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Silver molybdate AgiMo,,Os; exchanges silver ions for organic cations, particularly surface-active
agents such as long-chain n-alkylammonium ions C,H,,.\NH;. The alkylammonium ions penetrate
between the layers and aggregate as bimolecular structures. The alkyl chains in the interlayer are not in
all-trans conformation but are isomerized into conformers with gauche-bonds. These chains aggregate
as gauche-blocks because the polar chain ends (NH; and NH, groups) interacting with the molybdate
layer cannot be close-packed. The specially favored formation and pronounced stability of gauche-
blocks impede the quantitative exchange of the silver ions. No more than 20% of the silver ions are
exchanged by alkylammonium nitrate. The gauche-blocks are stabilized by additional uptake of alkyla-
mine molecules. Silver molybdate also reacts with alkylamine and forms long-spacing complexes with
long segments of the alkyl chains perpendicular to the layers.

Introduction

Many polyacid salts A,M,0, of 1V, V,
and VI-group transition elements form lay-
ered host compounds with distinct intra-
crystalline reactivity (71, 8, 9). The ex-
change of organic cations for the inorganic
interlayer cations is particularly pro-
nounced. Inorganic cations displace only
small amounts of interlayer cations.

Surprisingly, long-chain organic cations
are most reactive. The reactivity of the
long-chain cations becomes plausible if one
considers their surface activity. The cations
have a strong tendency to aggregate as
monomolecular films on solid and liquid
surfaces. The long-chain cations penctrate
between the interlamellar surfaces of the
layered host compounds and aggregate in
distinct structures. The type of aggregation
of long-chain compounds on interlamellar
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surfaces (7) is more multifarious than ini-
tially expected. The interlayer alkyl chain
orientation cannot be understood without
considering conformational changes of the
alkyl chains. The basic principles of such
changes are well known from studies in
polymer, interface and colloid chemistry,
and particularly biophysics (biomembrane
studies). Among the molybdates listed by
Beneke and Lagaly (7), the silver molyb-
date AgcMo,9Os; is of particular interest be-
cause only a part of the silver ions is dis-
placed by alkylammonium ions; this is
directly related to the type of interlamellar
chain aggregation.

Materials and Methods

AgeM010033. The silver molybdate can
best be prepared from melts of Ag;MoO,
and MoQ; in the ratio 1: 2. The ratio should
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be slightly above 3:7 (the ratio in Agg
Mo00O;4013) to obtain uniform crystals. This
is in agreement with the phase diagram (5)
which exhibits a peritectic point at 35
mole% Ag-MoQ,. Gatehouse and Leverett
(2, 4) also started from melts of Ag;MoQ,
+ 2MoOs to prepare single crystals. Conse-
quently, the composition of the silver mo-
lybdate was first reported as being Ag,
M03010 (5 Ag2M004 . MOO3 =1 2) How-
ever, the correct and rather unexpected for-
mula AggMo0,gOs3 for this compound has
been determined through a complete crys-
tal structure analysis (3, 4).

Thus, larger amounts of silver molybdate
were prepared by melting 1 mole of Ag;
MoO, and 2 moles of MoO; in a porcellain
crucible at 650-700°C for 18 hr, similar to
the procedure of Gatehouse and Leverett
(2). After slow cooling down, needle-
shaped, yellow-colored crystals of silver
molybdate were obtained which could eas-
ily be separated from some of the remaining
compact material. Microscopic inspection
revealed a very uniform material without
any detectable impurities. For most investi-
gations the crystals were ground in a mortar
to a fine powder with light yellow color.

Ag,Mo00, was obtained following the pro-
cedure of Ricci and Linke (/2). Thus, 200
ml of 1 M AgNO; and 100 ml of 1 M Na,
MoOy - 2H,0 were added dropwise to |
liter of boiling water. The precipitate was
washed free of sodium ions with water, first
dried at room temperature in vacuo, and
then for 1 hr at 65°C in vacuo <10 Pa.

