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AssrRA.cr

Examination of the infrared absorption spectra of the single chain silicates, augite,
hedenbergite, pectolite, wollastonite, bustamite, rhodonite and pyroxmangite shows that
the number of peaks in the 530-775 cm-r region is an indicator of the number of tetrahedra
in the repeat unit of the chains.

The infrared spectrum of inesite, a mineral having a formula close to MnzCazSiroOze-
(OH)r'sHrO (as a result of this study now classified as a pyroxenoid), together with evi-
dence from single crystal r-ray studies, indicates it to be made up of single chains with five
silicon-oxygen tetrahedra per repeat unit.

INrnooucrroN

From an infrared absorption study of structurally characterised esters
of orthosilicic acid, Lazarev (1960) derived an empirical method of de-
termining the number of repeating units in a given single chain polymer.
Lazarev and Tenisheva (l96la, b) successfully applied this method to the
single chain silicates, the pyroxenes and pyroxenoids, that are known to
contain differing numbers of silicon-oxvgen tetrahedra in the repeat unit
of the chain. fn the infrared spectra of the single chain silicatesLazarev
and Tenisheva (l96la, b) observed that the number of absorption peaks
in the 550-750 cm-r region is directly related to the number of Si-O
tetrahedra in the repeat unit of the chain. The clinopyroxenes, typified
by diopside, contain two tetrahedra per repeat unit (Warren and Bragg,
1928). The pyroxenoids wollastonite, bustamite and pectolite each have
three tetrahedra in the repeat unit whereas rhodonite and pyroxmangite
have fi.ve and seven tetrahedra respectively in the repeat unit.

Four years ago, one of us (LM.T.) predicted that the rare mineral
inesite, with a composition close to MnzCazSiroO28(OH)2.5H2Or (Mn:
Ca ratio of 3.7'-3.4:1), would have a single chain structure with a five
tetrahedra repeat along the length of the chain, similar to that found in
rhodonite. T'he correlations reported by Lazarcv and Tenisheva, from
their infrared study, appeared to provide a promising means of testing
this hypothesis.

Liebau (1956) proposed that inesite and babingtonite, though struc-

1 See discussion of the chemical formula at the end of the paper.
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INESITE STRUCTURE

turally related to rhodonite, differed from it in having double chains with

a five tetrahedra repeat unit. The similarity of 6-axis Weissenberg photo-

graphs of babingtonite to those of rhodonite led Prewitt and Peacor

(1964) to suggest that babingtonite contains single chains with a five

tetrahedra repeat and not double chains as suggested by Liebau.

In the present paper the infrared spectrum of inesite is presented and

discussed in relation to the correlations proposed by Lazarev and Teni-

sheva.

ExpBnruBNrnr-

Preliminary investigations of the pyroxenoid spectra reported in the

literature showed that several of these had been obtained from impure

samples. For purposes of comparison it was necessary to prepare spectra

of the minerals listed below.
Considerable dificulty was experienced in obtaining samples of wollas-

tonite and pectolite that were carbonate free. All samples of pectolite

used were found to contain carbonate as an impurity. This was removed

by treating the mineral with acetic acid buffered with sodium acetate

(Jackson, 1956). This did not affect the pectolite structure since, except

for the absence of the carbonate features, the spectrum was identical to

those obtained from untreated samples.
All minerals used to prepare the spectra in Fig. 1 were examined opti-

cally and by r-ray diffraction techniques and are believed to be free of

detectable impurities. The spectra have been duplicated on minerals ob-

tained from several difierent specimens.
Samples were ground in an agate mortar with KCI and from this mix-

ture a 100 mg pellet containing 0.5 mg of the sample was pressed. Prior

to pressing the sample was oven dried at 110'C. Pressed pellets were

stored at 110o C. until required. All spectra were prepared using a KCI

reference pellet and were calibrated against prominent absorption

maxima of a polystyrene fiIm.
The spectra were obtained on a Perkin-Elmer 337 grating infrared

spectrophotometer.
Samples used in this study were derived from the following localities:

1. Augite, Lizard, Cornwall, U.K.
2. Hedenbergite, locality unknown.

3. Pectolite, Prospect, N.S.W.

4. Wollastonite, Marulan, N.S.W.

5. Bustamite, New Broken HilI Consolidated Ltd. Mine, Broken Hill, N.S.W.

6. Rhodonite, North Broken Hill Ltd. Mine, Broken Hill, N.S.W.

7. Pyroxmangite, North Broken Hill Ltd. Mine, Broken Hill, N.S.W.

8. Inesite. New Broken Hill Consolidated Ltd. Mine, Broken Hill, N.S.W.
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l 'rc. 1. Absorption spectra of some pyroxenes and pyroxenoids. Curves are
displaced vertically 40%.

