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THE NATURE OF THE COMPONENT LAYERS OF
RECTORITEI

H. Kooeu.r, Canaila Department of Agriculture, Ol,tawa, Ontario.

ABSTRACT

Rectorite from the Fort Sandeman district, Baluchistan, Pakistan was examined in

detail by r-ray, chemical, thermal and infra-red absorption methods. All of the experimen-

tal evidence supported Brown and Weir's conclusion that rectorite was made up of pairs of

micaJike (non-expandable) and montmorillonite-like (expandable) layers. One-dimen-

sional Fourier transform of glycerol-solvated Mg-rectorite gave a regular sequence with a

mixing ratio of 1:1 and the micalike layer thickness,9.2 A. Precession photographs and

powderdi f i ract ionpatternsproducedtheuni tcel ld imensions:o:5. I2,b:8 '90,  c:24.994

and p:99'. The Greene-Kelly test indicated that the expandable layers were divided into

beidellite-like and montmorillonite-like layers. Mixed Na- and Ca-rectorites gave a sharp

discontinuity of the basai spacings at the approximate ratio Na26Ca75. Assuming that ex-

changeable Ca ions will tend to occupy interlayer sites over exchangeable Na ions and will

tend to pre-empt those sites having higher energy, an approximate ratio of montmorillonitic

and beidellitic layers was estimated to be 1:3. In the natural sample, the exchangeable

cations Na, K, Mg, Ca and Sr were randomly distributed.

It was concluded, thus, that rectorite consisted of a regularly alternating sequence of

paragonite-like layers and expandable layers having beidellitic and montmorillonitic com-

positions.

It was also emphasized that, because variations in the kind and population of interlayer

cations rvere recognized among similar materials, the specific name rectorite should be con-

fined to a regular interstratification of Na-mica and montmorillonite, judging from the

chemical data of the original rectorite from Garland County, Arkansas.

INrnorucrroN

Recentiv, Brown and Weir (1963) have concluded that rectorite

(: allevardite) is made up of pairs of mica-like and montmoril lonite-l ike

layers. Many papers have been published on similar materials from vari-

ous localit ies (Bradley, 1950; Cailtdre et al., 1950; H6nin et al., 1954;

Brindley, 1956; Kodama, 1958; Korolev, 1960; Shimoda and Sudo, 1960;

Shimoda, 1960; Brindley and Sandalaki, 1963; Sudo et al., 1963). Even

though the similarity among those materials is remarkable, minor varia-

tions are recognized, especially in the kind and population of their inter-

layer cations (Table 1). It is an important question whether such varia-

tions are allowable within a mineral species as the "individuality of the

mineral" (Sudo, 1959) or essential for the definition of different mineral

species. I lowever, before the question can be answered, more precise in-

formation on the mineral is necessarv to clarify substantial variations. In

the present study, detailed investigations were conducted on the nature of

rectorite from Pakistan, with special regard to the kind, population and

1 Contribution No. 168, Soil Research Institute.
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1036 H. KODAMA

distribution of the cations existing in the mineral. The material studied
by the writer is similar to that described by Brown and Weir (1963) and
in the present paper particular attention is given to the nature of the
component layers.

Terlr 1. Cnnurcal AN,tr,vsrs ol Rrcronrrn, Alrnvaaorrn eNo
Srlrrr,an Mrxnnlr,s ox fcNrrnn Wrrcnr B,q.srs

(7 )(6)(2 )

Mineral
discussed

by the
present
witer

Mineral
described
by Brown
and Weir

Rector i te
Allevar

dite

53 73
0 3 6

3 8  2 2
0  7 7
0 6 5

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

Hydrous
complex
of mica

Ilydrous
complex
of mica

Hydrous
complex
of mica

Allevar-

dite

sio:
TiOr
AbOa
Ferog
FeO
MnO
SrO
CaO
Mgo
K:O
Naro
PzOr

5 4  1 1
0 0 1

40 38
0 1 5

none
0 . 1 3
o 5 2
0 7 8
0 . 2 9
3 8 7

5 5 5

5 3 . 5

4 0 6

0  1 1
0 1 4
J  . r1

5 5 2

3 8 7
0 5 9

0 3 3

0  1 1
4 ,10

52 79

39 93

0 4 6

1 1 4
1 1 6
1 3 3
2 2 2

0 6 2
41 00

0 s 2
0 1 6

5 3 . 4 4
1 . 8 1

39 21
0  3 1

0 0 7
1. 29
2 3 1
0 7 6
0 . 1 6

53.29
o 0 2

3 7  7 2
2 8 3
o 9 7
0 0 3

0 6,1
0 7 9
3 4 i
0 .+6

Total

CEC (meq

/100 gm)

roo 24 9 9 . 6 6 99 50 99 33

54

(1) Natural sample from Fort Sandeman district, Baluchistan, Pakistan Analysis by H Kodama (1965).
(2) Na-saturated sample from Brunjkaki, Fort Sandeman district, Baluchistan, Pakistan. Brown and

