served for one-dimensional inclusion compounds, concerns
the complicated intensity distribution of the (hk5)

'
layer line,
which may be described as two sublayers (Fig. 6a). These
sublayers occur slightly above and slightly below the posi-
tion predicted for the (hk5)

'
layer. We refer to these sub-

layers as (hk5)
'1

[closer to (hk0)] and (hk5)
'2

[further from
(hk0)]. The origin of these two sublayers is not clear, and
accurate analysis of the di!use scattering in the (hk5)

'
layer

(and particularly its dependence on position along the c*
'

di-
rection) is required (see Section 5). Furthermore, the layer
lines of the &&g'' di!raction pattern can be subdivided into
those [(hk3)

'
, (hk4)

'
, and (hk5)

'2
] with broad di!use scatter-

ing along the c*
'

direction and those [(hk1)
'
, (hk5)

'1
] that are

much sharper along the c*
'

direction.
As observed for C

10
Br

2
/TOT at 293 K, close inspection

of the low-angle region of oscillation photographs recorded
with long exposure time reveals re#ections in between the
layer lines of the &&h'' di!raction pattern and within the (hk0)
layer (Fig. 6b). These re#ections arise from a weak supercell
of the average basic host structure and can be indexed using
the supercell described above for C

10
Br

2
/TOT. These addi-

tional re#ections are also observed at 123 K.
At 123 K, the oscillation photograph (Fig. 6c) for

C
10

I
2
/TOT shows increased localization of intensity in the

(hk1)
'

and (hk5)
'1

layers, suggesting an increased extent of
three-dimensional ordering of the guest molecules. Never-
theless, it is clear from the di!use scattering that the guest
substructure is still substantially disordered. As observed for
the (hk5)

'
layer at 293 K, the (hk3)

'
and (hk5)

'
layers at

123 K can be described in terms of two closely spaced
sublayers of di!use scattering. These sublayers occur slight-
ly above and slightly below the positions predicted for the
(hk3)

'
and (hk5)

'
layers. Again, di!erent layers in the &&g''



FIG. 6. Tunnel-axis oscillation photographs (with oscillation range
1203) recorded for a single crystal of C

10
I
2
/TOT at (a) 293 K, (b) 293 K

[a long-exposure oscillation photograph, as in (a), showing detail of the
low-angle region; additional superstructure re#ections are indicated by
arrows], and (c) 123 K.
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di!raction pattern display di!erent features. In this case,
there are prominent (although broad) local intensity maxi-
ma in the (hk1)

'
and (hk5)

'1
layers. The sublayers (hk3)

'1
and

(hk3)
'2

show similar features, but weaker than those ob-
served for (hk1)

'
and (hk5)

'1
. Again, the (hk5)

'2
layer is

substantially broader along the c*
'

direction than the (hk5)
'1

layer. More detailed explorations of these regions of recip-
rocal space, including systematic scanning of the two-di-
mensional intensity distributions within these layers and
sublayers, are required to establish the structural origins of
these di!raction features.

4.2. Determination of the Basic Host Structures

The &&h'' di!raction patterns of C
10

Br
2
/TOT, C

8
I
2
/TOT,

and C
10

I
2
/TOT at 293 K can all be indexed by a lattice with

hexagonal metric symmetry (a+14.3 As , c+29.2 As ; see
Table 1) consistent with the standard cell (5) for TOT
inclusion compounds of type T-II. In all cases, the di!rac-
tion data are consistent with Laue group 6/m and space
group P6

1
(or P6

5
). Density considerations suggest that

there is one TOT molecule in the asymmetric unit. Note that
for C

10
Br

2
/TOT and C

10
I
2
/TOT, the very weak superstruc-

ture re#ections discussed above were not taken into account
in this analysis. In part, this was because the indexing
software on the di!ractometer used in this study did not
permit the inclusion of these very weak re#ections in the
indexing scheme. In any case, the number of these addi-
tional re#ections is very small and their intensities are very
low, and the superstructure that they allude to must there-
fore constitute only a minor perturbation to the basic host
structure based on the standard type T-II cell. In view of the
complications (see below) in structure re"nements arising
from the requirement to include contributions to the &&h''
di!raction pattern from scattering by the guest substruc-
ture, it is unlikely that the re"nement calculations could
sustain the introduction of additional re"nable parameters
to represent a weak superstructure of the basic host struc-
ture.

