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Abstract. — In this paper, we present the optical properties of a series of well-characterized metal oxides
(Fe;Mg1-.0, z=1.0, 0.9, 0.8, 0.7, 0.5, 0.4) in the wavelength range from 200 nm to 500 pm. A number of oxygen-
rich stars show circumstellar dust features between 10 and 14 pm and around 19 pm which cannot be explained by
ordinary cosmic silicates but may be modelled by a mixture of aluminium oxide and iron-magnesium oxides. Calcu-
lated absorption spectra for small spheres show one vibrational band in the range from 19.9 pm (FeO) to 17.7 pm
(Feo.4aMgo.60) in the Rayleigh limit. The absolute peak values of the oxide absorption bands are more than a factor
of two larger than the 18 pm band of amorphous silicates, indicating that a small admixture of oxides can change the
18 um/10 pm band ratio dramatically. The near-infrared opacity of the iron-rich oxides is of comparable magnitude
to that of Fe3O4. Therefore, small amounts of iron-rich oxides in addition to silicates raise the absorbance in this
spectral range in a very efficient way.
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1. Introduction

The composition of dust in circumstellar envelopes
strongly depends on the O/C ratio, the pressure and
temperature conditions, and the abundance of the most
abundant elements forming refractory compounds. As-
suming solar composition, these elements are iron, silicon,
and magnesium (Anders & Grevesse 1989). However, we
should note that Si, Fe, and Mg do not always show the
same depletion pattern in the interstellar medium, point-
ing to grains with different Mg:Fe:Si ratios (e.g., Mathis
1993).

In an oxygen-rich environment around M-type stars,
only basic constituents like MgO, SiO, FeO, atomic Fe
and Mg are present in the gas phase prior to the forma-
tion of more complex silicate and oxide grains (Sedlmayr
1994; Nuth & Hecht 1990). The simultaneous observation
of a 10 and 18 pm feature has generally been attributed to
stretching and bending vibrations of Si—O bonds in cosmic
silicates (for recent work see, e.g., Ossenkopf et al. 1992;
Jager et al. 1994). The appearance of a broad 12—13 ym
feature in the LRS spectra of Mira variables with sym-
metric light curves is interpreted as due to aluminium ox-
ide grains (e.g., Vardya et al. 1986; Onaka et al. 1989;
Little-Marenin & Little 1990; Stencel et al. 1990). We
should note that the formation of such aluminium oxide
“stardust” is supported by the recent detection of preso-
lar Al;O3 grains in the Bishunpur, Murchison, Orgueil,

and Tieschitz meteorites (Hutcheon et al. 1994; Huss et
al. 1994; Nittler et al. 1994).

Here, we stress that there are a number of oxygen-rich
stars with IRAS LRS and UKIRT CGS 3 spectra show-
ing some features between 10 and 14 pm which are very
different from the classical silicate feature and that also
show a feature at around 19 um (see, e.g., Vardya et al.
1986; Little-Marenin & Little 1988, 1990; Groenewegen
1994). In the automatic classification of IRAS LRS spec-
tra by Cheeseman et al. 1989, the spectra in the ) classes
are dominated by emission bands at 11+, 13.1, and around
19 pm (see Goebel et al. 1989). Most of these IRAS sources
are oxygen-rich stars. This may indicate that other metal
oxides are present in the envelopes of these stars in addi-
tion to aluminium oxide and “normal” silicates. Good can-
didates for such metal oxides are iron-magnesium oxides
with absorption in an interval around 19 pm (for a discus-
sion of iron oxides, see also Duley 1980; Rietmeijer 1992).
Such oxides could also contribute to the 18 um feature
in those cases where the feature is indeed due to stretch-
ing vibrations in silicates. This fact adds to the difficulty
caused by the temperature distribution (see Henning et
al. 1983) in attempts to derive an intrinsic 18 pm/10 pm
silicate band strength from observed spectra. Recently,
Goebel et al. (1994) detected a 7 pum feature in oxygen-
rich shells, which lacks a clear identification. This shows
again that spectra of these shells can be more complicated
than would a “pure” silicate spectrum.
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We extend the proposal by Nuth & Hecht (1990) who
predicted the formation of a “chaotic” silicate and argued
that the initial condensate will not be fully oxidized and
that both aluminium and silicon will tend to reduce other
metal oxides. Therefore, we would expect the presence of
Fe,Mg;_,O grains with = between 0 and 1 in the en-
velopes of oxygen-rich stars.

