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Superabsorbing polymers represent a class of macro-
molecules that have an ability to retain large amounts of
water, typically in the range of 100-1000 g of water/g of
polymer. They have potential applications in the field of
agriculture,! medical care,? separations,® and controlled
release technology.4#® The study of hydration of these
systems and a detailed understanding of the role of water
on the structure and dynamics are of paramount impor-
tance. While the effects of hydration have been extensively
studied in both natural and synthetic biopolymers by a
variety of techniques,®? superabsorbing polymers remain
to be studied in this regard.

Hydration of macromolecules has many interesting
facets, one of them is the preferential process. One aspect
of this process refers to a given macromolecular site
showing preference for water over other solvents. The
other aspect refers to water preferring to associate with
a particular site in preference to other sites that may be
available in the macromolecule. The former has been
addressed in the case of DNA in ethanol-water mixtures.?
For the latter case, Poole and Finney® have reported the
process of sequential hydration using difference IR spec-
troscopy, where shifts in the vibrational frequencies and
intensities of bands of various groups occur upon hydration.

In biopolymers, however, the tertiary structure plays a
crucial role in determining the hydration pathway. Ac-
cessibility of the sites is an important factor in the
hydration of biopolymers because hydrophilicity alone
does not determine the sequential event of hydration. This
can happen, for example, when hydrophilic sites are buried
inside a hydrophobic core and hence become less accessible
to water,

Nuclear magnetic resonance (NMR) spectroscopy has
emerged as an indispensable tool for the study of hydration
of both natural and synthetic macromolecules.%-12 Earlier
NMR studies, however, invariably used protons that
offered high sensitivity but not spectral selectivity. With
the advent of rare spin NMR, such as 13C, together with
sensitivity enhancement by cross-polarization (CP)!3 and
resolution enhancement by dipolar decoupling,4 there is
a powerful technique on hand to look at the hydration
process directly in the 13C NMR spectrum.!*!7 Theinher-
ent advantage with 13C NMR lies in the very weak spin-
spin couplings amongst 13C nuclei at their natural abun-
dance, which eliminates coupled interaction between
various groups. The dominant source of dipolar broad-
ening by neighboring protons can be conveniently elim-
inated by strong radio frequency irradiation at the 'H
Larmor frequency. The resulting spectrum exhibits a
powder pattern, which can now be inspected for the effects
of sequential hydration.

We demonstrate in this note the process of preferential
hydration by solid-state 13C NMR spectroscopy on a
representative superabsorbing polymer, namely, hydro-
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lyzed starch-g-poly(acrylonitrile), which contains the hy-
drophilic groups mentioned earlier. One can precisely
control the amount of water absorbed by such polymers.
Moreover, these hydrophilic groups have equal accessibility
for water, thus providing an excellent opportunity to study
the process of sequential or preferential hydration, dictated
primarily by the hydrophilicity of the associated groups.

InFigure 1 we show dipolar-decoupled 13C spectra taken
in two data acquisition modes, namely, using Bloch decay
(A-E) and CP (F-J) methods. Intheunhydrated polymer,
three distinct spectral regions are identified: carbonyl
(250-150 ppm), starch (125-60 ppm), and aliphatic (50-0
ppm). There is no “motional averaging” of the associated
chemical shielding pattern line shapes in the dry polymer
(A, F), and the resulting spectra in the two different
acquisition modes are identical.

Upon hydration of the polymer spectral changes ensue,
since hydration causes an enhancement of polymer mo-
bility, which tends to average the static powder-pattern
line shapes. However, the observed 13C spectra show that
the spectral changes are not global. Early hydration at
0.38 g/g permits the hydration at the carboxylate and
amide sites but precludes the hydroxyl site hydration at
the starch backbone. The revealing feature of this
sequential hydration process is the early collapse of the
carbonyl shielding anisotropy and the unaltered powder
pattern for the starch unit (Figure 1B,G).18 In this partially
hydrated state, the CP process is nevertheless effective
since heteronuclear C~H dipolar interactions, necessary
for polarization transfer, are incompletely averaged and
there is noapparent inhibition for proton “spin diffusion”.1?
Further increase in hydration, as in the 1.8 g/g sample,
imposes hydration of the hydroxyl sites as well, evidenced
by the increase in starch carbon resolution (Figure 1D).
This further duplicates as a virtual elimination of CP
except for the starch carbons (Figure 1I), due to the
discriminatory 'H-13C polarization transfer between hy-
drated and unhydrated (or less hydrated) sites. The CP
istotally eliminated in the highly hydrated 12.8 g/gsample
(Figure 1J), but the 13C spectrum can be recouped in the
Bloch decay mode (Figure 1E). Herein the 13C spectral
resolution is indeed spectacular due to a near-zero aver-
aging of the anisotropic interactions in the solid state
because of extensive hydration-induced polymer mobility.
Our observations also show that the sequential hydration
process is primarily governed by the hydrophilicity of the
functional groups rather than the additional cooperative
factors that are important for biopolymer hydration.?

We have shown that the sequential hydration process
in a representative superabsorbing polymer starch-g-poly-
(acrylonitrile) can be studied by solid-state 13C NMR. The
guiding factor is the changes in 13C line shapes that occur
when a given site is hydrated. The details of these line
shapes can be analyzed to fit to a model for the hydration-
induced dynamics. This will be reported later.

The NMR experiments were carried out on a Bruker
MSL-300 FT-NMR spectrometer at ambient probe tem-
perature (21 °C). Relevant spectral parameters are
indicated in the caption to Figure 1. Different hydration
levels for the samples were achieved by vapor diffusion in
a humidity chamber at 100% relative humidity.
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Figurel. (A-E) Static dipolar-decoupled 13C Bloch decay spect:
All the spectra were taken with a 45° flip angle and a recycle ti
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ra of hydrolyzed starch-g-poly(acrylonitrile) as a function of hydration.
me of 20 s. Number of scans: (A) 2900, (B) 4700, (C) 1600, (D) 1300,

(E) 5700. (F-J) Static dipolar-decoupled 1*C CP spectra as a function of hydration. All the spectra were obtained by using a CP pulse
sequence with an applied radio frequency field of 50 kHz and a mixing time of 1.0 ms. Number of scans: (F) 416, (G) 8100, (H) 16 100,
(I) 12 200, (J) 10 200. Hydration levels are indicated in parentheses.
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