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NOTES 

CRITICAL P O I N T  D R Y I N G  O F  E L E C T R O N  M I C R O S C O P E  
SAMPLES O F  CLAY MINERALS 

(Received 22 June 1974) 

The technique of critical point drying of samples for investi- 
gation in the electron microscope is not new (Anderson, 
1952), but has not been applied previously to the study of 
clay minerals. A variety of methods have been used (Gal and 
Rich, 1972; Giiven, 1972; Giiven and Grim, 1972; Jonas and 
Oliver, 1967; Meting and Oberlin, 1967; Roberson et al., 
1968; Uyeda et al., 1973; Warren and McAtee, 1968) in pre- 
paring samples of clay minerals, but as has been pointed out 
(Anderson, 1952; Mering and Oberlin, 1967; Jonas and 
Oliver, 1967) all of the methods tend to cause aggregation 
and orientation of particles during the drying process. With 
the smectite minerals, the tendency toward aggregation has 
been said to be due to edge-to-edge forces (Mering and Ober- 
lin, 1967) producing associations. However, any type of 
sample may be artificially oriented in any drying process 
which causes an interfacial boundary to pass through the 
sample during the drying process (Anderson, 1952). The 
most common preparation method used (Mering and Ober- 
lin, 1967; Roberson et al., 1968; Uyeda et al., 1973; Warren 
and McAtee, 1968) has been ultrasonic dispersion of the 
sample in water followed by air drying of a drop of the sus- 
pension over a coated microscope grid. However, in this 
technique, as well as in freeze drying (Gal and Rich, 1972), 
spray drying (Jonas and Oliver, 1967), and others, the inter- 
facial tension effect as the solvent is dried is not eliminated. 
Anderson (Anderson, 1952) has studied, in particular, the 
effect of this interfacial tension in flattening and distorting 
biological samples. In this note, critical point drying has 
been used and is c.ompared to air drying to demonstrate that 
aggregation, particle orientation and distortion may be 
minimized by this technique. 

Approximately 40 ml of a 0"1 per cent suspension of the 
various samples in amy~ acetate was prepared by means of 
ultrasonic dispersion. The time of sonication was four 
minutes. At the end of this time, carbon coated copper grids 
(400 mesh) in a special holder supplied with the critical 
point drying apparatus were placed in the dispersion such 
that the grids were located in the upper one-third of the sus- 
pension. The grids and holder were allowed to remain in the 
dispersion for fifteen minutes, Immediately upon removal 
from the dispersion, the grids were placed in the cylinder of 
the critical point drying apparatus and the drying procedure 
begun. Amyl acetate was chosen as the solvent both because 
of the nature of the samples, and because amyl acetate 
is miscible with the liquid CO2 used in critical point 
drying. 

The clay minerals studied were dimethyldioctadecylam- 
monium-montmorillonite (BENTONE 34) and dimethyl- 
dioctadecylammonium-hectorite (BENTONE 38) obtained 
from Baroid Corporation, NL Industries. Also studied were 
tris(ethylenediamine)copper(II)-montmorillonite, tris(ethyl- 
enediamine)nickel(II)-montmorillonite, tris(ethylenedia- 
mine)chromium(II1)-montmorillonite, and tris(ethylenedia- 
mine)c~176176176 

Critical point drying was performed with the DCP-1 
Critical Point Dryer (Denton Vacuum, Inc., Cherry Hill, 
New Jersey). After placing the grids and holder in the 
cylinder the exit valve to the cylinder was closed and the in- 
let valve opened to allow liquid CO2 to fill the cylinder at 

a pressure of 900 psi. The exit valve was then opened slightly 
to allow a steady flow of liquid COL to escape the drying 
chamber. The liquid CO2 was allowed to flow through the 
chamber for 15-20 minutes, or until no odor of amyl acetate 
could be detected in the escaping CO2. The exit and inlet 
valves were then closed to isolate the chamber and a con- 
miner of water heated to 50~ was brought up around the 
drying chamber. Within a few minutes the pressure in- 
creased from 900-1500 psi approx. At approximately 
1060psi the liquid CO2 passed through the critical point. 
With the temperature maintained at 45~ the exit valve was 
opened and the CO2 allowed to escape the drying chamber. 
The dried samples were then removed and examined in the 
Hitachi HU-IIA microscope at an accelerating voltage of 
75 kV. 

All these samples were also investigated after drying in 
air. In this case the sample was prepared in an identical 
manner to that described with the exception that the grids 
in the holder were placed in air to dry after being in the dis- 
persion for 15 rain. 

Figures t and 2 show typical electron photomicrographs 
of dimethyldioctadecylammonium-montmorillonite which 
has been prepared by critical point drying. These two figures 
are to be compared with Fig. 3 which is an electron 
micrograph of the same which has been allowed to air dry. 
Figures 1 and 3 are of the same magnification. 

