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ABSTRACT 

The oxidation and reduction of clay minerals, particularly chamosite and nontronite, 
are compared with those of the amphibole crocidolite. Oxidation is very similar, but 
differences in behaviour on reduction are described. These differences are interpreted in 
terms of the different environments of the oxygen atoms in the various structures. 
Mechanisms of the various processes are discussed in detail. 

I N T R O D U C T I O N  

Quan t i t a t i ve  d a t a  on the  ox ida t ion  and  reduc t ion  of  i ron-conta in ing 
h y d r o x y l a t e d  sil icates are no t  extensive.  Chamosite  has been s tudied  b y  
Br ind ley  and Youell  (1953), gedr i te  b y  Franc is  (1955), and  more recen t ly  
crocidolite,  the  fibrous form of  the  amphibole  r iebecki te ,  by  Addison  et al. 
(1962a, b, c). The a p p r o a c h  of  these l a t t e r  workers  is ex tended  here to samples  
of  chamosite,  non t ron i t e  and  a montmori l loni te .  

Oxidation 

The ci ted studies have  es tabl i shed  t h a t  the  ox ida t ion  o f  i ron( I I )  is accom- 
pan ied  b y  a s imul taneous  ox ida t ion  o f  hydroxyl ,  wi th  e l iminat ion  of  water .  
Addison  and  Sharp  (1962d) have proposed  t h a t  when a minera l  is hea ted  in  
oxygen,  or air,  the  behav iour  can be represented  b y  the  general  equat ion:  

4 Fe  2+ + 2n O H -  + 02 = 4 Fe  3+ + (n + 2 )0  ~-  + n I t 2 0  (1) 

The value  of  n depends  upon  the  re la t ive  propor t ions  of  th ree  subs id ia ry  
react ions  which can be represented  b y  equat ions  (2)-(4) : 

4 F e  2 + + 4 0 H -  + 02 = 4 F e  3 + + 4 0 2 -  + 2 H 2 0  (2) 

4 F e  2+ + 02  = 4 F e  3+ + 2 0 2 -  (3) 

2 O H -  = 0 2 -  + t I 2 0  (4) 

Equa t ion  (2) represents  the  s imul taneous  ox ida t ion  of  i ron ( I I  ) and  hydroxy l ,  
and  is the  p r ima ry  reac t ion ;  no majo r  change in the  crys ta l  la t t ice  is caused b y  
this reaction.  
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Equation (3) represents an alternative oxidation of iron(II) alone. I t  is 
considered that, when no hydroxyl ions arc available, this reaction occurs on 
the surface only to form a superficial oxide layer where metal ions were ex- 
posed on the surface. This causes an extension of, but no major change in, the 
crystal lattice. The amount of iron(II) which can be oxidized as described 
above is dependent both upon the hydroxyl content of the mineral and also 
upon the extent to which the lattice can tolerate a surface gain of oxygen 
"oxide" ions. The oxidation of any residual iron(II) occurs only at a higher 
temperature when structural transformation takes place. 

Equation (4) represents the elimination of structural hydroxyl groups 
which occurs independent of oxidation at a sufficiently elevated temperature. 

Addison et al. (1962a, b) have extended the ideas of Brindley and u 
(1953) on the mechanism of oxidation. They postulate that reaction occurs 
only on the surface and that  the oxidizable ions are regenerated on the surface 
'by the migration through the crystal lattice of electrons and protons separately. 
The activation energy obtained for the oxidation of crocidolite was found to 
be 21 kcal/mole, and is in good agreement with that  measured for the migra- 
tion of electrons in that mineral under the influence of an applied electro- 
motive force (Willis, 1961). 

