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Abstract

The sodium si l icate kanemite ( ideal ized: NaHSizOs'3HrO) is shown to have a layer struc-

ture probably bui l t  up by "Zweiereinfachschichten." The interlayer water can be reversibly

removed, and the sodium ions can be exchanged by organic cations and by protons' The

innercrystal l ine reactivi ty reveals relat ions to other sodium si l icates. Kanemite can be synthe-

sized from NaOH-SiO: mixtures or sodium si l icate solut ions or obtained by alterat ion of

s o d i u m  s i l i c a t e s  s u c h  a s  N a , S i r O u ,  m a k a t i t e  ( N a z S i , O " '  5 H r O ) ,  a n d  m a g a d i i t e

(NarS i toOz ' .  l  lHrO) .

Introduction

Only f ive a lka l i  s i l icate minerals  are known as
opposed to the large number of other sil icate min-
erals. The anhydrous sodium disil icate NarSirOu
(natrosil i te) was described by Timoshenkov et a/.
(1975).  The other  sodium s i l icates are the hydrous
sil icates magadiite NarSi,nOzr. I I HrO and kenyaite
N a r S i r r O n u .  l 0 H r O  ( E u g s t e r ,  1 9 6 7 ) ,  m a k a t i t e
NarSi ,Or.5H,O (Sheppard et  a l . ,  1970) and kanemite
NaHSizOu.3H,O (Johan and Magl ione,  1972).  The
peculiarity of these minerals demands the study of
their chemical reactivity. Possibly all sodium sil icates
have layer structures with innercrystall ine reactivity.
Four types of reactions are particularly pronounced:

exchange of the interlayer sodium ions by organic
long-chain cations, innercrystall ine swell ing of these
organic derivatives, transformation by H+/Na+ ex-
change into crystall ine sil icic acids, and intercalation
of several classes of organic compounds by the acids.
The reactions were first described for magadiite
(Brindley, 1969, Lagaly et al., 1972, 1975). Kanemite
is of special interest, not only because of its in-
nercrystall ine reactivity, but also for its relation to
other sodium sil icates and the conditions of its syn-
thesis.

Experimental

Synthesis of kanemite

Kanemite with high crystall inity and X-ray dia-

grams identical to those of natural kanemite was

prepared f rom SiOz,  NaOH, and smal l  amounts of

water. To obtain a good mixture between SiO, and

NaOH, one mole SiOr was d ispersed in 100 ml  meth-

anol ,  and cold NaOH solut ion (one mole NaOH in

35 ml  HrO, near ly  saturated)  was s lowly added.  The

temperature should not rise above room temperature.

The gel - l ike s lurry  was dr ied at  100'C,  and the

opaque material then heated to 700'C for 5.5 hours'

In the init ial stages of heating the volume of the

sample increased, largely owing to escaping water.

After cooling to room temperature the product was

dispersed in water, and it immediately transformed

into kanemite, which was fi l tered and air-dried.

Many synthesis experiments have shown that the for-

mation of well crystall ized kanemite requires the ra-

t i o  NaOH/S iOz  be  0 .8 / l  t o  1 .05 /1 .

Exchange of organic cations for sodium ions

For cation-exchange experiments with organic cat-

ions, aqueous solutions (if necessary with l07o eth-

anol)  of  d i f ferent  long-chain a lky lammonium chlo-

r i d e s :  r - a l k y l a m m o n i u m  c h l o r i d e s  R N H + r C l ;

trimethyl alkylammonium chlorides RN(CH')+'CI;

dimethyl dialkylammonium chlorides RrN(CHr)+,Cl
(R = C,Hz"* , )  were added to kanemite.  One g kane-

mi te was t reated two t imes wi th 100 ml  of  0.1N

alky lammonium chlor ide solut ion for  one week.  The

reaction proceeded best in the pH range 8-9 at 65oC.

The organic derivatives were freed of intercalated

excess of  a lky lamine and a lky lammonium chlor ide by
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several washings with ethanol/water and dried in
vacuo (P < 0.01 torr) at 65o. X-ray diagrams were
recorded after each step of preparation.

