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LETTER

Alkylammonium ion treatment of clay minerals in ultrathin section:
A new method for HRTEM examination of expandable layers
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ABSTRACT

Intercalation of n-alkylammonium ions in the interlayers of clay minerals in ultrathin
sections after section preparation permits a rapid estimation of the interlayer charge of
clay mineral particles using HRTEM. The layer structures of illite, vermiculite, and smec-
tite were studied on the same section before and after r-alkylammonium treatment within
a period of 34 h. The difference between smectite (13-A layer spacing) and vermiculite
layers (17-A layer spacing) is clearly observed.

INTRODUCTION

Ion exchange of n-alkylammonium (Lagaly and Weiss,
1969; Lagaly, 1981) coupled with HRTEM has proved to
be a useful technique in investigations of the expanda-
bility behavior of 2:1 layer silicates (Bell, 1986; Ghabru
etal., 1989; Lee and Peacor, 1986; Vali and Késter, 1986).
Although n-alkylammonium ion exchange is an elegant
technique for accurate determination of the interlayer
charge of clay minerals by XRD (Hiuser and Stanjek,
1988; Ghabru et al., 1989; Olis et al., 1990: Riihlicke and
Kohler, 1981), it has not yet been used for the same pur-
pose in HRTEM studies of clay-mineral particles, prob-
ably because of the large amount of labor and and time
involved in sample preparation. The purpose of this pa-
per is to outline a new technique of sample preparation
of HRTEM, which will allow the investigation of the lay-
er structure of mixed-layer clays on the same ultrathin
section before and after n-alkylammonium ion treatment
within a short period of time.

METHODS

Marblehead illite (Wisconsin), Jefferson vermiculite
(Brinton’s Quarry, Pennsylvania) and Fe-rich smectite
(Grand County, Washington) were disaggregated and ful-
ly dispersed in distilled H,O by shaking and ultrasonic
treatment. The grain-sized fractions <0.6 ym and <1.0
wm were separated by centrifugation, freeze-dried, and
then embedded in a low-viscosity resin (Spurr, 1969),
following the embedding procedure described by Vali and
Koster (1986).

The embedding blocks were trimmed to a cutting-face
size of 0.15 x 0.2 mm. Ultrathin sections (700-800 A
thick) were prepared with an ultramicrotome using a Dia-
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tome diamond knife. One ribbon, consisting of 3-5 sec-
tions, was selected and transferred onto the center of the
200- or 300-mesh TEM grids, without a support film as
a substrate.

The ultrathin sections were treated with n-alkylam-
monium ions of various chain-lengths (n. = 7 to n. = 18;
n equals the number of ¢ atoms in the alkyl chains). The
n-alkylammonium chloride is prepared by treating alkyl-
amines with hydrochloric acid. To prevent the reaction
of hydrochloric acid with the Cu grids, the addition of
excess hydrochloric acid should be avoided. An aqueous
solution was prepared with an r-alkylammonium con-
centration that was 30—40% of that used in the conven-
tional method (Lagaly et al., 1976), and stored in closed
glass flasks at 60 °C. Higher concentrations produced
sample contamination.

For TEM studies, 0.5 mL of the alkylammonium so-
lutions was transferred to 1.5-mL polypropylene Eppen-
dorf microtest tubes. The section mounted on a TEM
grid, which had already been investigated by TEM as
untreated sample, was dropped into the n-alkylamine so-
lution. The tubes were then closed and stored in an oven
at 60 °C. During the treatment, the samples were shaken
every 5 min for the first 30 min and then every 60 min.
After n-alkylamine treatment, the grids were dipped into
a 20-mL beaker of distilled H,O at 60 °C. The excess
mixture of n-alkylamine and H,O on the grids was re-
moved with filter paper. The washing procedure was re-
peated three times for short chains and five times for long
chains. The grids, which were held with tweezers during
the washing procedure, were dipped for approximately
10 s in distilled H,O in separate beakers heated to 60 °C.

The prepared ultrathin section should cover at least
one whole mesh and should be devoid of large holes or
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Fig. 1.
30-200 A made up of nonexpanded 10-A layers. (b) Section treated with octadecylammonium showing nonexpanded (10 A) and
expanded layers with layer spacings of 16-17 A (top arrows) and layer spacings of 24-25 A (bottom arrows). (c), (d) Ultrathin
section of the same particles imaged on the same spot showing the layer structure before treatment (¢) and after treatment (d) with
octadecylammonium ions.

folds. The particles should be well impregnated and have
a uniform distribution. In order to minimize the problem
of radiation damage to clay minerals under the electron
beam, it is advantageous to have an identical aggregate
of particles occurring in two adjacent ultrathin sections.
Thus one ultrathin section can be imaged before n-alkyl-
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HRTEM images of Marblehead illite in ultrathin sections. (a) Untreated section showing stacks of packets measuring

ammonium treatment and the other after. In order to
observe the same particles before and after treatment,
the position of particles can be identified by counting the
mesh intersections from the center of the grids to the
location of the section of interest. Alternatively, one can
use index grids. HRTEM imaging and selected-area dif-
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Fig. 2. HRTEM images of Fe-rich smectite and Jefferson ver-
miculite. (a) The smectite treated with heptylammonium ions
showing short stacks of uniformly expanded layers with a 13-A
layer spacing. (b) Same specimen treated with octadecylammon-
ium ions, showing large variation in layer spacing (20-28 A), and
random ordering. (¢) The vermiculite treated with heptylam-
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monium ions, showing perfect ordering of expanded layers with
17-A layer spacing. Occasional nonexpanded 10-A layers can be
observed, however (arrows). (d) Same specimen treated with oc-
tadecylammonium ions showing uniformly expanded layers with
25-A layer spacing. Same scale bar for a~d.

fraction (SAD) were performed using a JEOL 100CX TEM
at 100 kV with focus conditions approximating the
Scherzer defocus.

