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Abstraet--I.R. absorption and X-ray diffraction data on butylammonium complexes of vermiculites 
show, when compared with the Wyoming montmorillonite complex, that the tetrahedral location of 
charge determines the keying of the -NH~ groups into the ditrigonal cavities and that these groups have 
their Ca axes perpendicular to the layers. The aliphatic chains adopt different conformations depending 
on the area available per exchange position; they will either: (a) adopt an 'all-trans' conformation with 
their axes inclined 55 ~ to the silicate planes, when the area available is small; (b) rotate 120 ~ around the 
Cx-C2 bond to adopt a flat disposition relative to the layers, when the area available is larger than the 
area covered by the organic ion. 

INTRODUCTION 

Since the early work of Jordan (1949), considerable 
attention has been given to the study of n-alkylam- 
monium complexes of montmorillonite and vermicu- 
lite (Weiss et al., 1956, 1957;Walker, 1960; Garrett and 
Walker, 1962). The existing work was summarizedby 
Weiss (1963), and one finds inconsistencies in exper- 
imental data conerning the (001) periodicities of the 
complexes obtained by the different authors. 

More recently Johns and Sen Gupta (1967) and Ser- 
ratosa et al. (1970) have added evidence, by X-ray dif- 
fraction and by i,r. absorption techniques, concerning 
the disposition of the organic cations in the interlayer 
space of the silicate structure. Since then it has been 
generally accepted that in complexes with vermiculite, 
where the surface charge density is high and tetrahed- 
rally located, the organic cations are adsorbed in such 
a way that the terminal -NH~ groups are deeply keyed 
into the cavities formed by the oxygen atoms of the 
tetrahedral sheets, and that the aliphatic chains are in- 
clined to the silicate layer at angles of around 55 ~ . 

Complexes with long alkylammonium ions fre- 
quently give (001) periodicities which are shorter by 
-~2A than expected. Conformational changes in the 
alkyl chains, departing from the 'all-trans' conforma- 
tion, could explain the observed data (Walker, 1967; 
MacEwan, 1967; Weiss, 1969). 

Based on calculations by Hagele and Pechhold 
(1970), Lagaly and Weiss (1973) proposed that 
rotations of alkylammonium chains around C-C 
bonds are possible, as relatively low energy barriers 
have to be overcome and that formation of 'kinks' 
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may be the cause of the apparent shortening of the 
length of the adsorbed molecules. The 'kink' concept 
appears to be particularly relevant for bilayer com- 
plexes of long alkylammonium ions with vermiculite. 

In support of their argument, evidence is presented 
in this paper confirming the existence of such confor- 
mational changes via rotation around C-C bonds, 
even in monolayer complexes of short alkylammonium 
chains. 

EXPERIMENTAL 

Butylammonium complexes were prepared with 
Wyoming montmorillonite (unit cell charge 0.66), ver- 
miculite from Beni-Buxera (unit cell charge 1.44) and 
Llano vermiculite (unit cell charge 1'90) by treating 
Na-saturated samples with 1 N butylammonium 
chloride at 60~ followed by repeated washing with 
alcohol-water mixtures to eliminate butylammonium 
chloride in excess over the exchange capacity. 

Single crystals of the vermiculite complexes were 
used for X-ray diffraction examination. Self supporting 
oriented films were prepared to obtain the X-ray dif- 
fraction data on the montmorillonite complex, and for 
recording the i.r. spectra of the three complexes. 

RESULTS AND DISCUSSION 

Figure 1 gives the i,r. spectra of the three complexes 
in the region o f - O H  stretching and -NH~ deforma- 
tion vibrations. The spectra show differences in the 
position and dichroic properties of corresponding 
bands. 
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Fig. 1. I.R. spectra in the regions of OH stretching and NH 3 
deformation vibrations of butylammonium complexes with: 
(a) Llano vermiculite; (b) vermiculite from Beni-Buxera; 
and (c) Wyoming montmorillonite. 0 ~ Incidence, 

40 ~ incidence. 

In the complex with montmorillonite, where the 
charge density is low and predominantly octahedral, 
the symmetric deformation vibration of the -NH + 
groups appears at 1500 cm- 1 and is not dichroic, indi- 
cating weak H-bonding and a direction of the C3 axis 
of the -NH~ that is essentially parallel to the layers. 
The X-ray basal spacing is 13.5 A. Both results are con- 
sistent with a structure in which butylammonium 
chains with an 'all-trans' conformation lie parallel to 
the layers of montmorillonite. 

