
Gibbs Free Energies of
Data Using Specific

Introduction

Although numerous Gibbs free energies of for-
mation (AG"r) for kaolinite have been calculated
from calorimetric data (Barany and Kelley, 196l) and
from aqueous solubility data (Kittrick, 1966, 1970),
few AGo, are reported for clay minerals other than
kaolinite (Reesman and Keller, 1967, 1968). Using
aqueous solubility data to calculate AGo', it has
generally been assumed that at pH values about 6.70
(isoelectric point), AI(OH)'- is the major Al species
present in the system, and at pH of 6.70 to below 3.0,
the dominant ion is assumed to be A(OH)r*. How-
ever, in a recent paper Huang and Keller (1972a)
show that different species of hydrated Al'*-for
example, A(oH)'9., Al(oH)r*, Al,(oH),n*, and
A(OH)a---can be present in varying proportions in
an aqueous solution depending upon the pH (see
Figure l, Huang and Keller, 1972a). Hence the cal-
culation of AGo, from aqueous solubility data on
aluminum silicate minerals should be based on the
proportion of difrerent Al species in the calculation.
The purpose of this paper is (1) to calculate standard
free energies of formation (AG'r) for representative
clay minerals from analytical data for an equilibrated
reaction that considers the different Al (or Fe)
hydrated species in the system, and (2) to compare
results for Ca-rich clays and silicates with their
Na-rich counterparts.
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Absfract

Gibbs free energies of formation (aG"r) were calculated for representative clay minerals

equilibrated in aqueous solution using specific chemical compositions, and taking into account

tho different species of hydrated Al and Fe species produced during reaction. Results in

kcal/mole are: Bueker flint clay, -893.8; Keokuk kaolinite, -902.7; Georgia kaolinite,
-903.5, but -902.5 for ideal structural formula; Wyoming (Na-rich) montmorillonite,
-1248.2; Arizona (Ca-rich) montmorillonite, -1252.1; Beavers Bend (Na-rich) illite'
-125O.5; Fithian (Ca-rich) illite, -1282.1.

Ca-rich varieties of certain clay minerals, plagioclases, and pyroxenes had higher negative

AG"r values than did Na-rich varieties.

Laboratory Dissolution

Two grams of finely dispersed, 2ptm diameter
(or less) clay minerals-namely: Bueker flint clay
(kaolinite), Keokuk and Georgia kaolinites, Wyoming
and Arizona montmorillonites, and Beavers Bend
and Fithian illites-were equilibrated in deionized
water at room temperature for periods of up to 102
days. The detailed experimental procedure and results
were reported in an earlier paper (Huang and Keller,
l97l). The laboratory results show that the most rapid
dissolution of framework cations of clay minerals
occurs with the first24 hours, begins to slow down in
the 5-day interval, and approaches a constant value
which is apparently nearly achieved after 102 days (see

Figure 1, Huang and Keller, l97l). Althotgh complete
equilibrium can not be established, the concentrations
of ions at 102 days which were used for the calculation
of AGo, may be taken as "apparently" equilibrated
or near-equilibrated concentrations, and the solu-
bilities (1(") calculated from these apparently equil-
ibrated concentrations as "apparent" solubilities.

AssumPtions and Calculations

The necessary steps and assumptions in calculation
of AG", discussed earlier (Huang and Keller, 1972b;
Huang and Kiang, 1973) include (l) the determination
of species concentration in the equilibrated solution,
(2) the calculation of activity coefficients (usirtg the
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Debye-Hiickel method) of individual ions from
analytical concentrations, (3) the calculation of
solubility constants (K") from the activities of dissolved
species, (4) the calculation of Gibbs free energies of
reaction by the equation, AGo" : -1.364 log K",
and (5) the determination of Gibbs free energy of
formation (AG',) for the minerals from an equation
in which AGo" )AGo, (products) ZAG",
(reactants), using known AGo, of other species in the
equation (see Table 1, Huang and Kiang, 1973).

