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A B S T R A C T 

Clay-organic complexes of the clay minerals sodium hectorite and sodium montmorillonite 
with the hydrochlorides of guanidine, amino-guanidine, methylguanidine, and triamino-
guanidine were examined for thermal stability by the oscillating-heating x-ray technique. 
Completely exchanged complexes increase the thermal stability of these two clays by as 
much as 275°C. 

Infrared analyses were also made on these same clay-organic complexes. There is a 
marked difference between the infrared patterns of the clay—organic complexes and the 
patterns of the clays or the organic salts alone. More experimental work must be done 
before it will be possible to interpret completely the clay-organic infrared patterns. 

INTRODUCTION 
The apparatus used in the oscillating-heating x-ray studies of this paper was 
adapted from a furnace used by Birks and Friedman (1917) and described 
more completely by Weiss and Rowland (1956) and Rowland, Weiss, and 
Lewis (1959). Applications of the oscillating-heating technique to studies of 
clay minerals are given by Weiss and Rowland (1956) and Rowland, Weiss, 
and Bradley (1956). Some of the original clay-organic oscillating-heating 
research has been done by Rowland and Weiss (unpublished work) on 
complexes of clay with simple amines. 

The crystal structures of clay minerals have been determined bj ' many 
investigators. Hectorite and montmorillonite are sheet structures of the three-
layer type with exchange cations between the sheets. These lattices expand 
when treated with water, alcohols, amines, and other organic liquids. An 
organic compound having a planar structure and a resonating charge should 
fit easily into the clay structure and be strongly bound. The guanidinium ion 

NHa 
\ 

C = NHg 
/ 

NHa 
is promising for an initial investigation. The crystal structure has not been 

1 Published by permission of The Pure Oil Company. 
2 Indiana University, Bloomington, Indiana. 

22 

https://doi.org/10.1346/CCMN.1959.0080106 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1959.0080106


X-EAY AND INFRARED DATA ON GUANIDINES 23 

determined for guanidine, but it has been for guanidinium bromate (Drenth 
et al., 1953), methylguanidinium nitrate (Curtis and Pasternak, 1955), 
aminoguanidine hydrochloride (Bryden, 1957), and triaminoguanidinium 
chloride (Okaya and Pepinsky, 1957). In each compound the CN3 group 
is approximately trigonal and the structure is planar, a typical laj^er 
structure. 

EXPERIMENTAL PROCEDURE AND RESULTS 
The experimental clay materials were hectorite (Hector, California) and 

Wyoming bentonite (Upton, Wyoming) both of which were run through a 
sodium exchange column. The experimental amines were the hydrochlorides 
of guanidine, aminoguanidine, methylguanidine, and triaminoguanidine, 
abbreviated as G, AG, MG, and TAG. One hundred fifteen milliequivalents 
per hundred grams was taken as the cation exchange capacity of hectorite 
(Ames, Sand and Goldich, 1958); ninety milhequivalents as t ha t of Wyoming 
bentonite, an average for this material. 

The dilute clay suspension of montmorillonite contained 15.0 g per 
1000 ml (a 1.5 percent suspension); of hectorite, 10.0 g per 1000 ml (a 1 
percent suspension). Two concentration levels of the hydrochlorides of G, 
AG, MG, and TAG were used: 0.01 meq per ml, and 0.1 meq per ml. Organic-
clay complexes of each clay with G, AG, MG, and TAG were prepared for 
25 percent, 200 percent, and 1000 percent of the amount needed for com
plete exchange reaction with the clay. 

The preparation of material for examination by the osoillating-heating 
method was made by putting 5 ml of clay suspension into a glass vial, adding 
the calculated amount of amine, and shaking vigorously. The clay flocculated 
readily. The mixture stood a minimum of 24 hr and was occasionally shaken 
vigorously. One ml of flocculated clay was pipetted on to a platinum plate, air 
dried, and examined by the oscillating-heating technique. In all x-ray traces 
of this study, oscillation was over the first order basal maximum (001). The 
ordinates in Figs. 1-8 are in arbi trary units. 