To prove the presence of oxides in circumstellar and in-
terstellar space, their optical properties have to be known
and compared with observations. The optical constants
of some of these refractory solids have already been de-
termined. Here, we refer to the data for silicates (see,
e.g., Jager et al. 1994, pyroxene glass of cosmic composi-
tion; Dorschner et al. 1995, pyroxene and olivine glasses),
Fe; O3 (Steyer 1974), Fe3O4 (Steyer 1974; Degiorgi et al.
1987), Al,O3 (Gervais 1991; Koike et al. 1995), MgO
(Roessler & Huffman 1991),Si0 (Philipp 1985a) and SiO,
glass (Philipp 1985b). Data for FeO (wiistite) and its solid
solution with MgO (periclase), called magnesiowiistite
(Fe;Mg;—,0) are not available yet. The main goal of this
paper is to present such data for well-characterized sam-
ples of Fe;Mg;_,O from the ultraviolet to infrared wave-
lengths. Such laboratory data will be very important for
an adequate interpretation of high-quality infrared obser-
vations expected to come from the Infrared Space Obser-
vatory ISO.

2. Oxide formation

The elements forming silicate and metal oxide grains are
differently distributed in the gas and the grain phase in
the interstellar medium. The depletions from the gas phase
are not only dependent on the elements but also on the
mean gas density (and of course on the age of the system)
(Mathis 1993; Wilson & Rood 1994). These variations are
not always well understood and sometimes point to the
fact that the Solar System abundances may not be repre-
sentative of the local ISM 4.6 Gyr ago.

However, the “cosmically” abundant elements O, Si,
Mg, and Fe are expected to form refractory oxides (includ-
ing highly-disturbed silicates) in oxygen-rich envelopes
around evolved stars and supernovae shells (Nuth & Hecht
1990; Kozasa & Hasegawa 1989; Sedlmayr 1994). The for-
mation of iron-magnesium oxides as well as additional
metal oxides simultaneous with or independent of silicate
formation or as a product of gas-grain reactions (in the
diffuse interstellar medium) is possible under special con-
ditions (Duley 1980; Jones 1990; Rietmeijer 1992). The
understanding of the simultaneous formation of metal ox-
ides and silicates is only possible by considering the nucle-
ation process of silicates in detail (see Nuth & Hecht 1990;
Stencel et al. 1990). One should note that Al (and SiO)
are very efficient reducing agents and will balance the ox-
idation of Mg and Fe. In an oxygen-rich atmosphere, the
non-equilibrium formation of iron-magnesium oxides can
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be expected. Assuming that oxide formation happens, the
oxidation state of the excess iron in oxides, by that we
mean the formation of FeO, Fe3Oy4, or Fe;O3, strongly
depends on the prevalent oxygen partial pressure and the
temperature regime. Decreasing temperature and increas-
ing oxygen partial pressure shifts the equilibrium in the
system Fe-Si-O from the formation of metallic iron to iron
silicates, ferrous iron oxide (FeO, wiistite), mixed ferrous
and ferric iron oxide (FezO4, magnetite), and completely
oxidized ferric iron oxide (Fe;O3, hematite) (Frost 1991).
The possibility that divalent iron can replace magnesium
in the oxides and vice versa by the formation of solid solu-
tions of Fe,Mg;_,O is due to the fact that the ionic radii
of Fe?* and Mg?* are of comparable size.

Compared with the cosmic abundance value (0.5), the
Fe/(Fe+Mg) ratio is different for interplanetary dust par-
ticles (IDPs) and comets. The dust of comet Halley shows
a lower average value of 0.3 as measured by the mass
spectrometers (Jessberger et al. 1989), indicating that the
Halley silicate grains are magnesium-rich silicates. Ex-
amination of different chondritic IDPs (Christoffersen &
Buseck 1986) show a great variety of Fe/(Fe+Mg) ra-
tios; e.g., three olivine-dominated IDPs (members of the
olivine IR class) show very different silicate compositions.
JEDAI, a representative particle of this class, contains
magnesium-rich olivine particles (Fe/(Fe+Mg) = 0.02),
while the olivine grains in ESSEX and ATTILA are more
Fe-rich particles (Fe/(Fe+Mg) = 0.28—0.61). In JEDAI,
the Fe-components appear in the form of magnetite. In
ESSEX and ATTILA, additional amounts of Fe-sulphides
are described. This indicates that the occurrence of iron
oxides together with magnesium silicates is not uncom-
mon.

