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Abstract
Many porous materials have high susceptibility magnetic gradients in the pores, due to
the presence of iron or other magnetic materials. Thus if probe liquids are placed in the
pores they exhibit fast decaying signals with a short T2*. Usually the actual T2 of the
liquids is also reduced, due the presence of paramagnetic ions in the pore walls. The
usual solution in NMR is to measure an echo (or echo train) at short times. However,
recent work [J. Phys.: Condens. Matter 19, 415117, 2007.] has shown that water/ice
systems near a pore wall form rotator phase plastic ice, with T2 relaxation times in the
region of 100 to 200 ms. Thus if a NMR cryoporometric measurement is attempted
with a measurement time significantly less than 1 or 2 milli-seconds, the result is to
make a measurement based on the phase properties of the brittle to plastic ice phase
transition, not that of the brittle ice to water phase transition. This gives rise to
artefacts of small pore sizes that may not actually be present. This work successfully
uses a-polar liquids instead.
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1. INTRODUCTION
Many porous materials have high susceptibility magnetic gradients in the pores, due to the
presence of iron or other magnetic materials. Thus if probe liquids are placed in the pores they
exhibit fast decaying signals with a short T2*. The actual T2 of the liquids is also reduced, due
the presence of paramagnetic ions in the pore walls. The usual solution in NMR is to measure
an echo (or echo train) at short times. However water/ice systems near a pore wall form
rotator phase plastic ice[1], with T2 relaxation times in the region of 100 to 200 ms (Fig. 2).
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Thus if a NMR cryoporometric measurement is attempted with a measurement time
significantly less than 1 or 2 ms, the result is to make a measurement based on the phase
properties of the brittle to plastic ice phase transition, not that of the brittle ice to water phase
transition (Fig.2.). If the assumption is made that one is measuring the usual transition to the
liquid phase, this gives rise to artifacts of small pore sizes that may not actually be present in
the sample. A solution to this problem is presented.
1.1.

Aqueous alteration in asteroids :
High porosity ≠ high permeability

Carbonaceous chondrite meteorites are amongst the
most chemically primitive objects in the solar system,
yet many have experienced extensive aqueous alteration,
apparently
within
asteroid
parent
bodies[2].
Unfractionated soluble elements suggest minimal flow
of liquid water, consistent with data from oxygen
isotopes and meteorite petrography. However, numerical
studies have persistently shown large-scale water
transport in model asteroids. Vesicles, voids and
inclusions can be seen in depth in this stereo view.
Fig. 1. Meteorite Acfer 094.

Stereo TEM Micrograph.
2. NMR cryoporometry
This technique probes changes in the Gibbs free-energy by measuring changes in the freezing
and melting transitions[3]. In a pore the melting and freezing point of a liquid are depressed by
an amount proportional to the inverse of the pore diameter x :

ΔTm = Tm − Tm ( x) ≈

a p σ slTm cos(φ ) kd σ slTm
⋅
≈
ΔH f ρ s
vp
x ΔH f ρ s

2.1 Brittle-Plastic Phase
Transitions - in water/ice
systems in SBA-15 porous silica.
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NMR
relaxation
measurements,
combined with neutron scattering data,
indicate that there is an equilibrium
state within the interfacial layer in the
pores, such that, below the melting
point, the ice changes continuously and
reversibly with temperature between a
brittle (mainly cubic) crystalline phase
and a plastic disordered rotator phase.
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Fig 2. NMR relaxation rates T2 for
plastic ice in SBA-15 silica pores.

3. NMR on Meteorites.
Many meteorites are highly metallic and even magnetic, giving rise to huge magnetic
gradients when placed in the normally uniform B0 field of an NMR magnet. Thus there is a
need to measure the signal from an echo at short times 2τ. This effectively then accesses the
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brittle ice to plastic phase transition, not the brittle ice to liquid phase transition. Fig. 3 shows
an NMR echo sequence in an ALH77307 meteorite sample, using an a-polar liquid; Fig. 4
shows corresponding cryoporometric curves successfully measured from such echoes.
High metal content in meteorites
gives rise to high suseptibility
magnetic gradients, and hence
short T2* times.
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This sample exhibits an echo with
a HWHM decay time of 2.5
μs,
with B 0 = 0.5 T, yet good NMR
cryoporometry results are obtainable
using an a-polar liquid, but not water.
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Fig. 3: NMR Spin-Echo from an a-polar liquid in
a Meteorite sample ALH77307. Due to susceptibility
gradients, the echo has a decay time HWHM of 2.5 μs
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Fig. 4: Pore size distributions for 3 Meteorite
samples, as measured by NMR
cryoporometry, using an a-polar liquid.

4. Conclusions
NMR cryoporometry has been successfully performed using an a-polar liquid, avoiding the
longish T2 of plastic ice when using water. The T2 of the frozen a-polar liquid is extended
compared with that of the bulk value, suggesting that rotational motion may be present, but it
is not as long as in the case of ice, such that the magnetization in the frozen component has
substantially decayed by the echo time.
Preliminary NMR cryoporometry measurements of pore-size distributions in meteorites, using
an a-polar liquid, successfully shows that the high porosity in meteorites extends over a wide
range of pore diameters, down to small pore sizes.
The large number of small pores has restricted the ability of liquids to flow freely in the
original asteroidal material.
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