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ABSTRACT

Results are presented on the quasi-elastic spectra of 0,95 THz
neutrons scattered from pure water, a 20% agarose gel and cysts of
the brine shrimp (Artemia) of hydration 1.2 gms H2O per gm of dry
solids. The lines are interpreted with a two-component model in which
the hydration water scatters elastically and the "free" water is de-
scribed by a jump-diffusion correlation function. The results for
the line widths r(Q2) are in good agreement with previous measure-
ments for the water sample but show deviations from pure water at
large Q for agarose and the Artemia cysts that suggest an increased
value of the residence time in the jump-diffusion model.

INTRODUCTION

The diffusive motion r f protons in water solutions has often
been studied by NMR spin-echo techniques. Present pulse technology
requires a measuring time of a few milliseconds, which for water
gives a diffusion distance *̂2TJT £ l micron. This introduces d i f f i -
culties in the interpretation of the results for a heterogeneous
system such as the biological cell where the scale size is also of the
order of a micron. Thr measured diffusion coefficient is then an
average over the cellular environment.

The method of quasi-elastic neutron scattering (QNS) offers the
possibi l i ty both to reduce the "measuring distance" to a few angstroms
and to obtain details about the diffusion dynamics not available from
NMR data. The results of measuring QNS spectra are usually inter-
preted within the fraipework of the Van Hove theory,' which relates
the scattering law S(Q,w) to the space-time.J self) correlation func-
tion G$(r,t) of the scattering nuclei. G$(r,t) can be calculated for
various models chosen to represent the motion of the diffusing par-
t ic les, and the parameters of the models can be determined by a f i t
to the experimental spectra.
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We have measured the QNS spectra of a 20% gel of the poly-
saccharide agarose and the cyst of the brine shrimp (Artenia) and
compared them with the spectrum of pure water.

EXPERIMENTAL
o

Agarose gel is a polymer (Ci2Hi70q)n of known structure. It
contains 4 OH groups and 13 covalently bonded portons in each repeat
unit. It was selected for a pilot study to determine if the spectro-
meter resolution was sufficient to separate the quasi-elastic line
due to the water protons from the elastic line of the polymer protons.
The brine shrimp cysts have a diameter of *» 0.2 mm and consist of an
inner mass of about 4000 cells surrounded by a complex non-cellular
shell. Their biochemical and physical properties have been studied,3
and the diffusion coefficient of water for various degrees of hydra-
tion has been measured by NMR methods.^ The degree of hydration can
be varied over a wida range (0.02-1.5 gm HoO/gm dry cyst) while still
retaining viability for the extended periods needed for the neutron
spectrometer scans. The neutron spectra were determined on the triple
axic spectrometer HB-2 at ORNL. The samples were contained in alumi-
num sample holders sealed with an indium gasket. The sample thickness
was 1 mm for the water and agarose gel and 2 mm for the brine shrimp
cysts. Spectrometer scans of neutron energy loss were made at five-^-
Q values between 0.7 and 1.9 A"l. The lines were analyzed by a least-
squares fit with a 5-parameter function which included a linear back- J e .
ground and the convolution of the spectrometer resolution function
with an elastic line and a Lorentzian quasi-elastic line. The width
r of the Lorentzian line and the intensities of the two components
were determined at each value of Q from the fitting parameters. The
contribution from the agarose protons was determined by scattering
from a D2O gel. For the r ine shrimp, the contribution from the
protons of the "dry" cys: as determinei from an extrapolation of
line intensity vs. hydration to zero water content.

RESULTS
2

Figure 1 shows the l i ne width r as a function of Q for pure
water (so l id curve) and for f .0% agarose and the 1.2 g I^O/g dry
solids cysts. The data points ore not shown for water. Their error
bars are s imi lar to those for the agarose and brine shrimp resul ts .

DISCUSSION AND CONCLUSIONS

The l ine width r(Q2) for water and the agarose gel could be
f i t t e d by a jump d i f fus ion model5 wi th r given by

r =

For water, a fit of r(Q2) gives D = 2.4x10'^ cm2/sec and Tn = 10"
12

sec. For agarose, the initial slope of r(Q') is nearly the same as
for pure water, although ^ata at smaller Q are needed to be certain



of t h i s . There are deviations from the water curve at large Q, ind i -
cat ing an increased value of T 0 .

The brine shrimp data show substant ia l deviations from pure
water. The l i ne width is r e l a t i v e l y independent of Q and is much
narrower than that o f pure water. This.behavior is consistent with
the NMR data on t rans la t iona l d i f f u s i o n 4 which shows that the d i f -
fusion coe f f i c i en t is great ly reduced from the pure-water value.
The constancy of the l i ne width wi th Q is also consistent with a ro-
ta t iona l d i f fus ion model,6 but we have not yet developed a model
which is consistent wi th a l l the features o f the spectra.
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