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The paper presents synchrotron X-ray diffraction and complementary transmission IR spectroscopy data on a series of products of
adamantane in an attempt to elucidate the detailed nature of their structure. Although qualitative similarities between this work
and earher studies have been identified, the X-ray diffraction measurements, when coupled with IR absorpnon analys1s arguefora
very different interpretation of the structural changes associated with the chemical processes involved in generating this suite of
materials. It is clear that 1,3,5,7-tetrabromoadamantane has indeed been formed from the adamantane precursor, but that there
are some Br sites that are occupied by carbon atoms. “Polymerisation’ of these units into an amorphous network with no residual

-long-range ordermg may then be induced through chemical processes; the C;, carbon.units are broken up to ‘form an amorphous
. network (or ‘patchwork’) of unit fragments. The corroborating presence of short hydrocarbon ehams is also revealed Once the

thaterial is heat treated it begins to revert to a graphitic structure, with the hydrocarbon chains beingf'elinginafed.

wdn . L

Carbon. is-probably the most. widely studied of the known
elements. Various forms of amorphous carbon, and in particu-
lar amorphous hydrogenated carbon (sometimes referred to as
‘diamond-like’ carbon; a-C:H), have become of increasing
significance in recent years following the development of CVD-
based deposition techniques.'™ This family of materials con-
tains a mixture of sp?, sp? and (sometimes) sp* carbon bonding,
with the nature of the mixture of bonding depending on the
conditions under which the a-C:H was prepared; the incorpor-
atéd hydrogen plays an important role.and has itself been the
subject of much study.*® A paper by Kasatochkin et al.’
claiming a ‘wet chemistry’ route to an amorphous carbon,
which they termed dehydropolycondensed adamantane, using
adamantane as the precursor and based on its polymerisation
through the removal of hydrogen, was therefore of considerable

intrinsic interest. Their work presents an outline description

only. of the preparative chemistry involved, and the structural
study is limited to IR transrhission spectroscopy and the use
of a low intensity laboratory X-ray source which, with some
additional electron diffraction, provides qualitative data only.
Given the suggested novelty of the material itself it is important
to establish the nature of its structural parameters with pre-
cision: the work reported here was undertaken with this aim.

‘The precursor for the materials studied here is adamantane.
The essence of the adamantane molecule’s structure® is that
the 10 carbon atoms form a cage as depicted in Fig. 1(a); it
consists of two distinct carbon atom sites: four C, atoms which
lie at the vertices of a tetrahedron and six Cy atoms which lie
at the vertices of an octahedron. The overall cage has tetra-
hedral symmetry. Four-fold coordination of the carbon atoms
is maintained with the addition of the 16 hydrogen atoms as
depicted in Fig. 1(b).

Although (highly crystalline) polyadamantane was first pre-
pared more than 30 years ago® by heating 3,3-dibromo-1,1-
diadamantane with metallic sodium, the route adopted here
and by Kasatochkin et al” avoids the problems of steric
hindrance generated by the size of the bromine atoms, which
are used fo replace hydrogen atoms, and allows a more
complete removal of hydrogen by employing a repeated process
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of bromination (initially to 1,3,5,7-tetrabromoadamantane) fol-
lowed by the removal of the halogen using metallic sodium. It
is therefore expected that a large degree of bonding between
the C,, cages will be possible, resulting in a three-dimensional
(3D) polymer network. :

Sample Preparation

Adamantane (99 + %), aluminium bromide (98 + %) and bro-
mine were purchased from Aldnch and the bromine was dried
by distillation from phosphorus(v) oxide before use. A 30%
m/m dispersion of sodium metal in toluene was purchased
from Fluka. Glacial acetic acid, ethanol and toluene were
‘AnalaR’ grade and purchased from BDH.

The first stage of the sample preparation process is the,
formatlon of tetrabromoadamantane from' the adamantane
precursor:'®

C]_QH16 +4 Brz '—>CloH12B1'4 +4 HBI

Adamantane (10.0 g) was added to a stirred mlxture of alu-
minium bromide (17.6 g) and dry bromine (40 cm®) in an ice
bath. After the addition was complete -and thé initial réaction:
had subsided, the mixture was heated to. reflux:at:60°C for:
24 h with stirring. The excess bromine was then"distilled from
the reaction flask, and the remaining solids were treated with
aqueous sodium metabisulfite to remove the last traces of
bromine and hydrolyse the aluminium: bromide. The product
was collected, washed with water and recrystallised from glacial
acetic acid (a yield of 61%):to give a.light tan product. This:
was shown to be 1,3,5,7-tetrabromoadamantane by its. IR
spectrum (see. below) and with supportive evidence from mass:
spectroscopy measurements and C,;H,N combustion analys1s-
This is referred to as sample 1. &
The second stage is centred on the Wurtz reactwn

