OF THE MANGANESE-BEARINS
SPECTRA
ABSORPTION
RHODONITE,
CHAIN SIIICATESPYROXMANGITE,
SERANDITE
AND
BUSTAMITE
P. G. MANNING*
AesrRAcr
The optical absorption spectra of the chain silicatespyroxmangite, rhodonite, bustamite
and.erarditearereported-intheenergyrangeS,S00cm-rte30,000 cs1-t (2.85 0.34p).
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A set of 5 absorption
energies 19,000cm-1, 23,000 cm-l, 24,500 cm-l, 27,700 cm-1 and 29,000 6s1-1,has been
assiined to octahedrally-bonded Mn(II). The spectrum of_PYroxmangite also shows
proirinent absorptions due to octahedrally-bonded Fe(II). The pi$ c91999 of py1o1mangite, rhodonite and serandite are due primarily to octahedrally-bonded Mn(II). The
brow*ncolour of bustamite is due to the super-imposition of the Mn(II) bands on strong
background absorption.
Alf four minerals show an absorption band at -9,500 cm-l that characterisesoctahedrally-bonded Fe(II). Pyroxmangite, bustamite and serandite have a band at -5,000
cm-r that is characLristic of Fe(Ii) in tetrahedral sites. A band at 6,900 cm-r in the
rhodonite spectrum cannot be assignedunequivocally.
The interpretations of the absorption spectra advanced in this work are based on
simple ligand fre\d (d,-d,electronic trinsition) theory. The absorption bands characterise
eleclronii transitions between electronic energy levels that arise as a result of the
splitting, energywise,of the cation 3d orbitals.

Iu:rnoouctrolt
Ligand field theory (or, in its simpler electrostatic form, crystal field
theory) has proved a useful tool in the hands of the inorganic chemist in
the study of complex ions in solids and liquids. Unfortunately, the theory
seems to have drawn little attention from the mineralogist or geochemist.
Ligand field theory could prove useful in the study of structures of
minerals for two good reasons. Firstly, the colours of transition metal
complexes often can be interpreted in terms of. d-d electronic transition
theory and, secondly, minerals are often highly coloured. This does not
mean that the colour of every coloured mineral is due to d'-d'electronic
transitions, as other types of electronic transitions are possible (e.g.
ligand --+ metal charge transfer).
A d-d band can usually be identified from its intensity (extinction
coefficient) and energy. The extinction coefficient is defined by
e:

A/CI,

where L is the band absorbance at peak maximum, C is the concentration
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in moles/litre of the absorbing ion, and I is the crystal thickness in cm.
In general, for octahedrally-bondedions e : 0.1-100, and for tetrahedrally-bondedions e : 0.1-1000.The d,-dbandsare usuallyobservedin
the energy range 4,000 cm-1-30,000cm-l (25,000A-3,OO0A): the visible
region of the spectrum is in this energyrange.
The number of bands observed (and their energies)for a cation in a
given environment can be correlated with a Tanabe-Sugano (1954)
energy level diagram. These energy level diagrams are reproduced in
simplified form in books by Cotton (1964) and Cotton & Wilkinson
(1967). The Tanabe-Sugano(1954) energy level diagram for d6 ions in a
cubic field is shown in Figure L. The diagram tells us that severalrelatively
weak spin-forbidden bands should be observed in spectra of these ions,
correspondingto the electronictransitions tAt --+oTr(G),6At --+oTr(Q,
6Ar--+4A(E(G) etc. For d6 ions, however,the observedenergiesof the
absorption bands do not agree well with the Tanabe-Sugano (1954)
energy level diagram, and someworkers considerthat this is due to a high
degree of covalency (Ginsberg & Robin 1963; Wickersheim & Lefever
L962). For octahedrally-bondedMn(II) in Mn(OH2)62+,the fieldindependent degenerate AAfE(G) levels lie -24,000 cm-r above the
electronicgroundstate (Heidt, Koster& Johnson1958),while for Fe(III)
in garnetsthe correspondingfigure is -22,000 cm-1 (Manning 1967).
In the present work, the absorption spectra of some Mn-containing
chain silicates are reported. The silicates are pyroxmangite, rhodonite,
bustamite and serandite. All show d,-d,bands characteristic of octahedrally-bondedMn(II) and Fe(II). Pyroxmangite, in particular, also
showsspin-forbiddenbands in the visible region due to Fe(II). Pyroxmangite, bustamite and serandite show a band at -5,000 cm-1 due to
tetrahedrally-bondedFe(I I).
The formulaeof the Mn-containingsilicatesare:
pyroxmangite (Mn, Fe)SiO3
rhodonite
(Mn, Fe, Ca)SiOa
(Mn, Ca, Fe)SiOa
bustamite
serandite