The initial and final decomposition temperatures in Table 1 are picked 
from^ Figs. 1-8. The temperatures in the figures were recorded by the opera
tors (from potentiometric measurements of thermocouple voltages) as the 
runs were being made. The initial decomposition temperature was chosen as 
the temperature a t which the diffraction peak began to decrease rapidly both 
in intensity and spacing. The final decomposition temperature is tha t a t 
which a sharp lOA peak is formed and the peak intensity does not increase 
appreciably. 

D I S C U S S I O N 

The subject of clay mineral organic reactions is summarized in Grim 
(1953, pp. 250-277). Gieseking (1939), Gieseking and Jenny (1936), Ensminger 
and Gieseking (1939, 1941), Hendricks (1941), Bradley (1945a, 1945b), and 
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24 E I G H T H NATIONAL CONFBBENCE ON CLAYS AND CLAY MINERALS 

MacEwan (1944, 1946) discuss extensively the kinds of organic molecules 
which can be adsorbed in the cation exchange position on silicate sheet 
structures. Organic ions are held more firmly by three-layer clays than are 
inorganic positive ions (Hendricks, 1941). In addition, these authors and 

TABLE 1.—TEMPEKATUKES OF INITIAL DKOOMPOSITION AND DEVELOPMENT 
OF GOOD lOA MATERIAL 

Na-Heotorite 
Na~Montmorillonite 

Hectorite-G, 25% 
Montmorillonite-G, 25% 

Hectorite-G, 200% 
Montmorillonite-G, 200% 

Hectorite-G, 1000% 
Montmorillonite-G, 1000% 

Heetorite-AG, 25% 
Montmorillonite-AG, 25% 

Heotorite-AG, 200% 
Montmorillonite-AG, 200% 

Hectorite-AG, 1000% 
Montmorillonite-AG, 1000% 

Hectorite-MG, 25%, 
MontmoriUonite-MG, 25% 

Hectorite-MG, 200% 
MontmoriUonite-MG, 200% 

Hectorite-MG, 1000% 
MontmoriUonite-MG, 1000% 

Heetorite-TAG, 25% 
MontmoriUonite-TAG, 25% 

Hectorite-TAG, 200% 
MontmoriUonite-TAG, 200% 

Hectorite-TAG, 1000% 
MontmoriUonite-TAG, 1000% 

Initial 
Decomposition 
Temperature, C 

38 
36 

25 
40 

220 
240 

315 
310 

38 
36 

260 
185 

285 
225 

30 
35 

250 
235 

290 
280 

35 
38 

220 
200 

230 
220 

Final Decomposition 
Temperature, C° 

Good lOA 
Material 

79 
68 

110 
75-80 

385 
320 

600 
530 

265 
95 

360 
420 

570 
505 

355 
220 

500 
460 

580 
420 

265 
165 

420 
420 

480 
480 
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SCALE FACTOR-IS SCALE FACTOR-J2 SCALE FACTOR-16 

FlGtTKE 1.—Oscillating-heating x-ray diffraction patterns, 001, hectorite-guanidine. 
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FiGTJKE 2.—Oscillating-heating x-ray diffraction patterns, 001, 
hectorite—aminoguanidine. 
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SCALE FACTOR-32 SCALE FACTOR-16 SCALE FACT0«-I6 

FiGTJBE 3.—Oseillating-heating x-ray diflraction patterns, 001, 
hectorite-methylguanidine, 
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SCALE FACTOR-16 SCALE FACTOR-16 SCALE FACTOR —16 

