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Investigation of the 700 cm=' and 350 cm=! regions of infrared
absorption spectra of rapidly quenched akermanite melts tmplies that
its melting brings about formation of shorter (n > 2) chains of SiOs
tetrahedrons. On the basts of an empirical relationship between the
Si-O-8i angle and the frequency of type A, valency vibration in crystalline
akermanite, the informative value of this angle was found to be 143 deg.

INTRODUCTION

Infrared spectroscopy is one of the basic methods for the determination of
structure in silicate melts and glasses. In certain cases the method likewise
permits detailed study of crystalline phase structures. The present paper is
concerned with the structure of glasses in the system akermanite-diopside
and with the determination of the angle at the oxygen bridge of the pyrosilicate
anion in crystalline akermanite.

EXPERIMENTAL

All the samples were prepared from chemically pure MgO, CaCO; and SiO:
(Johnson Matthey Chemicals Specpure). The glasses were made from mixtures
which had been dried for 8 hours after homogenizing, and sealed in Pt crucibles
after conclusion of CaCO; decomposition. The samples were rapidly quenched
afted 4-hour fusion at 1600 °C.

The samples of crystalline akermanite and diopside were prepared by the
precursor method [1] using final 4-hour heating at 1350 °C. The products
were identified by X-ray analysis by comparison with calculated diffraction
records [2], [3].

The IR absorption spectra were measured on the Perkin Elmer 221 spectro-
photometer in the 5000 to 400 cm~! range by the KBr method, and on the
Perkin-Elmer 225 spectrophotometer in the 400 to 200 cm~! range by the
CsI method. The sample weight was 0.6 mg per 300 mg KBr or Csl.

The IR spectra from the surface sample regions were obtained by means
of FMIR device using a 45 deg. prism of KRS5 material. A comparison of
the FMIR spectrum with the IR absorption spectrum of akermanite or its
glass indicates a crystalline character of the surface regions of both phases
(Figs. 3 and 2a, b).
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DISCUSSION OF RESULTS

The structure of glasses in the system akermanite-diopside: Bands arie in the
following frequency ranges in the IR spectra of glasses in the system aker-
manite-diopside (Fig. 1): 970 cm—!, 850 cm~!, 700 cm~—!, 400—600 cm-1,
350 cm~1 and 320 cm~!.
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Fig. 1. IR absorption spectra of glasses in the system akermanite-diopside; a — akermanite,

b—20 %, c— 40 %, d — 60 %, e — diopside (molar percent of diopside in the
miature).
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Infrared Spectra of the System -Akermanite — Diopside

The 970 em~=1 band: The position and intensity of this band remains virtually
unchanged throughout the concentration range employed; the band tends to
broaden with increasing MgO content.

This band is also found in other absorption spectra of othel binary or
ternary silicate glasses. In binary systems it begins to appear at concen-
trations of about 30 mol 9, MgO [5] and in ternary ones at concentrations of
approx. 13 mol 9%, Na,O + 10 mol 9, CaO and 13 mol %, Na,O + 25 mol %,
MgO [5].

According to [5] the f01mat10n of this band is contributed to by vibrations
of SiO- and Si—O—-8i in the threedimensional lattice of SiO,4 tetrahedrons,
arising by splitting type ¥, degenerated vibration.

The 850 cm~1 band: The position of this band remains practically unchanged
with increasing diopside concentration, while its intensity decreases. This band
is not found in the IR spectrum of pure diopside glass.

This band arises in IR spectra of silicate glasses with increasing concentration
of the additive oxide. It does not appear in the spectrum of ‘metasilicate’
sodium glass [4], nor in that of calcium and magnesium [5]. It appears
in the spectra at concentrations of 40 mol 9%, BaO, 40 mol 9, SrO [6], 13 mol %,
Na,O + 40 mol 9, CaO, 13 mol 9, Na.O + 45 mol %, MgO, 10 mol 9, CaO +
+ 30 mol 9%, MgO, and 10 mol 9, MgO + 40 mol 9%, CaO [5]. This band can be
most possibly asciibed to vibration of the (—SiO;)3~ end group.
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Fig. 2. IR absorption spectra; a — crystalline akermanite, b — crystalline diopside.

silikaty &. 3, 1976 209



M. Pisdréik, I. Proks, V. Jansta:

The 700 cm~! band: The position of this band shifts slightly towards higher
frequency values with increasing MgO concentration.

In the spectrum of the ‘““metasilicate” sodium [4], calcium, sodium-calcium
and sodium-magnesium glass this band lies in the frequency range of 710
to 790 cm~! [5]. In the IR spectrum of glasses having concentrations of
13 mol 9, Na,O + 45 mol 9, CaO and 25 mol %, Na,0O + 35 mol 9, CaO (the
composition region of pyrosilicate glasses) this band is absent [5]. It is also
obviously absent in the spectra of calcium-magnesium glasses having a higher
MgO content (10 mol %, CaO + 40 mol %, MgO, and 20 mol 9, CaO + 35 mol 9,
MgO) [5]. This band can be ascribed to the vibration of Si—O—=Si bridges in
the chain of SiO,4 tetrahedrons [7].