The presence of a layer of water adsorbed on the surface decreases the rate 
of oxidation and at low temperatures prevents it entirely. This is particularly 
important since water is formed as a reaction product during oxidation. An 
ion of iron(II) can remain unoxidized at elevated temperatures even in the 
presence of hydroxyl ions if no route is available for the migration of its 
outermost electron to the surface. These routes are blocked by ions such as 
magnesium and aluminium which cannot readily gain an electron. The 
probability of such blocking becomes less as particle size decreases and is less 
in a layer than in a chain silicate since an infinite two-dimensional sheet 
affords a larger number of possible routes for an electron to reach the surface 
than does a narrow ribbon. Hence this factor for the inhibition of oxidation 
is more important in amphiboles than in clay minerals. 

Reduction 

Brindley and u (1953) attempted to restore oxidized chamosite to its 
original state by heating it in an atmosphere of hydrogen saturated with 
water vapour. Reduction was effected, but reaction was said to be slow, 
incomplete and accompanied by decomposition even at the optimum tempera- 
ture of 460 ~ . Barnes (1930) observed that  brown oxidized hornblende could 
be restored to its original green colour by heating in hydrogen. 

The reduction of crocidolite has been studied quantitatively by Addison 
and Sharp (1962c), and the course of reaction found to differ according to the 
experimental conditions. These authors analysed each sample before and 
after each reduction and expressed their data by means of "apparent reduc- 
tion ratios" and molar yields of water formed. The former term represents the 
number of ions of iron(III) reduced to iron(II) per mole of hydrogen. Since 
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zerovalent  i ron is fo rmed  as a reac t ion  p roduc t  and  af te r  solut ion t i t r a t e s  as  
i ron(II ) ,  a reduc t ion  ra t io  less t h a n  2.0 is a lways  obta ined .  I n  general ,  the  
lower the  appa ren t  reduc t ion  ra t io  the  greater  the  amoun t  of  zerovalent  i ron 
formed.  The re l evan t  da t a  are given in Table  1. 

A number  of different  equat ions  mus t  be used to  describe the  var ious  
react ions :  

4 F e  3+ + 4 0 2 -  + 2 H 2 - - 4 F e  2+ + 4 O H -  

4 F e  3+-t- 2 0 2 -  + 2 H 2  = 4 F e  2+ + 2 H 2 0  

2 Fe  2+ -I = 2 0 2 -  + 2 H2 = 2 FeO + 2 1120 

2 F e  a+ + 3 0 2 -  + 3 H 2 - -  2 F e O  + 3 H 2 0  

(5) 

(6) 

(7) 

(s) 

The reduct ion  of f resh crocidoli te follows equa t ion  (8); t h a t  of oxidized 
ma te r i a l  follows equa t ion  (5) as the  main  react ion wi th  (6) and  (8) as sub-  
s idiary;  t ha t  of  the  d e h y d r o x y l a t e d  mate r i a l  a t  450 ~ follows (5) and  (7) wi th  
the  former p r o d o m i n a n t  in the  ear ly  stages and  the  l a t t e r  in the  final stages,  
whereas a t  615 ~ when h y d r o x y l  groups are no t  s table  in the  lat t ice,  equa t ion  
(5) is replaced by  (6) ; equat ion  (6) can be der ived  by  a combina t ion  of  (5) and  
(4). 

I t  is p roposed  t h a t  the  mechanism for reduc t ion  aga in  involves a surface 
react ion,  wi th  the  r eac t ion  being sus ta ined by  the  migra t ion  of  electrons a n d  
pro tons  in the  oppos i te  di rect ion to  t h a t  requi red  dur ing  oxidat ion .  I n  accord-  
ance wi th  this,  good agreement  wi th  the  ac t iva t ion  energy of  ox ida t ion  is seen 
in the  value of  21 kca l /mole  ob ta ined  for the  in i t ia l  s tages of  the  reduct ion  of  
oxidized eroeidolite (Addison and  Sharp,  1962e). These are the  only condi t ions 
under  which no b reakdown  of  the  s t ructure  occurs as an addi t iona l  process 
thus  render ing di rec t  compar ison  wi th  ox ida t ion  difficult. 