FiGUBE 4.—Oscillating-heating x-ray diffraction patterns, 001, 
hectorite-triaminoguanidine. 
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FiGTiRK 5.—Oscillating-heatiag X-ray diffraction patterns, 001, 
montmorillonite-guanidine. 
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FiGTiEE 6.—Oscillating-heating x-ray diffraction patterns, 001, 
montmorillonite-aminoguanidine. 
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FIGURE 7.—Oscillating-heating x-ray diffraction patterns, 001, 
montmorillonit e-methylguanidin©. 
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FiauBB 8.—Oseillating-heating x-ray diffraction patterns, 001, 
montmorillonite-triaminoguanidine. 
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Greene-Kelly (1955a, 1955b) discuss the number of layers of organic molecules 
which are adsorbed as well as their orientation on the silicate sheet structure. 
Hendricks (1941), Bradley (1945a) and others believe t h a t the adsorbed 
organic molecule is oriented so t ha t its smallest dimension is perpendicular 
to the sheet surface. The basal (001) spacing of the talc and pyrophylHte 
structures is a 9.6A. The observed increase in the 001 dimension of expandable 
clay minerals over the ideal dimension of 9.6A represents the thickness of 
the adsorbed layer. Some organic molecules with non-coplanar atoms are 
distorted into planar arrangements when adsorbed on a clay sheet. The basal 
(001) spacing of montmorillonite having one molecule of interlayer water is 
12.3-12.4A. Most of the published values for the 001 spacing of mont
morillonite having one layer of an adsorbed organic molecule range from 
12.7A for methylamine to 13.2-13.4A for other polyamines (MacEwan, 
1944, 1946; Bradley, 1945a, 1945b). Values exceeding 13.5A for the 001 
spacing of montmorillonite are explained by Hendricks (1941) as an average 
value for 1-2 layers of organic molecules, bu t are explained by Greene-Kelly 
(1955a, 1965b) in elaborate detail as orientations which present dimensions 
of the organic molecule other than its shortest one perpendicular to the 001 
dimension of the clay mineral. 

G, AG, MG, and TAG are cation exchanged in the interlayer position of 
hectorite and montmorillonite and the succeeding discussion refers to both 
of these clays. The results of the osciUating-heating for each clay-organic 
complex are illustrated in Figs. 1-8. The addition of ions of guanidine and 
guanidine derivatives gives 001 spacing of two ranges: 12.6-12.8 A and 13.6-
13.9 A. If the CN3 groups lie parallel to the sheet structure and are hydrogen-
bonded to the sheets, spaeings of the 12.6-12.8A range are to be expected. 
Por example, the interplanar distance of TAG normal to the CN3 plane 
(c-axis) is 3.1 A (Okaya and Pepinsky, 1967). Other possibilities of bonding 
must be considered. Structurally, the guanidine molecule can be cross 
hydrogen-bonded, or alternate guanidine molecules can form cross hydrogen-
bonds to upper and lower sheets. In the latter type, overlap is possible 
(Hendricks, 1941) and will increase the 001 spacing. With a large excess of 
guanidines to clay it is possible to have van der Waals bonding between the 
organic molecules. Finally, the possibility of mixed layering should be con
sidered. Two molecules in the interlayer position would give a spacing of 
15.8A [9.6-]-2 x3 .1] . In such a case the observed spacing of 13.9 for some 
1000 percent guanidines would represent about 43 percent of layers with a 
spacing of 16.SA and 67 percent with a spacing of 12.6A. 

AG and MG are approximately the same size, but 200 percent AG has a 
one-layer spacing of 12.7A whereas 200 percent MG has a 13.6A spacing. 
The additional amine group of AG lies in the plane of the CN3 group and does 
not increase the spacing. The methyl group, however, has a tetrahedral 
arrangement and, when sufBcient thermal energy is supplied, can rotate. 
The van der Waals radius of the methyl group is 2.0 A (Pauling, 1930). Conse
quently, when the methyl group rotates, it will effectively occupy a diameter 
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of 4.0A and the predicted (Z-spaoing of 13.6A {9.6+4:.0) is also the observed 
(^-spacing for 200 percent MG (Table 2). 

