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The objective of this part of the MMF program is to provide a molecular based description of
the properties of glassy systems with the intention of improving understanding and
developing a predictive capability. As NMR Relaxation properties are known to be
dependent on the dynamics of the molecules containing the resonant nuclei, relaxation should
be related directly to rheology and other bulk properties. NMR signals can be resolved into
components whose amplitudes correspond to the concentration of different constituents and
decay rates to their mobilities. Over much of the temperature and composition ranges a two
component description is appropriate with the two components corresponding to the glass
forming matrix and to the plasticiser. The functions describing these decays are combinations
of gaussians and exponentials. However, as shown in figure 1 at low temperatures, a beat is
detectable. A force fitting of the simple gaussian and exponential functions would yield
inappropriate amplitudes and decay rates and even worse, perhaps lead to the identification
of non existent components and hence result in incorrect interpretation. This poster describes
attempts to improve the data fitting procedure.
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Figure 1 shows the beat pattern in a frozen maltose solution.
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The conventional explanation of a beat in the signal (free induction decay) of
a “solid” sample invokes a short range radial order. The standard treatment
represents the signal of a solid as a product of a gaussian and a sync
function. Attempts to fit data of a 40% maltose sample as a product of
gaussian and sync function to represent the matrix former together with an
exponential to represent the plasticiser yielded the fit in figure 2 for the beat
region. As shown in figure 3 the fitting of the short time region from which
the amplitudes and in turn the concentrations are derived was particularly
bad.
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Figure 2 Conventional data fitting.
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Figure 3 Fitting of the short time region.
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An improvement was obtained by consideration of the origin of the observed decay. The decay is the
Fourier Transform of the NMR spectrum that would have been obtained under cw conditions. In a solid
this represents the distribution of magnetic fields experienced by the resonant nuclei. These are generated
by neighbouring nuclei. The local field distribution is dominated by interaction with a near neighbour
broadened by interaction with more distant ones. The FT of this combination is the product of the two
interactions. Given a random distribution of more distant neighbours a gaussian function is appropriate for
the broadening function, but a sync function would assign an interaction with a near neighbour as a
rectangular function. A more realistic model developed by Pake invokes a fixed near neighbour distance
but with a random distribution of orientation. The FT of this Pake spectrum can be substituted for the sync
function. As shown in figure 4 the fit is improved in the beat region and (not shown) also in the short time

region.
FID OF 40% MALTOSE SYSTEM AT 200K
50000
Fit Gauss + Exp
40000 Gauss*sync + Exp
——GSimple Pake + Exp
30000 —raw data
20000 [
10000 )
; |V |
-10000 Y
-20000
0 20 40 60 80 100
Time (microsecs)
Figure 4 Improved fitting using a simple Pake function.

% & & " (& # D)*%

However, whilst better the fit is still deficient. A further improvement can be obtained by recognising that our
system, here maltose/water, is complex, and that different sites will have different near neighbour distances.
This can be accommodated by replacement of the simple Pake spectrum by a superposition of Pake spectra
corresponding to different widths. The use of the FT of the broadened Pake spectrum results in the further
improved fits shown in figure 5.
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Figure 5 Further improvements using broadened Pake functions.
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Figure 6 A comparison of the accuracy of fits using the different methods.
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Fits have been obtained for all these stages of sophistication from 190 to 270K. Figure 6 displays the values of the
root mean square deviation over this range for the different fits. The improvement in rms deviations is shown to
occur at all temperatures and not to be restricted to that selected for illustration. However,even at best, deviations are
still greater than those expected from random noise in the data so the most complex fitting function must still be
considered as an approximation and simplification. Posssible explanations are not difficult to find. The distribution
of near neighbour distances may be more complex than envisaged and the interaction with more distant neighbours
may require a function other than a gaussian. The occurrence of a beat cannot be ignored if the derived mobilities and
concentrations are to be credible. The use of the more complex functions yield decay rates and amplitudes that are
believable, but additionally provide information on the near neighbour interactions.