To expla in  the  different  behav iour  under  the  var ious  condit ions,  i t  is 
pos tu la t ed  t h a t  in i t ia l ly  a p ro ton  adds  on to an  oxygen  a t o m  which is three-  
coord ina te - - four - fo ld  coordinat ion  produces  more  comple te  s h i e l d i n g - - a n d  
t h a t  there  is a s imul taneous  gain  of  an  electron b y  an a d j a c e n t  ion of  i ron ( I I I ) .  

TABLE I . - - R E D U C T I O N  OF CROCIDOLITE 

State of 
crocidolite 

Fresh 
Oxidized 
Dehydroxyla~ed 
Dehydroxylated 

Range of 
temperature 

350-500 
350-500 

615 
450 

Molar 
water yield 

1.0 
0-+l.0 

1.0 
0-+0.7 

Apparent 
reduction ratio 

0.67 
2.0-+06.7 
2.0-+06.7 
2.0-+06.7 

(Dehydroxylation cffected by heating at 615 ~ i n  vacuo;  where a range 
of values are indicated, the direction is with increase in hydrogen 
uptake.) 
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There is only  one oxygen of  such a na tu re  in the  un i t  cell of  crocidoli te,  
whereas bo th  ox ida t ion  and  dehyd roxy la t i on  in t roduce  a second such a tom,  
and  hence the  reduct ion  af ter  such p r e t r e a t m e n t  can follow different  courses. 
I n  crocidoli te,  a deficiency of  posi t ive  charge is seen to  be associated inva r i ab ly  
wi th  these three-coordinate  oxygen  a toms.  I t  was suggested t h a t  this  would 
favour  the  add i t ion  of  a proton,  b u t  t h a t  an excessive posi t ive charge would 
resul t  leading to  s t ruc tura l  b r eakdown  a t  t h a t  point .  

Some exper iments  on the  ox ida t ion  and  reduct ion  of  samples  of the  c lay 
minerals  chamosite ,  nontroni te ,  and  an  i ron-conta ining montmor i l lon i te  are 
now descr ibed to  allow comparison wi th  the  amphibole .  

A C K N O W L E D G M E N T S  

The au thors  t h a n k  the  directors  of  the  Cape Asbestos  Company  Ltd .  for 
financial  assistance,  the  D e p a r t m e n t  of  Scientific and  Indus t r i a l  Research  for 
a g ran t  to  J .H .S . ,  Dr.  R. F .  Youel l  of  Leeds Unive r s i ty  for a sample  o f  
chamosi te ,  Mr. A. Hodgson  of  the  Cape Asbestos  Company,  Barking,  for a 
sample  of  nontroni te ,  and  Mr. G. P.  C. Chambers  of  F.  W. Berk  & Co., St.  
Albans,  for a sample  of  montmori l loni te .  

E X P E R I M E N T A L  

The minera l  samp]es were no t  subjec ted  to  a n y  pa r t i cu la r  cleaning-up 
process since t h e  mater ia l s  were be l ieved to  be of  reasonable  p u r i t y  and  the  
presence of  smal l  amounts  of  mos t  l ike ly  impuri t ies ,  pa r t i cu la r ly  those not  
conta in ing iron, would not  affect the  va l id i ty  of  the  resul ts  to  be presented.  
The  nont ron i te  and  montmoriUoni te  have  been ana lysed  (see Table  2), and  

TABLE 2.--CHEMICAL AI~A.LYSES OF CLAY SPECIMENS 

MontmoriUonite Nontronite Chamosite 

SiO~ 
A120s 
FeuOa 
Fee  
MgO 
gaO 
Na~O 
K20 
H20 

50.4 
8.7 
5.1 
1.7 
1.6 
0.9 
3.9 
0.7 

25.5 

98.5 

50.9 

27.7 

4.7 

0.3 
0.1 

16.2 

99.9 

23.81 
23.12 

0.23 (3.57) 
39.45 (37.19) 

2.72 

10.62 

100.0 

(The AI~Oa and SiO~ analyses of nontronite and montmoriUonite 
were determined by Maureen Dowlman, the remaining elements by 
W. E. Addison, The chamosite analysis is taken from Brindley and 
Youell (1953) and only the Fee  and Fe208 in parenthesis apply to the 
present material.) 
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the  I .R.  spectra  compared  with l i tera ture .  Only the  iron content  nf the  
chamosi te  has been de te rmined ,  b u t  the  analys is  of the  mater ia l  used b y  
Br indley  and Youell  is quoted  with  the  present  i ron analysis  for comparison.  