Exchange of protons for sodium ions
A suspension of kanemite was brought to pH :

0-1 with dilute HCI or treated with 80 percent H2SO.
for 24 hours. The product was filtered, X-rayed, and
immediately used for intercalation reactions. Experi-
mental details of intercalation reactions are given by
Lagaly et al., 1975. The X-ray investigations were
made with Debye-Scherrer powder cameras (diame-
ter 360/2r mm) and CuKa radiation. A special ori-
fice allowed the detection of large basal spacings.

Results and discussion

P reparation of kanemite

Formation of kanemite does not require such spe-
cial conditions as one might expect from the rare
natural occurence. The survey in Figure I shows that
kanemite can be obtained in different ways from
SiOr-NaOH mixtures, sodium silicate solutions or by
alteration of other sodium silicates such as NarSirOu,
makatite, and magadiite.

The simplest method for preparation of kanemite
starts from a l:l SiOz-NaOH mixture heated to
700'C as previously described. The preparation of
the gel with methanol and only small amounts of
water guarantees the formation of pure kanemite. In
water the 700oC product hydrates immediately to
kanemite. Transformation into kanemite can also be
achieved by water-vapor adsorption. At 40 percent
relat ive humidi ty,  a l0 A product is formed, and
hydration into pure kanemite requires a humidity of
about 80 percent.

Dehydration at 600-700'C and rehydration offers
a general method for kanemite preparation from
other sodium silicates. Precipitates from sodium sili-
cate by methanol, when heated to 700"C, react with
water to form kanemite. p-NarSirOu can be trans-
formed into kanemite by treatment with wa-
terlmethanol, drying at l00oC, heating to 700oC for
5-21 hours, and rehydration. Treatment with wa-
terlmethanol in the first step attacks the structure by
hydrolysis, but complete destruction must be avoided
in order to obtain well-crystallized kanemite; the de-
hydration at 700'C must be longer than 5 hours but
should not exceed 2l hours. Shorter or longer reac-
tion times produce samples which do not react with
water to form kanemite. o-NarSizOu has to be heated
for 24 hours at 700'C after treatment with wa-

ter,/methanol. Other conditions give samples which
do not react with water. Makatite is transformed into
kanemite without preceding water/methanol treat-
ment. The dehydration requires 100-150 hours at
700'C in order to obtain well-ordered kanemite afler
rehydration. Kanemite itself, heated to 700oC, re-
hydrates with water into the original form. Increasing
dehydration time at 700"C reduces the crystallinity
(sharpness of X-ray reflections) of the rehydrated
products. Samples heated for more than 24 hours do
not rehydrate into kanemite.

For any pretreatment, dehydration time and tem-
perature are decisive factors in kanemite formation.
Evidently a reaction time has to be chosen such that
layers of SiOr-tetrahedra capable of adsorfing HrO
molecules are built up. These thin sheets of
SiOn-tetrahedra may be deformed at 700oC so that
the interlayer sodium ions obtain a less favorable
coordination and tend to hydrate with water. The
products of the various sodium silicates heated to
700'C are crystalline with very similar X-ray dia-
grams, differing mainly in the intensities of the reflec-
tions. The powder patterns of some of the samples
investigated are listed in Table l. Johan and Mag-
lione (1972) interpreted the kanemite heated to
700'C as a mixture of different phases, but fast rehy-
dration even by water-vapor adsorption (at relative
humidities Z lOV"l proves it to be a single phase.

Kanemite also forms at low temperatures. We
sometimes found kanemite as deposit in sodium sili-
cate solutions preserved for a long time at room
temperature. Magadiite reacts with sodium silicate
solutions at 90oC and becomes kanemite. A mixture
of 2 NaOH, 3.6 SiO, and 13 HzO yields within 13
days at 100"C the octosilicate described by Iler (1964)
as an intermediate compound, and becomes kanemite
within 23 days. Kanemite was first prepared from
H2Si2O5 (from KHSirOu) by reaction with NaOH
(Kalt  and Wey, 1968).