Because the distribution of each ion of Al, Fe, Mg,
or Ca in aqueous solution depends on pH and the
total analytical concentration of the ions, their pro-
portions can be calculated from the equilibrium
constants, as typified by the calculation of each Al
species in the solution as follows (Huang and Keller,
1972a):

( l )  [H"] [oH-] :  10-14'o
(2) tH.ltAt(oH)n-l : l0-" 1A1'*l
(3) [H.][A(OH)2+] : 10-a'8nlAl'*l
(4) tH.l'[A1(OH),*] : lo-"'uulAl'*l
(5) [H.]'[A1,(OH)"n*'.J : 10-u uJAla*1'

(6) [A1'*] + [Al(OH)',.] + [A(OH),.]
+ [A1(OH)4-] + 2[Al'(OH)'n*] : ZCo,

An lrr\.{ 306/65 computer was used to solve the
above six simultaneous equations for Al species. The
results of the calculations of Al, Fe, Mg, and Ca
species are given in Table l.

Results and Discussion

(A) AG"r Based on Aqueous Solubility Data

The mineral formulas of the clay minerals, which
were derived from the bulk analyses as obtained from
the literature (see Grim, 1968) and unpublished data
for Wyoming montmorillonite (Keller, unpublished),
are shown below in the dissolution reaction of the
minerals in deionized water at 25"C, I atmosphere.

(I) Flint clay (Bueker flint clay-kaolinite)

Al,si,o5(oH)- + s H'o : 1.78 A(OH),. +
0.22 Al(OH)n- -f 2 H4SiO4 + 1.56 OH- K" :
[Al(oH),.]' ' "[At(oH),-]O,,[Hnsion],[OH-]'. ' u

By substituting activities of individual species
from Table l,
Then,log K, : -29.26
Since AGo, : )AGo, (products) - ZAG.,
(reactants)

Then, AGo, (Bueker flint clay) : -853.85 r
1.364 log K : -893.8 kcal/mole. Our data

AGor : -853.85 - AGo, (Bueker flint clay)
Since AGo. : _1364lo9 K" (III) Montmorillonites

on AGor for Bueker flint clay (-893.8 kcal/
mole) is considerably larger than the reported
data of -900 to -9O4kcal/mole by Reesman
and Keller (1968). The difference in AGo, for
the sample may be attributed to consideration of
the proportion of different Al species at pH :
6.82 in our calculations.

Kaolinites

Keokuk kaolinite
Al,si,o5(oH)^ l7 H'o : 2 A(oH)4-
+ 2 H 4 S i O 4 + 2 I J *
Then AGo, (Keokuk kaolinite) : -902.7
kcal/mole; where K" - 10-37 80

Georgia kaolinite
l) AG"r of Georgia kaolinite from the
specific mineral formula.
(Al, n'Mgo.or)SrrO'(OH)n + 5 HrO :

0.04 Al(oH)'* + 1.84 A(OH),* +
0.10 AI(OH)4- + 0.03 Mg'- +
2 HoSiO4 + 1.88 OH-

Then, AGo, (Georgia kaolinite) : -903.5

kcal/mole; where K" - 10-38'24
2) AGo t of Georgia kaolinite in terms of
the ideal structural formula.
Al,Si,Ob(OH)n + 5 H,O : 0.04A(OH)'*

+ 1.86 Al(OH),. + 0.10 AI(OH).-
+ 2 H4SiO4 + 1.85 OH-

Then, AG", (ideal) : -902.5 kcal/mole;
where K" : 10-37'82
The difference in AGo, for Georgia
kaolinite by the two calculations is
1.0 kcal/mole. The AG", for Keokuk
kaolinite (-902.7 kcallmole) and for
Georgia kaolinite (-903.5 or -902.5

kcal/mole) agree well with those values
of AGor -902.5 to -903.8 kcal/mole for
kaolinites calculated by Kittrick (1966)
and with the value of AGo, -902.9

kcal/mole for kaolinite reported by Robie
and Waldbaum (1968) ,but differ slightly
from the value AGo, -904.0 + 0.2
kcal/mole calculated by Reesman and
Keller (1968). Nevertheless, the reason-
ably good agreement in AGo, for kaolinite
seems to corroborate the validitv of our
calculations.