In the complex with Llano vermiculite, the band is 
dichroic and has shifted to 1572 cm- 1, indicating that 
the C3 axis is normal to the layers and that there is H- 
bonding of the NH~- to the surface oxygens. At the 
same time, two dichroic bands appear in the -OH 
stretching region, one at 3670 cm-~ corresponding to 
unperturbed structural OH with a 3 Mg 2+ environ- 
ment and another at 3720 cm 1 corresponding to 
structural OH strongly perturbed by the presence of 
NHf groups sitting closely above them. The basal 

spacing is 14.7 A and the i.r. and X-ray data agree with 
the structure found by Johns and Sen Gupta (1967) in 
which the organic molecules are in 'all-trans' confor- 
mation, with the aliphatic chains standing at an angle 
of 55 ~ to the a-b plane and with the -NH~ groups 
keyed into the ditrigonal cavities of the silicate 
(nitrogen atom at 4-65A from the octahedral Mg 
plane). The high surface charge density and the tetra- 
hedral location of the charge in Llano vermiculite both 
determine the structure of the complex. 

A different situation occurs in the case of the com- 
plex with vermiculite from Beni-Buxera. There, the X- 
ray basal spacing is 13-2A, which must be interpreted 
as indicative of a disposition of the organic molecules 
parallel to the silicate layers. In that vermiculite an 
area of 35 A is available per exchange position, which 
is higher than the 28 A 2 available in the Llano vermi- 
culite, and allows a flat disposition of the molecules as 
in the montmorillonite complex. However, Fig. 1 
shows that the symmetric deformation band of the 
-NH~- groups is dichroic and its location is at 
1532cm -a. As in the Llano vermiculite complex, the 
axis of the NH~ group must be perpendicular to the 
layers, with the group associated to the surface 
oxygens by H-bonding. Similarly, two bands appear in 
the - O H  stretching region at 3600 and 3650 cm- 1 indi- 
cating the presence of perturbed-OH groups. 

The above results may be explained if it is assumed 
that, on account of the tetrahedral location of charge 
in the vermiculite, the terminal NH~ groups are 
keyed into the ditrigonal cavities, so that the direction 
of the N-C bond in the butylammonium molecules is 
perpendicular to the layers, but that the rest of the 
molecule has rotated 120 ~ around the C1-C 2 bond to 
adopt a flat disposition. With such conformation the 
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Fig. 2. Monodimensional electron density profiles for butyl- 
ammonium complex with vermiculite from Beni-Buxera. 

From Fobs, - from FcaI. 
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Table 1. Observed and calculated structure factors for the butylam- 
monium complex with vermiculite from Beni-Buxera* 

(Si2.TsAll.23Feo.o2)(Feo.46Tio.o6Mg2.48)Olo (OH)2 x 0.72 
CH3-(CH2) 3 NH~- x 1H20 

001 Fob s Fca I Ft. 1 (silicate) 

1 118.41 121.89 193.90 
2 0.00 3.34 -47.89 
3 19.65 -16.33 14.89 
4 143:12 150.03 131.17 
5 41.51 47-92 61,63 
6 37.25 - 33.07 - 44.92 
7 41.34 - 44.47 - 34.96 
8 27.82 27.23 21.57 
9 52.16 58.76 40.66 

10 30.59 31.01 31.80 
11 25.24 23.75 21.92 

Fob s corrected for absorption. Fca I with B = 6"22A 2, R = 0.085. 
'Fca I (silicate) with coordinates of atoms of silicate alone, Rs = 0.347. 
* Mineral formula from Luzon Cuesta (1968). 

molecule will occupy an area of 30/~ 2, just smaller 
than the area available. 

Figure 2 and Table 1 show the result of the one 
dimensional Fourier analysis of the complex. The 
nitrogen atom has been located at 4.85A from the 
octahedral Mg plane. The carbon atoms are in two 
planes, at 6.34~ and at 6-86A, with the plane of the 
z i g z a g  chain making an angle of 60 ~ to the layers. Hy- 
drogen atoms are located at 5.27 and 6.50A. Based on 
the area under p(z), one water molecule per half unit 
cell at z = 6.00A has been included in the structure. 
Electron density profiles obtained with Fob s (11 
rational orders observed) and with values of F c ~  based 
on the above model are almost identical. 

An isotropic temperature coefficient, B, of 6'22 A 2 
was obtained by the method of Wilson (1942). This 
value seems rather high for a layer silicate. Corre- 
sponding values for Mg-vermiculite and for the com- 
plexes of Llano vermiculite are 1.2 ~2 (Mathieson and 
Walker, 1954) and 3-75/~ 2 (Johns and Sen Gupta, 
1967). Calculation of the root mean square vibrational 
amplitude gives 0.12A for Mg-vermiculite, 0-22A for 
the Llano complex, and 0-28 ~ for the Beni-Buxera 
complex. If real, these amplitudes would indicate con- 
siderably more vibration, which could suggest poorer 
bonding between layers. Because the Beni-Buxera 
complex can have no interlocking of the organic chains 
(as with Llano), then perhaps the complex is more 
poorly held together. If so, such a high value for B might 
be expected. 

The position of the N atom found by Johns and Sen 
Gupta (1967) for the Llano complex is at 4-65/~. In the 
present complex, steric hindrance due to the disposi- 
tion of the aliphatic chains prevents the - N H ~  from 
keying deeper into the cavities. This fact agrees well 

with the smaller shift observed for the - N H ~  sym- 
metric deformation band (located at 1532 cm-  1 in the 
Beni-Buxera complex and at 1570cm-1 in the Llano 
complex). 