For C
10

Br
2
/TOT, attempts to solve the basic host struc-

ture by direct methods using the measured &&h'' di!raction
data were unsuccessful. Instead, the basic host structure of
the 1,8-dibromooctane/TOT inclusion compound at 293 K
(10) (comprising one TOT molecule in the asymmetric unit)
was used as the starting model for structure re"nement of
C

10
Br

2
/TOT. In the initial re"nements, the TOT molecule

was highly constrained: the benzene rings were constrained
to be perfect hexagons, the atoms bonded to the benzene
rings were restrained to be coplanar with the benzene ring
and restrained to be positioned on the bisector of the angle
formed by the relevant C}C}C unit of the benzene ring, and
bond distances of the same type (for example, all C"O
bonds, all C

3*/'
}C

.%5):-
bonds, all C}O bonds, etc.) within

a TOT molecule were restrained to be equal. Ultimately,



TABLE 2
Atomic Coordinates and Equivalent Isotropic Displacement

Parameters (Ueq) for the Average Basic Host Structure of
C10Br2/TOT at 293 Ka

Atom x y z ;
%2

(As 2)

O(1) 0.3229(5) 0.4222(5) 0.1118(2) 0.055(2)
O(2) 0.3011(7) 0.5408(7) 0.1520(3) 0.106(3)
O(3) 0.2362(5) 0.4756(4) 0.0309(2) 0.060(2)
O(4) 0.2513(7) 0.6346(6) 0.0390(3) 0.098(3)
O(5) 0.4615(6) 0.5576(4) 0.0455(2) 0.068(2)
O(6) 0.5402(8) 0.7136(6) 0.0804(3) 0.106(3)
C(1) 0.4286(5) 0.3939(4) 0.16753(15) 0.066(3)
C(2) 0.5267(6) 0.4265(5) 0.1894(2) 0.084(4)
C(3) 0.6180(5) 0.5223(6) 0.1765(2) 0.088(4)
C(4) 0.6112(4) 0.5856(5) 0.1417(2) 0.090(4)
C(5) 0.5131(5) 0.5530(5) 0.1199(2) 0.062(3)
C(6) 0.4218(4) 0.4572(5) 0.13278(13) 0.059(3)
C(7) 0.7117(7) 0.6907(8) 0.1281(4) 0.131(6)
C(8) 0.3295(7) 0.2899(7) 0.1816(3) 0.079(3)
C(9) 0.3349(14) 0.1911(10) 0.1672(6) 0.135(6)
C(10) 0.3097(16) 0.2863(14) 0.2333(4) 0.141(7)
C(11) 0.5029(8) 0.6178(7) 0.0821(2) 0.067(3)
C(12) 0.5492(5) 0.6371(4) !0.0269(2) 0.087(4)
C(13) 0.5484(6) 0.6815(5) !0.0694(2) 0.118(6)
C(14) 0.4605(7) 0.6924(5) !0.0820(2) 0.114(5)
C(15) 0.3735(6) 0.6590(5) !0.0522(2) 0.092(4)
C(16) 0.3743(5) 0.6146(4) !0.0097(2) 0.065(3)
C(17) 0.4622(5) 0.6037(3) 0.00293(15) 0.064(3)
C(18) 0.2781(9) 0.6712(8) !0.0665(4) 0.134(6)
C(19) 0.6453(7) 0.6255(7) !0.0132(3) 0.104(5)
C(20) 0.6552(13) 0.5416(11) !0.0406(6) 0.134(6)
C(21) 0.7517(11) 0.7311(10) !0.0125(10) 0.198(11)
C(22) 0.2830(7) 0.5786(5) 0.0231(3) 0.060(3)
C(23) 0.0653(5) 0.3655(4) 0.1336(2) 0.072(3)
C(24) 0.1562(4) 0.4173(3) 0.1057(2) 0.055(3)
C(25) 0.1446(4) 0.4248(3) 0.0585(2) 0.052(2)
C(26) 0.0420(5) 0.3805(4) 0.0393(2) 0.074(3)
C(27) !0.0489(4) 0.3287(5) 0.0673(2) 0.093(4)
C(28) !0.0372(4) 0.3212(5) 0.1144(2) 0.095(5)
C(29) 0.0775(8) 0.3573(8) 0.1849(3) 0.104(5)
C(30) 0.0288(9) 0.3893(8) !0.0125(3) 0.116(5)
C(31) !0.029(3) 0.453(2) !0.0200(7) 0.245(15)
C(32) !0.0237(18) 0.2863(13) !0.0399(7) 0.196(10)
C(33) 0.2669(6) 0.4659(6) 0.1259(3) 0.055(3)
C(34*) 0.064(5) 0.046(4) !0.117(3) 0.30(2)
C(35*) 0.020(5) 0.008(4) !0.150(3) 0.30(2)
C(36*) 0.099(4) 0.045(3) !0.074(2) 0.280(17)
C(37*) 0.013(4) 0.011(4) !0.050(2) 0.271(17)
C(38*) 0.051(4) 0.002(4) !0.182(3) 0.28(2)
C(39*) !0.038(5) 0.009(4) !0.095(3) 0.36(3)