3. Preparation and chemical analysis

Bulk samples of FeO and Fe,Mg;_,O (z = 0.9, 0.8, 0.7,
0.5, 0.4) can be obtained by the quenching of melts. All
preparational steps have to be performed under inert con-
ditions to suppress the oxidation of ferrous (divalent) to
ferric (trivalent) iron.

Stoichiometric mixtures of magnetite and metallic
iron (or ferrous oxalate) with magnesium carbonate were
pressed to pellets and melted in an arc furnace under ar-
gon. To avoid the disproportionation of ferrous iron dur-
ing cooling, the melt droplets (0.5—1 cm diameter) were
quickly quenched on a water cooled copper plate.

For the spectroscopic investigations as well as for elec-
tron microscopy (SEM with energy-dispersive X-ray anal-
ysis (EDX)) and X-ray diffraction studies, part of the dark
bulk samples was embedded into an epoxide-resin and pol-
ished. The other part was used for the determination of
the density. In addition, the ferrous iron content was de-
termined by wet chemical analysis.

Global chemical analysis of bulk material by EDX
points to an evaporative loss of iron during the melting
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Table 1. Potentiometrical determination of the ferrous iron content (relative to the total iron content determined by means of
EDX-analysis) of Fe,Mgi_,O samples (Cols. 2 to 3); Lattice constants (in picometres) of the samples (cubic, NaCl structure)
compared with reference data (JCPDS database: FeO Nr. 6-615, MgO Nr. 4-829) (Cols. 4 & 5); Density of the samples measured
after Archimedes’ principle in CCly in comparison with reference densities (Hammond 1991) (Cols. 6 & 7)

z  Fe total ferrous Lattice constant Density
(EDX) iron content measured Ref data measured Ref. data
(at.%) (at.%) (pm) (pm)  (g/em™®) (g/em™?)

1.0 100 91 431 430.7 5.70 5.70

0.9 92 93 5.46
0.8 79 429 5.25
0.7 69 90 428 5.05
0.4 42 99 426 4.79
0.0 - - 421.3 3.59 3.58

P Fe,,Mg, .0
Fe, Mg 060

Wavelength (um)

Fig. 1. Optical constants n and k for different iron-magnesium
oxides in the wavelength region between 0.2 to 500 um

process {for more details see Begemann et al. 1994). The
knowledge of the ratio of ferrous to ferric iron is of great
importance for the crystal structure and the interpreta-
tion of the IR spectra. FeO, Fe;Mg;_,0O and MgO crys-
tallize isotypically in the cubic NaCl structure. The iron
and magnesium cations which are randomly distributed
in the solid solutions Fe,Mg;_,O completely occupy the
octahedral interstices in the cubic close packing of oxy-
gen. The presence of ferric cations in Fe;Mg;_.O and in
pure FeO leads to a non-stoichiometry of the compounds.

The ferric cations are located in octahedral sites replacing
ferrous iron and in normally unoccupied tetrahedral sites.
The charge balance is provided by cation vacancies. The
increase in the ferric iron content leads to the formation
of magnetite instead of FeO. In pure magnetite, 1/3 of
the total iron content is ferric iron. Its structure (inverse
spinel) is based on a cubic close packing of oxygen similar
to FeO. Half of the ferric iron is tetrahedrally surrounded
by oxygen, the other half and the ferrous cations occupy
the octahedral interstices in a statistical way.

An increase in the ferric iron content of the
Fe,Mg; .0 samples changes the IR spectra dramatically.
In addition to the 20 pm band due to octahedral vibra-
tions of randomly distributed ferrous iron and magnesium
cations, a band in the region around 18 pym appears. This
band is comparable with the 17.5 pym band due to mixed
tetrahedral and octahedral vibrations in pure magnetite.
Such a feature was also observed in magnesiowiistite sam-
ples with an iron content smaller than 0.4. These samples
could not be melted completely and were therefore not
considered in this paper.