(A) Wyoming montmorillonite (Clay spur,
Na-rich montmorillonite)

(r)
(A)

(B)



LG't CALCULATED FROM

(Nao.,TCao. roKo. orxAlr.brFes*0. r rMgo. zr)
(si,.n4Alo.o6)o,o(oH), + 10.46 H,O :

0.27 Na* + o.l0 ca"* + 0.02 K* +
1.58 AI(OH)4- + 0.19 Fe(OH),* + 0.22
Mg'* * 3.94 HnSiOn + 0.46 H.
Then AGo, (Wyoming montmorillonite)

-1248.2 kcal/mole; where K"
l 0 -30 .53

(B) Arizona montmorillonite (Cheto, Ca-rich
montmorillonite)
(Cao r nNao orKo. or)(Al, urFet*o. rnMgo..r)
(si3.s,Alo.o,)o1o(oH), + 10 H,o
0.19 Ca'* + 0.02 Na* * 0.02 K* + 0.94
Al(oH),* + 0.6s A(OH)4- + 0.14
Fe(oH)r* + 0.33 Mg'* + 3.93 H4Sio4
+ 1.51 OH-
Then AGo, (Arizona montmorillonitel :
- 1252.1kcal/mo\e; where K" : 10-36 08

The values of AGor for both WYoming
and Arizona montmorillonites differ by
about 20 kcal/mole from the values
(-1270 for Wyoming and -1274.4 for
Arizona) reported by Reesman and Keller
(1968). The difference in AGor is due to (1)
the consideration of the proportion of
different Al species, and (2) the Fe species
included in our calculations. The value of
AGo, (- 1248.2 kcal/mole) for Wyoming
montmorillonite, however, is slightly
larger than the value of AGo' (-1234.3
kcal/mole) calculated from solubility data
by Kittrick (1971). The difference may
be due to the Na, Ca, and K species
included in our calculations but omitted
in his.

(IV) Illites

(A) Beavers Bend illite
(Ko. uoNao. on)(Alr. nrFet*o nrMg't0.. u)
(si3.4sAlo.5')o1o(oH)' + l0 H'o
0.60 K* + o.o4 Na* * l.o3 Al(oH),. +
0.92 AI(OH) 

- 
+ 0.42 Fe(OH),* + 0.16

Mg,* + 3.49 H*SiOn + 1.49 OH-
Then, AGo, : -1250.5 kcal/mole; where
K"  :  16 -ea ' 41

(B) Fithian illite
(Ko. u nNao. orCao o1)(Alr. r.Fet*0., nMgo. rr)
(sir.rrAlo u3)o,ooH, + 10.03 Hro
0.59 K* + 0.02 Na* * 0.01 Ca'* t
1.08 Al3* + 0.23 Al(OH)'z. + 0.76
AI(OH),* + 0.22 Fe(oH)'. + 0.07

( I I )  KAO] , INITES

K e o k u k  k a o L i n i E e ;  p l i  =  8 . 1 9 ;  i o n i c  s t r e n g t h  =  9 ' 7 6  x

DISSOLUTION DATA: CLAYS

Tesra. 1. AnalYtical Data and
Species in tho Dissolution

r025

Activities of Dissolved
of Clay Minerals

A 1  ( 0 H )  ;

1 1  ( 0 H ) ;

l I ,  s  i 0 ,

0H-

(A)

0 . 1 0 3  x  1 0  
-

0 . 1 2 7  r  l 0  
-

0 . 1 1 4  x  1 0  "

0 1 0 1 x

0 . 1 2 0  x

0 .  1 1 4  x

1 0  
- -

( I)  BUtrKER ILINT CLAY

p l l  -  6 . 8 2 ;  i o n i c  c r r c n g r h  =  5 . o -

1 0  
-  - a . 9 9

1 0 -  - 5 9 3

1 0  
-  - 3 9 4

- 7 .  r 8

[ { o H ) o  0 . 1 ] o  x  r o - 5  0 . 1 2 5  x  l o - 5

H 4 s i o 4  0 . 1 5 5  r  l o - a  o ' 1 ) 5  \  1 0  
'

o H  1 o - 5  
8 1

( B )  G e o r g i a  k a o l i n i t e ;  p t i  =  5 . 3 7 ,  i o n i c  s t r e n g t h  =  6  0 5