The most striking contrast between the critical point and 
air dried samples is in the degree of "curling" of sheets. In 
the critical point dried samples, curling was as extensive as 
shown in all cases. As can be seen, the air dried samples 
exhibit no such effect. As Anderson (1952) has discussed, air 
drying would be expected to flatten and orient any specimen 
which has an edge pointed upward through the liquid sur- 
face as the interfacial boundary moves downward. This 
being the case, then it must be concluded that the curling 
seen in Figs. 1 and 2 is the natural morphology of the 
sample as prepared. 

For the dimethyldioctadecylammonium-montmoril- 
lonite samples the extent of the coverage of the grids in 
Figs. 1 and 2 does not allow any conclusions to be made with 
regard to the tendency toward aggregation of particles un- 
der the different drying conditions. However, in examining 
the other samples (dimethyldioctadecylammonium-hector- 
ite, tris(ethylenediamine}copper(ll)-montmorillonite, tris- 
(ethylenediamine)nickel(II)-montmoriUonite, tris(ethylene- 
diamine)cobatt(IIl)-montmorilIonite, and tris(ethylenedia- 
mine)chromium(III)-montmorillonite, Fig. 4), it was very 
obvious that critical point drying leads to a minimum of 
aggregation of particles. The air dried samples had large 
aggregates of smaller particles which obscured the detail of 
individual particles. The critical point dried samples showed 
uniform coverage of the grid with a large number of indivi- 
dual particles. 

In all of the samples, air drying produced samples with 
strong orientation such that the basal plane was parallel to 
the grid surface. With critical point drying, orientation was 
more random and aggregates were found where the indivi- 
dual clay sheets had the basal plane perpendicular to or in- 
clined with respect to the grid surface. 
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E X C H A N G E  I O N  P O S I T I O N S  IN S M E C F / T E :  E F F E C T S  O N  E L E C T R O N  
SPIN R E S O N A N C E  O F  S T R U C T U R A L  IRON 

(Received 13 June 1974) 

The positions of exchange ions in smectite minerals depend 
in part on the hydration energies of the cations and 
hydration conditions. Under ambient conditions they may 
be solvated by one or two molecular layers of water as in 
Cu(H20)~ + and Cu(H20)6 z+ (Clementz et al., 1973), 
whereas in the wet silicate they are generally present in 
greatly expanded interlayers as fully hydrated cations. Ther- 
mal dehydration of the cations allows the silicate layers to 
collapse as the ions move into hexagonal cavities formed by 
oxygen atoms on the interlayer surfaces. In these hexagonal 
sites, the dehydrated cations are adjacent to structural OH 
groups (McBride and Mortland, 1974). Since the dioctahed- 
ral smectites possess vacant octahedral positions, small 
cations such as Li + can migrate irreversibly at sufficiently 
elevated temperatures through the hexagonal cavities into 
the empty octahedral sites (Calvet and Prost, 1971). The 
present work demonstrates that the position of the inter- 
layer cation can be readily determined from the nature of 

the electron spin resonance (ESR) signals of Fe z + ions pres- 
ent in the aluminosilicate layers of the mineral. 

Isolated structural Fe z + ions in distorted tetrahedral or 
octahedral sites of silicate minerals (Matyash et al., 1969; 
Kemp, 1971 ; Novozhilov et al., 1970) and glasses (Castner 
et al., 1960) commonly exhibit a broad signal with an iso- 
tropic 9 value near 4.3. Hydrated Na +, Li + and Ca 2+ 
exchange forms of the smectite in this study (Upton, Wyom- 
ing montmorillonite, M~.64 (Als.o6 Feo.3z Mgo.66) 
(Alo.10 5i7.90) O20(OH)4)exhibit two Fe z ~ signals near g = 
4"4 as shown in Fig. 1(1). The authors suggest that the weak 
Fe 3 + resonance may arise from ions adjacent to octahedra 
containing Mg 2+, while the more intense Fe z§ resonance is 
attributed to those ions adjoining octahedra which contain 
trivalent ions (mainly AI 34). The Mg: § ions are the source 
of net negative charge in the silicate structure, and this 
charge imbalance must cause the Fe z ~ environment adja- 
cent to Mg 2+ to differ from that adjacent to A] 3+. Thus the 
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Fig. 1. Effects of thermal dehydration and resolvation of Na § Li +, and Ca 2§ smectites on the ESR signal 

of structural Fe z +. 
11) Hydrated mineral under ambient conditions; (2) Mineral dehydrated at 205~ for 24 hr; (3) Mineral 

resolvated in ethanol after 205 ~ heat treatment. 
The arrows indicate the weak Fe z + resonance. 