The ferrous iron content of our samples was deter-
mined potentiometrically by 0.05n CeIV-solution under
inert conditions. This method is based on the redox re-
action of ferrous iron with tetravalent cerium. As a first
step, the bulk sample (no grinding) was disolved in hy-
drochloric acid (16 wt% HCI) at 323 K. After that, a 0.05n
Ce(NH,4)2(SO4)s solution was added dropwise until the
equivalence point, measured by means of two electrodes,
was reached. The consumption of the CelV-solution di-
rectly determines the ferrous iron content of the samples.
(NH,4)2Fe(SO4)2 x 6H20 (Mohric salt) was measured as
a ferrous iron standard. In Table 1, we show the ferrous
iron content of our samples determined by this method.

The ferrous iron content of our FeO and Fe,Mg;_,O
samples range between 90 and 99% of the total iron con-
tent. The small amounts of ferric iron left are too low to
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Table 2. Optical constants of the wiistite and magnesiowiistite samples with the chemical compositions Fe,Mg; .0

z=1.0 z=0.9 =0.8 x=0.7 z=0.5 z=0.4
A (pm) n k n k n k n k n k n k

0.20 1.38 116 140 118 1.29 115 133 099 127 095 1.27 0.89
0.25 1.77 116 181 116 174 116 1.71 095 165 089 1.61 0.84
0.30 2.00 105 203 103 199 101 191 081 183 0.75 1.78 0.72
0.35 213 095 216 093 211 089 199 068 192 063 1.87 0.61
0.40 222 087 224 08 219 079 203 060 196 053 192 0.52
0.45 229 080 231 0.78 224 072 205 054 197 046 194 045
0.50 234 074 235 072 227 066 206 050 196 0.42 195 0.40
0.60 242 064 243 062 232 056 2.08 044 196 036 1.96 0.34
0.70 244 055 245 054 232 050 2.07 043 194 035 195 0.29
0.80 244 051 246 049 232 048 2.08 043 193 036 194 0.27
0.90 244 050 246 047 232 048 210 045 194 039 193 0.27
1.00 245 049 247 046 234 048 213 047 197 042 192 0.28
1.20 2.48 051 250 046 239 050 220 048 205 045 195 0.30
1.40 2.52 053 254 046 247 051 228 048 214 0.45 200 0.33
1.60 2.58 053 261 044 255 048 235 046 221 041 2.05 0.32
1.80 2.65 0.51 267 038 260 042 241 042 227 036 210 0.31
2.00 270 046 269 031 263 035 246 036 229 031 213 0.28
2.50 2.74 034 269 0.22 264 025 248 027 232 024 217 0.23
3.00 2.75 027 268 0.17 263 020 249 021 232 019 218 0.19
3.50 2.74 022 266 014 262 0.17 248 0.18 231 0.16 218 0.16
4.00 2.73 019 265 0.13 261 014 247 015 231 014 218 0.14
4.50 2,72 017 264 011 259 013 246 013 229 013 2.17 0.12
5.00 2,71 015 262 0.10 258 011 244 012 228 0.11 215 0.11
6.00 268 0.13 259 009 255 010 241 010 225 0.10 212 0.10
7.00 2.64 0.12 255 0.08 251 0.09 237 009 220 0.09 207 0.09
8.00 2.60 0.11 250 0.07 246 0.08 232 0.09 215 0.09 2.01 0.08
9.00 2.55 011 245 0.07 2.40 0.08 226 0.09 209 009 195 0.08
10.0 2.48 011 238 0.08 233 009 219 009 201 0.09 186 0.09
11.0 241 012 231 0.09 225 010 211 011 192 011 176 0.11
12.0 233 013 221 010 216 012 2.00 0.12 181 012 1.64 0.13
13.0 222 015 210 0.12 204 014 1.8 0.15 168 0.15 1.48 0.17
14.0 2.10 0.19 197 0.15 190 019 173 020 150 0.20 1.26 0.23
15.0 194 024 180 020 1.72 0.25 1.53 028 124 031 093 041
16.0 1.79. 036 160 030 151 036 130 042 1.03 0.57 073 0.78
17.0 1.63 042 137 038 1.25 056 105 0.68 0.86 087 063 1.15
18.0 129 060 1.02 068 1.01 090 087 1.06 074 124 059 1.55
19.0 1.06 1.02 087 114 091 133 0281 149 071 164 0.65 1.90
20.0 099 146 084 156 091 175 083 192 075 205 0.68 223