The powder diagram of AggMo;0Os; was
identical with that reported by Kohlmuller
and Faurie (5).

Organic long-chain compounds. Long-
chain primary n-alkylamines and the corre-
sponding ammonium salts as surface active
agents are best suited for intracrystalline
reactions. The alkylamines C,H,,, NH, (n
=1,2. . .18) were used as received (Fluka
AG, Switzerland). Solutions of the corre-
sponding chlorides and nitrates were pre-

pared by adding equivalent amounts of HCI
or HNO; to solutions of the alkylamines in
water/ethanol (9: 1) and adjusting the pH to
about 6. (Concentrations: 2 M for n = 3-6,
0.5Mforn="7-9,0.1 Mforn=10-14, and
0.05 M for n = 15-18.)

Intracrystalline reactions. About 100 mg
of finely powdered silver molybdate were
reacted with 5 ml 0.1 M alkylammonium
nitrate solutions (r = 10-15) in test tubes
enclosed by plastic caps. For n < 10, -2
ml of 0.5 M solution and, for n > 15, 10 ml
of 0.05 M solution were used. Samples with
n < 10 were reacted for 2 weeks, with n =
10 five days at 65°C under occasional shak-
ing. The solid was then separated by cen-
trifugation and X-rayed while in contact
with the mother liquid. To remove the ex-
cess of alkylammonium salt, the samples
were washed 6 times with 7 ml ethanol/wa-
ter (1:1), finally with 7 ml ethanol, dried
first in air and then for | hr at 65°C in vacuo
(<10 Pa). X-Ray powder diagrams were
taken from the air-dried and from the vac-
uum-dried materials.

Very pure alkylammonium derivatives
were obtained by using solutions of alkyl-
ammonium chlorides. The silver chloride
was removed by a short wash with a 15%
solution of thiourea in water/acetone (1: 1),
followed by more intense washing with eth-
anol/water.

Silver molybdate was also directly re-
acted with alkylamines. The powdered mo-
lybdate was brought into contact with the
liquid alkylamines for at least 2 days. Solid
alkylamines were mixed with silver molyb-
date. The mixtures were allowed to stand 2
days at 65°C. In both cases the suspensions
were transferred into Lindemann glass
tubes and X-rayed.

By reacting with alkylammonium ions or
alkylamines, the crystals of silver molyb-
date were broken into very fine fragments.
Only X-ray powder diagrams could be ob-
tained.

All X-ray measurements were made in
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FiG. 1. The layer structure of silver molybdate.

Debye~Scherrer powder cameras with in-
creased diameter (114.59 mm) and CuKa-
radiation.

The intracrystalline reactions increase
the spacing between the molybdate layers
and thus, the by-dimension. In case of small
lattice expansions, the interpretation of the
powder diagram can be complicated. The
intracrystalline reaction with long-chain
compounds results in large lattice expan-
sions. The powder diagram then shows a
distinct, well-developed series of sharp re-
flections following a very intense reflection
at high d-value (15-60 A). The correspond-
ing 1/d-values are multiples of the 1/d-value
of the first, very intense reflection; this al-
lows the reflections to be easily identified.
As usual (10, 14) these reflections are taken
as basal reflections dg. The basal spacing
is d; = kdyy. The strongly increased inten-
sity of the first-order reflections is caused
by the weak diffraction power of the or-
ganic interlayers as compared with that of
the lavers (cf. Weiss et al. (13) and Lagaly
(8, 9.

Analytical determinations. For potentio-
metric Ag and Mo-determinations, the sam-
ples were dissolved in 20 ml of concen-
trated sulfuric acid under moderate heating.
The solutions were diluted with water to
250 ml.

Silver was determined by potentiometric

titration with sodium chloride. Molybde-
num was reduced to Mo(I1l) using a Jones
reductor with cadmium amalgam, then po-
tentiometrically titrated with cerium(IV)
sulfate. Carbon was obtained by combus-
tion.