( I I I )  } ' IONT}{ORILLONlTDS

( A )  W y o n i n g  n o n l n o r i l l o n i t e ;  P I I  =  8 ' 2 0 ;  i o n i c  s t r e n g E h

o  1 7 0  x  1 o - 2  0 . 1 6 4  x  1 o - 2

0 . 8 2 3  x  1 o - 5  0 . 1 7 1 6  x  1 o - 5

0 . 1 6 9  x  1 o - 4  0 . 1 6 1  x  1 o - 4

0 . 3 7 1  x  1 o - 5  0 . 3 - 5 8  x  1 o - 5

0 . 2 8 7  x  1 o - 4  r i . z a g  *  r o - 4
-t, -L

0 . 3 9 3 x 1 0 -  0 . 3 4 2 x 1 0

0 . 1 6 1  x  r 0 - l  0 . 1 6 1  x  1 0 - l

1 o - 5 . 8 0

1 0

- 5 . 9 0

- 4  . 8 1

- 5 . 8 1

x  l 0  -

- 1  . 3 7

- 1 . 7 1

- 6 . 6 9

-4 80

- 8 . 6 3

1 . 0 1  x  1 0  
-

- 2 . 7 9

- 4 . 7 9

- 5 . 4 5

- 4  . 6 0

- 3 . 7 9

- 5 . 8 0

No*

cu2*

K*

A 1  ( 0 H  ) ;

I e ( 0 H ) ;

l t ,  s i 0 ,

0H-

(B) Arizona montmori l loniEe,

) +  - L
C a -  0 , 5 9 4  x  l 0

L - 4
N a  0 . 1 5 4  x  1 0

+ - L
K  0 . 2 0 0  x  1 0

^ l ( o H ) ;  0 . 5 0 3  x  1 0  "

e r t o l l +  0 . 3 4 9  x  1 o - 5

F . ( o H ) ;  0 . 4 4 8  x  l o - b

u e -  0 . 1 6 3  x  1 0
- l

l l ,  s i o ,  0 . 2 8 9  x  1 0  
-

0Il-

p H  =  1 . 2 8 ;  i o n i c  s t r e n g t h  =  1 , 7 4  x

0 . 5 5 9  x  1 o - 4  - 4 . 2 5

0 . 1 5 1  x  I 0 - 4  - 4 . s 2

0 , 1 9 4  x  1 o - 4  - 4 . 1 r

0 . 4 9 3  x  1 0 - 5  - 5 , 3 1

0 ,  1 4 7  x  1 o - 5  - 5 . 4 6
- 6

0 . 4 2 0  x  1 0  - 6 . 3 1

0 . 1 5 4  x  1 0 - 4  - 4 . 8 1

0 . 2 8 9  x  1 o - l  - 3 , 5 4

7 , 1 1  x  1 0  -

- 5 . 4 8

- 4 . 0 4

- 5 . 9 0

- 6 . 2 0

- 4  . 0 7

- 7  . 2 L

x 1o-4

- 4 . 4 5

- 5 . 0 7

- 4 . 4 4

- 5 . 6 1

- 5 . 7  5

- 5 . 5 2

- 6 , 0 1

- 4  . 6 9

- 4 . 1 0

- 9 . 1 9

1 0 -

( IV)  I I ,L IT I ]S

( A )  B e a v e r s  B e n d  i 1  |  i t c ;  t H  =  6 . 7 9 i  j o n i c  s l r e n g t h  =

\  - 5
K  0 . 3 3 5 x 1 0 "  0 . 1 3 2 x I 0 -

N ' +  o . 9 r i  x  r o - a  0 . 9 0 5  x  l o - 4
(  - 5

A l ( o H ) ;  0 . 1 2 8  x  1 0  
-  

0 . 1 2 6  x  1 0  
-

n r 1 o , , t i  o . u ' l  x  r o - 5  o . r 1 2  x  t o - 5
: - A - A

F P ( 0 H ) I  0 . 6 6 J  x  l 0  "  0 . 6 1 2  x  l 0  "
- q  - s

l r c '  0 , 9 5 4  x  I 0  0 , 9 1 8  x  I 0
-L -L

I l , S i O ,  0 . 8 5 8  x  l 0  0 . 8 5 8  x  l 0
4 4

0 H -  1 0  
' - -

( R )  F i t h i a o  i l 1 i t e ;  p H  =  4 , 2 1 !  i o n i c  s r r e n g t h  =  I ' 8 5

