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Ans:rnacr
Infrared absorption spectra of nine chlorites from Japan have been obtained in the

range of 450-900 cm-l. The relationship between infrared absorption spectra and chemical
composition of chlorites is discussed and the conclusion is drawn that Al-rich chlorite,
Mg-rich chlorite and Fe-rich chlorite have different infrared absorption spectra. Consider-
able attention is given to absorption bands near 540-560 cm-r,620-692 cm-r and,7M-
765 cm-r of each spectrum. The wave number of absorption in the region of 540-560 cm-r,
62v692 cm-r and 7 44-765 cm-r are related to the amount of octahedral Al, Mg and Fe.

Isrnotucrrox

A large amount of research on infrared absorption spectra of clay
minerals have been reported lately, and some researchers are dealing
with variation of infrared absorption spectra due to the different chemical
compositions of clay minerals. Lyon and Tuddenham made infrared
analyses of chlorites occurring in nature and recognized that the strong
absorption band of Si-O at about 1000 cm-l varies with the amount (y
number) of tetrahedral AI (Tuddenham and Lyon, 1958; Lyon and
Tuddenham, 1960). Stubidan and Roy (1961a), in their study of syn-
thetic chlorite, revealed that the complexity of the absorption at 600-700
cm-l which they considered due to Si-o vibration becomes larger with
increasing tetrahedral or octahedral Al. The present writers studied

o t .

Specimen No. Species Locality

No. 1 K-40 Al-chlorite
No.2 H-330 MgAl-chlorite
No. 3 H-5328 MgAl-chlorite
No.4 H-532W MgAl-chlorite
No. 5 Muramatsu Mg-chlorite
No. 6 Wanibuchi Mg-chlorite
No. 7 Hitachi FeMg-chlorite
No. 8 Besshi FeMg-chlorite
No.9 Ichinokoshi Fe-chlorite

Kamikita mine, Aomori Prefecture
Hanaoka mine, Akita Prefecture
Hanaoka mine, Akita Prefecture
Ilanaoka mine, Akita Prefecture
Muramatsu, Nagasaki Prefecture
Wanibuchi mine, Shimane Prefecture
Hitachi mine, Ibaragi Prefecture
Besshi mine, Ehime Prefecture
Ichinokoshi, T oy ama Prefecture
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INFRARED ABSORPTION OF CHLORITE

various kinds of 14 A chlorites of Japan, especially the infrared absorp-
tion spectra in the range of 450-900 cm-t and their relation to the chemi-
cal composition.

Table 1 shows the chemical compositions of the above specimens and
Sia+ and Al3+ in tetrahedral position and Al3+, Fe, Mn2+ and Mg2+ in
octahedral position of the formula calculated from the chemical composi-
tions. Specimen 1 is aluminian chlorite, containing much more Al in
octahedral position than other specimens and also containing a small
amount of Mg. Specimens 2 and 4 abound in Mg of octahedral position,
and are relatively rich in Al. Specimen 3 contains much Fe in octahedral
position as compared with Specimens 2 and 4. Specimens 5 and 6 are

TesLE 1. Cneurc,q.r, ColreosnroNs, o(001) eNn s PaneMelsns or Cnronrrn Sprcrunrqs
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1 1  6 2
0 1 6
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r 2 8
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0 5 2
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1 Hayashi and Oinuma (1964).
, Hayashi (1961)
3 Shirozu (1958).
I Sakamoto and Sudo (1956)
5 Sato and Sudo (1956)
o Sudo (1943).
I In tetrahedral position
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Mg-chlorites. Specimens 7 and 8 are chlorites abounding in Mg of octa-
hedral position and containing relatively abundant Fe. Specimen 9 is
Fe-rich chlorite. In tetrahedral layer the amount of replacement of Si
with Al is small in Specimen 1, whereas it is large in Specimens 4, 7 and 8.

ExpBnruBxrs AND RESULTS

A mixture of 5 mg of pulverized chlorite and 300 mg of KBr was pressed
in vacuum with an oil press. The pressure exerted on the specimens was
10 tons per 1 square centimeter. Thus, a disc of 13 mm diameter and
1-2 mm thickness was made. From this disc the infrared absorption
spectra of chlorites in the region of 450-900 cm-l were obtained, using
Nippon Bunko DS 301 type infrared absorption spectrometer. The result
is i l lustrated in Fig. 1.

The infrared absorption spectra of chlorites obtained through the
above experiments showed distinct differences in the position and the
shape of absorption bands. Specimen 1, Al-chlorite, shows strong absorp-
tions at 692 crn-r and 555-475 cm-l, but does not show a noticeable
absorption near 760 cm-1, which is seen in other specimens. Even in
Specimen 2 which contains relatively abundant Al, the absorption near
760 cm-l is recognized merely as a shoulder of the infrared absorption
spectra. On the other hand, in Mg-rich specimens, such as 3,4,5 and 6,
the absorption near 760 cm-l is distinct, and in Fe-rich specimens, 7, 8
and 9, a strong absorption is found in this position.

In the domain of 800-900 cm-1, Al-rich specimens (Nos. 1 and 2) show
an absorption near 825 cm-l, Mg-rich specimens (Nos. 3, 4, 5 and 6)
show two absorptions, one near 840 cm-r and the other near 820 cm-r,
and Fe-rich ones (Nos. 7, 8 and 9) have absorptions near 810 cm-l and
855-870 cm-l.

AII specimens show a strong absorption between 620 and 692 cm-1, but
its position varies considerably.