A nal yt ical compos it ion

Whereas the SiO, content of kanemite can be di-
rectly determined by gravimetric methods, the deter-
mination of the NarO content of the synthetic kane-
mite presents a special problem. Synthesis of
kanemite from the SiOz/NaOH mixture proceeds by
formation of a Na2Si2Ou phase at 700oC, which trans-
forms into kanemite by removal of sodium (as
NaOH) by water. Subsequent washings with water
continually release sodium from the solid, indicating
that kanemite is hydrolyzed even at pH - 9. It is
impossible to leach out the excess alkali without re-
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Fig l .  Survey of methods for kanemite syntheses

moval of sodium from the kanemite structure. Ex-
t ract ion of  sodium by subsequent  washings is  shown
in Figure 2. The typical X-ray diagram of kanemite
(Johan and Magl ione,  1972) wi th only  s l ight  var ia-
t ions of  in tensi t ies is  mainta ined down to NarO/SiOz
:  0.1.  About  70 percent  of  the sodium of  the ideal -
ized formula of kanemite can be removed without
destruction of the structure. For NarO/SiO, < 0.05
several reflections are broadened and finally dis-
appear.

The HrO content cannot be exactly determined
from the weight loss at high temperatures, because
kanemite t ransforms above 700oC into t r idvmite,

which retains some water in the structure. Since prep-

arat ion of  kanemite involves the hydrat ion of  the

sodium s i l icates heated to 700'C,  the Na/Si  rat io  of

synthetic kanemites has to be determined for each

sample. For the cation-exchange experiments we used

a sample of  the composi t ion:

Na rO :  S iOr :  H rO  :  0 .23 :  1  :  1 .9  HzO

(: 13.2Ea Na,O; 55.4Vo SiOz and 3l .3Vo HzO)

v e r y  s i m i l a r  t o  t h e  m i n e r a l  ( i d e a l i z e d :

NaHSirOu . 3HrO) analyzed by Johan and Maglione
(1972\:
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Tab le l .X- raypowderdatao fd i f fe ren tsod iums i l i ca tesa f te rdehydra t ionatT00oC(re f lec t ionswi th / ( -  l0no tcomple te ly l i s ted)

Ka nem i te Ma kat  i  te o-NarS i  20U o-Na tS i  r 0U B-Na2S i  205 B-Na2S i205  Na0H/S i0 r -Ge l

Dehyd ra t j on  t ime :

2 4 h  3 0 h , 3 8 h * ' * * 24h* 21h*24h 5 . 5 h *

d ( A )d ( A ),1G)dG)d ( A )dG)d ( A )d ( A  )

