
INFRARED S·PECTRA • OF THE SYSTE M 
A KE R MAN IT E--D I OP S IDE 

MnDSLAV P1sÁRČiK, Ivo PROKS, VLADIMÍR JANSTA. 

Institute oj Inorganic Ohemistry, Slovak Academy oj Sciences, 809 34 Bratislava 
Dúbravská cesta 5 

Slovak Technical University, Depart.ment oj Physical. Ohemistry 

880 37 Bratislava, Jánská 1 

Received 3. 9. 1975 

Investigation oj the 700 cm- 1 and 350 cm- 1 regions oj injrared 
absorption spectra oj rapiclly quenched akermanite melts implies that 
its melting brings about jormation oj shorter (n > 2) chains oj Si04 

tetrahedrons. On the basis oj an empirical relationship between the . 
Si-O-Si angle and the jrequency oj type A I valency vibration in crystalline . 
cikermanite, the injormative valite oj this angle was jound to be 143 deg. 

INTRODUCTION 

Infrared spectroscopy is oné of the basic methods for the determination of 
structure in silicate melts arid glasses. In certain cases the methocl lik�wise 
permits detailecl study of crystalline phase structures. The present paper is 
concernecl with the structure óf glasse� in the syste1l\ akermanite-dibpside 
and with the determination of the angle at the oxygen bridge of the pyrosilicate 
anion in crystalline akermani.te. 

EXPERIMENT AL 

All the samples were prepared from chemically pure MgO; CaCO3 an,d SiO2 

(Johnson Matthey Chemicals Specpure) .. The glasses were made from mixtures 
,vhich had been dried for 8 hours after homogenizing, and sealed in Pt áucibles 
after conclusion of CaCO3 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 [l] using final 4-hour heating at 1350 °0. The products 
were identified by X-ray analysis by comparison with calculatecl cliffraction 
records [2], [3]. 

The IR absorption spectra were measured on the Perkin Elmer 221 spectro­
photómeter in the 5000 to 400 cm - 1 range •by the K.Br methocl, and on the 
Perkin-Elmer 225 spectrophotometer in the 400 to 200 cm- 1 range by the 
CsI method. The sample weight was 0.6 mg per 300 mg K.Br or CsI. 

The IR spectra from the surface sample regions were obtained by meáns 
of FMIR <levice 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-1, 850 cm-1, 700 cm-1, 400-600 cm-1, 
350 cm-rand 320-cm-1: • 
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• Fig. 1. I R absorption spectra oj glasses in the system akermanite-diopsicle; a - akermanite,
b - 20 % , c - 40 % , d - 60 % , e - diopside (molar percent oj diopside in the
mixt-ure). 
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Irijmred Spectra oj the:Sysiem Akermanite::....:_ Diopside 

The 970 cm-1 band: The position and intensity ofthiŠ bandremains virtuá:Hy 
unchanged throughout the concentration range employed; the baild tends'tó· 
broaden with increasing lVIgO content. 

This band is also found in other absorption spectra of bther bináry or' 
ternary silicate glasses. In binary systems it begins to appear at concen° 
trations of about 30 mol % MgO [5] and iri tei'nary ones át concentrations· of 
approx. 13 mol% Na2O + 10 mol% CáO and 13 mol% Na2O + 25 mol% 
MgO [5]. 

According to [5] the formation of this band is contributed to by vibrations · 
of SiO- and Si-O--Si in the threedimensional lattice of SiO4 tetrahedrons, 
arising by splitting type F2 degenerated vibration. 

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

This·band arises in IR spectra ofsilicate glasses with iilcreasing 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% BaO, 40 mol % Si'O [6], 13 mol % 
Na2O + 40 mol % CaO, 13 mol% Na�O + 45 mol % MgO, 10 mol % CaO +
+ 30 mol% MgO, and 10 mol% lVIgO + 40 m,ol % CaO [5]. This band can be 
most possibly asc1 ibed to vibration of 'the (-SiO3)3- end group. 

400 1200 • 1CXXJ 800 900 700 500 400 200 cm·1 

a 

b 
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Fig. 2. IR absorption spectra; a - crystalline akerrnanite, b - crystalline diopside. 
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The 700 cm -1 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-1 [5]. In the IR spectrum of glasses having concentrations of 
13 mol% Na2O + 45 mol% CaO and 25 mol% Na2O + 35 mol% 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% CaO + 35 mol% 
MgO) [5]. This band can be ascribed to the vibration of Si-O-Si bridges in 
the chain of SiO4 tetrahedrons [7]. 

The band in the 400 to 600 cm -1 region: This band can be ascribed to 
valence vibrations of MeO- and to deformation vibrations arising 'genetically' 
from the three-times degenerated type F2 vibration [6]. 