RBsur,rs

The infrared spectra of the eight single chain sil icates examined are
presented in Fig. 1. Absorption maxima are l isted in Table 1.

rn each of the spectra of Fig. 1 a strong absorption band containing
from four to seven intense maxima of similar intensities occurs within
the 850-1100 cm-' region. This band contains the absorption peaks pro-
duced by Si-o asymmetric stretching frequencies within the tetrahedra
(Saksena ,1961 ) .

7 Pyroxmongik
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Absorption peaks between 550 and 750 cm-1 occur near the region
generally attributed to the frequency associated with the totally sym-
metrical stretching vibration of the sioa tetrahedron. As the si-o tetra-
hedra are coupled to form a single chain, splitting of symmetricar vibra-
tion of the Sio+ group takes piace resulting in the peaks observed at
about 550-750 cm-1 (Lazarev and Tenisheva, 1961a).

Strong absorption bands occurring below about 500 cm-l may be due
to bending (deformation) vibrations of the chains (si-o) and to metal-
oxygen stretching vibrations (M-O) (Lazarev and Tenisheva, 1961a, b).

The broad, shallow absorption band near 3400 cm-l is due either to
hydrogen bonded hydroxyl or adsorbed water. The peak near 1620 cm-l
is due to the deformation vibration of either adsorbed or zeolit ic water.
The inesite spectrum shows strong absorption bands at 3620,3420 and,
1640 cm-r corresponding to positions generally believed to indicate the
presence of free oH, bonded oH and zeolit ic or interlayer water respec-
tively (Kalousek and Roy, 1957). As the spectra were all obtained from
desiccated samples, and the peaks of the inesite spectrum are so strong
in comparison with the corresponding peaks of the spectra Nos. I-7, it
is apparent that in the inesite structure there occurs free oH together
with zeolitic water.

fn pectolite, hydrogen bonding is reported to occur between two oxy-
gens, O3-Oa, which are 2.44 A apart (Buerger, 1956; Prewitt and peacor,
1964). With such a close Og-Or distance we would expect the hydrogen to
be symmetrically placed and result in a peak at about 1800 cm-r (Naka-
moto el al., 1955). However, no such peak is observed in any of our pecto-
lite spectra. The closest peak is at 1610 cm-1 and is due to the presence
of adsorbed water that contributes in part to the broad, shallow peak at
about 3400 cm-l. The 1395 cm-l peak was also recorded by Lazarev and
Tenisheva (1962) who assigned it to a carbonate impurity. This peak,
however, does not correspond to any recorded carbonate peak. The
absence of the other strong carbonate peaks and the persistence of this
peak after treatment with acetic acid buffered with sodium acetate leads
us to believe that it is characteristic of the pectolite spectrum and may
be due to an OH bending mode.

The simple spectra of augite and hedenbergite, Nos. I and. 2 respec-
tively, agree with the published data (Lazarev and Tenisheva, l96la;
Lyon, 1962). consistent with the occurrence of two si-o tetrahedra in the
repeating unit of the single chain, two prominent absorption maxima
are observed within the 550-750 cm-1 range.l

1 The writers have, ho'wever, noted exceptions in this region of the spectra of the acmitic
. and orthopyroxenes. rn these, from two to six peaks have been observed in spectra reported

in the literature (Lyon, 1962).
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The pyroxenoids with three tetrahedra in the repeat unit, wollastonite