K .  0 . 3 6 1  x  1 o - 4  0 . 3 5 5  x  1 o - 4
5 - 5

i ] a  0 , 8 7 0  x  1 0  
-  0 . 8 5 6  x  1 0  

-

L - L
c . '  0 , J 8 9  x  l 0  0 . 1 6 6  x  l 0

m t '  o , r 5 l  x  1 o - 5  0 . 2 4 5  x  r o - 5
^ - 6

. \ l  ( 0 l l ) -  0 . 5 1 0  x  t 0  "  0 . 5 1 2  x  I 0  
-

q  - 5
^ 1 ( 0 H ) ;  0 . 1 . 7 8  x  r 0  

-  
0 . 1 7 8  x  I 0  

-

t .  - 5  - 5
F c l n s ; ' -  0 .  , . ' )  x  l 0  0 . j 0 1  x  l o  

-

< - 6
F e  ( 0 H )  r  0 . 1 0 8  x  1 0  -  0 . 9 8 I  x  l o

-L -L
\ s  0 . . ' l o  x  l 0  0 . 1 0 6  x  l 0

-L -L
l r . s r o .  0 . 7 9 8  x  l 0  0 . 7 q 8  r  l 0

0 H -  r o  " "
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Fe(OH),- + 3.47 H4SiO4 + 6.06 OH-
Then, AGo' : -1282.1kcal/mole; where
K" : 1g-eo'e'. Our values for both illites
(- 1250.5 and - 1282.1 kcal/mole) again
exceed those (-1307.7 and 1318.0 kcal/
mole) reported by Reesman and Keller
(1968) who did not differentiate hydrated
Al species.

(B) AG"r Based on Equilibriurn with Secondary Phase

The analyses of extracted solutions (Table l) show
that the concentration of A1 or Fet* in the solution is
less than that of Si in the mineral formula. This
suggests that a secondary Al- or Fe'*-hydroxide could
form during the dissolution of a clay mineral. As in
the case of the dissolution of plagioclase feldspars
(Huang and Kiang, 1973), a secondary phase such as
gibbsite, microcrystalline gibbsite, or amorphous
A1- or Fe8*-hydroxide (AGo1 : - 166.0 kcal/mole
for amorphous Fe(OH)r, Latimer, 1952) may be
assumed in the equilibrium equation from which
AGo, for the clay mineral is calculated. The results
of such calculations are as follows:

(I) Flint clay (Bueker flint clay-kaolinite)

Al,si,o5(oH)n * 5HzO : 0. l8A(OH),.
+ 0.02A(oH)4- + 2H1SiO4 + 0.160H-
+ 1.80 At(oH)3
Then, AGo, (Bueker flint clay) : -895.2
kcal/mole (with respect to equilibrium
with amorphous A(OH).).
The results of AGo, for flint clay and other
clay minerals, calculated with respect to

TesrB 2. Compa.rison of AGor Obtained from Different
Calculations

Aci based

soLubl l l ty

AcF based on equl l ibt ium
wiEh secondary phese*

d a t a A B C D

(Eueker) -893.8  -895.2  -897.O -900.0  -902.4

microcrystalline gibbsite, or gibbsite, are
shown in Table 2.

(II) Kaolinites

(A) Keokuk kaolinite
Al,si,o6(oH)4 + 0.16 H- + 5 H'O :
0.16Al(oH)n- *2H4Sio4 + 1.84
Al(oH)3
Then, AGo, (Keokuk kaolinite) : -900.6
kcal/mole (with respect to equilibrium
with amorphous A(OH),).