The degree of cation exchange with alkyl-
ammonium ions was derived from 1, the
amount of silver liberated to the solution
and 2, the silver content of the exchanged
samples (after washing and in vacuum-dry-
ing).

Results

Analytical Composition

From Ag;Mo0O4/Mo0O; melts two silver
molybdates can be obtained: Ag;Mo,0; and
Ag¢Mo1g053. The latter crystallizes over
quite a wide range of compsition in the
phase system; the actual composition of the
crystals often deviates from the ideal stoi-
chiometry AgeMo0,¢0O33. The sample used
for the cation exchange experiments had a
Ag/Mo ratio of 6.49/10.

The increased silver content was noted
earlier (4) and was explained as arising
through admixtures of Ag;Mo,0.

As mentioned above, impurities in our
products could not be detected by micro-
scopic inspection. The reaction with alkyl-
ammonium ions provides a sensitive
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TABLE I

ANALYTICAL COMPOSITION OF ALKYLAMMONIUM-EXCHANGED SI11. VER MOLYBDATES
(WASHED, VACUUM-DRIED)

moles/100 g

moles/10 moles Mo

RNH;7

n Mo Ag RNH,, RNH; Ag RNH., RNH; RNH,
0 0.465 0.302 — 6.49 — — —
3 0.454 0.308 1.94 x 10-? 6.78 0.04 — (0.04)
4 0.423 0.306 3.5 x 107° 7.23 0.08 — (0.08)
5 0.455 0.298 1.20 x 10°* 6.55 0.26 — (0.26)
6 0.456 0.290 2.72 x 1072 6.36 0.60 0.13 0.47
7 0.412 0.282 4,26 x 10°° 6.84 1.03 — (1.03)
8 0.435 0.270 562 %10 ? 6.21 1.29 0.28 1.01
9 0.421 0.260 S6 x 10 * 6.18 1.23 0.31 0.92
10 0.407 0.242 6.38 X 10 ° 5.95 1.57 0.54 1.03
11 0.413 0.236 6.94 x 10 * 571 .68 0.78 (.90
12 0.398 0.224 7.10 x 1072 5.63 1.78 0.86 0.92
13 0.402 0.238 7.42 x 1072 5.92 1.85 0.57 1.28
14 0.330 0.212 7.40 x 10°2 6.42 2.24 0.07 207
0.290 0.163 6.38 x 102 5.55 2.20 0.87 1.33
15 0.282 0.152 8.78 X 1072 5.39 311 1.10 2.11
0.280 0.152 1.18 x 107! 5.43 4.21 1.06 3.15
Note. Alkylammonium ion = C,H,,,NH;5.
method for detecting admixed materials
(/3), even if both compounds are very simi- w0} .
lar such as smectites in clays (cf. Lagaly i AGHRNH,RNH;)
(9)). However, no material other than Agg R
Mo,y0Os3 could be detected by alkylammo- - s, A
nium ion exchange. Ag,Mo,0- or Ag,MoO, I A
would easily be recognized by their differ- 4 ‘<§\*\x\, x
ent basal spacings after the alkylammonium % i Tew X, Al
ion exchange. Thus, we had to reject the Bosl -
assumption that the silver molybdate con- g .
tains Ag;M0,0; or Ag;MoQ;,. £ T (RNH,, RNH}) /
An increased Ag/Mo ratio might result T b
from the presence of molybdenum ions of 1 .
lower valency. The analytical determina- %V"V. D«"gAgd’LWSd
tions exhibited no detectable amounts of arr e g}/a/of,:‘;wa °
Mo (<VI), probably because they are oxi- | a8 2 4,
0 5 10 15

dized by Ag™ under formation of Ag®. Our
actual assumption is that the additional sil-
ver is present as Ag’, perhaps associated
with Ag*-ions on the surface or even in the
structure. There is a further indication of
this mechanism. After reaction with short-
chain alkylammonium ions (Table 1, Fig. 2)

— N

Fi1G. 2. Analytical composition of alkylammonium-
exchanged silver molybdates (washed, vacuum-dried)
as a function of alkyl chain length (Ag*, displaced:
moles of Ag* measured in the equilibrium solution. All
other values refer to the interlayer composition of the
washed and vacuum-dried samples).



