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Highlights of ISIS science ISIS2005 Review of the year

More new phases of ice!

The mobility of organic molecules in clays

P Lock, N Skipper, Z Mirza (University College

London), J Swenson (Chalmers University),

F Fernandez-Alonso, M Adams and WS Howells

(ISIS)

Understanding and predicting the
diffusion of organic molecules in soils
and rocks is extremely important in
environmental and earth sciences, and is
also a key for locating and extracting oil
and natural gas. Neutron scattering is a
very powerful tool in this context,
because it enables us to ‘see’ individual
types of molecule even in very complex
systems. To do this, we exploit the
different scattering properties of isotopes
of the same element, in a technique
known as isotopic labelling. For organic
molecules and water it is particularly

useful that the isotopes hydrogen (H)
and deuterium (D) have very different
neutron scattering properties. In our
experiments we have labelled the
molecules of interest (typically the
organics) with H, and everything else
with D. Inelastic neutron scattering on
IRIS was then used to follow the motion
of the H atoms - and therefore the
organic molecules. What we find from
this is that glycol and phenol are
surprisingly mobile in the confined
geometries they encounter in clays,
when compared with bulk liquids.

Further information: 
Dr N Skipper, n.skipper@ucl.ac.uk
NT Skipper et al., Chemical Geology (accepted)
2005.

CG Salzmann (University of Innsbruck and

University of Oxford), PG Radaelli (ISIS),

A Hallbrucker, E Mayer (University of Innsbruck)

and JL Finney (University College London)

In the twelve known crystalline phases of
ice, individual water molecules are
tetrahedrally bonded to their neighbours
via hydrogen bonding, so that each
molecule can adopt six different
orientations.  In 1933, Linus Pauling
showed that the connectivity of the
lattice reduces but not altogether
suppresses these degrees of freedom,
resulting in residual disorder and hence
non-zero entropy at zero temperature.
Complete ordering is extremely difficult
to achieve for most phases of ice, due to
a dramatic slowing down of the

reorientation kinetics as temperature falls
and thus hydrogen-disorder is frozen-in.
We have discovered a new method to
induce hydrogen ordering through
doping, resulting in the formation of two
novel ice phases, provisionally named ice
XIII and XIV, which are ordered variants
of ice V and XII, respectively.  Proton
(and deuteron) ordering that was
suggested by thermodynamic and
spectroscopic methods has been directly
confirmed by neutron powder diffraction
data collected on GEM.  The ice XIII and
XIV crystal structures have been solved
based on these data, the former being
the most complex known arrangement
for crystalline water.

Further information: 
Dr J Finney, j.finney@ucl.ac.uk
JL Finney, Interdisciplinary Science Reviews 29
(2004) 339.

Glycol and water absorbed in the pore of a clay

mineral at 325K. We used isotopic labelling to

follow the motion of the green-coloured

hydrogen atoms on glycol.   
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Giant solvation shells around Fullerene buckyballs

The behaviour of small molecules

CA Howard, JC Wasse, NT Skipper (University

College London), H Thompson, AK Soper and

DT Bowron (ISIS)

Fullerene C60 (‘Buckyballs’) are football
shaped molecules that have many very
interesting properties, and huge potential
in applications as diverse as pharmacology
and electronics. One of the greatest
challenges of fullerene science is the low
solubility of C60 in most common
solvents. An important alternative route
to fullerene dissolution involves metal-
ammonia solutions. These liquids contain
solvated electrons, which can charge up
the fullerenes so that they become
soluble. In addition to providing a unique
arena in which to study fulleride anions,
these solutions have great technological

promise.  If we are to realise this
potential, we need to have a detailed
understanding of how the solutions are
structured. This is where neutron
diffraction comes in. By using isotopic
labelling we have been able to discover
that the charged fullerenes are separated
from each other by giant shells of solvent
(ammonia) molecules. The formation of
these shells doubles the effective radius of
the fulleride, and therefore provides a
unique opportunity to disperse,
manipulate and process these molecules
and their derivatives in solution.

Further information: 
Dr CA Howard, c.howard@ucl.ac.uk
CA Howard et al., J Am Chem Soc 126 (2004)
13228.

JZ Larese, RJ Hinde, L Frazier (University of

Tennessee), T Arnold (Oak Ridge National

Laboratory) MA Adams, M Telling and

AJ Ramirez-Cuesta (ISIS)

Understanding the trapping and release of
hydrogen from the surface of
nanomaterials is key to developing new
compounds for storage and catalytic
applications.  Combining diffraction and
inelastic neutron scattering, high-resolution
adsorption isotherms, and ab-initio theory
and computer modelling, a microscopic
understanding of the interaction of thin
hydrogen films adsorbed on the surface of
MgO nanocubes has emerged. Variation of
temperature and film thickness (from 1 to
~8 layers) was used to correlate changes in
the film structure with the dynamical

response.  Hydrogen films thicker than
three layers exhibit two prominent inelastic
features, at ~11.3 and 14.7 meV.  The 14.7
meV signal corresponds to the para-ortho
transition from molecules whose rotational
barrier is similar to the bulk solid. The peak
at lower energy is from molecules near the
MgO surface that are rotationally hindered.
Films in the submonolayer regime were
probed using TOSCA, IRIS and OSIRIS to
establish that the extremely sharp ~11.3
meV signal corresponds to hydrogen
molecules adsorbed directly above the
Mg2+ ions in the rock-salt structured (100)
surface.

Further information: 
Prof J Larese, jzl@utk.edu
JZ Larese, Science (to be published)

The para-ortho transition from a film of

hydrogen adsorbed on MgO (100), as a function

of coverage. Background: TEM image of the

MgO nanocubes.

Two-dimensional projection of the solvation of

C60
5- anions by ammonia. These ‘giant’ solvation

shells double the effective radius of the fulleride

in solution.

Direct observation of molecular hydrogen
binding to metal oxide surfaces

a-c plane projection of the crystal structure of

fully-ordered ice V (provisionally named ice XIII).

The monoclinic structure contains 28 water

molecules per unit cell, and is the most complex

known arrangement of crystalline water.

The advanced facilities provided by ISIS enable world-class research to be performed by scientists
from around the world, together with facility staff.  Academic and industrial applications of the
intense neutron and muon beams encompass a very broad range of science areas. Presented in
the following pages are brief summaries of recent scientific highlights.

Highlights of ISIS science

10
4

2

0

0

-10

-10 0
x (Å)

y 
(Å

)

10

0 10

TOSCA 14K

IRIS 4K

0.5

1.2

2.0

2.5

3.1

# layers

Energy (meV)
15 20


	Contents
	Foreword
	Highlights of ISIS science
	The behaviour of small molecules
	Materials for technological applications
	Biomolecular systems
	Fundamental magnetism
	Advanced molecular systems
	Technologies old . . . and new!

	Instrument developments
	Second Target Station Project
	Accelerator and target developments
	A year around the facility
	ISIS in facts and figures
	ISIS 2005 Index