Weir (1963)
(3) Na-saturated sample lrom Garland County, Arkansas, U.S.A. Brown and Weir (1963).
(4) Allevard, France. H6nin, et al. (1954).
(5) Goto mine, Nagasaki, Japan. Sudo et at. (1962)
(6) Honami mine, Nagano, Japan. Sudo, et atr (1962).
(7) Yonago mine, Nagano, Japan Shimoda and Sudo (1960)
(8) Dagestan, U S S.R Korolev (1960)

Meronr,q.r,

The sample used was from Fort Sandeman district, Baluchistan,
Pakistan, supplied as beidell ite from Ward's Natural Science Establish-
ment, Inc.

The sample is fibrous and matted-like papyrous with a pale green
colour. It swells in water to form a gelatinous mass. The impurit ies were
minute crystals of quartz, anatase and brookite, and small lumps of
earthy materials consisting of chlorite, ankerite and fine quartz. They
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could easi lv be removed under a binocular

sample was ground to less than 300 mesh.

Cnprrrc-q.r, Dlre

C hem'ical com p o sition and exc hangeable cations.

Na were made on the natural sample ignited

to37

microscope. The purif ied

Chemical analyses except
at 1000" C. by the r-ray

Tenm 2. Cnnurcer, ColrposrrroN aNo C.qrcureuoN ol Srnucruner, Fonuur,q

Wt. ol (based on
1000" C. ignited

material)

(2)

Atom ratio
(Over-all layer)

(3)

Non-expandable layer
(Paragonitic comp.)

(4)
(2)-(3)

Mean expandable
layer

Sioz 54 11
Tiou 0 01
A120s 40.38
FezO: 0. 15
MnO 0.00
SrO 1fixed 0.04

lexch. 0.09

CaO 1fixed 0.15
lexch.  O.37

si 12.84

AI  t l  .28
Fe3+ 0.03

Sr 1fixed 0.00

lexch. 0.01

Ca 1fixed 0.04

lexch.  0 .10

Mg 1fixed 0.09

lexch.  0 .19

K 1frxed 0.07

[exch.  0 .01

Na Jf ixed 1.65

\exch.  0 .13

6.00

6 . 0 0
o.02

0 .07

6 8 4

5  . 2 8
0 . 0 1

0 . 0 1

0 . 0 4

0.  07Mso 
{flxed
I excn.

K,o 
{fl*"a
I excn.

o 2 4
0 . 5 4

0 . 2 4
0 . 0 5

0 .02
0 . 1 9

0 .01

0 .  13
I . O J

Total 100.24

spectrochemical method (Rose el al., 1963; Kodama et al., 1966). Ex-

changeable cations such as K, Mg, Ca and Sr were estimated in compari-
son with analvses of Sr- and Ca-saturated samples. Total and fixed Na

contents were determined on the natural and Ca-saturated samples re-

spectivelv b)' a flame photometric method. Cation exchange capacit-v was

determined b-"- the method of Clark (1965). These results are l isted in

column 1 of Table 2.The CEC value of 55.5 meq/100 gm was as expected
from a 1: 1 interstratif ication of expandabie and non-expandable la-'"ers
(Brown and \\ ieir. 1963).
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Oaer-all structural formula. The calculation of structural formula was
based on the total anionic charges Oaa:88 because analvtical data were
obtained from the ignited samples. From the calculated atom ratios (col.
2, Table 2), the over-all layer formula of the mineral was constructed as
follows:

Interlayer

non-fixed fixed

Octahedral layer 'I'etrahedral layer

lA l r . r o  l ^
LU+l

[  )1r2.84 ]

+o .74  +1 .80-i;.s4-

This formula agreed basicallv with
Weir  (1963).