The mineral  sample,  conta ined  in a small  bulb,  was sealed on to a sys tem 
conta ining a m a n o m e t e r  and  bure t te .  The sys tem also conta ined  a de tachab le  
t r a p  which was cooled in l iquid ni t rogen dur ing ox ida t ion  and reduct ion runs  
to  remove from the gas phase  any  water  vapour  formed dur ing reaction,  and  
to allow i ts  de te rmina t ion .  Each  sample was p u m p e d  ou t  a t  10 -s mm at  the  
t empera tu re  of  the  expe r imen t  before being exposed to oxygen or hydrogen  ; 
the  ehemisorpt ion of  oxygen  or hydrogen  was then followed by  normal  
volumetr ic  methods.  Analys is  for i ron(I I )  and  i ron ( I i I )  was carried out  by  
normal  t i t r imct r ie  me thods  before and  af ter  each run.  A s ta t ic  weight  loss 
de te rmina t ion  was m a d e  on each mate r i a l  under  condit ions of  high vacuum 
and the infrared spec t rum of  each sample  was de te rmined  before and  af ter  
each run.  F u r t h e r  exper imen ta l  de ta i l s  are given in the  cited references. 

I ~ E S U L T S  A N D  D I S C U S S I O N  

The ma in  d a t a  to  be descr ibed in this  sect ion re la te  to  the  oxida t ion  o f  
chamosite,  and  the  reduc t ion  of  bo th  nont roni te  a n d  chamosite .  

Oxidation of Chamosite 

The d a t a  ob ta ined  for the  ox ida t ion  of  fresh chamosi te  a re  presented  in  
Table  3, whereas the  ox ida t ion  of  reduced  ehamosi te  is referred to  in the  
section re la t ing to i ts  reduct ion.  F r o m  a supp lementa l  de t e rmina t ion  o f  
weight loss, i t  appea red  t h a t  loss of s t ruc tu ra l  h y d r o x y l  groups becomes sig- 
nificant a t  t empera tu re s  above  340~ corresponding to the  amorphous  region 
referred to  by  Br ind ley  and  Youell.  I t  is clear t ha t  in two of  the  runs referred 
to in Table  3 the  chamosi te  has been grossly b roken  down. 

The s t ruc ture  of chamosi te  is no t  des t royed  b y  outgassing a t  300~ a n d  

TABLE 3.--OXIDATION OF CHAMOSITE 

Outgassing/ 
oxidation 

temperatures 

~ 
290/285 
300/280 
425/425 
450/193 

Fo0 content 
Original Final* Time 

% % hr 
37.2 24.8 25 
37.2 23.0 72 
37.2 8.0 1.3 
37_2 17.2 5.0 

Molar 
water 
yield 

1.82 
1.76 
Nil 
Nil 

Comraent on 
I.R. 

spectrumt 

Very similar 
Very similar 
Much altered 
Much altered 

* Experiments were normally stopped when further reaction was very 
slow, but not complete. 