(Ca, Mn)zNaH(SiOa)a

In all these minerals, Mn is a principal constituent. Published chemical
analysesof pyroxmangite (Deer, Howie & Zussman 1963), for example,
show that the Mn is located principally in the octahedral sites. It would
appear from these analysesthat less than 5/s of the total Mn is to be
found in tetrahedral (Si) sites. In assigningabsorption bandsin the visible
region in the spectra of the currently-studied minerals, it is logical to
assume, initially, that octahedrally-bondedMn(II) is the principal
absorber.The energiesof the absorption bands in the spectra of the Mncontaining minerals are also comparedwith the energiesof bands in the
spectraof materials known to contain octahedrally-bondedMn(II).
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Frc. 1. Energy level diagram for d6 ion in cubic field. Abscissa represents increasing
strength of ligand 6eld and dotted line represents inferred A value for the Mn-bearing
silicates.

MerBntar-s
The mineral specimenswere obtained from Mr. H. R. Steacy, curator
of the National Mineral Collection, GeologicalSurvey of Canada. The
crystals came from the following locations: pyroxmangite, Shidosa,
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Aichi, Japan; rhodonite, Franklin, SussexCounty, New Jersey; bustamite, Broken Hill, New South Wales; serandite, Mont St. Hilaire,
Quebec.
The bustamite was light-brown in colour, and the other silicates were
pink. Pyroxmangite and seranditecrystals, of size5 mm X 5 mm X 1 mm,
were placed in one window of an aluminum crystal holder that had two
variable-aperture windows. The holder fitted the cell compartment of a
Beckman DK-2A spectrophotometer. Thin slivers of bustamite and
rhodonite were mounted on quartz slidesand maskedwith black masking
tape to form "windows" of dimensions 2 mm X 2 mm. A similarly
masked quartz slide was placed in the referencebeam. All spectra were
run at room temperature.
DrscussroN
Figures 2 to 5 present the absorption spectra of pyroxmangite, rhodonite, bustamite and serandite. In Table 1 are listed the energiesof the
absorption bands observed in the spectra of the above four minerals
together with the energiesof the absorptionsdue to octahedrally-bonded
Mn(II) in Mn(OH)6'z+(Heidt, Koster&Johnson1958)and KCI (Mehra&
Venkateswarlu 1966).It is evident from the energiesof the bandslisted in
Table 1 that most of the bands in the spectra of each of the four Mnbearing chain silicates can be correlated with known spectra of octahedrally-bonded Mn(II). Chemical analysesof the minerals are given in
Table 2.
Infrared, spectra of pyroxmangi,te,rhod,on'i,te,
bustamite and,serand:i,te
Let us first considerthe absorption bandspresent in the infrared region
of eachspectrum shown in Figures 2 to 5. Each spectrum shows a band
with e - 2 in the energy range 9,200 cm-1-9,800cm-1 that undoubtedly
characterisesoctahedrally-bondedFe(II). A band at -10,000 cm-r has
been observed for octahedrally-bonded Fe(II) in MgO (Low & Weger
1960),in Fe(OHr)02+(Holmes& McClure 1957) and also in actinolite,
olivine and diopside(White & Keester 1966).For Fe(II) in cubic fields,
the energy of the single spin-allowed absorption band is a linear function
of the splitting (A) of t2s and e, orbitals. Therefore, assuming that a
simple electrostatic point-charge model is valid, the absorptions for
tetrahedrally-bondedFe(II) should occur at 4/9 X 9,500cm-l, i.e.
-4,000 cm-l. The absorption bands at 4,750 cm-1 in the pyroxmangite
spectrum (Figure 2) and at 4,800 cm-l in the serandite spectrum (Figure
5) could be due to Fe(II) in tetrahedral sites. A band in andradite
spectra (Manning, unpublished work) at 5,600cm-l has also been
attributed to tetrahedrally-bondedFe(II), and we would suggestthat the
5,600cm-l absorption in the bustamite spectrum (Figure 4) is due to
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Frc. 2. Optical absorption spectrum of pyroxmangite. Crystal thickness : 1.35 mm.