) nCmHuBr4 + 4nNa—>(C10H12)n + 47’1 NaBr

Tetrabromoadamantane (16.0 g) was added to a stlrred dlsper-'
sion of sodium (6.5 g) in toluene (60 cm®) and heated to reflux.
for 48 h with stirring. After allowing the- reaction: mixture:tof
cool, ethanol (50 ¢m®) was added to remove. the sodium;-and.
the solids were collected and washed with toluene. The sodium’
bromide was removed by stirring the solids in warm'(50 °C)
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Flg 1 (a) D1agram.mat|c rcpresentaﬁon of the adamantane Cm cage,

strictuie” (after” ref. 8);" (b) conventional ball-and-stick view of
adamantane, showing the decoration of the C,, cage structure with
hydrogens; (c) the analogous vmw of the principal intermediate stage,
tetrabromoadamantane

water-for :20 min,; after which the remaining product was.
collected: and: dried. - This product (an off-white solid;- yield

75.5%) 1§ insoluble in toluene and ethanol, and  according to
Kasatochkin et-al.” it is the product of the 3D polymerisation
of adamantane at its four' apices (we dispute their interpret-
ation, see below). This is referred to as sample 2. * .. .

- A third stage involved heating sample 2.in argon by. placing
it-in a Pyrex boat and heating it in' a horizontal tube furnace
at 400°C for:2hy with a steady stream of argon’ passing
through. The.powder darkened and lost about one-third of its
mass (i.e. a yield at this stage of 67.2%. Note that if heated
further to 450 °C, the powder turns. black, but its mass remains
constant).- This product is referred to as sample 3.

In the final stage, sample 3 (1.05 g) was heated at reflux in
bromine (60 ¢m®) for 24 h, and thé residual bromine removed
as in stage 1. This dark powder (brominated polyadamantane,
2:37 g) .was stirred:under an argon atmosphere:in a-bath. of
liquid sodium (17-g) at 140°C for 1h. This-is intended to
remove . the..bromine ‘atoms and. to: cross-link the polymer
further:Thé sodium was removed with ethanol, and then water
wis added; and the resultant solid was collected. The product
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+ was finally heated to 400°C in a tube furnace under vacuum

for 2 h to yield a dark powder; this observation is in immediate

_contrast to that of Kasatochkin et al.” who cite the product

as being white.

Experimental Methods

The X-ray diffraction expenments were performed at the SRS,

“‘Daresbury Laboratory, UK, using a high intensity line with
-the synchrotron radiation being’produced through a 5T
.~ superconducting wiggler. The diffraction éxperiment was per-

formed on flat-plate samples in 6-26 transmission geometry,
and at an X-ray wavelength of 0.62 A (which was calibrated
using the K-shell absorption edge of molybdenum). This
transmission geometry was chosen as it s1mphﬁes many of the

“"riecessary corrections. The 26 angular range measured was

chosen to be 2-130° in 0.2° steps, giving a nominal Q range
[Q= (47t sin B)/4, the wavevector transfer] of 0.4-23 A~%, The

. sample “itself ‘wWas held in a flat-plate contamer of 05mm
i+ thicknéss with Kapton foil windows.

- The diffraction data were normalised to allow for variations
in incident flux, corrected for beam polarisation, background

- scattering effects and sample illuminated volume variation on

-rotation. The correction and normalisation procedures adopted:

were broadly those described by Huxley,'? though much
simplified here given the dominance of Bragg scattering in all
but one of the samples studied. General data analysis is based
upon the text by Warren.'® One important feature of the
experimental méthod is that the Warren-Mavel method#**
was adopted in order to suppress Compton scattering: in this
case a molybdenum foil (K-edge at A=0.620 A) was used at
the position normally occupied by the X-ray detector (see
Fig: 2) and the fluorescence intensity then measured. In this
way, to a good approximation, only elastic scattering events
are recorded since those X-rays scattered incoherently with an
associated energy loss w1]1 be unable to excite the Mo K-edge
fluorescence.

IR spectra were measured on a Perkm-Elmer 1720 -X FT IR
spectrometer. The IR samples were prepared by grinding a
small amount of the powder with dried potassium bromide,
Which was then pressed into 13 mm discs.

Results and Dlscussmn -

The X-ray diffraction and IR absorptlon spectra for sample- 1
are shown in Fig. 3(a), (b) respectively. The diffraction pattern:
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Fig. 2 Warren—Mavel experimental geometry
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