t Compared with fresh material. 
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such a p re l iminary  t r e a t m e n t  is necessary to  ensure t h a t  the  wate r  y ie ld  
ob ta ined  f rom an oxida t ion  run  is formed only as a p roduc t  of  oxidat ion.  The  
water  yields of 1.82 and 1.76 ob ta ined  during the  ox ida t ion  of  ma te r i a l  which 
has no t  been hea ted  above  300~ agree closely wi th  values in the  range 1.80- 
1.90 ob ta ined  for crocidoli te (see Addison  et al., 1962a), and  indicate  accor- 
dance with  equat ion  (2) as the  ma in  react ion and  equat ion  (3) as a subsidiary.  As 
had  been observed by  Br ind ley  and  u  ox ida t ion  of the  i ron(I I )  in these  
exper iments  was not  comple te  and  i t  is now suggested t h a t  this  can be ex- 
p la ined  by  the  blocking ac t ion  of  the  a lumin ium ions. Complete ox ida t ion  to  
i ron ( I I I )  chamosi te  could not  be accomplished a t  400 ~ a l though ob ta ined  b y  
Br ind ley  a n d  Youell  using a different  procedure,  as t he  p re l iminary  outgassing 
causes s t ruc tu ra l  breakdown.  These  au thors  ob ta ined  thei r  p roduc t  b y  heat ing 
i ron( I I )  chamosi te  in air  r a the r  t h a n  in vacuo and  thus  p roduced  the  more  
s table  i ron ( I I I )  form before s t ruc tu ra l  b reakdown could occur. 

Ox ida t ion  of  chamosi te  which has been d e h y d r o x y l a t e d  can yie ld  no wate r  
and  the  r a t e  and  ex ten t  of  i t s  ox ida t ion  compared  with  t h a t  of  the  fresh 
mate r i a l  (see Table  3) is evidence t h a t  complete  s t ruc tura l  b reakdown has  
t aken  place dur ing the p re l imina ry  outgassing.  This is in con t ras t  to crocido- 
lite, the  d e h y d r o x y l a t e d  form of  which is s table  and  res i s tan t  to  o ther  t h a n  
surface oxida t ion  even a t  600 ~ (Addison and  Sharp,  1962d). 

Some pre l iminary  exper iments  on the  ox ida t ion  of  montmor i l lon i te  appea r  
to show behaviour  similar  to t h a t  descr ibed above,  and  a s imilar  comment  
appl ies  to i ts reduct ion.  

Reduction of Nontronite 

A weight  loss exper iment  ind ica t ed  t ha t  nont ron i te  lost  no s t ruc tura l  
h y d r o x y l  groups a t  t empera tu re s  up to  450 ~ Samples  were outgassed a t  370 ~ 
before reduct ions .  Complete r educ t ion  of  i ron ( I I I )  to  i ron(I I )  requires 38.9 
cc/g of  hydrogen.  Da t a  are  given in Table  4. 

Since i t  has been seen from the  discussion of  the  behav iour  of  crocidoli te 
t h a t  the  a p p a r e n t  reduc t ion  ra t io  is i m p o r t a n t  for an  under s t and ing  of  the  
process,  values  of  this  were ca lcu la ted  from the  ana ly t i ca l  da ta ,  and  were 

TABLE 4.--REDUCTIOI~ oF NONTRONITE 

Temperature Hydrogen uptake Total wa~er yield 
~ ee/g Obs. rag. Calc. mg* 

270 
310 
345 
360 
360 

7.9 
28 .2  
29.1 
33.7  
34 .8  

6.6 4.3 
10.3 13.2 
11.7 11.1 
17.4 16.3 
18.8 19.9 

* The calculated yield is based on a molar yield of 0.67, 
see discussion. 
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found to be approximately 1.4 in each run, compared with the value of 2.0 
expected for reduction of iron(III) to iron(II). Two explanations of this low 
value are possible. Either there is formation of iron(0), or some iron(II) is 
reoxidized when the sample is exposed to air before analysis. The former 
explanation applies to the case of crocidolite, but the latter has now been 
shown to explain the behaviour of nontronite. Thus chemisorption occurs 
when samples of nontronite which have been reduced previously at a high 
temperature are exposed to oxygen at 25~ After correction for this measured 
extent of reoxidation, values for the reduction ratio are obtained which are 
always very close to 2.0. I t  is concluded that the reduction of nontronite 
proceeds only as far as the iron(II) state. 

