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ABSTRACT 

3+ 3+ The influence of octahedral replacement of A1 by F e  on 

the infrared spectra of montmorillonites 

vibrations i s  presented. 

i n  the domain of OH 

The obtained results suggest that in the domain of OH-ben- 

ding vibration, the absorption band from 

can not be detected in the spectra  of montmorillonites when the 

octahedral Fe content is below 0.10-0.15 (per half unit cell) 

870 cm-I (A13+4H-Fe3+) 

3+ 

3+ 3+ In the domain of OH-stretching, the increasing F e  -for-A1 

substitution in  the dioctahedral series of smectites causes a con- 
3+ 3+ tinous shift of the absorption band ascribed to M - OH - M 

vibrations to lower frequencies. 
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580 CRACIUN 

INTRODU C TION 

The presence of OH groups in smectite lattices determines 

the appearence of some characteristic absorption bands in  the 

infrared spectra of these minerals. Vibrations involving proton 

(OH-stretching and bending) are very largely independent of the 

vibrations of silica and oxygen in the rest of the lattice' but 

a re  markedly affected by the ion to which these are coordinated 

and their environment . Usually, for the montmorillonite mine- 
3+ 2+ 3+ rals these ions are A1 , Mg , Fe  , They constitute the 

octahedral population of the montmorillonite lattice. Generally 

there is little information refering to the influence of octahedral 

composition on the infrared spectra of montmorillonites. 

2 

The present study is an attempt to discuss the influence 

of octahedral substitutions, namely the Fe - for - A1 of the 

infrared spectra of montmorillonites i n  the domain of OH vibra- 

tions, on the basis of some of our  own results and literature 

data. 

3+ 3+ 

EXPERIMENTAL 

A number of 19 montmorillonite samples were investigated 

by infrared spectrometry. The samples represent the fraction 
3 below 1 from Gurasada bentonite deposits . The clay fractions 

were separated by the pipette method without any chemical treat- 

ment except the addition of 4% NaOH as a dispersing agent.For 

the infrared investigations the Ca-saturated samples were utili- 

zed. Randomly oriented preparations were obtained by the 

potassium bromide pressed-disk technique. Spectra were recor- 

ded using a sodium chloride pr ism for dispersion in the region 
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OCTAHEDRAL SUBSTITUTIONS 581 

4000-700 em-' and a potassium bromide prism in the 700-400 

cm region. (UR - 20 JENA IR spectrophotometer). -1 

RESULTS AND DISCUSSION 

In the Gurasada region two montmorillonite varieties were 

reported differentiated by their dehydroxylation reaction, 

According to Mackenzie5 the samples which showed a single 

endothermic effect at 700-71 0 C were considered "normal" mont- 

mDrillonites, while the samples which showed a double endother- 

mic effect (55O-57O0C and 67O-68O0C) were defined as "abnormal" 

montmorillonites. Of the investigated samples 1 0  belong to the 

normal and 9 to the abnormal variety. 

4 

0 

The X-ray diffraction patterns of oriented specimens indica- 

ted the presence of montmorillonite and cristobalite. The cristo- 

balite content is higher for the normal samples. 

From the chemical point of view the main difference 

between the normal and abnormal variety refer to the octahedral 

composition of the montmorillonite lattice. 

From Figure 1 can be observed that the abnormal samples 

show higher Fe - for - A1 substitutions and lower Mg - 
for - A1 substitutions than normal samples. Differences also 

appeared in the infrared spectra, 

3+ 3+ 2+ 

3+ 

6 

InFig.2 are presented the relationships between the OH 

bending vibrations from the IR spectrum and the octahedral 

sheet composition. 

bottom three abnormal, The peak at 790 cm 

lite and is shown in the spectra only for  comparaison purposes. 