(No. a) and bustamite (No. 5), have three prominent absorption maxima

within the 550-750 cm-1 range. Pectolite (No. 3) has, however, near this

region one of the three prominent absorption maxima situated at 532

.--t, ,lightly below the arbitrary lower limit selected by Lazarev and

Tenishevl (1961b). I lowever, since pectolite is known to possess a wol-

lastonite-type structure (Buerger, 1956), it is highly probable that the

absorption peak at 532 cm-1 is also of the (si-o-Si) type, indicating that

the limits chosen by these authors need to be extended to include the

pectolite structure.
Rhodonite, a pyroxenoid known to have a five Si-O tetrahedra repeat

unit, shows within the 550-750 cm-l region fi.ve well resolved absorption

maxima as well as a slight inflexion at about 640 cm-l. A similar inflexion,

at 638 cm-l, was also noted by Lazatev and Tenisheva. The writers have

observed this same feature at 642 cm-I in the spectrum of a zincian

rhodonite (fowlerite) from Franklin Furance, N.J.

Consistent with a seven tetrahedra repeat, the spectrum of pyroxman-

gite (No. 7) shows seven absorption maxima in the 550-750 cm-l range'

some peaks are poorly resolved, particularly the one at 673 cm-l which

is almost superimposed on the stronger peak at 668 cm-r'

The above observations help to substantiate the claim of Lazarev

and Tenisheva that the region from 550-750 cm-1 can, in general, pro-

vide significant information as to the number of tetrahedra in the repeat

unit of a single chain silicate.
The details of the crystal structure of inesite are as yet unknown.l

Ilowever, there are certain features of silicate infrared spectra that char-

acterise the various groups (Launer, 1952; Saksen a, 196l). The similarity

of the inesite spectrum (No. 8) to those of the pyroxenes and pyroxenoids

indicates that inesite probably also has a single chain structure. The

inesite spectrum shows fi.ve very prominent absorption peaks between

550 and 775 cm-r.In the spectra Nos. 1-7, the first prominent peak on

arbitrarily selected limits of Lazatev and Tenisheva.

It is to be expected that in hydrogen-bearing compounds such as

pectolite or inesite differences will occur in the position of the absorption

maxima when they are compared to structurally related nonhydrogen-

bearing compounds, a.g. pectolite-wollastonite. Therefore, it is not incon-

1 A three dimensional r-ray structural analysis of inesite is at present being carried

out by one of us (W.R.R') and will be reported elsewhere'
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ceivable that the 773 cm-l peak of inesite is of the same t1'pe as those
that occur in the 550-750 cm-1 range, suggesting that inesite is, l ike
rhodonite, a pyroxenoid with an [(SiOt5]- type chain.

1 ' hep resence  o f  a12  A  repea t  a long  the  morpho log i ca l  c  ax i s  o f  i nes i t e ,
measured on single cr1'stal r-rery photographs, indicates that the chain is
oriented parallel to this axis and contains five tetrahedra in the repeat
unit. consistent with this is the 12.2 A repeat distance measured along
the five-membered rhodonite chain (Hilmer et al., 1956).

Drscussrow or. THE INnsrrp Fonlrulq

In 1942 Richmond, using the chemical data presented by Glass and
Schaller (1939), ascribed to inesite the generaliy accepted formula of
MnzCazSiroOrr(OH)r .5H2O. Such a formula is  in  agreement  wi th that
derived from analytical work on inesite from Broken Hil l, N.S.W., re-
cently completed by the authors and to be presented at a iater date.

Richmond's formula requires that within each five-membered Si-O
tetrahedral unit of the chain, one of the fifteen oxygen positions is oc-
cupied by a hydroxyl ion. Buerger (1956) and prewitt and peacor (1964)
inferred that in pectolite, Ca2NaHSi3Os, the hydrogen ion enters into
bonding between two near oxvgens. By analogy with pectolite the formula
for inesite can be expressed as MnrCarHzSiroOso.5HzO. However, the in-
frared trace of inesite, No.8, Fig. 1, clearly shows that there exists in
inesite free hydroxyl ions in contradistinction to the situation in pecto-
l i te ,  No.  3,  F ig.  1.

From the evidence presented above the present writers believe that
the formula for inesite should be expressed as MnzCazSiloors(OH)2.5HrO
and thus demonstrate the tetrahedral co-ordination of a hydroxyl ion
within one of the five tetrahedra of the repeat unit of the chain.
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