5 . 9 7

4 . 3 1

4 . 0 7
3 . 9 4

3 . 7  9
3 . 6 3
3  . 4 4
3 .  3 0

3 . 0 1

2 . 8 5
2 . 7 2
a . o +

2 . 5 2

2 . 4 1

2 . 0 8

t J . o' r  
1 . 6
7  . 6 9

5 . 8 5
5 . 4 4

4  . 9 7
4 .  6 8
4 . 4 8
4 . 3 0

4 .  06

3 . 8 8
3 . 7 6
3 . 6 5
3  . 4 6
3 .  3 6

3 . 1 2
3 .  0 3
2 . 9 6
2 . 8 4

2 . 4 5

5 . 2 5
4 . 9 3

6  . 8 5
6 .  0 5

5 . 2 2
4 . 9 0

4 . 1 8

3 . 9 6

3 .  7 8
J . 0 4

3  . 4 3
3 . 3 1
3 . 2 0

3 . 0 2
2 . 9 0
2 . 8 4
2 . 7 3
2 . 6 4
2 . 5 6

2 . 4 3

2 . 0 9

6 .  0 5

'I 
0

4 0
2 0

t 0
30

3 0
2 0
3 0
4 0

1 0 0

30
4 0
60
5 0
20

30
40
3 0
4 0
30

6 . 8 5  2 0
5 .  98  506 .  0 s6 . 0 125

7 04 . 8 9

l 0

7 0

t 0
40

l 0
60

t 0
7 04 . 8 9  3 5

4 . 7 0  3 5

4 . 0 5

3 . 9 5

3 . 7 9

3 . 4 4
3 . 3 2

3 . 1 5
3  . 0 1

2 . 8 4
2  . 7 1
2 . 6 3

2 . 4 9
2 . 4 2

3 . 9 6  7 0

3 . 7 7  1 0 0
3 . 6 3  2 0
3 . 4 4  I 0
3 . 3 0  9 0
3 . 2 0  2 0

3 . 0 2  2 0
2 . 8 9  t  0
2 . 8 3  2 0
2 . 7 2  l 0
2 . 6 4  5 0
2 . 5 4  3 0

2 . 4 3  7 0

2 . 0 9  3 0
2 . 0 1  2 0

4 . 9 34 . 9 3

1 0 0
7 0

7 0
30
30
40

3 0

30
20
2 0
50

50

1 0 0

90
t 0
2 0
60
20

60
30
4 0
2 0
30
30

80

1 0 0

4 0

60

50
50

40
30

60
30
3 5

7 0
7 0

3 . 9 5

3  . 7 7
3 . 6 2
3 . 4 5
3 . 3 0
3 . 2 0

3 . 0 1

2 . 8 4
2 . 7 2
2 . 6 4
2 . 5 4

2 . 4 5

2 . 1 4
2 . 0 9
2 . 0 0

3 . 3 0
3 . 2 0

3 . 0 3

2 . 7 3
2 . 6 4
2 . 5 3

2 . 4 5
2 . 2 0
z .  t +

2 . 0 0

4 . 1 6

3 . 9 6

3 . 7 7
3 . 6 3
3 . 4 4
3 .  3 0

3 . 0 9
3 . 0 1
2 . 9 0
2  . 8 3
2 . 7 1
2 . 6 4
2 . 5 4
2 . 4 9
2 . 4 2

2 . 0 9

50
1 0 0

Y U

30

3 0

20
50
3 0

80
1 0
t 0

20

3  . 8 6
3  . 7 7

2 0

'I 
00
1 0
l 0
90
3 0

t 0

1 0
2 0
50
3 0

7 0

t 0
t 0
20

4 0

1 0 0

80
30
3 0
5 0

20
40
20
40
2 0
4 0

ru30
20
90

7 040

Rehydrat ion to kanemjte:

yes n0

*Before dehydrat ion at  700"C the samples were wetted wi th methanol /water and dr jed at  
, l00"C.

* *S im i l a r  pa t t e rn  as  Na6S i ' 0 l 9  (ASTM l8 /1239 )

NarO:  S iOr :  H rO  =  0 .25 :  I  :  1 .75  HrO

Owing to the high reactivity with protons, the min-
eral occurs only in alkaline regions (interdune depres-
sion of Andjia, Kanem region; northeastern edge of
Lake Chad:  Magl ione,  l97 l ) .  In  regions wi th pH <
l0 the sodium content wil l be less than the idealized
formula NarO:SiO,  :  0 .25 1.  Since the X-ray pat-
tern does not change if moderable amounts of so-
dium are leached out, the mineral can easily be de-
tected by its powder diagram. The occurrence of the
Chad kanemite in  t rona nodules (Magl ione,  l97 l ;
Johan and Magl ione,  1972) presents a specia l  oppor-
tunity for its detection. The solution of trona
(NaHCO3 '  NarCO, .2HrO) is  the HCO;/CO3-
buffer system which maintains pH at l0 and prevents

the deplet ion of  sodium, not  only  in  nature but  a lso
dur ing iso lat ion of  the mineral  in  the laboratory.

Organic deriuatiues

The sodium ions of  kanemite can be exchanged by
large organic cat ions,  and organic der ivat ives of
kanemite are formed as follows:

Na+-kanemite *  R,N(CHr)+,

- RrN(CHr)+r-kanemite * Na+.

The X-ray pattern changes with the chain length R
of the organic cations; the variation resembles that of
other layer sil icates (magadiite, NarSirOu, 2/l clay
minerals) .  The spacing of  only  one axis ,  the b ax is  of
Johan and Maglione (1972), is increased by the in-
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corporation of the large organic cations into the
kanemite structure. The basal spacing as distance of
the layers in 6 direction is then determined from the
(0k0) reflections. For example, the powder diagram
of trimethyl hexylammonium-kanemite with a spac-
ing of 14.94 A can be indexed with the axes:

a : 7 . 2 8 ,  b : 2 X  1 4 . 9 a : 2 9 . 8 7 ,  c  :  4 . 9 6  A

n-alkylammonium ions

With n-alkylammonium ions it is diff icult to obtain
organic derivatives with well-developed X-ray dia-
grams. In the stabil ity range of kanemite the hydrol-
ys is  equi l ibr ium