From this figure one can see that an increase of the 

Fe 

The top three samples are normal and the 
-1 is due to cristoba- 

3+ -for-A13+ substitution determines an increase of absorption 
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r c  
Mg*-p 0,l 0,2 0,3 0,L 0.5 0,6 0,7 0.8 0,9 

Figure 1 Octahedral composition of the studied 
montmorillonites 

3+ 
band intensity a t  870 cm-' due A 1 3 + ~ H - F e  

tionsTY8 and a decrease of absorption band intensity at 915 cm-' 
3+ 3+ 9 

ascribed to A1 -OH-A1 librational vibrations . The decrease 

of the intensity of the 840 cm-' absorption band ascribed to 

A 1 3 + 4 H - M 2 +  vibrations' is in  accordance with the lower content 

of octahedral 1Mg for the abnormal samples. 

librational vibra- 

-1 The relationships between the intensity of 915 cm absorption 

band and the isomorphous octahedral substitutions of the studied 

montmorillonites (Mg , F e  and 1Mg + Fe ) is presented 

i n  Figure 3. A s  shown in this figure the F e  - substitutions 

exert a stronger influence on this vibration mode than Mg 

substitutions. 

2+ 3+ 2+ 3+ 

3+ 

2+ 
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OCTAHEDRAL SUBSTITUTIONS 583 

8’ 
CI - 

840 cm-’ 
Fe 0,16 

A l  1,Ll 
Fe 0,19 a Mg 0,LO 

Fe 0.22 
Mg 0,39 

Al 1.31 
Fe 0,38 
Mg 0.31 

AL 1,26 
Fe 0.L5 
Mg 0,29 

Al  1.23 
Fe 0.53 
Mg 0,24 

Figure 2 Infrared spectra - octahedral composition 
relationship for some Gurasada montmorillonites 
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584 CRACIUN 

A-OH-A1 
bendin 
intensiPy 

a : y=17,31-2L,59x 
x=FeVI r=-O,Bl+++ 

x=MgVI r= 0,80++* 

x=Fe+MgV' ; r=-0.70+++ 

b y=-13,6L+67,79~ 

c : y=28.16-28,31X 

odahedr al 
substitutions 

0 02 0.4 0,6 0,8 lp 
-1 Figure 3 Relationships between lntensity of the 915 cm 

absorbtion band (A13+- OH - Al3+) and iso- 
morphous octahedral substitutions of investigated 
mo ntmorillonites 

In Flgure 4 are presented the relationships between intensity 
3+ 3+ -OH-Fe and position of the absorption band due to A1 

and octahedral Fe3+content. In the correlations from this figure 

three normal samples are also included at which a vibrational 

mode A1 -OH-Fe3+ can be observed. Also in  the correlation 

from Figure 4B are included two so-called "reference samples" 
9 from Wyoming and Woburn presented by Farmer and Russell . 

The data from Figure 4 suggest that in the case of a Fe 

for-A13+ substitution below 0.10-0,l5 octahedral Fe3+ (per 1 / 2  

unit cell) the absorption band from 

vibrations 

3 

3+ - 

870 cm-l can not be detec- 
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OCTAHEDRAL SUBSTITUTIONS 585 

. O +  

f, I 

a 

4 T 0 
"7 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



586 CRAC IUN 

ted in the spectra  of montmorillonites. This is  in agreement 

with previous l i terature  data. Such an absorption band could be 

observed in the spectra  of montmorillonites from Wyoming 

(0.18 Fe3+)g1 Woburn (0 .36  F e  ) , Belle Fourche (0.17 F e  ) 

and Aberdeen (0.31 Fe ) . The same absorption band could 

not be detected in the spectra  of Skyrvedalen montmorillonite 

(0 .02 Fe3+)', Cheto montmorillonite (0.09 F e  ) of Otay 

montmorillonite (0.08 F e  ) 

3+ 9 3+ 1 0  

3+ 11 

34- 11 

3+ 10,11 

1 2  
F a r m e r  showed that in the spectrum of montmorillonites, 

in the region of OH stretching vibrations, the presence of octa- 
3+ hedral F e  

the lower frequencies, the process  terminating with nontronite. 

broadens the 3620-3630 cm-l absorption band at 

We did not see such a broadening of the absorption band 

but ra ther  a gradual shift for the Gurasada montmorillonites 

of the band maximum towards lower frequencies 

of F e  4 A1 substitution. In this domain all investigated 

samples show an absorption band of medium intensity at 3610- 

3637 cml. The peak of the absorption band is situated between 

3625 and 3637 cm-' for  normal samples and between 3610 and 

3621 cm-l for  abnormal samples,  This  difference can be 

ascribed to the higher octahedral Fe 

samples. Indeed f rom Figures 5 it can be seen that the 

ocahedral F e  

absorption band. In the correlation from this figure some lite- 

rature  data concerning other dioctahedral smectites (so-called 

"reference samples"), were introduced, The octahedral compo- 

sition of the used reference samples are presented in the Table 1. 
3+ 3+ From Figure 5 it is evident that the increase of Fe - for -A1 

octahedral substitution in  dioctahedral series of smect i tes  causes 

with increase 
3+ 3+ 

3+ content of the abnormal 

3+ content correlates  with the position of this 
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OCTAHEDRAL SUBSTITUTIONS 587 