+0  .63  -3  . 16

the formula given b,"" Brown and

X-nay INvBsrrcerron

Basal reflect'ions. The spacings of the basal (001) reflections were mea-
sured at about 50/6 relative humidity with a Philips diffractometer using
oriented aggregates of the specimens after various treatments. The com-
piled data for d(001) spacings are l isted in Table 3 together with corre-
sponding data by Brown and Weir (1963). The d(001) spacing of the
natural sample is intermediate between those of monovalent cation- and
divalent cation-saturated specimens. This indicated that exchangeable
cations in the natural sample were not mono-ionic. The best sequence of
the basal reflections was obtained with a divalent cation-saturated soeci-
men.  I ts  d(001) spacing was evaluared to be 24.61+0.03 A when a i i -dry
and 27.33-10.02 A on glycerolation. The difference (2.72 L) was almost
the same as that of a divalent cation-saturated montmoril lonite.

Type of interslratif,cation. A good integral sequence of the basal reflec-
tions suggests a regular interstratification. The Fourier transform
(MacEwan, 1956) of the basal reflections (col. 1, Table 4) from the
glycerolated Mg-saturated specimen showed that the alternate layers
were composed of two units of 9.2 A and 18.3 A in thickness u'ith a mixing
ratio of 0.49:0.51 (Fig. 1). This result was essentially consistent with
earlier conclusions (Brown and Weir, 1963) that the structure was made
up of pairs of micalike and montmoril lonite-l ike layers. Because of the
high content of fixed Na, the layer thickness of 9.2 A suggested that the
non-expandable micalayer was similar to paragonite (9.6 A; Zen and
Albee,  1964) rather  than muscovi te f  tO.O A).



RD.CTORITE LAY I. .RS

l'enlr 3. Blser, SpecrNcs, d(001), or RncrourB rnorr Bar,ucnrsrem, Pexrsr-lN
(CoKq):1.7902 A

Relative humidity 50+ 2Ta

t039

d(oo1)A

Condition of specimen

Present Work
Brown and Weir

( 1963)

Air-dry, natural state
Air-dry, after saturated with Na+
Air-dry, after saturated with K+, Rb+
Air-dry, after saturated with Cs+
Air-dry, after saturated with Mg2+, Ca2+
Glycerolf natural state specimen
Glycerolf K- or Rb-saturated specimen
Glycerol*Cs-saturated specimen
Glycerolf Mg- or Ca-saturated specimen
After Greene-Kelly's test
After heating at 6000 C. for 3 hours
After heating at 700o C. for 3 hours
After heating at 8000 C. for 3 hours
After heating at 900o C. for 3 hours
After heatins at 11000 C. for 3 hours

2 3 . 8 7  + 0 . 1 7
2 2 . 2 2 + 0 . 0 7
2 2 . 3 1
2 2 . 1 2 + O . l O
24.61+O.O3
2 7 . 3 9 + 0 . 0 5
2 6 . 3 1
27 . l3 l
2 7 . 3 3 + 0 . 0 2
2 7 . 6 4 + 0 . 2 0
1 9 . 3 r
19.41
19.41
1 9 .  5 r
mullite
reflections

2 4 . 9
2 2 0

2 4 . 9
2 7  . 2

19.6

t Less rational series of diffuse reflections.

T,mra 4. X-nnv Dara FoR THE Gr-vcrnolemo Mc-s,c.run.{tno
Spncruru AND THE Spncruox ArrER GREENE-Knr,r,v Tosr

( l )

Glycerolation

(2)
Greene-Kelly test

d(A) I r

57880
13420
3400
600
580

1700
420

1750
1780

l4
34
o /
10

d(A) l r

5
o

7
8
9

10
1 1
12
13

2 7  3 l
13 .6.5
9 .  1 0
6 . 8 3
5 . 4 6

3 . 9 0
3 . 4 1
3 . 0 4
2 . 7 3
2 4 8
2 . 2 8
2 . t o

27 .36
1 3 . 8 6
9 3 3
6 .85
5 . 4 8
4 . 6 5
3  . 9 5
3 . 4 3
3 . O 7
2 . 7 9
2 . 5 1

57880
39s77
50684

59M
5944

s6762
6570

28001
43958

782
2t90

1 Represented as peak area in an arbitrary unit.
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Lattice constants. A small thin flake was cut from the unground original
sampie and used for r-ray cr1,-stallographic work. The precession photo-
graph taken with the incident r-ray beam normal to the plane of the
flake, gave a difiraction pattern consisting of several rings. When the in-
cident r-ray beam was parallel to the plane, the photograph (Fig. 2)
showed a diffuse pattern characteristic of a fibrous texture giving a long
identity period ol 24.4 A along the c*-axis and giving two identity periods
of about 2.6 A and 4.5 A in the direction perpendicular to the c*-axis. The