a;
%2

is de"ned as one-third of the trace of the orthogonalized;
ij

tensor.
The carbon atoms (marked with asterisks) representing guest electron
density do not correspond to real atoms in the crystal structure, as dis-
cussed in the text.
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anisotropic displacement parameters were re"ned for all
nonhydrogen atoms. After a few cycles of re"nement, the
highest peaks in the di!erence Fourier map were located in
the tunnel, representing the contribution to the &&h'' di!rac-
tion pattern from scattering by the guest molecules. To take
account of this &&perturbation guest electron density'' [see
Section 2 and Ref. (9)], a carbon atom was incorporated into
the re"nement at the position of the highest peak in the
di!erence Fourier map, and ultimately anisotropic displace-
ment parameters were re"ned. The same procedure was
followed until the highest peak in the di!erence Fourier
map was not located inside the tunnel (corresponding to
a hydrogen atom of TOT). At this stage, six carbon atoms
had been introduced into the tunnel to represent the contri-
bution to the &&h'' di!raction pattern from scattering by
guest electron density. Next, hydrogen atoms of the TOT
molecule were introduced using a riding model. Attempts to
relax the constraints described above resulted in some im-
plausible bond distances and angles. The "nal re"nement
parameters are given in Table 1 and the "nal re"ned coordi-
nates are reported in Table 2.

For C
8
I
2
/TOT, attempted structure solution by direct

methods using the measured &&h'' di!raction data, and as-
suming a total electron density equivalent to one molecule
of TOT in the asymmetric unit, was unsuccessful. However,
by specifying su$cient additional electron density (repres-
enting the contribution to the &&h'' di!raction pattern from
scattering by the guest molecules), a structure solution con-
taining all nonhydrogen atoms of the TOT molecule was
obtained. In the initial structure re"nement, the geometry of
the TOT molecule was subjected to appropriate con-
straints/restraints. Thus, the benzene rings were constrained
to be perfect hexagons, the atoms attached to the benzene
rings were restrained to lie in the plane of the benzene ring,
the substituents of the benzene ring carbons were restrained
to lie on the bisector of the angle formed by the relevant
C}C}C unit of the benzene ring, and all bond distances were
restrained against standard values (19). Ultimately, aniso-
tropic displacement parameters were re"ned for all non-
hydrogen atoms of the TOT molecules. After a few cycles of
re"nement, the highest peaks in the di!erence Fourier map
were located in the tunnel, representing the contribution to
the &&h'' di!raction pattern from scattering by the guest
molecules. To take account of this &&perturbation guest
electron density,'' the procedure described above for
C

10
Br

2
/TOT was followed until the highest peak in the

di!erence Fourier map was not located inside the tunnel
(corresponding to a hydrogen atom of TOT). At this stage,
all hydrogen atoms of the TOT molecule were introduced
using a riding model. The "nal re"nement parameters are
given in Table 1 and the "nal re"ned coordinates are re-
ported in Table 3. The average basic host structure of
C

8
I
2
/TOT is shown in Fig. 7, viewed along the c axis (tunnel

axis).
For structure determination of C
10

I
2
/TOT using the

measured &&h'' di!raction data, the average basic host struc-
ture determined for C

8
I
2
/TOT was used as the starting

model, and the re"nement strategy described above for



TABLE 3
Atomic Coordinates and Equivalent Isotropic Displacement

Parameters (Ueq) for the Average Basic Host Structure of
C8I2 /TOT at 293 Ka

Atom x y z ;
%2

(As 2)

