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Abstract Five distinct absorption bands on vesuvianites spectra have been
recorded in the OH-stretching region — at 3670, 3640, 3570, 3530 and ca. 3170 cm—1.
They correspond to vibrations of OH groups linked to different di- and trivalent
cations.

Vesuvianite (idocrase) is a fairly common silicate mineral occurring
principally in metamorphic rocks. General features of its structure have
already been described by Warren and Modell (1931), who pointed out
its remarkable similarity with that of garnet (grossular). However, much
remains to be done about some details of crystal structure of vesuvia-
nite and its physical properties. Even its chemical formula still remains
an object of discussion (Ito, Arem 1970). It seems reasonable to expect,
that the examination of infra-red absorption spectra of this interesting
mineral will provide additional data necessary for understanding of its
crystal chemistry and structure. In this paper the OH-stretching region
of the vesuvianite spectrum is discussed.

The ideal formula of vesuvianite is usually expressed as: Cay (Mg,
Fe), Al, [Si,0q]2 [SiO4]5 (OH, F), (Deer et al. 1962). In its crystal lattice
the presence of independent Si0, and Si,0O; groups was found. Both Al
and (Mg, Fe) are octahedrally co-ordinated, while Ca is 8-co-ordinated
by oxygen. In this paper the positions occupied normally by Al will be
designated as X, those by (Mg, Fe) — as Y, and by Ca — as Z. As can
be assumed on the basis of Warren and Modell’s paper (1931), the OH
groups are linked essentially to (Mg2*, Fe2+) ions (site X), and only to
a lesser degree to A3+ (site Y) and Ca2t (site Z) the positions of which
are probably more distant. However, a wide range replacement of diva-
lent (Mg2+, Fe2t) by trivalent (AI3+, Fe3*) ions can take place. The best
evidence for this has been given by the successful synthesis of Mg- and
Fe-free vesuvianite in which Al replaces these elements completely
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(Rapp, Smith 1958). In some less common varieties of vesuvianite consi-
derable quantities of other clements have been found (Ti, Mn, Be etc.).
This, however, is not the case in the here examined samples.

The infra-red spectra of vesuvianites differing in chemical composi-
tion (iron content) were recorded with an UR-10 (Zeiss) spectrometer
using hexachlorobutadiene mull. Their chemical differences were mani-
fested in variation of colour. The content of Fe2+, Fe?*t and some other
elements was checked by routine chemical methods.

Five distinct absorption bands, differing in relative intensities, are
visible on the spectra. They correspond to wave numbers 3670, 3640,
3570, 3530 and ca. 3170 cm~1. The 3570 and 3530 cm~1 bands are eviden-
tly due to vibrations of the hydroxyl groups linked to Fe*t and Fed*
ions, respectively: they do not appear on the spectrum of a white va-
riety of vesuvianite from Piz Longhin, showing the smallest iron con-
tent. The 3530 cm~! band appears distinctly on the spectra of green vesu-
vianites, displaying the highest Fe®* . Fe2+ ratio, while the 3570 cm~!
band is characteristic for the brown specimens, relatively rich in diva-
lent iron.

The assignment of 3670 and 3640 em-1 frequencies is less certain.
These bands appearing distinctly among others on the spectrum of white
vesuvianite, low in iron, are undoubtedly related to OH groups coordi-
nated with Mg?* ions as well as Al3* ions occupying Mg positions (site
X). It seems probable, that the higher wave number 3670 cm~1 corres-
ponds to vibrations of hydroxyls linked essentially to Mg2+ while the
lower one at 3640 cm-1 to these of OH-groups associated with Al**. Some
evidence for these assumptions arises from taking into account the close
relationship of vesuvianite and garnet structure:

1. The infra-red spectrum of a hydroandradite from the Totalp ser-
pentine complex, low in Al and relatively rich in Fe3+ and Mg, shows
in the 3500—3700 cm~-! region two absorption bands: a major one
3595 cm~! and a minor one at 3660 cm~!, no remarkable absorption at
between 3600—3640 being detected (Peters 1965).

9. The wave number of the main absorption band in hydrogrossular’s
spectrum is ca. 3625 cm~* (W. Zabinski 1966). In the spectra of hydrogros-
sulars containing dispersed vesuvianite phase a distinct intensity increase
of the above mentioned band has been recorded. It is to be expected,
that such a vesuvianite which was exsoluted from Ca-Al-hydrogarnet
will be low in Mg and Fe.

Special attention should be paid to a week absorption band near
3170 em—1. It appears most distinctly on the spectra of green, Fe¥* rich
vesuvianites. Such a low frequency band certainly arises from OH
groups engaged in very short OH...O bonds. It is worthy of notice, that
in contradistinction to sheet and chain silicates, whose OH stretching
frequencies occur in the 3700—3500 cm~! region, in the case of orthosi-
licates containing isolated SiO, and Si,O; groups lower frequencies are
often' mgt (zoisite 3165 cm~1, clinozoisite 3340 cm~1, epidote 3370 cm~—!
chloritoid 3450 and 2980 cm~1). It seems most likely, that the close—pac—,
ked structures of such silicates, manifested in their higher densities as
compared with those of sheet and chain silicates, lead to shortening of

