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NMR T1 relaxation study of 133Cs and 23Na adsorbed on illite

YEONGKYOO KIM* AND R. JAMES KIRKPATRICK†

Department of Geology, University of Illinois, Urbana, Illinois 61801, U.S.A.

ABSTRACT

23Na and 133Cs NMR T1 relaxation data for wet paste samples made from illite and either
NaCl or CsCl solutions show that there is significant adsorption of the Na and Cs onto
the surface. The Na and Cs are in the NMR rapid exchange regime (exchange frequencies
. approximately 104 Hz), allowing the T1 values to provide useful information about
surface occupancies. For 133Cs, the data can be modeled to yield values for the fraction of
Cs in the sample adsorbed onto surface sites and for the density of Cs surface occupancy.
The maximum surface density observed for 0.1 M CsCl solutions is approximately 0.035
atoms/Å2, essentially identical to the density of inner-sphere Cs sites determined from
magic-angle-spinning nuclear magnetic resonance (MAS NMR) spectra of dried samples
observed at a relative humidity of approximately 35%. The similarity of these results
suggests that the relatively simple compositional dependence of the 133Cs T1 data is due to
most of the surface Cs being in inner-sphere complexes with a relatively constant average
T1 when bulk H2O is present. In contrast, the 23Na T1 data cannot be modeled in this way,
consistent with the idea that its sorption on illite is dominated by outer-sphere complexes
(Stern and/or Gouy layers) with a range of T1 values. The similarity of the 23Na T1 behav-
iors of pastes made from NaCl solutions and either illite or silica gel (which has no
permanent negative charge due to isomorphic substitution) is also consistent with this idea.

INTRODUCTION

Although many geochemical reactions in environments
near the Earth’s surface occur at mineral-water interfaces,
molecular level understanding of these reactions remains
limited because of the difficulty of studying surface spe-
cies in situ. Among the various spectroscopic methods
used to study such species (e.g., Hochella and White
1990), nuclear magnetic resonance (NMR) is one of the
most effective. It can provide not only element-specific
information about local structural environments but also
information about dynamical behavior at the atomic scale.
Most NMR studies of species adsorbed on mineral sur-
faces or exchanged into clay interlayers or zeolite cavities
have depended primarily on the chemical shift for struc-
tural information and line-shape analysis for dynamical
information (see Kim et al. 1996a, 1996b, for references).
Our previous studies of Cs and Na adsorbed on mineral
surfaces (Kim et al. 1996a, 1996b; Kim and Kirkpatrick
1998) have shown that multiple NMR peaks representing
multiple surface environments can be detected at relative
humidities less than approximately 70%, but that the pres-
ence of thick surface-water films occurring at relative hu-
midities approaching 100% allow rapid atomic exchange
among surface sites under these conditions. This behavior
produces only one, time-averaged peak in the NMR spec-
tra (e.g., Weiss et al. 1990). Because the relative propor-
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tions of different sites cannot be determined from the
spectra under these conditions, it has been unclear wheth-
er the proportions of different sites determined at lower
relative humidities are applicable to conditions when bulk
H2O is present.

We present here an NMR study of the sorption of Cs
and Na on illite that uses the NMR T1 relaxation rate as
the primary parameter and confirms the major conclu-
sions of our previous results based on chemical shifts.
Similar techniques based on chemical shifts have been
previously used to study effects such as thallium binding
to peptides in solution (Turner et al. 1982), but to our
knowledge this is the first such study of exterior sorption
on inorganic substrates. Our results show that the Cs sur-
face density determined at moderate relative humidities
(30–70%, equivalent to 1–3 statistical surface H2O lay-
ers) are applicable to conditions when bulk H2O is
present. Furthermore, the results demonstrate the likely
applicability of NMR T1 methods to a wide range of stud-
ies: for example, the pH, ionic strength, and temperature
dependences of the sorption behavior of organic and in-
organic species of geochemical relevance.

The time constant, T1, describes the rate at which the
occupancy of nuclear spin energy levels returns to its
equilibrium value after the spin system has been excited
(T1 relaxation). T1 data are useful because this relaxation
must be stimulated, providing information about the dy-
namical behavior of materials at frequencies near the Lar-
mor (resonance) frequency, which is typically of the order