96 ROSNER AND LAGALY

/ :
50+ v
A
A 1S
L0+ A/ /a'
P
< / '/' a
o
§ 304 AN g@‘g
3
8
204

Fi1G. 3. Basal spacings of alkylamine and alkylam-
monium-exchanged silver molybdates as a function of
alkyl chain length n. Alkylammonium-exchanged sil-
ver molybdates: X, in equilibrium solution; O, washed
(5x), air-dried; @, washed (7x), air-dried; (J, washed,
air-dried, then vacuum-dried at 65°C. Alkylamine sil-
ver molybdate: A, in equilibrium with alkylamine; V.
washed (6x), air-dried, vacuum-dried at 65°C.

the Ag/Mo-ratio of the exchanged products
can be further increased. In this case some
molybdenum ions are reduced during the
reaction with alkylammonium ions but are
reoxidized by Ag™ under formation of Ag.

Cation Exchange with Alkylammonium
lons

The analytical composition of the alkyl-
ammonium exchanged silver molybdates is
listed in Table I. The starting material was a
powdered sample of uniform crystals with
the stoichiometry Agg9Mo0,0033. The con-
tent of (RNH3, RNH,) was calculated from
the carbon content, on neglect of the small
difference in molecular mass between
RNH3 and RNH,.

For shorter chain alkyl chains (n = 5) the
Ag/Mo-ratio is 0.65 or even higher (Fig. 2),
probably due to the redox process men-

tioned above. For longer chains the ratio
decreases with chain length. The (RNH7,
RNH,)/Mo ratio increases sigmoidally. The
ratio (Ag + RNH7, RNH,)/Mo exhibits a
plateau at n = 7-12. (We could not obtain
reliable data for n = 16 and 17, probably
due to impurities of the amines.)

In some cases (n = 7, 13, 14) the ex-
change of Ag evidently is too low. How-
ever, the (RNH,, RNH3) content measured
for the same samples shows no irregulari-
ties. By repeating the experiments the ex-
change ratio was either found as expected
or else again was too low. This is under-
standable, considering the special mecha-
nisms of intracrystalline reactions (see be-
low).

Basal Spacings of
Alkylammonium-Exchanged Silver
Molybdates

In equilibrium with alkylammonium ni-
trate solutions the basal spacings range
from 18.6 A (n = 6) to 42.8 A (n = 18) (Fig.
3; lines I and III). The increase with chain
length is linear from n = 7 to n = 12 and
from n = 13 to n = 18. Washing with water/
ethanol (1/1) and drying does not change
the spacings for chains n = 12. The spac-
ings of the longer chain derivatives are de-
creased (line I). The mean increase of the
straight lines is listed in Table 11.

TABLE 11
MEAN INCREASE OF THE LINEAR BASAL SPACING
CHANGES
Alkyl
chain Line
length in Ad{An
Condition n Fig. 3 (A)
In equilibrium with 7-12 Il 1.46
alkylammonium ions 13-18 I 1.94
Washed and dried 7-12 I 1.46
[3-18 I 1.33
AgeMO ;0,3 + alkylamine 8-15 A% 2.54
then washed, dried 11-16 11 1.94
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If AggMo0,yOs; is brought into contact
with alkylamines, the amine is directly in-
tercalated. The spacings are on the straight
line V, with a mean increase Ad/An = 2.54
A. By washing with ethanol the intercalated
alkylamine can only be partly removed
from the interlayer space (line I1I).

