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ABSTRACT

A study of the intensities of basal reflections from ethylene glycol monoethyl ether-

montmorillonite indicates that the plane of symmetry of the aliphatic chain lies perpendicu-

lar to the clay oxygen surface. The complex appears to contain two layers, each of which

has one-half the molecular density of ethylene glycol layers on montmorillonite. The value

of d(001):16.0 A makes this complex potentially useful for identification of expandable

and mixedJayered expandable clays in cases'w.here line interference is encountered on dif-

fractograms from glycol or glycerine treated samples

An X-ray diffraction study has been made of the ethylene glycol

monoethyl etherl-montmoril lonite complex (d(001):16.0 A). The com-
plex should prove useful in the identification of monotmorillonite and

mixed-layer illite-montmorillonite in cases where ethylene glycol or
glycerol complexes produce diffraction maxima that are interfered with
by contributions from other minerals in a mixed sample. An additional
reason for interest in this reagent lies in its suggested use for the deter-
mination of surf ace areas of clays (Carter, IIeilman, and Gonzalez, 1965).

t Available from Fisher Scientific Co
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PnocBounr

Clay Spur bentonite (A.P.I. 26) was dispersed in deionized water and settled to obtain
the (2 pm fraction The cation exchange complex of the clay was assumed to be sodium
saturated (see Kerr et al., 1950) . The natural, { 2 pm fraction was centrifuged onto a porous
plate, dried at 110oC, and steeped in ethylene glycol monoethyl ether (EGEE). X-ray dif-
fraction studies were performed with a General Electric XRD-.5 spectrometer equipped
n'ith a copper target tube. Diffraction patterns were recorded at 2" 2lfmin. A 0.4o beam
slit was used for the region between 20:50 and 20:18", and a 1o beam slit for the region
above 20: 150. Intensities were computed by multiplying peak heights times peak breadths
at half-height. All peak intensties were put on the same basis by measuring the intensity of
the 003 by both slit systems and calculating the appropriate intensity conversion factor-
'lhe 

intensity data were analyzed by computer methods described by Reynolds (1965).
In order to ascertain the uniformity of the complex over a range of montmorillonite

t;pes, values for d(001) were obtained for EGEE-solvated samples of Umiat bentonite
(Anderson and Reynolds, 1966), Santa Rita montmorillonite (A.P L 11), and Chambers
nrontmor i l joni te ( . \ .P. I .  23t .

RBsur,rs

Init ial X-ray dilTraction studies revealed anomalies in the EGEE-
montmorillonite complex formation. Unlike the ethylene glycol complex,
the EGEE complex required several hours to form when the reagent was
applied to thick (1 mm) oriented aggregates of Clay Spur bentonite.
Samples studied soon after the application of EGEE gave diffraction
patterns that showed interstratif ied phases. However, alter 17 hours in
contact with EGEE, the thick montmoril lonite aggregate showed a long
(12) series of 001 reflections, indicating the presence of a well-ordered
EGEE-montmorillonite complex. Based on values for the 006 through
00.12,  d(001):15.9S+0.02 A.  Af ter  obta in ing deta i led d i f f ract ion pat-
terns, the sample was reimmersed in EGEE for two days. Patterns ob-
tained at that time showed that no further change had occurred in the
complex.

As a consequence of the relatively high volatility of EGEE, solvated
aggregates showed a tendency to dry out during the recording of a long
(45 minutes) diffraction run. It was found advisable to reapply EGEE at
approximately 10-minute intervals.

The samples of Umiat, Santa Rita, and Chambers montmoril lonites
also gave d(001) values of 16.0 A, indicating that the configuration of
the complex is not greatly influenced by exchangeable sodium or calcium.
In addition, good agreement was obtained between observed and calcu-
lated diffraction profiles of EGEE-solvated mixed-layer illite-montmoril-
lonite; these will be discussed in detail in a forthcoming publication.

Table 1 summarizes a structural model of an EGEE-montmorillonite
complex that provided an acceptably low value for the reliability factor
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Tasrn 1. AN Exaupr,n ol e Owe-DrrvrnNSroNAL Monrl ol' e MoNrMonrt-r,oNrrE-

ErnvrnNr Gr-vcor, Morontnvl Ernrn (EGEE) Courmx
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'These values refer to projected positions of the atoms along a line normal to the
(001). The center of the octahedral layer is taken as the origin. Distances are in Angstrom

units.

(,R). Table 2 compares observed structural amplitudes lF"l with ^F"

values calculated from the model described bv Table 1.