0 lo 20 30 40 50A

Frc. 1. Fourier transform of the glycerol-solvated Mg rectorite.

two periods agreed well with the d-spacings for two strong lines from the
Debye-Scherrer diffraction pattern of a powder sample, which were ob-
viously related to the (200) and (020) reflection indices of micaceous
minerals, respectively. Consequently, it was revealed that the skin-l ike
specimen in the original state consisted of exceedingll ' f ine platy crystals
and that the o- and 6-axes were randomlv oriented around c*-axis. As
seen in Fig. 2, vertically diffuse l ines at the periodicity of 2.6 A contained
two maxima which did not lay on the zero layer l ine. This indicated that
the crr.stal of the mineral could be monoclinic and with the aid of the
geometrv of the reciprocal lattice, the angle was evaluated to be 99'. If i t
is assumed that the a and b dimensions of the mineral approximate those
of mica, then the fibrous-texture photograph, the diffraction data for the
oriented specirnen, and the Debr.e.Scherrer camera pattern may be inte-

A B AB AAB ABB
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grated and the lattice constants for divalent cation-saturated specimen
can be tabulated as fo l lows:  a:5.12,  D:8.901'c  s in B:21.61 ] \ ,  A:99"
and c: 24.99 L. Since the a and. b diri iensions of paragonite, montmoril lo-
n i te  and muscovi te are 5.13 and 8.89 A 1Oee.  et  a l . ,  1962),5.17 A and
8.94 A (Pinsker, 1953), and 5.189 and 8.995 A (Yoder and Eugster,
1955) respectively, the obtained a and b dimensions supported the exis-
tence of paragonite-l ike iayers.

Frc' 2 zerot""" nn"j;il:u#*t;lT'ru:;\T: normar to c*'axis'

Ind.exi,ng oJ non-basal ref,ections. Indexing of non-basal reflections was
carried out in order to check the lattice constants. The non-basal reflec-
tion data were obtained from the Debye-Scherrer powder pattern of an
air-dry Mg-saturated specimen with reference to the pattern of a glycero-
lated Mg-saturated specimen. Conversion of the d-spacings to the ob-
served Q-values (Q:1/d':(4 sin,0)/I,) was made with the table pre-
pared by Azaroff and Buerger (1958). The calculation of Q-values was
carried out with an IB14 Model 1620 computer using the program for a
monoclinic s-vstem (World No. 279) written by Dr. H. M. Haendler(1962,
1965). Table 5 shows the comparison of the observed Q-values with the
calculated ones for the possible indices. The agreement was satisfactory.
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2 . 1 5 4

1 683

1 . 6 5 2

1 .484
1.283

1 . 2 6 4

1.239

1 . 1 6 9

1 -112

vw br

w vbr

0.0505
0 . 0 5 1 4

0 0523

o.0647

0.1526

0.1548
0 . 1 5 7 7

0.2002

0 .  2 1 5 5

0.3530

0.3664

0 4541
0. 6075

0 6259

0.6514

0.  7318

0 8087

0.0505
0 . 0 5 1 0
0.05  14
0 0520
0.0522

0.0640
0.0656

0.1529
0.  1530
0. 1544
0 . 1 5 7 2
u . l 5 / J

0 1995
0.  2010

0.2154

0.  3539

0.3662
0 3666

0.+544
0.6074

0.6253
0.6263

0.6507
0.6523

o.7313

0.8084

o20
1 1 1
102
1 1 0
o2l

112
023

130
r17
132
131
200

109
213

217

151

241
310

060
2018

4r3
13,16

13, I8
408

360
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Tasln 5. INrnnprelrnn SeacrNcs, Rnr-,qrlvr lNtrltsrtrns e.Nl Possrsln Ixorcns

ol Nox-tes.ll Rrrr,rcrroNs rnou Rncromtr, rx CouranrsoN wrrn

OssntvBo eltn Car,cur,etED Q-vAr-uES

Qc"tc aQlx 101Q.u" hkl

0
-14

0
I ?

+ 1

T '

- 9

- 3
- 4

+4
+s
+4

T I

- 8

t 1
T T

- 9m

vvw br

s
m b r

vw br

m

ms br

m b r

t o

- 2

- 3
t 1

T r

+6

- 9

f J

I  AQ-Qor"-Q""r" .