O(1) 0.3231(4) 0.4224(4) 0.1121(2) 0.0598(14)
O(2) 0.3003(7) 0.5417(7) 0.1521(3) 0.112(3)
O(3) 0.2357(4) 0.4756(4) 0.0310(2) 0.0644(14)
O(4) 0.2523(7) 0.6356(5) 0.0388(3) 0.103(2)
O(5) 0.4617(5) 0.5577(4) 0.0450(2) 0.069(2)
O(6) 0.5404(8) 0.7133(5) 0.0803(3) 0.112(3)
C(1) 0.4289(4) 0.3940(4) 0.16746(13) 0.072(2)
C(2) 0.5270(5) 0.4266(5) 0.18906(15) 0.087(3)
C(3) 0.6181(4) 0.5221(5) 0.1760(2) 0.086(3)
C(4) 0.6110(3) 0.5851(4) 0.1414(2) 0.097(4)
C(5) 0.5129(4) 0.5526(4) 0.11980(14) 0.065(2)
C(6) 0.4218(3) 0.4571(4) 0.13283(12) 0.061(2)
C(7) 0.7116(7) 0.6901(7) 0.1279(4) 0.128(5)
C(8) 0.3290(7) 0.2892(6) 0.1821(2) 0.087(3)
C(9) 0.3330(13) 0.1898(10) 0.1675(5) 0.131(5)
C(10) 0.3082(17) 0.2884(13) 0.2335(3) 0.146(6)
C(11) 0.5026(7) 0.6177(6) 0.0818(2) 0.070(2)
C(12) 0.5499(4) 0.6386(4) !0.0271(2) 0.093(3)
C(13) 0.5488(5) 0.6833(5) !0.0693(2) 0.121(5)
C(14) 0.4609(6) 0.6939(5) !0.08175(15) 0.117(4)
C(15) 0.3739(5) 0.6597(4) !0.0520(2) 0.090(3)
C(16) 0.3750(4) 0.6150(3) !0.00973(15) 0.066(2)
C(17) 0.4629(4) 0.6044(3) 0.00271(13) 0.068(2)
C(18) 0.2788(9) 0.6717(7) !0.0661(3) 0.132(5)
C(19) 0.6458(6) 0.6272(6) !0.0132(3) 0.121(5)
C(20) 0.6560(13) 0.5434(11) !0.0404(5) 0.137(5)
C(21) 0.7541(11) 0.7305(10) !0.0115(9) 0.174(8)
C(22) 0.2815(6) 0.5783(5) 0.0225(2) 0.064(2)
C(23) 0.0653(4) 0.3647(4) 0.13332(14) 0.080(3)
C(24) 0.1559(3) 0.4168(3) 0.10543(15) 0.059(2)
C(25) 0.1442(3) 0.4246(3) 0.05843(14) 0.057(2)
C(26) 0.0417(4) 0.3803(4) 0.03932(15) 0.084(3)
C(27) !0.0489(3) 0.3282(4) 0.0672(2) 0.096(3)
C(28) !0.0371(3) 0.3204(4) 0.1142(2) 0.114(5)
C(29) 0.0773(8) 0.3559(8) 0.1846(3) 0.119(5)
C(30) 0.0271(8) 0.3893(7) !0.0124(3) 0.124(5)
C(31) !0.024(3) 0.460(3) !0.0188(6) 0.261(18)
C(32) !0.022(2) 0.2841(14) !0.0381(8) 0.221(11)
C(33) 0.2665(5) 0.4653(5) 0.1264(3) 0.062(2)
C(34*) 0.0147(18) 0.024(3) 0.102(2) 0.23(3)
C(35*) !0.050(3) !0.0422(17) 0.0696(11) 0.170(10)
C(36*) 0.016(3) 0.036(3) 0.024(2) 0.25(3)
C(37*) !0.003(2) 0.031(2) 0.150(3) 0.28(3)
C(38*) !0.017(3) 0.043(3) 0.055(2) 0.209(16)
C(39*) 0.051(2) 0.087(3) 0.0897(16) 0.201(13)

aThe carbon atoms (marked with asterisks) representing guest electron
density do not correspond to real atoms in the crystal structure, as dis-
cussed in the text.