R-NH+3 + HrO = R-NH, + HsO+

is shifted to free amine and the cation exchange is
impeded. Decreasing the pH to enhance the equil ib-
rium concentration of R-NH+, init iates a sodium de-
pletion of kanemite. The cation exchange reaction
proceeds well only in a narrow pH-range (about pH
= 8-9), which depends upon concentration, chain
length of the alkylammonium ions, and stoichiome-
t ry  of  kanemite.  The basal  spacings of  the a lky lam-
monium der ivat ives (F ig.  3)  reveal  that ,  in  addi t ion
to the exchanged a lky lammonium ions,  a lky lamine
molecules are intercalated which ensure a sufficiently
high packing density of the chains in the interlayer
space.

Dimethyl dial kylammonium ions

The X-ray patterns of the dimethyl dialkylammo.
nium derivatives show sharp and very strong (0k0)

ref lect ions.  From ns :  6  to nc:  14 (ng is  the number
of carbon atorns in the alkyl chain), the spacings
increase linearly. Washing with ethanol-water and
drying reduces the spacings (Fig. 3).

The basal spacings exceed the values for a mono-
layer arrangement of the RrN(CHs)+, ions, but do not
reach those of a bilayer structure with per-
pendicularly-oriented alkyl chains (Fig. 3). The dif-
ferences between theoretical values for a bilayer
structure and observed spacings are similar to those
of dimethyl dialkylammonium magadiite (Lagaly et
a l . ,1972,1975); the mean increase of  the spacings for
nc : 6-14 is 1.7 A per carbon atom for kanemite and
1.8 A for magadiite. Evidently the interlayer structure
is of the same kind of a gauche-block structure
(Lagaly et al., 197 5: Lagaly, 197 6).

Considering the analytical composition and unit-
cell dimensions, one does not expect the observed
basal spacings. The unit cell of kanemite with Z : 4

t 
nrfio". orl"orninj. 

lo

Fig.  2.  Extract ion of  sodium (as NaOH) f rom kanemite by

repeated washings wi th water ( l  g kanemite washed wi th 25 ml

HrO)

(=4 sodium ions)  conta ins two s i l icate layers;  the

area per sodium ions between the layers (equivalent

area)  is  ac/2:  l8  A ' .  This  is  somewhat  less than the

cross-section area of an all-trans alkyl chain. If each

dimethyl  d ia lky lammonium ion ( two a lky lchains per

ammonium ion)  replaces a sodium ion,  the organic

cations should arrange themselves in close-packed

bilayers with the chains perpendicular to the sil icate

layers and wi th basal  spacings of  38 A for  n6 :  l0

and 48 A for n6 : 14 instead of 30 A and 36 A.

Since the sodium ions are quantitatively released,

the reaction proceeds as a simultaneous exchange of

sodium ions by d imethyl  d ia lky lammonium ions

[RrN(CH3)+,] and protons:

NaHSi,Ou .  zHzO + ( l  -  x)H+

* xRzN(CHs)+, - [RrN(CHs)+r]"H2-'

Si ror .  z 'H2O *  Na+ *  (z  -  z ' )H2O.

The extent of Na+/H+ exchange is controlled by the

number of  d imethyl  d ia lky lammonium ions a l lowing

formation of a stable gauche-block structure.
Typical gauche-block structures require an area of

about 34-38 A'per alkyl chain (Lagaly, 1976:Lagaly
and Beneke, 1976). The unit cell with two sheets of

SiOa tetrahedra and an area of qc : 36 A' contains 4

NaHSizOu formula units and includes two bilayers of

organic cations. Therefore a maximum of (2 x 2 x

36\/(4 X 34) : 1.06 alkyl chains or ir : 0.5 dimethyl
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' ,c

Fig 3 Organic der ivat ives of  kanemite:  basal  spacings dz versus
number n6 of  carbon atoms in the alky l  chain:

I :a lky lammonium ions exchanged for  sodium ions (under
equ i l i b r i um  so lu t i on )

f  ,Q i t r imethyl  a lky lammonium ions exchanged for  sodium ions
(under equi l ibr ium solut ions and af ter  a i r -dry ing)