Specimen 9 which is rich in Mg and poor in Fe shows absorptions at
620 cm-l and 495 cm-1 that are not found in other specimens. The writers
have not studied assignments concerning these absorptions, but accord-
ing to Stubidan and Roy (1961a,b) the strong absorption observed be-
tween 620 and 692 cm-l is assigned to Si-O vibration, the one near 550
cm-L to Si-O-Alvr vibration, the one near 760 cm-1 to Si-O vibration and
another near 830 cm-1 to Si-O-Al vibration. It is also reported that an
absorption due to H-O-Fe would appear near 812 cm-l and the one by
Si-O-Fevr vibration would be found near 495 cm-l (Stubidan and Roy,
1e61b ) .

In order to examine the relationship between the chemical composition
of chlorites and the difference in position of some absorption bands as
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Frc. 1. Infra-red absorption spectra of chlorite in the region of 400-900 cm-t.

noticed in the infrared absorption spectra, the writers prepared several
diagrams showing the amounts of Al in tetrahedral position and AI, Mg,
and Fe in octahedral position, in relation to the position of those absorp-
tion bands. As a result, a correlationship was found between the absorp-
tion bands appearing at 540-560 cm-1 and the amount of octahedral Al,
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as il lustrated in Fig. 2. The figure indicates that the wave number of this
absorption band increases with increasing amount of octahedral Al.

Stubidan and Roy (1961a) showed that the Si-O absorption appearing
near 680 cm-1 increases the value of its wave number with increase in the
amount of tetrahedral or octahedrai Al. Using their experimental data a
diagram was prepared by the writers to show the relationship between the
position of the absorption band near 680 cm-1 and the amount of tetra-
hedral or octahedral Al. The diagram revealed scattering values. This
suggests that the variation of the position of this absorption band is
attributable not only to the amount of tetrahedral or octahedral Al but
also to some other factors. The writers prepared a triangular diagram
for AI, Mg*Mn and Fe that are major components in octahedral posi-
tion of chlorites. On this diagram the respective specimens were plotted,
with positions of the absorption bands appearing at 620-692 cm-1 and
744-765 cm-r of each specimen, as illustrated in Fig. 3. From the figure it
is evident that the wave number of absorption bands in the region of
620-692 cm-l decreases with decreasing octahedral AI and increasing Mg,
and the number becomes all the more smaller with increase of Fe. Three
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FIc.'3. Triangular diagram for octahedral Al, MglMn and Fe, showing positions of

absorption bands of each specimen in the region of. 644-692 cm-r and 7M-765 cm 1. Open
circles show 14A chlorites reported by Stubiian and Roy (1961a).

specimens reported by Stubitan and Roy (1961a) were also plotted in the
diagram, and they presented no contradiction to this relationship. The
same tendency is found in the case of Si-O absorption represented by the
wave number ol 744-765 cm-r.

Thus, absorptions at 540-560 cm-l, 620-692 cm-! and 744-765 cm-l
are related to the amounts of octahedral AI, Mg and Fe. fn other words,
amounts of these components determine the position of absorption bands.

The relationship between the chemical composition of chlorite and its
Iattice dimensions has been studied by many investigators, and the fol-
lowing facts have become known (Brindley, 1961). As the means to ex-
press the lattice dimensions, basal spacing d(001) and b parameter are
generally used. In Fe and Mg-chlorites, d(001) decreases with increasing
amount of tetrahedral Al. The b parameter increases with increasing
Fe2+ ions in octahedral position, and decreases with increase of Al ions, if
existent. The b parameter is related also to amount of tetrahedral AI.

Table 1 shows d(001) and b parameters of the specimens studied in the
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present paper. Let us examine the relationship between these pararneters
and the three absorption bands mentioned above. No noticeable correla-
tion is found between d(001) and the position of the three absorptions.
The amount of tetrahedral Al chiefly controls d(001), so it may not be
directly related to the variation of the position of the above three ab-
sorptlons.

l ,u
b(it

740 700 670 640 6tO 56() 550

WAVE NUTBER cm- '

Frc 4 Relationship between b parameter and the position of three absorptions at 540-

560 cm-l, 620 692 cm-r and 7M-765 cm-l.

However, according to the result we have hitherto obtained as men-
tioned before, the position of these absorptions is related to octahedral Al,
Mg and Fe. Since these octahedral ions are considered the major factor to
determine b parameter, we have examined the relationship between b
parameter and the position of the three absorptions. As i l lustrated in
Fig. 4, the wave number tends to decrease with increasing value of b.
This relation suggests the following points: First, the absorption at
540-560 cm-r, which was ascribed by Stubitan and Roy to the Si-O-Alvr
vibration, decreases in the wave number when the value of b parameter
becomes larger. An increase in the value of b parameter naturally means
an increase in the distance of (Si-O)-Alvr. This increase in the distance
would weaken the bond strength and diminish the force constant for
vibration. As a result, the frequency of vibration would decrease. Sec-
ondly, the vibration of the position of Si-O absorptions at 620-692 cm-r
and 7 44-7 65 cm-r indicates that the increase in the Si-O distance, meant
by increase in b parameter, would cause diminution of the wave number.

Corqcr-usroNs

The present study has revealed the following characteristics of the
relationship between the chemical composition of chlorite and the infra-
red absorption spectra in the region of 450-900 cm-1:
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1. Al-rich chlorite, Mg-rich chlorite and Fe-rich chlorite have difierent
infrared absorption spectra, respectively showing characteristic absorp-
tion bands. The position of absorption bands varies with the chemical
composition.

2. The wave number of absorption in the region of 540 560 cm-l has a
tendency to increase with increasing amount of octahedral Al and to de-
crease with increasing amounts of octahedral Mg and Fe.

3. In the Si-O absorptions in the region of 620-692 cm-1 and 741-765
cm-1, the wave number decreases with increasing Mg and Fe ions in
octahedral position.
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