Reduction of Chamosite 

A sample of chamosite, outgassed at 305~ was heated in hydrogen at 
300~ The volume of hydrogen taken up was only slightly less than that  
required to reduce all the iron(III) to iron(II)--(observed 4.3 ce/g, calculated 
5.0 cc/g); a small amount of water was also formed, but this was insufficient to 
weigh with accuracy. The reduced material chemisorbed oxygen at 25~ as did 
reduced nontronite. When correction is made for this, a reduction ratio of 2.0 
is again obtained. 

Another sample of chamosite was extensively oxidized at 300~ before 
treatment with hydrogen. On reduction, this also yielded a very small amount 
of water and a reduction ratio of 2.0. The infrared spectrum and the colour 
of this product were closely similar to those of fresh chamosite. This reduction 
has been effected under milder conditions and with less evidence of structural 
breakdown than Brindley and Youell observed when carrying out a reduction 
with hydrogen saturated with water vapour. 

Activation energies have been calculated from various reduction data for 
initial rates of reaction, in a manner similar to that  described for the oxidation 
of erocidolite by Addison, Neal and Sharp (1962b). These values are listed in 
Table 5, and can be compared with 21 kcal/mole obtained for the reduction 
of oxidized crocidolite. 

TABLE 5.--ACTIVATIOI~ EI~ERGIES FOR REDUCTIOl~ REACTIONS 

keal]molo 
Reduct ion of  fresh chamosite  21 
Reduct ion  of  oxidized chamoslte 17 
Reduct ion of  fresh nontroni te  21 
Reduct ion  of flesh montmoriUonite 17 

C O N C L U S I O N S  

The features which characterized the oxidation of the amphibole crocidolite 
are to be found also in the oxidation of the clay mineral chamosite. Oxidation 
produces water in slightly less than the yield required by equation (2), the 
slight deficiency being attributed to a surface gain of oxide ions formed by 

8 
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equa t ion  (3). Al though there  is a cont rac t ion  in uni t  cell d imensions as no ted  
by  Br ind ley  and  u  for chamosi te ,  and  b y  F r e e m a n  and  Tay lo r  (1961) 
for crocidoli te,  the  s t ruc ture  is no t  p rofoundly  changed as shown b y  the  I .R .  
spect ra  and  the  reformat ion of the  original  ma te r i a l  by  the  ac t ion  of hydrogen.  

There is close agreement  be tween the  ac t iva t ion  energies for the  ox ida t ion  
of  fresh crocidoli te and  the  reduct ion  of  oxidized crocidolite,  on the  one hand,  
and  those  for the  reduct ion  of  the  c lay  minerals  (as quoted in Table  5), on 
the  other .  This  is s t rong evidence t h a t  the  mechanism for the  reduct ion  of  
clay minerals ,  like t h a t  of  crocidoli te,  involves e lect ron and p ro ton  migra t ion .  

Whereas  t he  appa ren t  reduc t ion  ra t ios  ob ta ined  for crocidoli te are a lways  
less t h a n  2.0 (Table 1), the  reduc t ion  of  clay minera ls  was found to yield a 
ra t io  of  2.0 invar iably .  The mechanism of  reduct ion  can be considered fur ther  
for bo th  the  d ioc tahedra l  and  the  t r ioc tahedra l  case. 

The envi ronments  of  the  different  oxygen a toms  in crocidolite,  and  in a di- 
and  a t r i -oc tahedra l  layer  sil icate are given in Table  6. I t  has  been assumed 
in the  calcula t ion t h a t  the  d ioc tahedra l  minera l  contains  a s ta t i s t i ca l  d is t r ibu-  
t ion of  MIII ions and  t h a t  the  t r ioc tahedra l  minera l  contains  only M II ions 
in the  oc tahedra l  layer ;  no al lowance is made  for the  presence of  t e t r ahed ra l  
a luminium.  Non t ron i t e  is d ioc tahedra l  and  chamosi te  t r ioc tahedrah  

TABLE 6.--CooRDINATION" OF OXYGEN ATOMS II~ PERTINEI~T STRUCTURES 

Atom neighbours 

Crocidolite 
O1 Si, 2 M II, MIII 
02 Si, M I, M II, M Ill 
08 H, 3 M H 
04 Si, M I, MIII 