46

some OH..O distances and thus to lowering of corresponding OH fre-
quencies. Unfortunately, in the case of vesuvianite the exact values of
interatomic 0— 0 distances have until now not been determined by
X-ray method *, what makes more precise assignment of 3170 cm~1 ab-
sorption band difficult.
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Fig. 1. Infra-red spectra of vesuvianites T DN
from \/ N5
a — Cziklowa, Rumania (yellow, 0.44% FeO,
2.31% FegOg), b — Hindubagh, Pakistan / F
(green, 0.36% FeO, 4.69% FeyOg), ¢ — Trans- _"\— /
vaal (green, 0.22% FeO, 2.96% Fe,Oy), d — 2 e
Piz Longhin, Switzerland (white, 0.35% FeO, \/
1.41% Fey,Og), e — Monzoni, Italy (brown, \
1.78' FeO, 3.12% FegOg), f — Canzoccoli, Italy 3700 3500 2300 3100cm'1

(brown, 0.87% FeO, 3.49% FezOg)

Conclusions. The examination of infra-red spectra of vesuvia-
nites in OH-stretching region gives evidence for the assumption, that
their OH-groups are linked to both divalent (Mg2?+, Fe+?) and trivalent
ions (Al3t, Fedt). It seems probable, that some OH...O distances are very
short. It should be clearly stated that the above presented interpretation
of the vesuvianite OH-stretching region is simplified by taking into acco-
unt the influence on the O—H stretching frequency of the closest cation
only and disregarding the force field exerted by more distant ions. More-
over, the author believes that using a spectrometer of higher resolving
power (grating spectrometer) more absorption frequencies in the investi-
gated region could be detected.
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* The refinement of vesuvianite structure has recently been announced by
Arem (Ito, Arem 1970).
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Witold ZABINSKI

WIDMO WIBRACYJNE WEZUWIANU W ZAKRESIE DRGAN GRUP
HYDROKSYLOWYCH

Streszczenie

Badania widm wibracyjnych wezuwianu nie byly dotychczas pro-
wadzone w zakresie walencyjnych drgan grup hydroksylowych. Autor
podjal je z mysla o uzyskaniu informacji o sposobie zwigzania tych grup
w sieci krystalicznej omawianego mineralu. Za pomoca spektrofotometru
UR-10 (Zeiss) zarejestrowano widma wibracyjne kilku okazéw wezuwia-
nu, rézniacych sie sktadem chemicznym (glownie zawartoscig Fe2t i Fedt).
Na spektrogramach (fig. 1) zaznacza sie wyraznie pie¢ pasm absorpcji,
odpowiadajacych liczbom falowym 3670, 36405 35[10,5:3530 1 okoto
3170 cm~!. Poszczegblne pasma przypisa¢ mozna drganiom grup OH
zwigzanych z réznymi kationami dwu- i tréjwartosciowymi (Mg2+, Ald+,
Fe2+, Fe3+). Na szczegblng uwage zasluguje widoczne na niektorych
spektrogramach maksimum absorpecji okoto 3170 cm—!, ktéore zdaje sie
$wiadezy¢ o tym, ze w sieci krystalicznej wezuwianu cze$¢ protonow
grup OH uczestniczy w bardzo krotkich wiazaniach wodorowych.

OBJASNIENIE FIGURY

Fig. 1. Widma absorpcyjne wezuwianéw w podczerwieni

Buroavd )KABHHBCKH

BUBPALLMOHHBIM CNEKTP BE3YBUAHA B OBJIACTH
KOJIEBAHUWY TUJAPOKCHJIbHBIX I'PYIIII

Peswowme

I/ICC.HeILOBal;lI/le BH6paIlI/IOHHbIX CIIEKTPOB Be3yBHaHa B o06sacTH BaJIEHT-
HBIX KoJieGaHui THIPOKCHJILHBIX TPYNM A0 CUX IO HEe NMPUBOAUJIOCE. ABTOp
NpeAnpUHAJ TaKue UCCIE0Banud C 1eJbIo NMOJYyUYeHUsT AaHHbIX OTHOCHUTEJIbHO
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croco0a CBsI3H 3THX TPYNN B KPUCTANJIHYECKOH pelleTKe pacCMaTpPHBAEeMOTO
munepaga. C nomoupio crnekrpodoromerpa YP-10 (Lleficc) Oblin 3aperu-
CTPHPOBaHbl BUOPAIIMOHHbIE CIIEKTPbl HECKOJIbKHX 00pa3loB Be3yBHaHa, OT/IH-
YaIOLHXCSl XHMHUECKHM COCTaBOM (TJIaBHBIM 00pasoM IO conep)xaﬂmé) Fe2+
u Fe3t). Ha cnekrporpammax (¢ur. 1) oTUeTIMBO NPOSBJAAETCS NATH MOJOC
TOTJIOILEHHS, COOTBETCTBYIOLIUX BOJHOBBIM uuciam 3670, 3640, 3570, 3530
1 0KoJs10 3170 cm—1. OTAeabHBIE TTOJOCHI MOXKHO YBA3ATh C xone6a},mﬂMy1,rpynn
OI—3Il CBA3AHHBIX C DASHHIMH ABYX- H TPeXBaJCHTHHIMH KATHOHAMH (Mg2+
Al3*+, Fe2+, Fe3t). Ocoboro BHHMaHHs 3aCIy:KHBAaeT 3aMEeTHBIH Ha HeKoTO-
PBIX CHEKTPOrpaMMax MAaKCHMyM MOIVIOUIEHHS OKOJIO 3170 cm—1, cBUIeTED-
CTBYIOLIMI, KAK Ka)KeTCs, O TOM, YTO B KPHUCTAJJIHUECKOH pelleTKe Be3yBHA-

Iéz YacCTb MNPOTOHOB TPYMII OH y4acTByeT B OY€Hb KODOTKHX BOJOPOAHBIX
A349X.

OBbbJACHEHHE K ®UI'YPE

®ur. 1. UuppakpacHble CHeKTPhbl MOTJIOLIEHHsT Be3yBHAHOB
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