l{otwre oJ the erpand.able layer. Williams, et al. (1953) showed that Ca-
montmoril lonite had a double water layer, while Na-mortmoril lonite had
a single water layer at room temperature arld 5070 relative humidity. The
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d(001) spacings of Ca- and Na-saturated montmoril lonites under these
conditions are generally given as 15.4 and 12.4 A, respectivell ' . The
difference, t5.4-12.4:3.0 A, corresponds to the thickness of a single
water laver. Almost the same difference was obtained between d(001)
spacings of the Ca- and Na-saturated specimens, indicating that the ex-
pandable layer of the mineral is montmorillonitic.

The 6 dimension and the chemical data suggested that the mineral was
dioctahedral and that the expandable layer had characteristics of the
minerals belonging to the montmorillonite-beidellite series. Consequently
the Greene-Kelly test (1953) was applied to evaluate the layer charge
distribution. The result (col. 2, Table 4) showed the expansion to 27 .64 A
(+0.20 A; *tt ictr obviously indicated that the expandable layers were
beidellitic. However, the change in the intensity ratio such as the en-
hancement of intensities of the basal reflection with their indices I:3n,
suggested that some of the expandable layers collapsed irreversibly. The
results indicated, therefore, that the expandable layers contained both
montmorillonitic and beidellitic layers.

Chemical data indicated that exchangeable monovalent and divalent
cations were both present in the natural specimen. Its basal reflection
data gave an intermediate d-spacing and less rationalitl', which suggested
the random distribution of the exchanseable monovalent and divalent
cations.

Unmixing of erchangeable Na and. Ca ions. Mlring and Glaeser (1954)
mentioned the unmixing phenomenon of Na and Ca ions in a bi-ionic
montmorillonite and explained it on the basis of crystallo-chemical
aspects. Glaeser (1958) confirmed the same phenomenon in hectorite and
proposed an $-ray technique for detection of the unmixing. This tech-
nique was applied to the present study.

The experimental procedure was as follows: Na- and Ca-saturated
specimens were mixed in various proportions. 40 mg of the mixed speci-
men was placed in a small centrifuge tube, 5 ml of water was added and
then shaken with a "wrist-action" shaker for 16 hours. After centrifug-
ing, 3 ml of the supernatant solution was removed and the specimen was
resuspended by a small stirrer. One ml of the suspension was pipetted onto
a glass slide to prepare oriented aggregates lor r-ray analysis. The analy-
sis was carried out with CoKa radiation and the low scanning speed of f"
(20) ranging the diffration angle 20 to 36" using a Philips diffractorneter.
Figures 3 a, b, c illustrate characteristics of the results. The observed
peak migration of basal reflections clearly indicated a formation of the
randomly interstratif ied sequence of Na-saturated (dr: 22.5 h) and Ca-
saturated (dr:24.7 A) luy.tr. Although the method of M6ring (1949)

1043
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Mtoo

Noeocoto

No39Co29

llo Tocoro

No6gCoa6

llo5sCo*

No6Co6

NoloCozo

NomCorc

l,lo;6Coss

futoo

20CoKq

Frc. 3a. X-ray difiraction patterns of oriented specimens of the mixed

Na- and Ca-rectorites. 20:20 to llo.

NoTsCo 36

No66Coa6

Nc66Co5s

No40Coso

No JoCo 70

No20Coao

NotoCogo

coroo

23 2l 19 28CoKe

Frc. 3b. X-ray diffraction patterns of oriented specimens of the mixed

Na- and Ca-rectorites. 20:18" to 24".
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predicted seven diffraction regions where basal reflections may shift, the
present consideration was restricted to four regions, where diffr-action
peaks d1(001)/d, (001) ,  d1(002)/d, (002) ,  d1(004), /d, (005)  and d,(007)

/dr(008) wele observed, since the other peaks were verv weak. Figures 4
a, b, c show the peak migrations in the three regions as a function of
Ca/(Naf Ca) ratio. The figure for the migration of peak d1(004)/dr(005)
was omitted because of its similarity to that of the peak dl(007)/dr(008)

Nopo

NomCoto

No!oCozo

tloTeCo5e

NoeCo40

Norccoso

No4oCoco

l{o!oCo?o

No20Cooo

NoroCo"o

coroo

J6 54 32 3O 20CoKo

Frc. 3c. X-ray diffraction patterns of oriented specimens of the mixed

Na- and Ca-rectorites. 20:30" to 36"