AI-0H;AI 
cm- 

Fe3*- OH-Fe 3t 
cm-4 

normal samples 
o abnormal samples 
t reference samples 

\ 3600 

y = 3636,30- 36,51 X 

r = -0,96+++ 3560 35801 
octahedral Fe’+ 

35LO I I I 1 I I 1 I I c 
0 0,2 0,L 06 0,8 1.0 1,2 1,L 1,6 1.8 2,O 

Figure 5 Correlation between stretching frequencies 
M3+ - OH - M3+ and octahedral Fe3+ content of 
dioctahedral smect i tes  

a continous shift of the OH absorption band belonging t o  M*-OH - 
M3+ vibrations to lower frequencies. Th i s  absorption band is a 

3+ 
fairly adequate indicator for  the replacement of octahedral A1 

by Fe in the lattice of the dioctahedral smectites.  3+ 

In the region below 500 cm-l a significant difference between 

normal and abnormal samples  must  be mentioned. In this region 

Si-0 bending vibrations contribute to absorbtion, but this 
12 

absorption is sensit ive to the nature of the octahedral cations 

All  abnbrmal  samples show an absorption band like a shoulder 
-1 

at about 420-425 c m  , which could not be identified in the spec t r a  

of normal samples.  Reported in the spec t r a  of Woburn montmo- 

rillonite this  absorption band was associated with the higher 

proportion of F e  in octahedral s i tes .  The presence of this 

absorption band in the spectrum of the abnormal samples  is con- 

, 

9 

3+ 
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5 88 CRACIUN 

Table 1 

The octahedral composition of the "reference 

samplesf1 used in the statistical correlation from 
X 

Figure 5 

NEF R efere nc e 
sample 

octahedral composition 

1. Washington A1 0 . 5 3  Fe 1 . 3 6  Mg 0.13  
(USA) N .  

2. Garfield 
(USA) N. A1 0.00 Fe  1 . 9 8  lVlg 0 . 0 2  

3. Koegas Cape 
Province (SA)N. Al.O.OO F e  1 . 9 5  Mg 0 . 1 2  

1 3  

4. Black Jack 
Mine Idaho 
(USA) B. 

A1 1 . 9 3  Fe  0 . 0 2  lVlg 0.01 

5. Shyrvedalen 
(Norway) IVI. 

A1 1 . 6 2  Fe 0. 02 1Ug 0 . 3 6  9 

6. Wyoming (USA)M A1 1 . 5 6  Fe  0 . 1 8  Mg 0.19 
7 .  Georgia (USA)N A1 0 .03  Fe  2 . 0 2  IVlg 0.00 

8 .  Hojun Mine 
Gumma Prefect. A1 1 . 7 2  Fe 0 . 0 9  Mg 0 . 1 9  

9 .  Otay (USA) IVI. A1 1 . 3 9  Fe  0 . 1 0  Mg 0 . 5 5  
10. Cheto (USA) M. A1 1 . 3 8  Fe  0. 09 iVlg 0. 54 

(Japan) M. 11 

B = Beidellite iv1 = Montmorillonite N = Nontronite 
3+ x) The iron content refers  to Fe  . 
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OCTAHEDRAL SUBSTITUTIONS 5 89 

3+ 
sistent with the  h ighe r  octahedral Fe 

and is a new evidence that this vibration mode i s  associated 

with this ion. 

content in these  samples  

CON C L U SIO N 

3+ 
and 

3+ 3 t  
-p A1 

can  be positively identified 

The  established relationships between octahedral Fe 

inf ra red  spec t r a  of montmorillonites indicates that Fe 

octahedral isomorphous substitutions 

and in s o m e  cases  semiquantitatively evaluated 

by infrared absorption, using s o m e  absorption bands due CH 
bending and s t re tch ing  vibrations.  
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