TABLE 2.-

G, 25% 
AG, 25% 
MG, 25% 

TAG, 25% 

G, 200% 
AG, 200% 
MG, 200% 

TAG, 200% 

G, 1000% 
AG, 1000% 
MG, 1000% 

TAG, 1000% 

-001 SPAOINGS or 

Hectorito 

d 
12.8 
12.6 
12.6 
12.7 

13.1 
12.7 
13.6 
12.7 

13.9 
13.9 
13.9 
12.7 

COMPLEXEK 

Montmorillonite 

d 
12.6 
12.8 
12.8 
12.6 

12.4 
12.6 
13.6 
12.6 

13.9 
13.9 
13.8 
12.7 

G, AG, and MG have (Z-spacing of 13.9 A for the 1000 percent equivalencies, 
but the corresponding TAG has a (Z-spacing of 12.7 A. These data by the 
oscillating-heating technique seem to favor Hendricks' (1941) explanation 
for values exceeding 13.5A rather than Greene-Kelly's (1955a, 1955b) vary
ing orientations. Excess amounts of G, AG, and MG could exhibit overlap 
and still be tightly bound. However, if they were arranged in different 
orientations it would be expected tha t with increasing thermal energy the 
guanidines would orient with the shortest dimension parallel to the (001) 
sheet structure and a spacing of 12.7 A would be recorded. 1000 percent TAG 
does not show the overlap iZ-spacing because of the relatively large molecules. 

The thermal stability of each complex increases with increasing percentage 
of the organic compound (Table 1). With an excess (1000 percent) of com-
plexing agent the thermal stability increases with an increase in the charge/ 
size ratio of the organic molecule. With lesser amounts of complexing agents 
there is no apparent order to the thermal stability. 

I N F R A R E D 

The last par t of this s tudy is a survey of infrared patterns of the same 
clay-organic complexes. The patterns from these analyses are in Figs. 9 and 
10. The saftiples were all run either as self-supporting .films or as films on 
AgCl plates. 

The absorption peaks of the organic components have been altered in every 
case by adsorption on the clay, but we cannot unequivocally assign reasons 
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for this alteration from the data at the present time. The greatest change 
occm's with the guanidinium ion on these clays and this ion is the most basic 
of the four. There seems to be multiple displacement in wa,ve length and in
tensity in the C—N asymmetric stretching and NH2 bending vibrations. I t 
will require a more detailed analysis of the position and kinds of adsorption 
of clay minerals whose chemical composition and structures are better 

WAVELENGTH(MICRONS) 

FiGTJEE 9.—Infrared absorption spectra of guanidinium salts. 

known before a valid interpretation is possible. The data from this survey 
merely show that changes do occur and that they are reproducible on any 
given clay. Our experimental work has shown this to be true regardless of the 
metallic ions which may be on the clay before treatment with the organic 
cation. Hydrogen-bonding of the organic cation to the clay is indicated but 
not proved. 

CONCLUSIONS 
The x-ray results of this investigation are summarized in Tables I and 2 

and Figs. 1-8. The temperature of initial decomposition of the complexes and 
the development of good lOA material, which is the final decomposition 
product having the same (^-spacing as illite (lOA), are recorded in Table 1. 
Generally, the range of temperature between the two recorded temperatures 
is a transition zone where the organic material is gradually removed from the 
structure. Water and alcohols, on the other hand, generally are removed 
rapidly and the eoUapse of the expanded clay structure is abrupt. The long 
transition range attests to the tenacity with which guanidine and guanidine 
derivatives adhere to the interlayer position and keep the three-layer clays 
expanded. The fact that the decomposition temperature of the complexes is 
as much as 276°C above the untreated clay is additional evidence of the 
thermal stability of these complexes. An inspection of Table 1 shows that the 
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HECTORITE 

II 12 13 14 6 7 8 9 10 

WAVELENGTH (MICRONS) 

FIGURE 10.—Infrared absorption spectra of heetorite and montmorillonite 
with guanidinium ions, 
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hectorite complexes are slightly more stable thermally than the analogous 
montmorillonite complexes. 

The 001 spaoings of the well-organized clay-organic complexes under 
consideration are recorded in Table 2. Adsorption of guanidinium ion on the 
clays produces changes in the infrared patterns, but they are not satisfac
torily explained (Pigs. 9 and 10). The ordinate in the figures is absorbance 
but the spectra have been offset by arbitrary amounts. 

R E F E R E N C E S 

Ames, L. L., Jr. , Sand, L. B. and Goldioh, S. S. (1958) A contribution on the Hector, 
California, bentonite deposit: Econ. Geol., v. 53, pp. 22-37. 

Birks, L. S. and Friedman, H. (1917) A high temperature x-ray diffraction apparatus: 
Bev. Sci. Inslrum., v. 18, pp. 578—580. 