Fe(II) in tetrahedral symmetry. Bates, White & Roy (1966) and Slack
(1964) have attributed bands at -4,500 cm-l in the spectra of FecontainingZnO and M gAlrOnto tetrahedrally-bondedFe(I I).
The spectra of pyroxmangite (Figure 2) and bustamite (Figure 4)
exhibit absorptionsat 7,300 cm-l and 8,700 cm-l that appear asshoulders
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Frc. 3. Absorption spectrum of rhodonite. Crystal thickness : 0.3 mm.
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Frc. 4. Absorption spectrum of bustamite. Crystal tiickness : 0.3 mm.
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Frc. 5. Absorptionspectrumof serandite.Crystal thickness: 0.9mm.
on the low-energy limb of the major band attributed to octahedrallybonded Fe(II). These shoulders are probably due to distortions in the O
octahedron surrounding the Fe(II). The 7,300 cm-land 8,700 cm-r bands
are at too high an energy to be tetrahedrally-bonded Fe(II) bands, and in
fact the tetrahedrally-bonded Fe(II) band is observed in pyroxmangite at
TesLo 1. A Couranrsox oF THEENsncrssor AnsonnroN Bervosrr.rSrscrRA
or Cunnsrrr-y-sruDrEDCsArNSn-rce:rsswttg ENpncrss or Mn2+Benos rw
*^a"., KCt ^"" S*
Mn(OHz)02+ KCI