RESULTS AND DISCUSSION

A comparison of ultrathin sections obtained from the
Epon 812 epoxy resin (Luft, 1961) and the ERL 4206
low-viscosity epoxy resin (Spurr, 1969) revealed that the
latter is more suitable for the purpose of this study. The
sections obtained from this resin are resistant to the elec-
tron beam and can be used on TEM grids without any
supporting film. Routine observations at 100 kV reveal
no visible damage to sections even after n-alkylammoni-
um treatment for 1 week. Experiments on vermiculite
and smectite indicate that 3—4 h of n-alkylammonium
ion treatment are sufficient for full expansion of interlay-
ers of these minerals. In most illitic materials, a signifi-
cant change in layer structure could not be observed even
after 24 h of treatment.

Figures 1a and 1b show the layer structure of Marble-
head illite before and after treatment with octadecylam-
monium ions (n. = 18), as imaged at different spots. Fig-
ures lc and 1d are images of the same particles before
and after the treatment. Note that particles, which are
imaged at high magnification (>50000 x) before treat-
ment, do not respond in a consistent way to the treatment
because of radiation damage to the specimen. According
to Amos et al. (1982), “normal exposure in HRTEM (200~

500 electrons/A? to locate, focus and image a specimen
at high magnification) results in radiation doses to the
specimen of 10°-10" rads.” Figures 2a-2d show the
smectite and the vermiculite after treatment with octadec-
ylammonium ions (#. = 18) and heptylammonium ions
(n. = 7). The expansion of interlayers in clay minerals is
dependent on their interlayer charge and reflects the ar-
rangement of n-alkylammonium ions in interlayer spaces
(Ghabru et al., 1989; Lagaly, 1981).

The results concerning the expandability behavior of
2:1 layer silicates obtained from this study agree with the
results obtained from the conventional method (treat-
ment of the samples with n-alkylammonium ion before
embedding; Vali and Késter, 1986). With both methods,
the expansion of the basal spacing is 5-10%, depending
on chain arrangement, smaller than that measured by
XRD. This difference may be due to radiation damage of
the n-alkylammonium under the electron beam.

Treating Marblehead illite with n. = 18 reveals two
sets of expandable layers (Fig. 1). One has layer spacings
of 16-17 A corresponding to a bilayer arrangement of 7
= 18 in a low-charge smectite. The other has layer spac-
ings of 24-25 A corresponding to a paraffintike layer con-
figuration in vermiculite or a highly charged smectite with
a pseudotrimolecular arrangement of n. = 18 (Ghabru et
al., 1989; Lagaly, 1981). Using X-ray powder diffraction
patterns, Srodon (1984) described this illite as consisting
of I + ISII mixed layers.
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By treating both the smectite and the vermiculite with
heptylammonium ions, the difference between smectite
(13-A layer spacing) and vermiculite layers (17-A layer
spacing) can be clearly observed. According to Lagaly et
al. (1976), the heptylammonium ions in smectite are ar-
ranged in monolayers (13.5-A layer spacing) up to an
interlayer charge of 0.46 per [O,,(OH),]. In vermiculite
they are arranged in paraffinlike layers (18-A layer spac-
ing; Ghabru et al., 1989; Lagaly, 1981). With n. = 18 the
vermiculite shows a uniform expansion of layers (25-A
layer spacing), whereas the smectite displays a large and
random variation in layer spacing (20-28 A).

Although the n-alkylammonium treatment of samples
enables the charge density of expandable layer compo-
nents in illitic materials by TEM to be estimated, the
nature of these layers remains unclear. An overlap of in-
terlayer charges between 0.53 and 0.8 per O,,(OH), typ-
ical of natural vermiculite (Suquet and Pezerat, 1988) and
between 0.3 and 0.7 per O,,(OH), in the smectite com-
ponent of I/S mixed layers (Velde and Brusewitz, 1986)
has been reported. If true, a precise distinction between
smectite-like and vermiculite-like layers requires further
attention. However, the untreated smectite layers with
TEM layer spacings of approximately 13 A (Ahn and
Peacor, 1986; Bell, 1986; Huff et al., 1988; Srodon et al.,
1990; Vali and Koster, 1986) appear to behave differently
compared to the so-called collapsed 10-A interlayers in
I/S mixed layers (Veblen et al., 1990). Their behavior is
more like that of untreated vermiculite, with a TEM layer
spacing of 9.6-10 A (Vali and Koster, 1986; Ghabru et
al., 1989). It is of course important also to study ion-
milled specimens with this technique, and to observe the
structural make-up of the clay minerals in the original
fabric.

This new technique offers a great advantage over the
conventional method because of the labor and time re-
quired for sample preparation.
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