(Fig. 4c). A sharp discontinuity occurred where the exchangeable cation
ratio is between NaroCa;o and Na20Cas6. The appearance of two peaks
with open circle representing the weaker peak in the diagram for dr(002)

/dr(002) (Fig. ab) was interpreted to mean a tendency to the formation of
a zonal structure. Another discontinuity with less sharpness was observed
only in the diagram for dr(001)/dr(001) (Fig. aa). It occurred where the
exchangeable cation ratio is between NazoCaao and NaeoCa40, approxi-
mately corresponcling to the ratio obtained by M6ring and Glaeser( 1954) .
It was considered, therefore, that the major unmixing at the approximate
ratio NazeCaT5 might be characteristic of the expandable layers.
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O 20 40 60 8o IOO o/o (co)

Frc. 4a. Peak migration of the dr(001)/dr(001) reflections of the mixed Na-
and Ca-rectorites as a function of Ca/(Na*Ca) ratio.

o 20 40 60 Bo tOO % (col

}-rc. 4b. Peak migration of the d1(002)/dr(002) reflections of the mixed Na-
and Ca-rectorites as a function of Ca/(Na*Ca) ratio.

c

A

25.0O

44.5O

24.OQ

23.50

23.OO
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Tnenuar Axarvsrs

Diferential thermal analysis. The DTA curve recorded with a heating
rate of 11.5' C./min on the specimen diluted 50:50 with alumina is given
in Fig. 5. There are four endotherms including a shoulder-like one with
peak temperatures of 140o C., 200"-205o C., 570" C., and 960' C. The
first two endotherms were considered to be due to dehydration of ab-
sorbed and interlayer water and the third due to dehydroxylation of
structural hydroxyl groups. X-ray data on the fired product showed that

A

3.O5
20 40 60 8o loo % (co)

Frc. 4c. Peak migration of the dr(007)/dr(008) reflections of the mixed Na-
and Ca-rectorites as a function of Ca/(Na*Ca) ratio,

the fourth endotherm and the following exotherm at 1030o C. were con-
nected with the recrystallization to mullite.

T her m o gr avimetr ic analysis. Thermogravimetric data were obtained with
a Stanton Recording Thermobalance having a constant heating rate of
3o C./min. Figure 6 gives the thermogravimetric curve obtained by re-
plotting the data as weight loss per cent against temperature. The curve
showed two main steps which were not sharply differentiated as is gen-
erally the case in curves of montmorillonitic clays.

Assuming that the inflexion of the curve between the two steps divides
the weight loss into two contributions due to dehydration and dehydroxyl-
ation, each contribution may be evaluated by mathematical treatment.
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600 800 tooo
TEMPERATURE, "C

Frc. 5. Difierential thermal analvsis of rectorite.

The curve between 250' C. and 500" C. is expressed by the following
power serres,

W(%) : 0.0175t5 - 0.547t4 f 5 94ts - 29.2Ot2 + 67.r4t - 52.05

where W is the per cent of weight loss and t is the temperature in one
hundredth unit (" C./100). Differentiating the equation, the inflexion
was calculated to be at 331o C. and the corresponding weight loss was
6.9270. Since the total weight loss is 12.1016, the expected weight loss due

AT

200

F
z
l!
o
E
lrJ
o-

9

I

7

6

5

4

3

2

I

loo" 2000 300" 400" 5000 6000 7000 8000 9000 looooc

Frc. 6. Thermogravimetric analysis curve of rectorite.

J vt
\

ooi
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to dehydroxylat ion is  12.10-6.92:5.18 (%).h v iew of  the d i f f icu l ty  in
evaluating the content of structural water, the value seems reasonable
sinceitisonlyslightly higher than the theoretical values, 4.717o (parag-
onite) and 4.9370 (montmoril lonite).

INln,r-npo AssonprroN Spocrna

General f eatures. The absorption spectra in the region 400-700 cm-1 were
obtained with a potassium bromide disk containing0.2STo of the natural
sample, using a Perkin-Elmer Model 21 spectrophotometer with a sodium
chloride prism. The general pattern agreed well with that of rectorite
from Arkansas given by Brown and Weir (1963). Table 6lists the wave-
numbers of the absorption maxima in comparison with the published data
for some related minerals. The spectra appear to be almost identical to
the composite ones of montmorillonite and illite except for a few very
weak maxima. The faint absorption peak at 1388 cm-1 was considered to
be due to a slight trace of NHnr+ absorbed in the sample.