A ,A :d ime thy l  d i a l ky l ammon ium i ons  exchanged  f o r  sod ium i ons
(under equi l ibr ium solut ion and af ter  a i r  dry ing)

V,V:the same, but  samples washed and ai r  dr ied or  dr ied in
vacuo (65 "C ,  P (  0  0 l  To r r )

X :a lky lamine complexes of  H-kanemite

dia lky lammonium ions are requi red per  formula uni t .
In  addi t ion to the d imethyl  d ia lky lammonium cat-

ions which replace the sodium ions,  d imethyl  d ia lky l -
ammonium cat ions together  wi th thei r  anions (co-
ions)  are in tercalated.  These "d imethyl  d ia lky lammo-
nium chloride molecules" are removed by washing
the exchanged kanemite with ethanol-water. From
the resulting decrease of the basal spacing, one calcu-
lates that  about  0.15 d imethyl  d ia lky lammonium
chloride molecules are removed. The stoichiometry
of  the d imethyl  d ia lky lammonium kanemites is  ex-
pected to be

[R,N(CH3)+r ] ,  Hr_,Si rO'  .  z 'H2O,

The er<perimental data prove the proposed model
of cation exchange. Reaction with dimethyl dido-
decylammoniur* ions gives samples with complete
exchange of sodium atoms and x : 0.49 (air dried), x
: 0.37 (wasbed, air-dried) and x : 0.32 (extensively
washed, dried in high vacuum).

Eimilar observations were made with KrNbuO,,
(Lagaly and peneke, 1976). Qwing to the high inter-
layer cation density (equivalent area 12.8 A'z), the
potassium ion exchange proceeds only to the extent
that stable gauche-block structures can be formed.

Among ql f  types of long-chain alkylammonium
compoUnds the dimethyl  dialkylammonium ions are
best suited as prganic cations for cation-exchange
reactig4$, beeausg of good rgproducibility and the
formation of stable and well-ordered structures as
shown by sharp and intense {-ray maxima. The pres-
ence' of two alftyl 'chains per arnmonium ion facil-
itates the formation of stable gauche-block structures
ev€n i f  the arnount of exchanged ammonium ions is
only 40 pe{c€nt sf the total cation-exchange capacity.

Qther organic catiens

Besides t .alkylammoniqm ions and dimethyl
di4lkylarnmonium ions, a variety of other long-chain
alkylammgnium ions can be introduced between the
layers: dimgthyl  alkylammonium ions, dimethyl  al-
kylbenzylammonium ions, N-alkylpyr idinium ions,
and others. Data for t r imethyl  alkylammonium ions
are also shown in Figure 3. In the air-dried samples
the short .chain tr imethyl  alkylammonium ions form
monolayers, thg long-chain ions (nc > 12) gauche
block-type bilayers.

Swelling of orgenic kanemites

The dimethyl dialkylammonium derivatives were
selected to study the swelling of organic kanemites.
Best suited are alkanol and alkylamine as guest mole-
cules, whiqh easily penetrate into the interlayer space
and increase thg basal spacing. If the alkanol or al-
kylamine molecules have the same chain length as the
alkylarnmonium ions, the gauche-block structures re-
arrange into structures with very large basal spacings,
suggesting bilayers with perpendicular orientation of
chains (Table 2),

ThE msan increase of the basal spacing d1 with
chain length is larger than 2.5 A, the maximum value
(:2 X 1.27 A) for bi layers of chains with their  chain
axes normal to the layer. With all C-C bonds and
N-C bonds in trans-conformation, the two alkyl
chains of dimethyl  dialkylammonium ions are not
parallel to each other; by rearrangements of trans-