SpessartinePyroxmangite Rhodonite Bustamite Serandite

18,870

19,400

20,800

23,120

22,700

23,500

25,1008 23,900*
27,980
29,75OI

27,200

2A,50Ox
27,000

15,700
18,200
19,900
21,500
23,000
23,950
24,400*
25,200
27,000
27,700
29,0001

*Denotes very sharp absorption band.
fDenotes sharp absorption band.
In spessartine,Mn(II) is &coordinate.
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4,750 cm-1. The 6,900 cm-l band in rhodonite (Figure B) cannot be
assigned unequivocally, but it is very likely that it is also due to distortions in the octahedron. The 6,g00 cm-1 rhodonite band is ar a verv
similar energy to the 7,300 cm-l band in pyroxmangite (Figure 2).
Spectra oJ octahed.rally-bond,ed.
Mn( I I )
The energy level diagram for a d6 ion in a cubic field (Figure 1) affords
an excellent base on which to begin the assignments of octahedrallybonded Mn(II) bands. A notable feature of the energy level diagram in
Figure L is that theaAvaE(G) and aE(D) excited states are parallel to the
electronic ground state 6-41(5), i.e. the AALAE(G) and, aE(D) Ievels are
field-independent. The absorption bands that characterise the electronic
transitions 6Ar --->aAraE(G) and 6At -> aE(D) should therefore be sharper
than the bands associated with transitions to other excited states derived
from aG, aP and 1D terms. Because the ligand atoms vibrate back and
forth about a mean position, the strength of the ligand field (A) also
oscillates about a mean value. Therefore, if the energy separation of the
ground and excited states is relatively insensitive to A, only a narrow
range of energy will be embraced over the range of the ligand vibration.
Hence, in a qualitative fashion, the smaller the slope (of the excited state)
the sharper the absorption band.
Let us now consider the relative widths of the absorption bands in
Figures 2 to 5. It is readily apparent that the absorption bands at the
approximate energies 24,500 cm-l and 29,000 cm-l in all four silicate
spectra are considerably sharper than the other absorption bands in the
visible region. The24,4O0 cm-l and 29,000 cm-l bands in the pyroxmangite spectrum are impressively sharp. On the basis of the preceding
discussion, therefore, we assign the absorption bands at the approximate
energies 24,500 cm-1 and 29,000cm-1 to the electronic transitions
64r -> AA:AE(G) and 6A1-> aE(D) respectively.
Referring to Figure 1, we find that three more absorption bands should
be observed in the visible and near ultraviolet regions. The spectrum of
rhodonite (Figure 3) shows five absorption bands in this energy range,.and
because the absorption bands at 24,450 cm-l and 29,100 cm-l have
already been assigned,we may conclude that the 18,800 cm-1, 28,000 cm-r
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aIr(G), nTr(G)
and 27,700 cm-1 bands mark electronic transitions to the
and,aTr(D) levels. The five absorption bands that characterise the Mn(II)
in the spectra of pyroxmangite, bustamite and serandite (Figures 2,4 and
5) are now evident, and the energies of the bands are listed in Table 1. The
energies of the bands that we observe in our silicate spectra agree well
with the energies of octahedrally-bonded Mn(II) bands in Mn(OHr)uz+
(Heidt, Koster & Johnson 1958) and KCI (Mehra & Venkateswarlu,
1966). These workers also make similar assignments to ours. The
currently-reported spectra for Mn(II) also agree with the spessartine
spectra (Manning l-967) where Mn(II) is 8-coordinate.
Because theaAt and aE states are not exactly degenerate, the absorp4A4E(G) is split, and a shoulder is
tion band marking the transition 6A1 ---s
observed on the main band (Heidt, Koster & Johnson 1958). This weak
shoulder is found in the pyroxmangite, rhodonite and serandite spectra
(Figures 2, 3 and 5). The energy separation of peak and shoulder is
200 cm-1, in ag:eement with the spectra of the octahedrally-bonded
Mn(II) ions (e.g. Heidt, Koster&Johnson 1958). The24,400 cm-1band
in pyroxmangite shows a second shoulder at 23,950 cm-1, and the origin
of this we shall discuss below.
Res'id'ual, absorPt'ion s
The chain silicates studied here also exhibit absorption bands other
