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(Pauling’s Rules)

1st Rule

The cation-anion distance = radii

Can useR./R, to determine the coordination number
of the cation

This isan important rule to constract crystal structure
of clay minerals



Cations Radii Coordination Anions Radius ratio Coordination number Atomic structure

with 0%~

K* 1.38A 8,12

1 12 5% ’
Wy
0.73-1 8 XU
0.41-0.73 6

@
@
o
O
0.22-0.41 4
&

Nat  1.02A

o
%

0000000 ()
OO ®®

Ca’* 1.00A

Mn**  0.83A

Fe’* 0.78A

Mg 0724

Fe¥*  0.64A

Ti*Y  0.61A

o
n
(98]
wn
o
-9
(=,

Al3+

Si*t  0.26A O 4
c*  0.15A o 3

0.15-0.22 3







O
d (001)= 9.3



Pyrophyllite Mica Halloysite (10A)

T
Sz O: Kaolinite
‘Tg ””ba
- 2K =
...60 o (H:0)
= 4Si ' T 4(Si, Al) f
40, 2(OH) 2 S 40,2(0H) | — DD~ 6(OH)
4A) { Moo @ 4Al
-+ 40, 2(0H)
2 45
do = 7.15 A
Smectite
Vermiculite Chlorite
, . Pyrophyllite  Al;SizO19(OH)>
Tt ree———— e o . .
Mica KAl 2( S|3A|)O 10(OH) 2
(H:0) @ © ® @ @ (H:0) —Q @ @ @ @--6(0OH) . .
E © 00 o o(E) ° o o o o-=fMg,Al Smectite Eg3{Al>)(Si377Al 0O109(OH
B cooeer® | _oo8e e el fite 0.34Al2)( 377 0.39010(OH)>
4 p---60 4 60 $ ... 60 Vermiculite Eo_7(Mg3)(SI3.3A|0.7)010(OH)2

~ 4(Si, Al) SRGHAY [N e e 4(Si, Al)

------- 40,2(0H) -----40. 2(0H) S -+==== 40,2(0H) Chlorite (Mg ,Al) 6(SI ,A|)4O 10(0 H) 8
"""" ALz 1R L " Q6Mg P GELL T .. .
R oM OO0 ‘ ) Kaolinite  Al,SixOs5(OH) 4
Halloysite Al>SiOs5(0OH) 4




Pyrophyllite A|4Si8020(OH)4

Total charge =(3x 4)+(4x 8) + (-2x 20) +(-1x 4)
=12+ 32+ (-40) + (-4)
=44+ (-44)=0

Smectite group minerals

Montmorillonite

Eo.33Al1.7aV1g0.33)SsO10(OH)>
-0.33
Beidelite

Eo.30Al2.00(Sis.77Al 0.33)O10(OH)>
-0.33

Nontronite

Eo.33(Fe*2.00)(Sis.77Al 0.39 O10(OH)>
-0.33

Saponite

E0.33(MQJ3.00)(Siz.77Al 0.33)O10(OH)>
-0.33

Hectorite

Eo0.33(MQ2.67110.33S14010(OH)
-0.33




Mi.......... Trance position
Mo, M3 ..... Cis position

Brucite (Mg(OH),) —» Mgs(OH)12
a=540 ,b=9.36

Gibbsite (Al(OH)3) —» Al4(OH)12
a=5.08 ,b=28.64

A) Trioctahedral type

fe——b=8.6 A—]




TABLE 1.1. Classification of phyllosilicates related to clay minerals

Group
(x = charge per
Layer type - formula unit)} Sub-group Species*
1:1 Serpentine—kaolin Serpentines Chrysotile, antigorite, lizardite, amesite
(x ~0) Kaolins Kaolinite, dickite, nacrite
2:1 Talc—pyrophyllite Talcs Talc, willemseite
(x~0) Pyrophyllites Pyrophyllite
Smectite Saponites Saponite, hectorite, sauconite
(x ~ 0-2-0-6) Montmorillonites Montmorillonite, beidellite, nontronite
Vermiculite Trioctahedral vermiculites Trioctahedral vermiculite
(x ~ 0-6-0-9) Dioctahedral vermiculites Dioctahedral vermiculite
Mica Trioctahedral micas Phlogopite, biotite, lepidolite
(x~ 1.0 Dioctahedral micas Muscovite, paragonite
Brittle mica Trioctahedral brittle micas Clintonite, anandite
(x ~ 2-0) Dioctahedral brittle micas Margarite
Chlorite Trioctahedral chlorites Clinochlore, chamosite, nimite
(x variable) Dioctahedral chlorites Donbassite
Di,trioctahedral chlorites Cookeite, sudoite
2:1 Sepiolite-palygorskite Sepiolites Sepiolite, loughlinite
inverted ribbons (x variable) Palygorskites Palygorskite

* Only a few examples are given.

t x refers to an O,,(OH), formula unit for smectite, vermiculite, mica and brittle mica.



Regular Mixed Layering
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Imogolite
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Stractural model of allophane

Allophane
Proto-imogolite allophane Gi/Al = 0.5)
Proto-halloysite allophane (SAl = 1.0)

Hydrous feldspathoid
Amorphous silica
Amorphous Al(OH) s
Amorphous Fe(OH);
Ferrinydrite
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B) Oriended crystals
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XRD profiles of kaolinite
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A) After various treatments
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XRD profile of chlorite

XRD profiles of tosudite
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XRD profiles of clay minerds
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d(060)=1.535
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XRD profiles of kaolin minerals
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XRD profiles of 2M illite
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XRD profiles IR spectra
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