FIG. 7. View along the tunnel axis (c axis) of the average basic host
structure in the C

8
I
2
/TOT inclusion compound at 293 K.
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C
8
I
2
/TOT was followed. The "nal re"nement parameters

are given in Table 1 and the "nal re"ned coordinates are
reported in Table 4.

The average basic host structures of C
10

Br
2
/TOT,

C
8
I
2
/TOT (Fig. 7), and C

10
I
2
/TOT are essentially the same,
with the positions of corresponding atoms in these struc-
tures di!ering by less than 3p in all fractional coordinates.
These basic host structures represent the standard structure
of the type T-II inclusion compounds of TOT.

5. CONCLUDING REMARKS

As discussed above, there are no signi"cant di!erences
between the average basic host structures in the
C

10
Br

2
/TOT, C

8
I
2
/TOT, and C

10
I
2
/TOT inclusion com-

pounds at 293 K, and in all cases there is an incommensur-
ate relationship between the periodicities of the host and
guest substructures along the tunnel direction. The periodic
repeat distance of the guest molecules along the tunnel is
comparable to the length of the guest molecule in the type of
linear conformation required to "t within the TOT host
tunnel. The fact that the basic host structure is essentially
independent of the type of guest molecule is not unexpected
given the incommensurate nature of these inclusion com-
pounds. For C

10
Br

2
/TOT and C

10
I
2
/TOT, additional low-

intensity re#ections provide evidence for a weak superstruc-
ture of the basic host structure. A full characterization of
this superstructure will require more appropriate (synchro-
tron-based) methods for measurement of the weak super-
structure re#ections. For C

8
I
2
/TOT, a phase transition

occurs at about 136 K. Many solid organic inclusion com-
pounds are known to undergo low-temperature phase
transitions that are associated with changes in the symmetry
of the host structure and changes in the dynamic properties
of the guest molecules. Clearly, further investigations are
required to establish the structural and dynamic implica-
tions of the phase transition in C

8
I
2
/TOT. In view of prob-

lems due to crystal twinning, future studies of the structural
properties of the low-temperature phase will focus on the
application of powder di!raction techniques.



TABLE 4
Atomic Coordinates and Equivalent Isotropic Displacement

Parameters (Ueq) for the Average Basic Host Structure of
C10I2/TOT at 293 Ka

Atom x y z ;
%2

(As 2)