than those attributable to octahedrally-bonded Mn(II) and octahedrallyand tetrahedrally-bonded Fe(II). Pyroxmangite has the following additional bands in the visible and near ultraviolet regions: 15,700 cm-l,
17,500 cm-l (weak), 19,900 cm-l, 21,500 cm-1, 23,950 cm-r,25,200 cm-1
and 27,000 cm-l. Because no sharp bands are present in this group, it
would seem that the amount of tetrahedrally-bonded Mn(II) in the
currently-studied silicates is immeasurably small. A sharp band corresponding to the transition 6At + nAtnE(G) (Figure L) is also observed for
tetrahedrally-bonded Mn(II) in other anionic environments (Cotton &
Wilkinson 1967).
Other transition metal ions often present in silicate minerals are
Ti(III)
and Fe(III). The former ion exhibits an absorption band at
-20,000 cm-l in Ti(OHz)03+, and this band corresponds to the only
allowed electronic transition 2Tz--->'E(D). Spin-forbidden bands of
octahedrally-bonded Fe(II) are also observed in the visible region
(Manning, 1967), and this complicates the assignment of the residual
absorptions in the pyroxmangite spectrum. The absence of sharp peaks
among these.residual absorptions further suggests that Fe(III) , a d,6ion,
is unimportant. The 9,800 cm-l Fe(II) band in the pyroxmangite spectrum (Figure 2) is very intense, and the intensities of the residual
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absorptions are certainly of the right order for spin-forbidden Fe(II)
bands. The pyroxmangite crystal was too varuable a specimen to be
destroyed for chemical analysis, but it is likely that most of the residual
absorptionsarespin-forbiddenbandsof Fe(II).
CoNcr.usroN
The optical absorption spectra of pyroxmangite, rhodonite and
serandite show that the pink colours are due primarily to octahedrallybonded Mn(II). The brown colour of bustamite can be attributed to
octahedrally-bondedMn(II) bandssuperimposedon a strong background
absorption. Pyroxmangite has forbidden bandsin the visible region due to
Fe(II) in octahedral sites. All four silicates have bands in the infrared
characteristicof Fe(II) in octahedralsites,while pyroxmangite, bustamite
and seranditealsoshow tetrahedrally-bondedFe(II) bands.
RBnnnnNces
Bates, c. H., warro, w. B. & Rov, R. (1966): The solubility of transition metal oxides
in zinc oxide and the reflectance spectra of Mn2+ and Fe2+ in tetrahedral fields.
J. Inorg. Nucl. Chem.28,BS7.
corroN, F. A. (1964): chemiral, appl.icationsof group theory. lnterscience publishers.
New York.
corror.r, F. A. & wnrnrsorv, G. (1962): Ad,oanced,.i,norgank
chem.istry.Interscience
publishers, Inc., New York.
Dern, W. A., Howm,
ZussuAN, -J. (1962): Rochform,ing mineral,s.Vol. 2.
\.,A.&
Longmans, Green and Co. Ltd, London.
G[vsrnnc, A. P. & Ronrw,,M. B. (1g68): The structure, spectra and magnetic properties
of certain halide complexe,s.Inorg. Chem,2, gL7.
Heror, L. J., Kosron, G. F. & JouNsolr, A. M. (1g5g): Experimental and crystal 6eld
study_ofthe absorption_spectrum of manganous perchiorate in aqueous perchloric
acid. -I. Am. Chern.Soc.80, 6471.
Hor-uns, o. G. & Mccr.u,nr, D. S. (1gb7): optical spectra of hydrated ions of the
transition metals.J. Chem.Phys.26,1686.
Low, w..& w-q.r*, IvI. (1960): Paramagnetic resonanceand optical spectra of divalent
iron in cubic 6elds. Phys. Rat, 118, L180.
MAulurvc, P. G. (1967): The optical absorption spectra of the garnets almandinePltgqu, pyrope and spessartine and some structural interpretations of mineralogical
significance.Can. Mineral., 9, 297-Zbt .
MrHnA, A. & vBNrernswARlu, p. (1g66): Absorption spectrum of Mn2+ in KCl. J.
Chem.Phys.,45,3381.
Srecr, G. A. (1964): FeAlrOr-MgAlzOa: Growth and somethermal, optical and magnetic
properties of mixed single crystals. phys. Rev.,134,4126g.
TANene, Y. & sucaxo, s. (1gb4): on the absorption spectra of complex ions. J. phys.
Soc.Japan,9,753.
wutro, w. B. & Kers:ron,,K. L. (1g66): optical absorption spectra of iron in the rockforming silicates. Am. M'ineral., 5t,774.
wrcrBns'lnrM, K. A. & LBrnvrn, R. A. (1g62): Absorption spectra of ferric ironcontaining oxides..I. Chern.Phys.,36, M4.

Manuscri,ptrece&ted,2g
March, 1967, emendnd,
17 October,1967