Discussion

Alkvlammonium lon Exchange

Although silver molybdate easily reacts
with alkylammonium cations, the degree of
exchange 1s low (=£20%). On the other
hand, the alkylammonium interlayers are
very stable. The stability results from addi-
tional intercalation of alkylamine mole-
cules. Thus, the exchange

AggMo0,¢0s3 + xRNH; —
Ag(,fr\»(RNHg)‘MO]()O_z} + XAg’

is accompanied by alkylamine intercala-
tion:
AgiMoo0s5; + zZRNHZ + (z — ¥H,0 —
Age-(RNH3) (RNH;).. \M0(Os;
+ (Z - X)H}O*

and
RNH; + H,O = RNH, + H;0O*

Table I and Fig. 2 show that z increases
with chain length from 0.04 for n = 3 t0 4.2
for n = 18. Since z as derived from the car-
bon content yields the sum (RNH; +
RNH,), a division into RNH; and RNH,
contributions was arrived at on the basis of
the different silver contents of the silver
molybdate and the alkylammonium-
exchanged samples. In fact, this number of
RNHjJ ions agrees with the number of silver
ions liberated to the solution (Fig. 2).

The interlayer structure is directed by the
alkyl chain density (number of alkyl chains
per unit cell). As evidenced by the analyti-
cal results, it is not important whether the
alkyl chains are placed in the interlayer

space as alkylammonium ions (instead of
exchanged silver ions) or as alkylamine
molecules. This explains the above-men-
tioned observations, that samples differing
by the degree of exchange show identical
basal spacings. The decreased number of
alkylammonium ions is counterbalanced by
an increased number of alkylamine mole-
cules.

Interlayer Structure

The basal spacings in Fig. 3 indicate
three main interlayer structures: a long-
spacing structure (line V), a short-spacing
structure (lines 1, 11), and an intermediate
form (line 111).

Long-Spacing Structure

This structure forms by direct intercala-
tion of alkylamine (line V). The increase of
the spacings Ad/An = 2.54 A at first sight
points to bilayers of alkylamine molecules
(Figs. 4a and 5a). The spacings should then
follow the relation (bond lengths C-N = C-
Q).

dp =8 +2x127n+ ¢

The nitrogen atoms occupy approxi-
mately the positions of the displaced silver
ions. The mean distance of the silver ions
from interlayer to interlayer is dy,g = 7.97
A:thus & = 8 A. The mid-layer distance z of
the methyl end groups is approximately 3
A. (The exact value depends on the type of
methyl end-group packing.) Therefore.

d =11 +2 x 1.27n (A)

The experimental data (Fig. 3) follow the
relation

dp =7+ 2% 1.27n (A)

The different of 4 A is beyond the uncer-
tainty related to & and z. The increase of
2.54 A definitely indicates that a large sec-
tion of the chains must be perpendicular to
the layers (i.e., to the plane agcy). There are
only two possibilities for explaining the de-



98 ROSNER AND LAGALY

Fi1G. 4. Bilayer chain aggregation in alkylamine and alkylammonium silver molybdates: (a) bilayers
of all-trans chains; (b) aggregation of chains with gauche conformations near the methyl end groups:
long-spacing structures; (¢) gauche-conformations near the middle of the chains: intermediate struc-
tures; (d) gauche-conformations very near the polar chain ends=tiled bilayers: short-spacing struc-

tures.

creased experimental spacings: either the
chains are shortened by kinks or they are
aggregated into gauche-blocks. In general,
shortening by kinks (cf. Figs. 2 and 3 in
Ref. (8)) is temperature-dependent and
the number of kinks increases with chain
length. The insensitivity of the spacings to
temperatures up to 120°C and the constant
shortening by 4 A make the existence of
gauche-block structures more probable.
This chain aggregation (Figs. 4b—d) was
proposed for certain bilayer arrangements
and distinct lipid layers, but then turned out
to be a general type of association of chains
at lower packing density (=33 A?chain) (7,
8).