Thermal efect on the OH band;. Fwther investigations were made on the
OH absorption spectra by determining the effect of consecutive heat
treatments. Up to 200" C., spectra were recorded with a Perkin-Elmer
Model 621 grating spectrophotometer equipped with a heating stagel
using a Na-saturated specimen. Figure 7 illustrates the absorption spectra
of the samples at room temperature and heated at intervals of 50' C.
from 50o C. to 200o C. The unheated Na-saturated specimen gave ab-
sorption bands at 3645 cm-1, 3420 cm-t and 1640 cm-1, which were at-
tributed to free OHstretching (zOH), H-bondedOHstretching (zOH. . .O)

and H-bonded OH in-plane bending (DOH.. ..O) respectively. With
increasing temperature the intensities of the bands at 3420 cm-1 and 1640
cm-1 weakened gradually and the former band shifted to higher fre-
quencies reaching a maximum of 3450 cm-1. Upon heating at 200o C.
both bands disappeared. On the other hand, the free OH band at 3645
cm-1 remained unchanged during this treatment. Consequently, the
absorption bands at 3420 cm-l and 1640 cm-1 were attributed to ab-
sorbed water and interlayer water molecules. There was the additional
result that the bands at 3420 cm-l and 1640 cm-1 of the unheated Na-
saturated specimen were also slightly different from those of the natural
sample (Table 6). Since the free OH band remained unchanged, the ob-
served shift suggests that zOH. . . . .O and 6OH. . . . .O frequencies are
dependent on the kinds of interlayer cations.

In order to determine the spectra after heating to temperatures near

1 Through the courtesy of Perkin-Elmer Corporation, Montreal.
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i5ooc,tn-l

Frc. 7. The OH absorption spectra of rectorite at 25o C. to 200" C

and after dehydroxylation, the natural samples were heated at 600o C.
and 900" C. for three hours, cooled to room temperature in a desiccator
and then subjected to infra-red study with a Beckman IR7 grating spec-
trophotometer using the Nujol mull technique. After heating at 600o C.,
the OH band shifted from 3645 cm-l to 3660 cm-l and became much
weaker. The band completely disappeared upon heating at 900o C., which
indicated the completion of dehydroxylation. The cause of the shift to
higher frequency was not clear from this study. However, the higher
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frequency should mean a higher energy state of residual hydroxyl groups,
since an increase of 1 cm-l corresDonds to an increase of 2.859 cal/mol.

DrscussroN

Summary of the mineral d.ata. The mineral from Pakistan was a diocta-
hedral regularly interstratified mixture of mica (non-expandable) and
montmoril lonite-(expandable) type layers. Fourier transform gave their

T.coln 6. PosrrroNs ol INlna-nnl Alsonprton Mlxrua or Rrcrontrr
CoupenrsoN wrrn Tnosn ol Soun Rnr,,lrno Cr-,ly Mrlrnur,s rrolt

Putlrsnno Dlral (cm-r)

Rectorite
(Baluchistan,

Pakistan)

3645 s
3400 s br
1650 m
1388 vvw
1125 vvw
1080 w
1050 s
1023 s
995 vly
920 vw
875 vw

823 vw
810 w
/ J U  M

morillonite
(Togo,

Japan)

Vermiculite
(Uzumine,

Japan)

3140 s br
1650 m

Illite
(Shiraishi

Japan)

Pyrophyliite
(Honami,

Japan)

3680 s

1 1 2 5  s
1070 s
1050 s

946 s

850 w
832 m
8 1 2  w

3644 s
3416 s br
1650 m

1128 m

1030 s

915 m
883 w
845 w

3630 s

1070 m

1025 s

933 m

d l l  w

803 w
/.).) m

s strong; m-mediuml w weakl vw very weakl vvw very very weak;br broad.
I Kodama and Oinuma (1963) and Oinuma and Kodama (1964).

mixing ratio 1 : 1 and the mica-type la)rer thickness, 9.2 A. Integrating the
chemical and s-ray data, the mica-tlrpe layers were paragonite-like.
Based upon the Greene-Kelly test, the expandable layers were divided
into beidell ite-l ike and montmoril lonite-l ike lavers. In the natural sam-
ple, exchangeable cations such as Na, K, Mg, Ca and Sr were randomly
distributed.