O(1) 0.3225(6) 0.4200(6) 0.1119(3) 0.057(2)
O(2) 0.2991(9) 0.5390(9) 0.1519(4) 0.108(4)
O(3) 0.2359(6) 0.4766(6) 0.0311(3) 0.064(2)
O(4) 0.2497(9) 0.6332(8) 0.0389(4) 0.097(4)
O(5) 0.4607(7) 0.5573(5) 0.0459(2) 0.067(3)
O(6) 0.5413(10) 0.7130(8) 0.0810(3) 0.102(4)
C(1) 0.4272(5) 0.3916(5) 0.1677(2) 0.068(4)
C(2) 0.5252(6) 0.4245(6) 0.1897(2) 0.079(4)
C(3) 0.6164(5) 0.5207(6) 0.1770(3) 0.060(3)
C(4) 0.6097(5) 0.5840(5) 0.1424(3) 0.079(5)
C(5) 0.5118(6) 0.5510(5) 0.1204(2) 0.056(3)
C(6) 0.4205(5) 0.4549(6) 0.1330(2) 0.057(3)
C(7) 0.7095(9) 0.6889(8) 0.1289(4) 0.129(8)
C(8) 0.3277(9) 0.2867(8) 0.1817(3) 0.090(5)
C(9) 0.3354(15) 0.1894(12) 0.1677(6) 0.121(7)
C(10) 0.3084(16) 0.2847(14) 0.2330(4) 0.124(8)
C(11) 0.5018(10) 0.6168(8) 0.0827(3) 0.080(5)
C(12) 0.5505(6) 0.6358(5) !0.0265(2) 0.075(5)
C(13) 0.5501(7) 0.6801(6) !0.0690(2) 0.122(8)
C(14) 0.4625(8) 0.6912(6) !0.0818(2) 0.123(8)
C(15) 0.3752(7) 0.6581(5) !0.0522(2) 0.091(5)
C(16) 0.3755(6) 0.6138(4) !0.0098(2) 0.057(4)
C(17) 0.4632(6) 0.6027(4) 0.0031(2) 0.081(5)
C(18) 0.2800(10) 0.6703(9) !0.0664(4) 0.121(7)
C(19) 0.6470(8) 0.6240(8) !0.0125(4) 0.104(6)
C(20) 0.6567(15) 0.5414(12) !0.0411(6) 0.117(7)
C(21) 0.7536(12) 0.7307(12) !0.0108(9) 0.156(10)
C(22) 0.2823(8) 0.5786(6) 0.0221(4) 0.063(4)
C(23) 0.0662(6) 0.3634(5) 0.1335(2) 0.074(5)
C(24) 0.1564(5) 0.4159(4) 0.1052(2) 0.049(3)
C(25) 0.1435(5) 0.4239(4) 0.0584(2) 0.050(3)
C(26) 0.0404(6) 0.3793(6) 0.0397(2) 0.085(5)
C(27) !0.0498(5) 0.3268(6) 0.0679(3) 0.105(6)
C(28) !0.0369(5) 0.3188(6) 0.1148(3) 0.094(5)
C(29) 0.0795(10) 0.3544(9) 0.1848(3) 0.097(6)
C(30) 0.0267(11) 0.3887(10) !0.0116(3) 0.129(8)
C(31) !0.028(3) 0.454(3) !0.0197(7) 0.217(16)
C(32) !0.020(2) 0.2878(16) !0.0404(8) 0.177(11)
C(33) 0.2666(8) 0.4637(8) 0.1256(4) 0.060(4)
C(34*) 0.0482(18) 0.0171(18) !0.150(3) 0.54(4)
C(35*) 0.033(2) 0.0195(19) !0.0885(12) 0.125(12)
C(36*) 0.019(5) 0.026(3) !0.031(3) 0.41(6)
C(37*) !0.0253(19) 0.0012(19) !0.078(2) 0.32(4)
C(38*) 0.067(2) 0.049(2) !0.115(2) 0.31(3)
C(39*) 0.0846(17) 0.079(2) 0.010(3) 0.88(7)
C(40*) 0.0067(15) 0.0457(17) !0.1119(13) 0.19(2)

aThe carbon atoms (marked with asterisks) representing guest electron
density do not correspond to real atoms in the crystal structure, as dis-
cussed in the text.
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While there is well-de"ned ordering of guest molecules
along the tunnel direction (allowing an average periodicity
c
'

to be de"ned), there is only a limited extent of three-
dimensional (intertunnel) ordering of the guest molecules.
However, the di!raction studies reported here (at least at
293 K) provide insu$cient information from which to es-
tablish the nature of the weak intertunnel ordering. In
contrast, for urea inclusion compounds containing the same
a,u-dihalogenoalkane guest molecules, well-de"ned modes
of intertunnel ordering of the guest molecules have been
determined (14, 20). The substantially weaker intertunnel
ordering of the guest molecules in the TOT inclusion com-
pounds is probably a consequence of the larger distance
between neighboring tunnels [14.3 As (TOT) compared with
8.2 As (urea)].

Although C
10

Br
2
/TOT, C

8
I
2
/TOT, and C

10
I
2
/TOT all

have essentially the same basic host structure and an incom-
mensurate relationship between their host and guest sub-
structures, the di!use scattering in the &&g'' di!raction
pattern di!ers in subtle ways between these inclusion com-
pounds. However, although a qualitative assessment of the
extent and nature of the ordering of the guest molecules may
be derived from the types of di!raction photographs re-
ported here, it is important to recall that each di!use layer
line within the &&g'' di!raction pattern in the oscillation
photograph represents two-dimensional di!raction data
projected onto a one-dimensional line. To unravel the
structural information contained in the two-dimensional
sheets of di!use scattering in the &&g'' di!raction pattern
(and, in particular, to establish the intensity distributions
within these sheets), a comprehensive exploration of the &&g''
di!raction patterns as a function of position in reciprocal
space is required. In particular, a complete quantitative
scanning of selected two-dimensional regions of reciprocal
space is required, ideally with the use of synchrotron
radiation and importantly as a function of temperature.
Station 16.3 at the Synchrotron Radiation Source (Dares-
bury Laboratory) provides excellent opportunities for such
experiments.
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