The band in the 400 to 600 cm~! region: This band can be ascribed to
valence vibrations of MeO~ and to deformation vibrations arising ‘genetically’
from the three-times degenerated type F, vibration [6].

The 350 cm~! band: Both position and intensity of this remain unchanged
throughout the concentration range.

In the proximity of this frequency, spectra of binary silicate glasses exhibit
bands ascribed according to [8] to cationic vibrations of BaO (300 cm-1,
SrO (350 em~1) even in BaO and SrO concentration ranges where the 850 cm—1
band, ascribed to the pyrosilicate —SiOs end group, does not arise (e.g. in the
spectrum of glass containing 30 mol 9, BaO). This band can be brought about
by vibrations of —MeO- at the SiO4 chains.

The 320 cm~! band: The intensity of this band decreases simultaneously
with that at 850 cm~! band. However, the former cannot be considered as
characteristic for a pyrosilicate anion, as a similar band also arises in the
spectrum of crystalline diopside.

The 320 cm-! band can be ascribed to vibrations of Me—O- at the pyrosili-
cate end groups (—SiO3)3-.

DETERMINATION OF THE ANGLE AT THE OXYGEN BREDGE OF
THE PYROSILICATE ANION IN CRYSTALLINE AKERMANITE

The wavenumber values of type A;and B, vibrations (these vibrations arise
from full valence vibration of type A4; during incorporation of SiO4 tetra-
hedrons into the pyrosilicate cation) depend on the Si—O—=Si angle. Theoreti-
cal calculation of this relationship was attempted by Lazarev [9], [10] and
Etchepar [6]. In view of the approximate character of these calculations
Lazarev [11] suggested an empirical relationship between the wavenumber va-
lues for type 4, and B, vibrations, and the Si—O—Si angle. According to the
respective graphical representation of this relationship, wavenumber A4,
(in the spectrum of crystalline akermanite this is the band at 670 cm-1, Fig. 2a)
corresponds to an Si—0—=Si angle of 143 degrees. (On the basis of theoretical
calculations this value is about 140 deg.). According to the results of X-ray
structural analysis of crystalline akermanite the angle has a value of 154 deg.
(12).
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Fig. 3. PMIR spectra; a — crystalline akermanite, b — amorphous akermanite.

CONCLUSION

1. IR spectrum of rapidly quenched akermanite melt indicates that its
melting involves formation of shorter (n < 2) chains of SiQ4 tetrahedrons.
This suggestion is based on the following findings:

a) The band in the 700 cm-! region, related to the vibration of 800 cm—1
in the spectrum of pure molten SiO; (or its glass) is not found in the spectrum
of glass of pysrosilicate composition (25 mol 9%, Na,O + 35 mol 9%, CaO 5). With
progressing elimination of oxygen bridges the wavenumber of this band
shirts towards the lower values. The band in the 700 cm-1 region (Fig. 1)

erefore corresponds to strongly impaired structure of SiO, chains. Within

entire concentration range of the akermanite-diopside system, its position
i= only slightly shifted. This is not found in the spectra of silicate glasses with
Mo() concentrations higher than those of CaO [5].
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b) The 350 cm~! band in the IR spectrum of pure akermanite glass can be
ascribed to vibrations of Me—O- at the SiO4 chains [8].

2. On the basis of a rclationship between the Si—O—sSiangle and the wave-
number value for type 4, valence vibration in clystalhne pyrosilicate (this
vibration being genetically derived from fully symmetrical 4, valency vibration
in SiO4 tetrahedrons) it is possible to obtain an informative value of this
angle. For the Si—O—=Siangle in crystalline akermanite this procedure yielded
the value of 143 deg.
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INFRACERVENE SPEKTRA SUSTAVY AKERMANIT-DIOPSID
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Z 1C spektra prudko schladenej taveniny akermanitu vyplyva, Ze pri jeho topeni
dochddza k tvorbe kratsich (n > 2) retazocv SiOs tetraedrov. Tdto uvaha vyplyva
z tychto poznatkov:

a) Pas v oblasti 700 cin-!, stvisiaci s vibrdciou 800 cm~! v spektre roztaveného &éistého
Si0; (resp. jeho skla) sa nevyskytuje v spektre skla pyrokremiditanového zloZenia
(256 mol % Na.O + 35mol % CaO [5]). S postupujucim rozruSovanim kyslikovych
mostikov sa posunuje vlnoéet tohto pdsu k niz$im hodnotdm. Pds v oblasti 700 cm~!
(obr. 1) odpovedéd tedy silne narusenej $truktire retazcov SiO4. Jeho poloha sa v celom
koncentra¢nom rozsahu systému akermanit-diopsid len nepatrne plynulo posuva.
V spektrdach kremiditanovych skiel s vy$§imi koncentrdciami MgO ako CaO sa tento
pas nevyskytuje [5].

b) Pas pri 350 em—! v IC spektre skla z &istého akermanitu mozno priradit vibra-
ciam MeO~ na retazcoch SiO, [8].