(B) Georgia kaolinite
(l) AG'r of Georgia kaolinite calculated
from the specific mineral formula.
(Al,.rsMgo os)SirOo(OHL + 5 HrO :
0.10 Al(oH),* + 0.03 Mg"* + 2 H4sio1
+ 0.15 oH- + 1.87 Al(oH)3
Then AGo, (Georgia kaolinite) : -899.0
kcal/mole (with respect to equilibrium
with amorphous A(OH)').
(2) AG"r of Georgia kaolinite in terms of
ideal structural formula. AlrSirOs(OH)4
+ 5 H,O : 0.10 A(OH),* + 0.01
A(OH)4- + 2 HnSiO4 + 0.09 0H- +
1.89 A(OH)3
Then, AGo' (ideal) : -898.0 kcal/mole
(with respect to equilibrium with amor-
phous A(OH),.

(UD Montmorillonites

(A) Wyoming montmorillonite
(Nao. rrCao. roKo.o2XA11.6rFet*0., nM&. rr)
(Sis. e4Alo. 06)O1.(OH), + 0A2 Fe(OH), *
l0 HrO : 0.27 Na* + 0.10 Ca'?* 1
0.02 K* + 0.22 Mg'* + 0.61 F{OH)*,
+ 0.09 A(oH)4- + 3.94 H4SiO4 +
1.45 OH- + r.49 A(OH),
Then, AGol (Wyoming montmorillonite)
: -1242.1 kcal/mole (with respect to
equilibrium with amorphous A(OH)g).

(B) Arizona montmorillonite
(Cao. r rNao.orKo.orXAlr.rrFet*o. rnMgo. rr)
(sis.s3A1o.o?)o,o(oH), + l0 Hro
0.19 ca'* + 0.02 Na* + 0.02 K* +
0.23 Mg'9* + 0.01 Fe(oH),* + 0.07
A(OH),* + 0.04 AI(OHL- + 3.93
H4SiO4 + l.l2 OH- + 0.13 Fe(OH), *
1.48 AI(OH)3
Then, AGot (Arizona montmorillonite) :
-1252.8 kcal/mole (with respect to
equilibrium with amorphous Al(OH)r)

Xaollnltes
Keokuk -902.7 -900.6
c e o r g i a  - 9 0 3 . 5  - 8 9 9 . 0
Georgla ( ldea1) -902,5 -898.0

Motrt@rlllodltes
wyoning (Na-) -1248.2 -1242.L
Arlzona (Ca-) -1252.1 -\252.A

- 9 0 2 . 5  - 9 0 5 . 4  - 9 0 8 . 0
- 9 0 0 . 9  - 9 0 3 . 9  - 9 0 6 . 5
- 8 9 9 . 9  - 9 0 2 . 9  - 9 0 5 , 5

-1243.6 - t245.9 -7248.0
- 1 2 5 4 . 3  - 1 2 5 6 , 6  - 1 2 5 8 . 7

II I l tes
3 e e v e r a  B e n d  - 1 2 5 0 . 5  - ) , 2 5 L , 1  - 1 2 5 3 . 0  - 1 2 5 5 . 9  - 1 2 5 8 . 5
Flthlan -7282.!  -1274.6 -1276.4 -1279.5 -7282.L

*A: Equi l lbr luu FIth aEorphous A1(OH)3 (Ac; = -271.3 kcal/nole)
B: Equl l lbr luE wlth Dicrocryslal l lne gibbalte (Lc? = -272.3 kcal/oo1e)
C :  E q u i l i b r i N  w t r h  g l b b s i r e  ( A C l  =  - 2 7 3 . 9  k c a l / m o t e )
D :  E q u l l l b r i u m  w l t h  g i b b s i t e  ( A c l  =  - 2 7 5 . 3  k c a l / n o l e )



(IV) illites

(A) Beavers Bend illite
(Ko uoNao oo)(Alr.nrFe'*o.nrMgo, u)
(sis.nrAlo.rr)olo(oH), + l0 Hro :

0.60 K* + 0.04 Na* * 0.16 Mg'* +
0.03 Fe(OH),* + 0.05 A(OH),. +
0.05 A(oH).- + 3.48 H4SiO4 + 0.99
OH- + 0.39 Fe(OH)' + 1.85 A(oH)3
Then, AGo, (Beavers Bend illite)
-l25l.l kcal/mole (with respect to
equilibrium with amorphous A(OH).)