E_

c
I
o
o-
o

z
UI

-o

w i t h x : 0 . 3 - 0 . 4 .
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bonds into gauche-bonds near the nitrogen atom, the
alkyl chains can be directed more or less parallel to
each other (see Lagaly et al., 1975). The mean in-
crease Ad" ) 2.5 A/-CHr- indicates that shorter
chains of the dimethyl dialkylammonium cations are
not parallel to each other, but become more and
more parallel with'increasing chain length. According
to the data in Table 2 and Figure 4, parallel orienta-
tion is reached for ng > 12. Table 2 also gives basal
spacings for such combinations of alkanol molecules
(ra carbon atoms in chain) and dimethyl dialkylam-
monium ions (nc' carbon atorns in chain) thatno I ns
: constant. Only for ne : 14, ng : l0 is the basal
spacing the same as the symmetric case nA : nc : 12.
lf np, 1 12 the spacings are near the theoretical line
for ne : ng, indicating that they are mainly deter-
mined by bilayers of alkanol molecules normal to the
layers. The thickness of the bilayer is only slightly
increased by the longer alkyl chains of the organic
cations. From volume changes by intercalation of the
alkanols,  one calculates that 1.33-1.6 alkanol mole-
cules are intercalated per dimethyl dialkylammonium
ion; thus 40-45 percent of the chains of the bilayers
belong to the alkanol molecules.

With nc, : 12 and n,a increasing from I to 16 (Fig.
4), different types of interlayer structures are passed:
gauche-block structures (na: 2-6), bilayer structures
with spacings mainly determined by the alkanol
molecules (n" : 8-12), and bilayer structures with
spacings determined by the chain length of the cation
(ne>.  12  ) .

Transformation of kanemite into crystalline silicic
acids

If  a suspension of kanemite is t i t rated with 0. lN
HCl, the curve pH uJ. amount of HCI has two in-
flection points corresponding to 70 percent (at pH :
8.5) and 100 percent (at pH :  5) exchange ofsodium
ions by protons. The first inflection point (70 7o of
total Na content 0.23 NarO/SiO, released : 0.07
NarO/SiOr) corresponds to the limit of the stability
range of kanemite, which is reached at a ratio
Na,O/SiO, of about 0.1. At pH :  5 the sodium ions
are quantitatively replaced by protons, but typical
silicic acid diagrams develop only at pH < 2.

Johan and Maglione (1972) reported the crystalline
compounds in acidic milieu to be HrSirOu-III. In
general a mixture of three silicic acids is obtained;
their ratio depends upon the experimental conditions.
The main component is HzSizOu-III; HrSirO5-II and
HrSirO5-lV are formed in smaller proportions.
HrSirO5-III was first prepared by Wey and Kalt

Table 2. Basal spacings of organic derivatives of kanemite, inter-
layer spaces containing dimethyl dialkylammonium ions (ng
carbon atoms in the alkyl chain) aird alkanol (R-OH) or alkylamine

(R-NH,) (n1 carbon atoms in the alkyl chain)

Combi nations ,A
Basa l  Spac ings  (A)

observed calculated*
R-0H R-NH2 a b

nc

n ^ = n ^

n " + n ^ = 2 4

8 8
l 0  l 0
1 2  1 2
1 4  1 4

8  1 6
l 0  1 4
t 2  1 2
1 4  l 0

29.0  30 .2
3 5 . 4  3 4  .  9
4 2 . 5  4 3 . 1
4 8 . 0  4 8 . 0

3 5 . 0  3 8 . 0
3 8 . 8  3 5 . 4
4 2 . 5  4 3 . 1
42.4  40 .4

23 33
30 38
34 43
37 48

4334

a:  gauche-b lock  s t ruc tu re  ( type  i I )
b :  b i layer  s t ruc tu re  w i th  cha ins  perpend icu la r  to  the

I ayers
*see Laga ly  e t  aL . ,  1975

(196'7) from KHSi,O,, H2Si2O'-II from a-NarSi2O5
(Schwarz and Menner, 1924: Liebau, 1964; Lagaly et
al., 1974) HrSirOu-IV from 0-NazSirOu (Hubert el
al., 1974). Pure HzSirOu-III can be prepared from
kanemite under special conditions, as described in the
experimental part.

The innercrystalline reactivity of H-kanemite is
very poor. In sharp contrast to the silicic acid ob-
tained from magadiite (Lagaly et al., 1975), which
intercalates a large number of small polar organic

Fig.  4.  Clay organic complexes of  d imethyl  d ia lky lammonium
kanemite (nc carbon atoms per a lky l  chain)  wi th r -a lkanols (n,
carbon atoms)

O' .na :  nc
l : nc  :  12 ,  va r i ab le  n r  ( 1 ,  2  . . .  16 \
L ' . n e l n c : 2 4

a
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molecules (dimethylsulfioxide, acid amides, urea, het-
erocycles, N-oxides, amines), H-kanemite takes up
only alkylamines in the interlayer space. The basal
spacings of the alkylamine complexes are very similar
to those of alkylammonium kanemi{es (Fig. 3).