21.0 1.01 188 0.87 199 098 217 091 234 083 246 0.70 2.63
22.0 1.08 229 095 240 110 258 1.03 277 096 291 078 3.09
23.0 1.20 2.69 1.07 282 1.27 3.03 123 325 118 340 092 3.63
24.0 1.36 3.11 1.25 3.27 1.53 3.51 156 3.76 153 391 1.18 4.30
25.0 1.61 3.56 153 3.75 1.95 3.98 206 4.26 206 445 172 5.11
26.0 195 4.00 191 423 254 440 281 466 290 491 285 5.90
27.0 242 442 250 4.71 333 462 3.78 476 4.13 493 4.83 5.89
28.0 3.05 479 330 499 417 450 4.66 439 506 420 584 4.48
29.0 3.86 5.01 4.16 500 4.81 415 520 380 537 342 592 3.51
30.0 482 492 500 479 527 373 547 3.26 545 285 593 2.85
31.0 569 443 577 435 564 328 564 279 545 241 582 234
32.0 6.18 364 634 3.60 585 275 568 234 540 206 565 194
33.0 6.32 288 648 278 590 225 565 197 532 179 548 1.68
34.0 6.22 235 637 218 580 1.8 555 1.66 522 156 533 1.49
35.0 6.08 196 6.18 1.76 5.68 1.57 543 1.44 512 140 520 135
36.0 590 168 598 147 5.54 135 532 126 503 127 5.06 1.23
38.0 566 1.33 566 1.11 531 1.06 511 1.02 486 107 489 1.11
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z=1.0 z=0.9 z=0.8 z=0.7 z=0.5 z=0.4
A(pm) n k n k n k n k n k n k
40.0 541 1.13 538 091 511 090 494 0.89 472 096 474 1.03
42.0 522 099 5.18 0.79 494 080 4.80 0.80 461 0.89 4.64 0.98
44.0 510 0.92 5.02 073 482 074 470 0.75 453 085 4.58 0.96
46.0 497 088 492 069 472 0.72 461 071 448 0.81 454 094
48.0 491 085 4.82 0.67 465 0.70 4.54 0.69 442 0.78 4.53 0.90
50.0 483 082 475 066 459 0.68 448 0.68 437 0.76 4.48 0.84
60.0 462 083 456 064 4.44 069 435 0.68 4.27 074 437 0.79
70.0 454 087 450 0.66 4.40 0.71 430 0.69 4.25 0.76 4.32 0.80
80.0 451 093 447 0.68 4.39 0.73 430 0.72 4.26 076 430 0.81
90.0 452 099 444 070 4.40 0.75 430 0.74 429 0.77 433 0.85
100 449 1.06 4.44 0.72 439 077 430 0.75 431 0.77 4.34 0.86
120 454 1.24 444 0.80 442 085 433 082 434 078 4.38 0.93
140 464 138 446 087 443 090 436 087 437 079 445 0.96
160 472 146 447 093 445 096 438 091 438 0.81 449 0.98
180 479 154 449 0.99 4.47 1.02 439 096 439 084 451 1.00
200 485 162 4.50 1.07 450 1.09 442 102 441 0.86 4.55 1.03
250 493 181 4.54 1.25 453 1.25 445 116 446 096 461 1.14
300 5.02 2.03 4.63 1.43 462 145 4.52 133 448 1.11 4.65 1.30
350 5.05 2.18 4.62 1.53 466 154 4.53 142 454 1.14 472 1.36
400 5.06 2.48 4.64 1.75 469 175 4.55 163 452 130 4.72 1.52
450 510 2.66 4.63 188 471 186 4.56 174 4.54 133 4.76 1.59
500 515 2.82 4.62 200 4.74 194 458 182 457 134 480 1.63
significantly affect the infrared spectra and X-ray diffrac- 400001 RN
tion measurements. b MgO 1
The lattice constants of the FeO and Fe,Mg; _,O sam- I ———- Fe, Mg, O
ples could not be determined very accurately from the X- 30000 R Fe, Mg, ;0 | 4
. . . F SN e Fe Mg O
ray diffraction measurements because the high degree of ~ FEA FO
lattice disorder leads to strongly broadened Bragg reflexes. & I /
Nevertheless, the tendency of decreasing cell dimensions of \‘; 20000 / 1
the cubic FeO lattice with increasing magnesium content & I / ‘\\\
(see Table 1) could be distinguished in our dataset. [ [ N
The density of the bulk samples of Fe,Mg;_,O (Table 10000 / A \ 1
1) was measured in CCly after Archimedes’ principle. Our i / / i \ \.\\
measurements of FeO and MgO are in good agreement i i / s NN
with the reference data. With increasing magnesium con- o Em——— . i :
10 20 30 40 50