The chains in gauche-blocks contain iso-

FiG. 5. Calculation of basal spacings (a) blocks of
chains in all-frans conformation (b) blocks of chains
with gauche-conformations; n,: total number of C-C
bonds, n, = n,, + n,,: number of C~C bonds in the
perpendicular segments.

lated gauche-bonds or g*tg*-conforma-
tions {Pechhold et al. (11)). These confor-
mations produce an angle of about 55° in
the chain. Such chains can only be close-
packed if these conformations are located
at different positions in neighboring chains
(see Figs. 2 and 3 in Ref. (8). The
gauche-conformations can be located at
identical positions in neighboring chains
(Fig. 4) if the chain ends are held at suffi-
ciently large distances on the solid surface.

The position of the gauche-bonds in two
adjacent chains determines the layer sepa-
ration. The ‘‘chain pair’ (dotted area in
Fig. 4) has n, carbon atoms. The gauche-
block is described by the maximum number
n, of carbon atoms in the segments perpen-
dicular to the layer.! The basal spacing for
n,, n, = even or n, n, = odd (Fig. 5) is

dp =8+ 1.27n, + 1.27(n, —-
11 + 0.63(n, + n,)

n)2 + z

For n,, n, even/odd:
dp =8+ 1.27n, + 1.27(n, — n, — D2 + 2
d;p = 10.37 + 0.63(n, + n,).

i

' The n, represents the highest value within the
gauche-block and refers to the structure-determining
chain pairs (dotted chains in Fig. 4).
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TABLE III

LONG-SPACING Gauche-BLOCKS OF ALKYLAMINE
BILAYERS IN SILVER MOLYBDATE

d;, obs. d,, calc.
n (A) (A) no n, no—n, nln
8 27.4 27.4 16 10 6 0.63
9 29.5 29.9 18 12 6 0.67
10 31.8 324 20 14 6 0.70
11 34.6 34.9 22 16 6 0.73
12 37.6 37.5 24 18 6 0.75
13 40.1 40.0 26 20 6 0.77
14 42.7 42.5 28 22 6 0.79
15 453 45.0 30 24 6 0.80
16 47.1 47.5 32 26 6 0.81
18 51.5 51.3 36 28 8 0.78

Note. Basal spacing = line V in Fig. 3.

As shown in Table 111, the length of the
segments perpendicular to the layers (= n,)
increases with the total chain length (= n,).
With increasing chain length, the gauche-
conformation is shifted to the free chain
ends.

The segments inclined to the perpendicu-
lar cover n, — n, C-C bonds. This num-
ber is strikingly constant. For sufficient sta-
bility, the mean distance between the
chains should not exceed 6 A, which is the
projection of an inclined segment with three
C-C bonds to the layer (including the van
der Waals thickness). For comparison: the
highest chain packing density generally ob-
served in gauche-blocks (33 A¥chain) cor-
responds to a distance of 6.2 A between the
chains in a pseudohexagonal array. Thus,
the chains in large-spacing structure form
stable gauche-blocks with the gauche-
bonds very near the free chain ends.

Intermediate Structure

If the interlayer chain density is de-
creased (for instance by vacuo-drying of
the alkylamine intercalated silver molyb-
date), the length of the inclined segments
increases to ensure a sufficient stability.
This is realized by shifting the gauche-bond

away from the chain ends (Figs. 4b and c).
Thus, n,/n, = 0.37 is markedly lower than
for the long-spacing complexes (n,/n, =
0.6-0.8). The difference n, — n, is no more
constant but increases with the total chain
length (Table 1V).

