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INTRODUCTION

Zeolites are well known for their cation exchange proper-
ties. These minerals are composed of open tetrahedral frame-
works that exhibit a net negative charge. Cations partially or
wholly coordinated by water molecules can move in and out of
framework channels balancing the charge on the framework
without affecting the framework topology. The need in indus-
try and environmental restoration for efficient and inexpensive
cation exchangers to remove metals from waters and soils has
initiated research on the chemistry, structure, and cation ex-
change properties of the heulandite group zeolites (for example,
Stolz and Armbruster 1999; Wüst et al. 1999; Yang and
Armbruster 1998; Yang et al. 1997; Yang and Armbruster 1996;
Gunter et al. 1994; Semmens and Martin 1988; Blanchard et
al. 1984; Semmens and Seyfarth 1978).

Heulandite group zeolites, with end-members clinoptilolite,
(Na,K)6(Al 6Si30O72)·20H2O, and heulandite, (Na,K)Ca4

(Al 9Si27O72)·24H2O, have variable optical properties due to their
low birefringence, cation exchange capabilities, and suscepti-
bility to dehydration. This study determines the trends in the
optical properties of heulandite with changes in monovalent to
divalent channel cations to further understand the exchange
properties of this mineral.
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ABSTRACT

The principal refractive indices, 2V, and optical orientation were measured for a series of monova-
lent and divalent cation-exchanged heulandite samples (Si/Al = 3.19) from Nasik, India, by use of
the spindle stage and double variation method. For monovalent cations, Na+, K+, Rb+, and Cs+, the
mean refractive indices were 1.4881, 1.4841, 1.4874, and 1.5039, respectively; and for divalent
cations, Mg2+, Mn2+, Cu2+, Sr2+, and Cd2+, the mean refractive indices were 1.4968, 1.5053, 1.4726,
1.5086, and 1.4860, respectively. Lower mean refractive indices correspond to changes in optical
orientation from b||Z in the natural sample to b||Y in the K sample to b||X in the Cu sample. Samples
exchanged with divalent cations generally have higher channel water contents than samples ex-
changed with monovalent cations. Water has a high refractivity and samples with high water con-
tents would be expected to have high mean refractive indices. Monovalent samples with high water
contents relative to other monovalent samples have low mean refractive indices. Consequently, the
refractive indices of the monovalent samples are governed by a factor other than water content.
Despite their higher water contents than the monovalent samples, not all divalent samples have
higher mean refractive indices than monovalent samples, apparently because full cation exchange
did not occur in these samples. Most of the divalent samples exhibit a positive charge deficit based
on calculations made from microprobe analyses and crystal structure refinements. The low pH of the
exchange solutions and the low mean refractive indices for most of the divalent samples in this study
support the claim that H+ exchanged into the framework channels for charge balance.

HEULANDITE  OPTICS

As early as 1925, the dynamic optical properties of heulan-
dites were noted. Slawson (1925) observed a rotation in the
optic plane and a variation in 2V of heulandite upon heating
and dehydration. The mineral exhibited low 2V when heated
and consequently an apparent uniaxial point. Structural dete-
rioration in heulandite has also been observed upon heating.
Mumpton (1960) observed a contracted phase of heulandite at
230 °C and an amorphous form at 350 °C. Boles (1972) also
observed contraction of the unit-cell parameters in two phases
upon heating of heulandite between 202 and 450 °C, at which
point the mineral becomes amorphous. Dehydration has also
been responsible for deterioration of the heulandite structure
(Slawson 1925) and a reduction of the unit-cell parameters
(Armbruster and Gunter 1991). All of these changes will affect
the optical properties of heulandite.

 Natural heulandite exhibits perfect cleavage in the (010)
plane, the same plane in which the mineral’s three framework
channels lie. Heulandite also exhibits a change in extinction
angle with the diffusion of monovalent cations into the chan-
nels in replacement for Ca2+. As a result of these two proper-
ties, the diffusion of monovalent cations into a single crystal of
heulandite resting on (010) can be observed directly with the
polarizing microscope and the diffusion kinetics can be deter-
mined with a few simple measurements. Yang et al. (1997) de-
termined the diffusion kinetics of monovalent cations (Na+, K+,
Rb+, and Cs+) in single crystals of heulandite with the aid of*E-mail: mgunter@uidaho.edu