The interlayer water contained in air-dried samples 
is just sufficient to complete surface coverage. Most  of 
it is probably lost under the heat from the i.r. beam (see 
Fig. 1). 

In summary, while the tetrahedral location of the 
charge determines the keying of the - N H ~  groups into 
the ditrigonal cavities and the disposition of their C3 
axis normal to the layers, the aliphatic chains will 
either: 

(a) Remain in an 'all-trans' conformation with their 
axes inclined 55 ~ to the silicate planes, when the area 
available is small; or else 

(b) Rotate around the C1-C2 bond to adopt a dis- 
position parallel to the surfaces, when the area avail- 
able is larger than the area covered by the organic ion. 

With the second conformation the d(ooa) spacing of 
the complex is smaller. It may be reasonably assumed 
that the variation of van der Waals attractive potential 
is sufficient to overcome the energy required for the 
change of conformation of the molecules. 
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R6sumg--Les r6sultats de la spectrom6trie intkarouge et de la dittractlon X montrent dans le cas des com- 
plexes butylammonium-vermiculite compar6 au cas du complexe avec la montmorillonite du Wyoming, 
que la localisation t6tra6drique de la charge d6termine la fixation des groupes NH~ dans les cavit6s ditri- 
gonales et que ces goupes ont leur axe C3 perpendiculaire au feuillet. Les chaines aliphatiques adoptent 
diff6rentes conformations qui d6pendent de la surface disponible par position d'6change; elles pourront 
soit (a) adopter une conformation 'enti6rement trans' avec leurs axes inclin6s/~ 55 ~ par rapport au feuillet 
lorsque la surface disponible est petite, soit (b) tourner de 120 ~ autour de la liaison C~-C2 pour se mettre 
~t plat par rapport au feuillet, lorsque la surface disponible est plus grande que la surface occup6e par 
l'ion organique. 

Kurzreferat--Die Ergebnisse von Infrarotabsorptions- und RSntgenbeugungsuntersuchungen an Butyl- 
ammoniumkomplexen von Vermiculiten zeigen bei einem Vergleich mit Wyoming Montmorillonitkom- 
plexen, dab die Anordnung der Ladungen in den Tetraedern das Einpassen der --NH~-Gruppen in die 
ditrigonalen Hohlr~iume bestimmt, und dab diese Gruppen ihre C3-Achsen senkrecht zu den Silcat- 
schichten stellen. Die aliphatischen Ketten nehmen in Abhangigkeit von der f'dr eine Austauschposition 
verf'tigbaren Oberfl~iche unterschiedliche Zuordnungen an. Sie bilden entweder (a) eine "all-trans'-Zuord- 
nung mit um 55 ~ zu den Silicatoberfliichen geneigten Achsen bei geringer verfi.igbarer Oberfl~iche oder 
(b) rotieren um 120 ~ die C~ C2-Bindung, um eine flache Anordnung zu den Schichten einzunehmen, 
wenn die verfiigbare Fl~iche grSl3er als die durch das organische Ion eingenommene Fl~iche ist. 

Pe31oMe- ~aHHbIe HHqbpaKpaCHbIX ClIeKTpOB norJIOIReaN~ H peHTreHorpaqbaqecKnx HCCYle)IOBaHNi~ 
6yTNYlaMMOHNeBblX KOMIIJIeKCOB BepMNKyJINTa IIOKa3bIBalOT, IIpH cpaBHeHN!~I C KOMrI~IeKCOM MOHT- 
MOpN.FLrIOHI4Ta BHOMkIHF, qTO TeTpa97IpaJIbHOe MeCTHaXO)K~leNrle 3 a p ~ a  orlpe2IeJi~eT MaHHny-rIHpO- 
BaHI, Ie rpyrlrI --NH3 + B 7IHTpHFOHaJIbHbIe TpeIllHHbI, N "ttTO OCM C3 3THX rpyim J~e)gaT nepneH/IH- 
Ky.rltlpHO K C.rlO~IM. A~NqbaTN'~ecKHe t~erm IIpHHnMarOT pa3~Nqable KOHqbOpMalINN B 3aBNCNMOCTN OT 

NMerome~cg npN O6MeHe nno~a~ii, i: onN an6o a) ecaN ~IMetoKla~cg nJIotRa/Ib Ne6oabmag IIpHMyT 
KOHd~OpMaranK) <<all-trans>> c OCnMN HaKnOHeHHbIMH Ha 55 ~ no HarlpaBneHNIO K HJIOCKOCT,qM CNJIHKa- 
Ton, nN60 6) NoBepHyTCg 120 ~ noKpyr CBg3N C1-C2, qTO6bl npNHflTb rlnOCKOe rrosioxeHHe no OTrlO- 
meHN~O K CJIO~M, ecJIu NMeloIlla~c~ nJIOIlla/Ib 60~blue, qeM I1Yto~a/Ib 3aHNMaeMa~ opraHnqecK~IM 
IIOHOM. 