The 350 cm-1 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 cm-1) even in BaO and SrO concentration ranges where the 850 cm-1 

band, ascribed to the pyrosilicate -SiO3 end group, does not arise (e.g. in the 
spectrum of glass containing 30 mol % BaO). This band can be brought about . 
by vibrations of -MeO- at the SiO4 chains. 

The 320 cm-1 band: The intensity of this band decreases simultaneously 
with that at 850 cm-1 band. Howevcr, 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-1 band can be ascribed to vibrations of Me-O- at the pyrosili­
cate end groups (-SiO3)3-. 

.,. 

DETERMINATION OF THE ANGLE AT THE OXYGEN BRIDGE OF 

THE PYROSILICATE ANION IN CRYSTALLINE AKERMANITE 

The wavenumber values of type A 1 and B1 vibrations (these vibrationf'l arise 
from full valence vibration of type A 1 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 A 1 and B1 vibrations, and the Si-O-Si angle. According to the 
respective graphical representation of this relationship, wavenumber A 1 

(in the speétrum of crystalline akermanite this is the band at 670 cm-1, Fig. 2a) 
corresponds to an Si-O-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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Inf1·ared Spectra oj the System Akermanite - Diopside 
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Pig. 3. FMIR 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 SiO4 tetrahedrons. 
Thi suggestion is based on the following findings: 

a) The band in the 700 cm-1 region, related to the vibration of 800 cm-1 

in the spectrum of pure molten SiO2 (or its glass) is not found in the spectrum 
of lass of pysrosilicate composition (25 mol% Na2O + 35 mol% CaO 5). With 
progressing elimination of oxygen bridges the wavenumber of this band 
shiit towards the lower values. The band in the 700 cm-1 region (Fig. 1) 
therefore corresponds to strongly impaired structure of SiO4 chains. Within 
l:.be entire concentration i'ange of the akermanite-diopside system; its position 
-- only slightly shifted. This is not found in the spectra of silicate glasses with 
Mg concentrations higher than those of CaO [5]. 
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b) The 350 cm-1 band iú the IR spedttúm of puřé akerinanite glass can be
ascribed to vibrations óf l\:Ie-O- áť"the SiO; 'cliains [8]. 

2. On the basis of a relationship between the Si-O-,Si angle and the wave­
number value for typ� A 1 valence vibration in crystalline pyrosilicate (this 
vibration being genetically derived from fully symmetrical A 1 valency vibration 
in SiO4 tetrahedrons) it is possible to obtain an informative vialue of this 
angle. For the Si-O-Si angle in crystalline akermanite this procedure yielded 
the value of 143 deg. 
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INF RAČER VE,NÉ SPEKT RÁ SÚSTAVY AKE RMANIT-DIOPSID

MILOSLAV PrsÁRČrn:, Ivo PROKS, VLADIMÍR JANS'l'A 

Ústav anorganickej chémie SA V, Bratislava 

Katedrafyzikálnej chémie CH'l'F-SVf!T, Bratislava 

Z IČ spektra prudko schladenej taveniny akermanitu vyplýva, že pri jeho topení 
dochádza k tvorbe kratších (n > 2) reťazocv SiO4 tetraedrov. Táto úvaha vyplýva 
z týchto poznatkov: • 

a) Pás v oblasti 700 mn�1, súvisiaci s vibráciou 800 cm-1 v spektre roztaveného čistého
SiO2 (resp. jeho skla) sa nevyskytuje v spektre skla pyrokremičitanového zloženia 
(25 mol % Na2O + 35 mol % CaO [5]). S postupujúcim rozrušovaním kyslíkových 
mostíkov sa posunuje vlnočet tohto pásu k nižším hodnotám. Pás v oblasti 700 cm-1 

(obr. 1) odpoveclá tedy silne namšenej štruktúre reťazcov SiO4. Jeho poloha sa v celom 
koncentračnom rozsahu systému akermanit-diopsid len nepatrne plynulo posúva. 

• V spektrách lúeiničitanových skiel s vyššími ktmcentráciami MgO ako CaO sa tento
pás nevyskytuje [5]. _ 

b) Pás pri 350 cm-1 v IC spektre skla z čistého akermanitu možno priradiť vibrá­
ciám MeO- na reťazcoch SiQ4 (8].

Na základe závislosti medzi ·uhlom Si-O-Si a hodnotou vlnočtu valenčnej vibrácie 
typu A, v kryštalickom pyrokremičitane (táto vibrácia je geneticky odvodená z plne­
symetrickej valenčnej vibrácie A 1 v tetraedroch SiO4) je možno získať informatívnu 
hodnotu tohto uhlu. Pre uhol Si-O-Si v kryštalickom akermanite bola týmto postupom 
stanovená hodnota 143°. 

Obr. 1. IČ absorpčné spektrá skiel sústavy akermanit-diopsid; a -akeťmanit, b - 20 %, 
c � 40 % , d - 60 % , e - diopsid (molárne % diopsidu v zmesi). 