tent, the density of the mixed crystals decreases.

4. Spectroscopic results

The specular reflectance at near normal incidence of the
polished sample surfaces has been measured in the wave-
length range from 0.2 to 500 pm using & Perkin Elmer
Lambda 19 UV/VIS/NIR instrument and a Bruker 113v
FTIR spectrometer. A calibrated aluminium mirror was
used as a reference sample.

The complex refractive index n + ¢k of the materi-
als has been determined by a combination of a Lorentz
oscillator fit method (typically 5 oscillators) in the re-
gion from the ultraviolet to mid-infrared wavelengths with
Kramers-Kronig analysis in the region of the infrared vi-

Wavelength (um)

Fig. 2. Absorption efficiencies normalized to an effective radius
for the different iron-magnesium oxides computed for the CDE
with the quadratic weighting function (see text)

brational bands. For the latter method, the reflectance,
R, was extrapolated to infinite wavelengths assuming an
approach to unity. At the short wavelength side, the cri-
terion [ In(R(w)/R(c0))dw = 0 required by causality
(Harbecke 1986) was used to ensure that a physically cor-
rect extrapolation was chosen. Here, the quantity w is the
wavenumber. The optical constants obtained by the two
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methods show excellent agreement in the overlap region
between 5 and 10 pm.

The resulting optical constants are given in Fig. 1 and
Table 2. They are dominated by an infrared vibrational
band with a maximum in k at about 25 pym that is shifted
to shorter wavelengths with growing Mg content. In the
very far IR (A >100 pm) the absorption index, k, increases
again. This is due to a Drude-like behaviour caused by
the presence of free charge carriers in the semiconducting
materials.

In the near infrared and at shorter wavelengths, the
optical behaviour is mainly determined by the electronic
structure of the iron ions. Here, two very broad bands at
about 0.23 and 1.5 pm have been observed. The band posi-
tions show some similarity to bands observed in magnetite
(Fe304) (Schlegel et al. 1979) and also in olivine (Burns
1970; Dorschner et al. 1995). This is due to similar envi-
ronments of the iron ions (Fe?* in octahedral coordination
and Fe3T in octahedral and tetrahedral coordination) in
these materials.

For a comparison with astronomical data, the absorp-
tion behaviour of materials with these optical constants is
interesting. It is a well-known fact (see Bohren & Huffman
1983) that spheres composed of materials with strong ab-
sorption bands have strong and narrow resonances which
are washed out in a size/shape distribution of particles.
Therefore, we calculated absorption efficiencies for small
particles of spherical and ellipsoidal shapes in the Rayleigh
limit. For ellipsoidal grains, we used the formulae for
a continuous distribution of ellipsoids (CDE) given by
Bohren & Huffman (1983) and for a CDE with a quadratic
weighting function having its maximum for the sphere as
used by Ossenkopf et al. (1992). The infrared band posi-
tions determined by these calculations are summarized in
Table 3. For the weighted CDE which in our opinion is the
best approximation to a real particle shape distribution,
the calculated absorption efficiencies in the band region,
normalized to the radius of spheres of identical volume,
are given in Fig. 2. In the visible range, the normalized
absorption efficiencies reach values of 5E4-1E5 cm™! in-
creasing with increasing iron content. In the FIR, the ab-
sorption efficiency decreases proportional to A7%7 (A~09
for spheres). Here we should note that all calculations
were done in the Rayleigh limit. In this case, the quan-
tity Qabs/a is independent of the grain size.