DrscussroN

Too few reflections were observed to define precisely the scattering
centers within the EGEE molecules. A basal series extending to the 00.12

was obtained. Assuming that the absence of the 004 provides some inf or-

mation, independent parameters that could be isolated are therefore
Iimited to 12. The amount of EGEE per unit cell was considered fixed
'by data of Carter et al.,1965. This quantity was assumed to be two mole-

cules per unit cell, or one molecule per unit cell per layer. The montmoril-
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Tesrr 2. A Coupar.rsoN or OssnnvEo aNo Cercur,lrno Srnucrunar
Armr,rruons, Besro or rnp Monrr, or TAsr,n 1
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Basal series Ia l FO

001
002
003
004
005
006
007
008
009

00.10
00.11
00.12

62.4
1 3 . 6
43.4
N.D..
7 t . 9
33.9
31.7
J / . J

26 .2
15 .0
30.0
24.O

64.0
15 .7

-42 .6
3 . 0

7 r .8
33 .3

-31 .6
-38 .4
-26 .S

13.4
30.s
2 2 . 7

'Not detected.
Relibility Factor, R:3.29; for this calculation, lfOOal wrs assumed to be one-halJ

the minimum observable value, or I fOO+l : O.Z.

lonite structure was also considered to be largely fixed. Therefore, the
parameters which must be specified by the analysis are: (1) the location
of six scattering centers within the EGEE molecule, the retrative positions
of which are limited by the constraints of molecular structure; (2) the
location of the exchangeable cations and/or water molecules; (3) the
amounts of water and exchangeable cations per unit cell; and (5) the
values of three difierent temperature coefficients, namely, one for the
silicate skeleton, one for the EGEE, and one for the water and exchange-
able cations. This means that somewhat fewer than 11 independent
parameters must be specified by the information contained in 11 to 12
equations (reflections). Such a low redundancy requires that only the
general aspects of the proposed molecular orientation be considered as
definite. For this reason, no interpretation is attempted of possible bond
Iengths and angles.

The data of Tables I and 2 are presented as an example of a model
with acceptably low R. Variations also produced low R values, and these
are not tabulated here. However, all low-R structural models had certain
features in common, as follows: (1) a distribution of scattering centers
indicating that the plane of symmetry of the aliphatic chain lies perpen-
dicular to the clay oxygen surfaces; and (2) evidence of some scattering,
presumably from water molecules and.f or exchangeable sodium, near
either 6.15 or 8.00 A. tt is assumed that the position near 6.15 is the valid
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one (-Cl-. Bradley, Weiss and Rowland, 1963), because free space near
8.00 A could not be generated by trial and error studies with dimension
allv accurate models.

A synthesis of information derived from X-ray, chemical (Carter, et al.,
1965), and dimensioned model studies leads to the following possible
rnolecular arrangement for EGEE-montmoril lonite. EGEE forms a two-
layer complex in which the plane of symmetry of the aliphatic chain Iies
perpendicular to the clay surface. Some compression of the organic layers
is achieved by keying of the second methylene group of each molecule
into a hexagonal site at the clay surface (C/. Bradley, et al.,1963;
Reynolds, 1965). The complex contains one EGEE molecule per unit
cell per half-layer, causing the molecules to be arrayed in rows, parallel
to (010) or (110), that are separated by rows oi blank positions. Keying
of the second organic layer to the first is accomplished by a displacement,
between the two layers, in a direction perpendicular to the long-dimen-
sion of the molecules. Water andf or exchangeable cations may be present
at  about  6.15 A.

The proposed arrangement is somewhat similar to that <-rf ethylene
glycol-clay complexes (Brindley, 1956; Bradley et al., 1963; Reynolds,
1965). Brindley and Hofiman (1962) have pointed out that aliphatic
molecules that lack a strong polar group tend to assume orientations
perpendicular to the clay surface (they designate this as the all orienta-
tion). Presumably, organic-organic interactions are responsible for this
arrangement. It appears that the structure of EGEE-rnontmoril lonite
adds further confirmation to their conclusion.

Ethylene glycol monoethyl ether should prove to be a useful reagent
for the determination of surface areas, and for X-ray diffraction studies
of expandable clays. It forms a regular complex whose structure appears
to be constant over a range of montmoril lonite types. It requires greater
equilibration times than ethylene glycol, and drying may be a problem
during the recording of the diffraction pattern, but both of these difficul-
t ies mav be easil l '  circumvented.
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PALYGORSKITE FROM THE DEEP SEA: A DISCUSSION

GonuerN SAnarrnn, Laboratoire d,e Minhralogie, Centre Nati,onal d.e la
Recherche Scientif.qwe, 16 rue P.ierre Curie, paris 5e, France.

In an interesting paper E. Bonnati and O. Joensuu (196g) have re_
cently reported the occurence of palygorskite (or attapulgite) in deep
sea deposits of the Barracuda Escarpment.

They state, "Palygorskite has not been previously reported from thc
deep sea environment. rt has been found to form in fresh water anrl
lagunal sediments . . . or in shallow marine environment., '

I think this statement too categorical, and I know, at least, one excep_
tion. B. C. Heezen et al. (1965) have reported, three years ago, the oc_
currence of attapulgite in deep sea deposits of North rndian ocean (Aden
Gulf) and Red Sea, between 1000 and 2500 meters below sea level.

concerning the origin of this mineral various hypothesis can be put
forward. rt is possible that attapulgite was inherited from neighbouring
lands where deposits of this mineral have been described (G. Mi.iller
1961). rt could also have been produced by hydrothermal reaction of
the type discussed by Bonnati and Joensuu for the Barracuda Es-
carpment.

This second hypothesis is particularly attractive owing to the ffae-
tured nature of the sea floor in the North rndian ocean and the Red sea.
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