Obr. 2. IO absorpčné spektrá; a - kryštalický akermanit, b _:_ kryštalický diopsid. 
Obr. 3. FMIR spektrá; a - kryštaliclcý akermanit, b - am01jný akermanit. 
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H PAHPACHhIE CIIEH:TPhl CHCTEMbl AH:EPMAI-lltIT-,)J;HOIICH,)J; 

Mm10cJian Ilncap•mH, Mno IlpoHc, BJiaJIHMnp .flHcTa 

Mncnwmym Heop2a1-1u11ec1.oii xu.1iuu CAH, B pamuc.11,aaa 
,;a<jeapa rfiuau11.ec1wii xu.Muu WXT C.11,oaal.j,1,:020 no.11,wnexHu11.ec1w20 uHcmwnyma 

Bpanwc.tiaaa 

( � 11111ppai<pacm,rx crreHTpOD pcar<o OXJmmnaeMoro pacrrJiana ai<epMUHHTa CJICJIYCT, 'ITO 
ern pacnnane o6paayroTcH 6oJiee 1wpoTime (n = 2) u:errn Si04 TeTpaa1won. Hame 

:lOmCHIIC OCHODaHO Ha CJie11yrorrurx 11aHHLIX: 
no.,oca n o6Jiacnr 700 cM-1, aanHcnw;an OT m16par�mť 800 cil:-1 n cneinpe pacnJianJieH-

- 'IJl�"TOII Si02 (1rn11 e_e CTerrna), HC DCTpc•raeTCH B CIICI{Tpe CTCirna nnpoc.1rn1mnTHOl'O 
(25 MOJI. % Na20 + 35 MOJI. % Ca O [5]. B CDH3H C IIOCTCilCIIHblM paapyrneHHCM 

'.:IOJ)O;:{BblX MOCT.IIHOD CMe1u;aeTCH DOJIHODOe 'IHCJIO 3TOH IIOJIOCbl H 6oJiee H11:m11M DCJIH­
C;rn11onaTeJILHO, IlOJJOCa D o6JIUCTH 700 CM-I (pne. t) COOTD0TCTDYCT CHJIJ,I-10 pa3-

--� .. -u,oií cTpy1nype u:enci1 Si04. Ee noJiůmenHe n 0611.{eM rviam1aoue IWHl{CHTpat\HH 
<tlll!'"'fll".!lll!.I ai-.ep�rnn11T-J:1HOIICl1JI TOJILHO HC3Ha•rnTCJibHO 11 nerrpepr,IDI-10 CM'CUWCTCH. 13 CIICK_Tpax 

TBblX CTCIWJI c 6oJiee DLrco1mM11 HOHJ.\CHTpau:unM11 MgO HJJH CaO np1rne/WHHan 
·c1 He DCTpe•iaeTCH [5].
no.,ocy npH 350 CM-I n HH CllCHTpe CTCHJia H3 'IHCTO!'O a1<epMaH11Ta M011UIO COOTHOCHTL 

- • n11nM11 MeO- na u:ennx Si04 [8].
Ha OCBOBUHIIH 3aDHCUMOCTJ-l Memny yrJIOM Si-O-Si II BCJill'IHHOH BOJIHOBOrO 'IHCJI(I 

SLlleHIIIOÍÍ n116pat{HJ-l nma A I B HpllCTaJIJIH'lCCHOM I IHJ)OCHJIJmaTe (np1rno1111MaH n.116pau:1rn 
11!E'i11'Jet'J-.ll BLIBO/�HTCH H3 coneprneHHO CHMMCTJ)I1'1HOfr DaJICHTHOfr n.116parvm A 1 B TCTpa­

l: -iO,) MOiHHO IJOJl)''IUTI, umpopMaTHBHYIO BCJI.11'111HY 3TOrO yrJia. Tam1M o6pa30M ).\Jlfl 
Si-O-Si B HJ)HCTl1Jl.lHPICCI{OM aucpMaHJITC 6h!JIU ycTaHOBJieHa BCJIH'JHJ-IU 143°. 

P _ J. II H cneh:111,pbi a6cop6ifuu cme1w.11, cucme.1tbt a1.ep.1ta1-1wn-auoncua; a - ar.ep.1taHum, 
b - 20 %, c - 40 %, d - 60 %, e - auoncua (..1w.11,. % auoncuaa a C.Atecu). 

_ :!. JIH cneh·111pbt a6cop6tfuu; a - 1.pucmaJ!J!U•1ecr.uií. a1.ep.itamun, b - r.pucma.11,.11,u11,eci.uii 
auoncua. 

P _ 3. F�IIR cnemnpbi; a � r.pucmaJ1,J!U11.ecr.ut'i ar.ep.,11.a,-iwn, b - a..1wpif!Hbit'í ar.ep.11.aHum. 
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