(B) Fithian illite
(K0., nNao. orCao. or)(Alr. unFet*0., nMgo. rr)
(si3 4?Alo.53)o'o(oH)' + 10.03 H'O :

0.59 K* + 0.02 Na* * 0.01 ca'* +
0.23 Mg'* + 0.13 Fe(OH)'. + 0.04
Fe(OH),* + 0.11 A1'* + o.o2 Al(OH)'*

' 
+ o.o8 Al(oH),* + 3.47 H4SiOl +
1.84 OH- + 0.12 Fe(OH)' * 1.86
A(OH)3
Then, AGor : -1274.6 kcallmole (with
respect to equilibrium with amorphous
A(OH)3).

As shown in Table 2, AGo I calculated for each mineral
on the basis of equilibrium with secondary phase is
somewhat different from AG", calculated from
aqueous solubility data.

Conclusions

(1) Our values for ,AGo1 for flint clay, mont-
morillonites, and illites of specific mineral formulas
are higher than the values reported by Reesman and
Keller (1968). The difference in AG"t is due to
( 1) inclusion of Fe species in our calculations but
not in theirs, and/or (2) the consideration of the
proportion of different Al (and Fe) hydrated species
in our calculation (rather than by assuming a species
in our calculation). Nevertheless, AGot values
calculated from dissolution data for kaolinites agree
reasonably well with values determined by other
procedures. Table2 suggests that the probable errors
in our calculation are low, and add confidence to
AG"1 values obtained by our calculation. Further
discussion in the uncertainties and possible sources
of error were reported in an earlier paper (Huang
and Keller, 1972).

(2) Thus, it is noteworthy that Na-rich varieties
have larger AGor values than Ca-rich varieties for
the following minerals, the parenthesized values for
AGoa being in kcal/mole: (a) Montmorillonites,
from Wyoming (- 1248.2) os Ca-rich from Arizona
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Tesrn 3. A Comparison of Gibbs Free Energies of

Formation for Clay Minerals (kcal/mole)

Ifineral lluang anal Reller
(1e73)

0thets

LG",CALCULATED FROM DISSOLUTION DATA: CLAYS

Fl inE c lay
(6ueket )

Kao l in i tes*

Georg ia

ceorg ia  ( idea l )

lfontnorillonites

wyoding (Na-)

Ar izona (ca- )

r r l rces

Beavers Bend

Flthian

- 8 9 3 . 8

- 9 0 2 . 7
- 9 0  3 .  5
- 9 0 2 . 5

-7248.2

- t 2 5 2 .  \

- r 2 5 0 . 5
- r 2 8 2 . 1

-902.9  ( l iob ie  and l {a ldbaum,  1968)

-1270 (Reesnan and Ke l le r ,  1968)
- 1 2 3 4 . 3  ( K i t E r i c k ,  1 9 7 1 )
-1274.4  (Reesnan and KeI1er ,  1958)

- 1 3 0 7 . 7  ( R e e s m n  a n d  K e l 1 e r '  1 9 6 7 )
- 1 3 1 8 . 0  ( R e e s m n  a n d  K e l l e r ,  1 9 6 7 )

*  - 9 O 2 . 5  - -  - 9 0 3 . 8  k c a l / n o 1 e  ( K i t t r i c k ,  1 9 6 6 )
* -904.0 t  0,2 kcal/nole (Reesmn and Kel ler,  1968)

(-1252.1) ; (b) Plagioclases, albite, AbgrAnrOr+
(-897.1) us bytownite, AbrzAneaOrz (-959.4);
(c) Illites, Beavers Bend, Ko.eoNao.or (-1250.5)

os Fithian, IGunNa".orCao.or (-1282'1); and (d)

Pyroxenes, jadeite, NaAlSizOo, G677.2) us Ca-Al
pyroxene, CaAlzSiOo e745.1). The data on plagto'

clase and pyroxene are taken from Huang and

Kiang (1973) and Robie and Waldbaum (1968),

respectively.
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