Na zdklade zdvislosti medzi uhlom Si—O~—8Si a hodnotou vinoétu valenénej vibracie
typu 4, v krystalickom pyrokremiéitane (tdto vibrdcia je geneticky odvodend z plne-
symetrickej valenénej vibrdcie A v tetraedroch SiO4) je mozno ziskat informativnu
hodnotu tohto uhlu. Pre uhol 8i-O-8i v krystalickom akermanite bola tymto postupom
stanovend hodnota 143°.

Obr. 1. IC absorpéné spektrd skiel sustavy akermanit-diopsid; a — akermanit, b — 20 %,
c—40 %, d— 60 %, e — diopsid (molmne % diopsidu v zmesz)

0obr. 2. IC absorpéné spelch a; a — kry Jstalwk Yy akermanit, b — krystalicky diopsid.

Obr. 3. FMIR spektra; a — krystalicky akermanit, b — amorfny akermanit.
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HHODPARPACHBIE CHEKTPBI CHCTEMBI AKEPMAHRFIT-ZIMOIICH [T

MuaocnaB Ilncapunk, IIBo Ilpoke, Baayumup flucra

Huemumym neopeanunecroti xusmuw CAH, Bpamucaasa
rsagedpa puaunecroii zumun ODXT Crocayrozo nosumerrunecko2o WHCIMUIMYIMA
B panucaaca

HPpaKPACHLIX CIIEKTPOB PC3KO OXIAMK;[AEMOr0 pacimilaBa aKCPMaHHTa CJCYCeT, UTO
paciiaase oOpasyiorest Oosiee xoporwue (n = 2) uenn SiOs Terpagypos. Hawe
IT0.10/4CHIC OCHOBAHO HA CJEAYIONUIX J{AHHBIX:
: Joca B obmactu 700 eMm~1, 3aBiesimass oT BuOpaiuns 800 ¢M~! B clICKTPE pacHJaBIIeH-
i roii SiO, (M ee cTexsa), He BCTPCUACTCSI B CIICKTPC CTCKJA IIHPOCHIHKATHOIO
vraza (25 Mo, Y% NagO + 35 moir. % CaO [5]. B c¢Bs3i ¢ NOCTCIICHHBIM pa3pylieHieM
i ABLIX MOCTHKOB CMCIHA@TCsI BOJIHOBOC UMCJIO 9TON MOJOChl K 0Oojiee HII3KUM BeJIH-
sxmaoe. CiegoBarenbHo, nmojioca B obmacti 700 cM~i (prc. 1) COOTBETCTBYCT CHIILHO pas-
=:zA0il crpysrype Iencii SiOs. IBe nomokeHune B o0nIEM J{HAIIAB0HC KOHIGHTPAIUIH
AKePMAIIT-HONCH) TOJILKO HE3HAUNTCIBLHO 11 HENIPEPLIBHO cMenaeTest. B cinerrpax
iTHBIX CTCRO:;1 ¢ OoJsice BhicOKHMIT KoHIcHTpamumsaMir MgO nan CaO npusejicHHast
moooea Be Berpevaercs [9].
aocy npit 350 eM~! B IIH crieKkTpe cTewiia 13 HHCTOIO0 AKCPMaHHTA MO0 COOTHOCHTD
sl pamungr MeO— Ha nensix SiO,4 [8].
HOBAHMII 3aBHCHMOCTII Mey yraoM Si—O—Si 1 BeJuIwiiHON BOJHOBOrO icJia
oif BiOpaiutn tuna A; B KPHCTALIYCCKOM IIHpPOCIHIIMKATe (IIPHBONMAas BHOpaIsI
Kil BLIBOJUHTCSI M3 COBEPIICHHO CHMMCTDIIMHOIM BaJjieHTHOIi BuOpamur A, B Terpa-
wipox Si04) MOYKHO 110JTYUATL MHOOPMATHBHYIO BEJIMUNHY 9TOTO yria. TaxknM oGpasoM st
s Si—0—Si B KpHCTQILINUCCKOM aKepMaHliTe Oniia ycTaHOBJICHA Bejniwina 143°.

be

oo 1. I K cnexmpbwl abcopbyuu cmeroa cucmesst arepsanum-ouoncud; a — axkepsarunt,
b — 20 %, c — 40 Y%, d — 60 Y%, e — duoncud (smoa. Y% Jduoncuda ¢ cmecu).
Fuc 20 HK cnekmpur abeopbyuu; a — kpucmasauneckuii axepaarum, b — kpucmasaunecrkuii
duoncud.
2 3. FMIR cnexmpu; a — rpucmaaauveckuii axepmanum, b — amop@nulii axepsaruni,
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