Short-Spacing Structure

The spacings of the alkylammonium-
exchanged silver molybdate (washed and
dried) follow lines I or II. Their absolute
values and Ad;/An = 1.33 and 1.46 exceed
the highest values for monolayers of per-
pendicular chains. The bilayers are charac-
terized by n, = 2 (n > 8). The chains in
nearly full length are inclined to the layers,
the arrangement resembles tilted bilayers
with a = 35° (Fig. 4d). A significant feature
is the large end group distance on the mo-
lybdate layer and a high chain packing den-
sity between the tilted chains. With a cross
section of 20-24 A%chain each chain re-
quires an area of 35-42 A2on the molybdate
layer. In hexagonal arrays this corresponds

TABLE IV

INTERMEDIATE Guatche-BLOCK STRUCTURE OF
ALKYLAMINE AND ALKYLAMMONIUM SILVER
MoLYBDATES (LINE 1II)

d; obs.  d, calc.
n (/o\) (A) non, n,-n,  nln,
11 29.4¢ 29.9 22 8 14 0.36
12 30.7¢ 31.2 24 8 16 0.33
13 32.7¢ 32.4 26 8 18 0.31
33.2° 33.7 10 16 0.38
14 34.74 349 2810 18 0.36
35.07 349 10 18 0.36
15 36.8¢ 36.2 30 10 20 0.33
37.07 37.5 12 18 0.40
16 38.2¢ 38.7 32 12 20 0.38
38.9» 38.7 12 20 0.38
17 40.7% 41.2 34 14 20 0.41
18 42 .80 42.5 36 14 22 0.39

¢ Alkylamine-intercalated silver molybdate, vac-
uum-dried.

¢ Alkylammonium-exchanged silver molybdate in
equilibrium with alkylammonium nitrate solution.
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to chain end distances of 6.4-7 A (cf. Fig. 5
in Lagaly and Weiss Ref. (6)). The unit cell
(area in the a-c plane 84.5 ;\2) can then
incorporate 4.0-4.8 alkyl chains. As seen
from Table I, the number of interlayer alkyl
chains (= RNH, + RNH7) is considerably
smaller (<2 chains/unit) for » << 13 and only
increases for the longest chains to 4.2. The
increase in (RNH> + RNH7{) for n > 13 is
not related to a corresponding increase of
the basal spacings (lines I and II in Fig. 3).
This directly leads to the conclusion that
the shorter chains are aggregated to form
isolated clusters. Figure 2 also makes it evi-
dent that the filling up between these clus-
ters is caused by incorporation of alkyl-
amine molecules and is not due to an
increased degree of cation exchange. The
driving force for the additional intercalation
is the increased van der Waals interaction
between the longer chains.

Conclusion

The lattice of silver molybdate can be ex-
panded by reaction with alkylammonium
cations and alkylamine molecules. Both
compounds penetrate between the layers
and aggregate to form distinct structures.

In nearly all crystal structures of long
chain compounds the alkyl chains adopt the
all-trans conformation and form quite
close-packed units (about 19 A%chain). A
general hypothesis that long chain com-
pounds in layered host materials behave
quite similarly, cannot be corroborated.
The exchange of alkylammonium ions for
interlayer cations generally leads to aggre-
gations in which the alky! chains adopt con-
formations with gawuche-bonds (8). Alkyl-
ammonium-exchanged silver molybdate
shows the variety of these structures. The
chains are arranged in gawuche-blocks be-
cause the interaction with the molybdate
layer holds the polar chain ends (-NHj,
—NH; groups) at relatively long distances
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and renders impossible the close chain
packing near the solid surface. The spe-
cially favored formation of gauche-blocks
and their pronounced stability impede the
quantitative cation exchange.

An exact determination of the chain ar-
rangements by crystal structure determina-
tion actually cannot be performed because
the crystals disintegrate to powders during
the reaction. A further point is that the in-
terlayer structure does not permit establish-
ment of the high order and regularity re-
quired for crystal structure determinations.
Thus, the interlayer structure must be de-
duced from basal spacing measurements.
Certainly, this procedure involves some ar-
bitrariness, but the general type of inter-
layer organization can be clearly estab-
lished.
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