Dioctahedral 
O1 Si, 2 M III 
02 H, 2 M m 

Trioctahedral 
01 Si, 3 M II 
02 H, 3 M II 

Coordination 
Electrostatic 

potential 

2.17 
1.96 
2.00 
1.63 

2.00 
2.00 

2.00 
2.00 

Whereas  in crocidolite there  is a deficiency in the  posi t ive  e lec t ros ta t ic  
po ten t i a l  a t  the  three-coordinate  oxygen  a tom,  th is  is no t  so in the  o ther  cases; 
the  presence of  t e t r ahedra l  a luminium,  however,  decreases the  value  of the  
e lec t ros ta t ic  po ten t i a l  for O1 in bo th  the  di- a n d  t r i -oc tahedra l  cases from 
2.0 to  1.75. 

Mechanism for Dioctahedral Minerals 

I t  was no ted  in Table 4 t h a t  the  yie ld  of  wate r  ob ta ined  in the  reduct ion  of  
nont roni te  is 0.67 mole/mole of  hydrogen .  This differs from the  behaviour  of  
crocidolite.  I t  can be seen from Table  6 t h a t  in nont roni te  all  the  oxygen  



REDOX BEHAVlOUR OF IRON IN HYDROXYLATED SILICATES 103 

atoms enclosing the octahedral  layer are three-coordinate.  The ratio of  
"hydroxy l "  oxygens (02) to "oxide" oxygens (01) is 1:2. As electrons add to 
i ron(III)  ions causing reduct ion to iron(II) ,  protons add to bo th  01 and 02. 
An "oxide" oxygen is converted to a "hydroxy l"  oxygen without elimination 
of  water, thus forming a S i - 0 - H  grouping, whereas a "hydroxy l "  oxygen is 
converted to a water molecule and eliminated as such. Since the ratio of  
01:O2 is 2:1, a water yield of  0.67 can be explained, thus : 

2 S i - 0  + 2 H+ - .  2 S i - 0 - H  
H - 0  + H+ -~ I.i20 

Hence, 2 Si-O + H - O  + 3 H+ --, 2 S i - O - H  + H 2 0  
i.e. 3 H + = 1.5 H2 = 1 HH20 
or 1.0 H2 = 0.67 H 2 0  

I t  can be appreciated tha t  the reduction of  i ron(II I )  in a dioctahedral 
mineral of  the kaolinite type  should proceed by  the same mechanism but  
give a water yield of 1.3 mole/mole of  hydrogen since 02:O1 is 2:1. 

Mechanism for Trioctahedral Minerals 

Provided tha t  the octahedral  layer in chamosite is complete and tha t  no 
hydroxyl  groups have been lost, there are no three-coordinate oxygen atoms 
available. The small amount  of  i ron(II I )  in the sample investigated was 
reduced with the formation of  a small yield of  water, in contrast  to  the 
reduction of  both  eroeidolite and the dioetahedral nontronite,  but  similar 
to the relatively low yields obtained from oxidized eroeidolite. 

Freshly reduced chamosite has been shown to undergo oxidation even at  
room temperature.  I t  is suggested tha t  the i ron(II I )  content  of  the chamosite 
used in this investigation was formed by  oxidation of  a mineral t ha t  contained 
originally iron(II)  only. This oxidation produces the three-coordinate oxygen 
atoms necessary to initiate reduction. Since oxidation follows equations (2) 
and (3) reduction will proceed by  the complementary processes represented 
by (5) and (6). React ion (5) yields no water, whereas the reduction of  the 
small proport ion of  surface oxide formed by  (3) and reduced by (6) will 
account  for the low water  yield observed. The reduction of  i ron(III)  in a 2:1 
tr ioctahedral layer silicate should be analogous. 

Fur ther  evidence in favour  of  this hypothesis is provided by  the reduction 
of  oxidized chamosite, since in this case also, only a small yield of water is 
obtained. 
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