Bradley, W. F . (1945a) Molecular associations between montmorillonite and some poly-
functional organic liquids: J. Amer. Ghem. Soc, v. 67, pp. 975-981. 

Bradley, W. P . (1945b), Diagnostic criteria for clay minerals: Amer. Min., v. 30, pp. 704-
713. 

Bryden, John H . (1957) The crystal structure of aminoguanidine hydrochloride: Acta 
Gryst., V. 10, pp. 677-680. 

Curtis, R. M. and Pasternak, R. A. (1955) The crystal structure of methylguanidinium 
ni t ra te : Acta Gryst., v. 8, pp. 675-681. 

Drenth, J., Drenth, W., Vos, Aafje and Wiebenga, E. H. (1953) On the crystal structure 
of guanidinium bromate: Acta Gryst., v. 6, p . 424. 

Ensminger, L. E. and Gieseking, J . E. (1939) The adsorption of proteins by montmoril-
lonitic clays: Soil Sci., v. 48, pp. 467-473. 

Ensminger, L. E. and Gieseking, J . E. (1941) Adsorption of proteins by montmorillonite 
clays and its effect on base-exchange capacity: Soil Sci., v. 51, pp . 125—132. 

Gieseking, J . E. (1939) The mechanism of cation exchange in the montmorillonite— 
beidellite-nontronite type of clay minerals: Soil Sci., v. 47, pp. 1-13. 

Gieseking, J . E. and Jenny, Hans (1936) Behavior of polyvalent cations in base exchange: 
Soil Sci., V. 42, pp. 273-280. 

Grim, R. E. (1953) Glay Mineralogy: McGraw-Hill Book Company Inc., New York, 
384 pp. 

Greene-Kelly, R. (1955a) Sorption of aromatic organic compounds by montmorillonite, 
Par t 1, Orientation studies: Trans. Faraday Soc, v. 51, pp. 412-424. 

Greene-Kelly, R. (1955b) Sorption of aromatic organic compoimds by montmorillonite, 
Par t 2, Packing studies with pyridine: Trans. Faraday Soc, v. 51, pp. 424—430. 

Hendricks, S. B. (1941) Base exchange of the clay mineral montmorillonite for organic 
cations and its dependence upon adsorption due to van der Waals' forces: J. Phys. 
Ghem., v. 45, pp. 65-81. 

MacEwan, D. M. C. (1944) Identification of the montmorillonite group of minerals by 
x-rays: Nature, Land., v. 154, pp. 577-578. 

MacEwan, D. M. C. (1946) The identifioation and estimation of the montmorillonite group 
of clay minerals with special reference to soil clays: J. Soc Ghem. Ind., Land., v. 65, 
pp. 298-305. 

Okaya, Yoshiharu and Pepinsky, Ray (1957) Crystal structure of triaminoguanidinium 
chloride:\4cto Gryst., v. 10, pp. 681-684. 

Pauling, Linus (1930) The structure of micas and related minerals: Proc. Natl. Acad. 
Sci., U.S., V. 16, pp. 123-129. 

Rowland, R. A., Weiss, E. J . and Bradley, W. F. (1956) Dehydration of monoionie mont-
morillonites: in Olays and Clay Minerals, Natl. Acad. Sci.—Natl. Research Council, 
pub. 456, pp. 85-95. 

https://doi.org/10.1346/CCMN.1959.0080106 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1959.0080106


38 E I G H T H NATIONAL CONFERENCE ON CLAYS AND CLAY MINERALS 

Rowland, R. A., Weiss, E. J . and Lewis, D. R. (1959) Apparatus for the osoillating-
heating method of x-ray powder diffraction: J. Amer. Ceram. Soc, v. 42, pp. 133-138. 

Weiss, E. J . and Rowland, R. A. (1956) Oscillating-heating x-ray diffractometer studies 
of clay mineral dehydroxylation: Amer. Min., v. 41, pp. 117—126. 

Weiss, E. J . and Rowland, R. A. (1956) Effect of heat on vermioulite and mixed-layered 
vermiculite-chlorite: Amer. Min., v. 41, pp. 899-914. 

https://doi.org/10.1346/CCMN.1959.0080106 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1959.0080106