Compared with the 18 pm band of amorphous silicates,
the absolute peak values of the oxide absorption bands
(weighted CDE) are larger by a factor of 2 for FeO and up
to a factor of 4.5 for MgO. Therefore, a small admixture
of oxides can dramatically change the absorption spec-
trum of silicates, especially the 18 pm/10 pm band ratio
considerably (see also Nuth & Hecht 1990). To illustrate
this fact, we calculated absorption spectra caused by a
mixture of separate oxide and pyroxene glass grains (data
for the latter materials are taken from Dorschner et al.

Th. Henning et al.: Optical properties of oxide dust grains

Table 4. Positions of the infrared bands for Fe,Mg;—.O cal-
culated from the optical data of Table 2 for different particle
shapes

z  Spheres Weighted CDE CDE
(Ossenkopf (Bohren & Huffman
et al. 1992) 1983)
1.0 19.9 21.0 23.4
0.9 19.6 20.7 22.9
0.8 19.2 20.2 22.4
0.7 18.8 19.9 21.9
0.5 18.5 194 21.5
0.4 17.7 18.3 21.4
0.0 16.3 17.0¢ 19.0
T —— Mgsio, |]
15000F [\ | e 10% FeO |
~ » ~—— 50% FeO
' g //\ ——- FeO
(:1; 10000 -
<]

5000 -

=

— Mg, Fe,SiO, |1

300001 \ 10% MgO

~—— 50% MgO

20000 -

Qabs /a (cm )

10000

Wavelength (um)

Fig. 3. Absorption efficiencies normalized to an effective radius
for mixtures of glassy MgSiOs with different percentages of
FeO (upper part) and mixtures of glassy Mgo.4Feg.65103 with
MgO (lower part) computed for the CDE with the quadratic
weighting function (see text). For the sake of comparison, the
curves for pure FeO and MgO are also shown

1995). Here, we present the very interesting extreme cases
in which iron is considered to be present either only in the
oxide or only in the silicate phase (Fig. 3). A small quan-
tity of FeO or MgO broadens the 18 ym band, whereas
for higher proportions, the oxide absorption clearly dom-
inates and shifts the band to longer wavelengths in the
case of FeO and towards shorter wavelengths for MgO.
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5. Conclusions

In this paper, we present new optical data for iron-
magnesium oxides (Fe,Mg;_,O z=1.0, 0.9, 0.8, 0.7, 0.5,
0.4) from 200 nm to 500 ym. The data were obtained
from reflection measurements of well characterized (com-
position, ferrous iron content, crystallinity, density) sam-
ples. Calculated absorption spectra for small spheres in
the Rayleigh limit, for the CDE and weighted CDE show
a shifting of the vibrational band towards shorter wave-
lengths with increasing magnesium content. For small
spheres, the peak values are located in the wavelength
range between 19.9 um (FeO) and 17.7 pm (Feg.4Mgp.6O).
Calculations for the CDE and weighted CDE indicate
a broadening of the band and a shifting of the peak’s
wavelength towards larger values (FeO: weighted CDE:
21.0 um, CDE: 23.4 pm; Fey 4MgogO: weighted CDE:
18.3 um, CDE: 21.4 ym). This vibrational band of metal
oxides can considerably contribute to or even completely
dominate the observed 18—19 pm feature in some oxygen-
rich stars. The presence of iron-rich oxides in addition to
magnesium-rich silicates will shift the 18 ym band pro-
duced by the silicates towards longer wavelengths. The
“addition” of oxides will also increase the intensity of the
18 um band. This may change the 18 pm/10 ym band
ratio dramatically. In oxygen-rich sources without clas-
sical 10 and 18 um silicate bands (A-classes in the IRAS-
LRS catalogue), the broad 19 um feature can easily be
explained by iron-magnesium oxides. The near-infrared
opacity of the iron-rich oxides is of comparable magnitude
to that of Fe304 and Fe;O3. Therefore, the presence of
iron-rich oxides can strongly increase the dust absorbance
in the near-infrared spectral region. The data given in this
paper should be extremely useful for the interpretation of
the high-quality data expected to come from the Infrared
Space Observatory.
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