Relation of kanemite to other sodium silicates

The investigations reported clearly establish alayer
structure for kanemite. The sodium ions between the
sil icate layers can be reversibly hydrated and dehy-
drated and exchanged by inorganic and organic cat-
ions. The exact structure is sti l l  unknown. The revers-
ible transformation of kanemite into disil icic acids
H2Si2O6 indicates that the SiO.-tetrahedra are l inked
in single sheets in a similar way to the HrSirOu modi-
fications and the different forms of NarSirOu. One
axis has a length of 4.96 A, as observed in many other
sil icates such as d- and B-NarSirOr, KHSiror,
L i r S i r O b ,  p e t a l i t e  ( L i A l S i 4 0 r o ) ,  s a n b o r n i t e
(BarSioO,o), K4SiEO1s, NarSirOz, and the micas. This
axis is characteristic for tetrahedral layers built up by
"Zweiereinfachketten" which are l inked to "Zweier-
einfachschichten" (nomenclature according to Liebau,
1972). The different types of "Zweiereinfachschich-
ten" mainly result from different ways of folding the
layers.

Some problems may arise in interpreting the HrO
content. In relation to the different forms of HrSirOu
and KHSirou, kanemite may be formulated as
NaHSirOu.xHrO ( :  0 .5 NarO. 0.5HrO. 2SiO, . . rHzO).
The investigations which clearly establish the layer struc-
ture render a formula NaHSirOa (OH), (Johan and
Maglione, 1972) less probable, since only one OH group
can be bound per tetrahedron in layer structures. The
water molecules are arranged between the layers. Since
the unit cell with 4 X NaHSirOu has an area a c : 36 A
and contains two sil icate layers, a monolayer of water
molecules between the sil icate sheets requires about
tA(z x 36) / lO:  1.8 moles H,O per  NaHSirQ :  6.9
moles HrO per SiO, (area occupied by a water mole-
cule about l0 A'z). Additional water molecules (at
least 0.5 moles per SiOr) can be trapped in the holes
of the folded SiOsOH hexagonal rings. The water
contents of the sample investigated by Johan and
M a g l i o n e  ( 0 . 2 5  N a , O . 0 . 2 5  H r O .  S i O r .  1 . 5  H r O )
and  o f  ou r  samp le  (0 .23  Na ,O .O .27  H2O.S iO1 l .6
HrO) are in good agreement. The slightly higher water
content probably results from physically adsorbed
water at the external surfaces and between the crystals.

Drying kanemite over PaOlo or treatment with eth-
ylene glycol reduces the basal spacing by about the
diameter of a water molecule (from 10.2 A to 7.66 A).

The related weight loss (14.47o) corresponds to de-
sorption of 0.8s moles HrO per SiOr. Evidently the
interlamellar monolayer of water molecules is de-
sorbed. The remaining water molecules are trapped
in the holes of the folded (SiOsOH) rings of the
collapsed structure and are desorbed at higher tem-
peratures up to 300"C. This temperature involves
also the expulsion of water from the SiOH groups, so
that 92 percent of the total water content is desorbed
up to 300oC. Broadening and disappearance of sev-
eral reflections indicate some accompanying struc-
tural changes. Above 500'C the X-ray diagram be-
comes sharper and the typical diagram of the 700"C
phases develops. For comparison, KHSirOu decom-
poses with the complete expulsion of the water from
the silanol groups up to 400"C and becomes
amorphous.

The survey of methods of preparation of kanemite
in Figure I is instructive in relating kanemite to other
sodium silicates. The a and p-NazSi2Ou are trans-
formed into kanemite by special procedures which
involve hydrolytic attack, but not a complete destruc-
tion of the structure. Evidently the structural rem-
nants act as nuclei for the formation of the new
structure.

Makatite is another sodium silicate which seems to
be related to kanemite. Makatite heated to 700oC
and treated with water rehydrates immediately to
kanemite. The silicic acid prepared from makatite
exhibits the same poor inner-crystalline reactivity as
H-kanemite.
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