Interpretation oJ the unm,iring in Na-Ca systern. An interpretation of the
unmixing phenomenon may be given on the basis of the following con-
siderations: (1) the expandable layers consist of two kinds of layers, (2)
exchangeable Ca (divalent) ions will tend to occupy interlayer sites over
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exchangeable Na (monovalent) ions and wil l tend to pre-empt those sites
having the higher energv (Marshall, 1954). If all exchangeable sites of
beidell it ic layers are occupied b1' Ca ions, unmixing would take place.
This assumption seems reasonable because the layer charge density of
beidell ite is higher than that of montmoril lonite (Weir and Greene-Kell.v,
1962). Consequentll ' ,  the ratio Na2sCaTs would give an approximate ratio
of montmoril lonitic and beidell it ic layers. On the basis of the discontinu-
ity mentioned above, three quarters of the expandable layers are con-
s idered ro be beidel l i t ie .

Erpandable layer formula.. Since the ratio of non-expandable and ex-
pandable lavers was nearly 1:1, and with the assumption that thenon-
expandable layer f ormula was similar to dehydrated paragonite
NazAloSioOzz, a separation of the expandable la,ver formula from the
over-all laver formula was attempted. The charge deficiency due to
the low population of interlaver cations of the paragonite was balanced
by adding some octahedral cations (col.3, Table 2). The results of the
correction (col. 4) gave the mean formula of the expandable lal,ers;
(Nao.uKo orMgo rsCao roSroror) (Mgo ozF'e3+o orAI, rr) (Si6 84AI1 ro)Ozz. As
indicated by r-ray data, there rvere two kinds of expandable layers which
may be represented as beidell it ic and montmoril lonitic layers having
higher and lower negative tetrahedral charges respectivel-v, and whose
mix ing rat io  is  3:1 or  0.75:0.25.  Accordingiy ,  the re lat ion 0.75X*0.25x
:6.84 could be obtained from the Si atom proportion of the mean ex-
pandable layer formula and another relation 6.00 ( X ( x 3 8.00 could be
obtained from the ideal proportions of paragonite and montmoril lonite
and by the definition, where X and 1 are the Si atom proportions of
beidell it ic and montmoril lonitic tetrahedral layers, respectively. The
relations resulted in the inequality, 6.45<X(xS8.00. Taking the ex-
treme condition of each proportion, the tetrahedral layer of the mean
expandable layer formula, (Si6 saAl1.16), could be rewritten b1.

[0.75 x (si, ,uAi' uu) ] + [0.25 X (sir m) ].

In general, chemical-analysis data supported the structurai scheme
derived from other data.

DeJinition and. nomenclature of rectorite. It must be emphasized that,
although the present stud1,- reveals only one example of the layer charge
distribution, the kind and population of interlayer cations, especially
those of non-exchangeable cations are verv significant because thel'may
define a type of micalike layer. For instance, in the mineral having a
high K content, its mica-like layer is expected to be muscovite-type
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instead of paragonite-tvpe. Using similar arguments, the montmoril lo-
nite-like layers can also be determined more specifi.cally as described
above. Thus, the interstratif ied mica-montmoril lonite minerals should be
divided into more individual mineral species. Judging from chemical
data of the original rectorite, it seems to be suitable at the present stage
that the specific name rectorite should be confined to a regular interstra-
tification of Na-mica and montmorillonite rather than that of mica in the
broad sense and montmoril lonite.

CoNcrusroNs

From this series of experiments, then, it may be concluded that: (1)

rectorite consists of non-expandable and expandable layers with a mixing
ratio 1:1 in the regularly interstratif ied manner, (2) the non-expandable
layer is paragonite-l ike, (3) the expandable layers are divided into beidel-
l i t ic and montmoril lonitic ones with their mixing ratio 3: 1 and (4) the
kind, population and distribution of layer charges is given schematically
in the following structural formula as one possible examplel

ilJ:,] lff'I il,'".T1"'+ [o zsItoit"r (11,,) o'|+ o zs{(A)(B)(si8 ")o"}]
lNuo " I

i * ' *  L  lMsou l
where (A)r: 

lMgorri 
o"a (B)1: lFe3+6.61 |

lcao.ro i lAln.u j

tSro or j

The existence of two different types in the expandable iayers excluded the
concept of solid solution between both end members. The expandable
ia1,ers, thus, have either a beidellitic or montmorillonitic composition
and, in the rectorite from Pakistan, are regulari-v: interstratif ied with
paragonite-l ike layers.
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