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Tron ions (Fe®" and Fe’*) present in glass as impurities cause optical absorption of a range of wavelengths from
visible to infrared light. With changes in the glass composition, the molar absorption spectrum associated with the
iron ions changes, even if the quantity of iron ion is the same. This causal relation can be examined theoretically on
the basis of the changes of electronic state of d-electrons of the iron ion caused by the changes of local structure
around iron ion. To optimize absorption spectrum of glass theoretically, two new techniques are required; (i) one is
to clarify the relationship among the glass composition and local structure around iron ions, (ii) another is to clarify
the relationship among the local structure around iron ions and the resulting absorption spectrum.

In this study, we focus on developing the simulation technique (ii). We use one of the ab-initio simulation
methods, DV-ME method. The DV-ME method enables one to efficiently calculate absorption spectrum of glass in
which the local structures of iron ions have low symmetry. There has been no previous report on precision of
simulated optical absorption spectrum associated with iron ions using the DV-ME method. Hence we first
conducted DV-ME calculations of the absorption spectra produced by ferric (Fe**) ions in seven different local
structures, which were cut from five crystals, and then compared measured and simulated wave numbers of the
optical absorption peaks produced by Fe*' ions in these structures. Furthermore, as the first step to apply the DV-
ME method to Fe* ions in a variety of glasses, we modeled silica-glass structure including Fe*" ion, and calculated
its absorption spectrum, and discussed the influence of local structure of Fe*" ion on the absorption spectrum, from
the viewpoint of molecular orbitals in comparison with those observed in crystals.

The measured wave numbers of the optical absorption peaks produced by Fe*' ions in crystals were produced
with a maximum error of -700~1400 cm™. Moreover, measured optical absorption intensity and its polarization-
dependence were qualitatively reproduced by this simulation. In addition, we clarified the relationship among the
local structure around Fe®" ions and the resulting absorption spectrum, by analyzing shape of molecular orbitals. In
conclusion, we have developed the prototype simulation method for clarifying the relationship among the local
structure around Fe*' ions and the resulting absorption spectrum either in crystals and glasses.
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Fig.1 Absorption spectrum of Fe** ion included in soda-

lime glass doped with 0.16 mol % Fe,0; and
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Fig.2 Coordination polyhedra with cubic symmetry. M
represents transition metal ion. L represents ligand.
Ligands are located at face-centered cites and at the
alternative vertices for Oh and Td symmetry,

respectively.
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Fig.3 Energy levels of d-orbitals in octahedral and
tetrahedral ligand field. 4 represents strength of
ligand field.4 value not only changes depending
upon ligand species , but also increases as ligand-
metal distance becomes shorter.
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Fig.4 Schematic diagram of structural changes from lower
symmetry to higher symmetry in grandidierite (a),
and staurolite (b). Part of symmetry operations are
indicated by red planes for mirror and arrows for
rotation.
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Fig.5 Two cluster models for gillespite. Small model
consists of only one coordination polyhedron. Large
one consists of several polyhedra. Point charges
around cluster are not drawn for the ease of viewing.
Red ball: 02", Brown ball: Fe2*. Blue polyhedron:
SiO4. Green polyhedron: BaOg.
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Fig.6 Schematic flow chart of DV-ME method.
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Table 1 Characters of Fe* polyhedra in simulated crystals.
C/N: coordination number, Q/E: quadratic elongation’

point
name (composition ) symmetry  C/N Q/E
ferrosilite Ci 6 1.0087
(FeSiOs) Ci 6 1.0706
siderite (FeCOs) Daa 6 1.0013
fayalite Ci 6 1.0376
(Fe2Si04) Cs 6 10371
staurolite
(FezAlsSi0,023(0H)) Car 4o Lo
gillespite (BaFeSisO10) D ?;Yf:rb 9 4
pellyite (BazCaFe2Sic017) C2 4 1.0874
grandidierite C. 5
(Mg, Fe)Al3(BO4)(Si04)0) B
almandine (FesAl2(SiO4)3) D2 8
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(c) M2 cite
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(a) Unit cell

Fig.7 Structure of ferrosilite (FeO-SiO,). Blue polyhedron:
SiO,, Brown or yellow polyhedron: FeOy .
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Fig.8 Optical absorption spectra of ferrosilite. Absorbance
is represented in logarithmic scale. Simulated
absorbance is normalized so that the simulated value
of Fe** ion in spinel Mg site using small model turns
tobe1l.Linesin (a): measuredspectraof
hypersthene ((Md.e0, F€o.40) O-SiO,) ""which is a
solid solution of enstatite and ferrosilite. Vertical solid
and dashed bars in (a): peak maxima in ferrosilite
assigned to M1 and M2 cite respectively.

3.1.2. Fayalite
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Fig.9 Structure of fayalite projected onto (100). (a) shows
the unit cell. Blue polyhedron: SiO,, Brown or yellow
polyhedron: FeO;. (b) and (c) show small models
for M1 cite and M2 cite respectively. @: Fe*, O : O%.
Fe'O distances in each site are indicated (A).

(a) Unit cell



Fig. 10iZfayalite®M1, M2H 4 k DOIEIIL A R 7
MV ORISR 2 g T — & 10089 2 L 1R,
MIH A M E PR R 2 35 5 BIAKAL S 72 SRR
OFEHAEIX Le-05K0 & FERIT/N S {FREDHPITOL
A 505 W TIEIREM TR X 0 uRIREE
EFHTWLH0EEZSLNTVWSE, ¥—=27A B A B
WEHEN O TR TICH D, gL O IIZTE
T, M A MZIE ThE SN TWb2RKD Y
=7 E—=7C, DOSHIn T 5 EEZ HND, M2H
A4 MZIFAETIZIAD ¥ — 7 3R ST B AN
FHE TR EIRICC, DO2ROE — 7 3% 5N T
Who DS ¥ — 2 DSl D ¥ — 7 12
THEEZDLE, CIIPEHIZI000 cm A TEA
5, E— 7 CIEIEITHIGT % b D23 5 0 AHT
H5

1

—_ ke N | e Ella
5 P l

& /, ' ~1. — | b
o 01 unmesured . o .

g i L esasan Elle
= M1 M2 M1 =

£ : A
2 oo T T u T T T

' 0 2000 4000 6000 8000 10000 12000 14000

wave number (cm™)
(a) measured spectra

le-05
1e-D6
1le-07

le-

1e-10 -
0 2000

normalized
absorbance
-
m
&
o0

BO00 8000 10000 12000 14000
wave number {cm)

(b) simulated spectra (small model for M1)

4000

le+00 7 T T ¥ i
T 1 —b I
1e-01 A 'a.f A. : C —— A D A :
y = Q' P LS
E Y1e-02 ;r?“ : B: —5A ) ;’\‘I ..... Ella
giem | 4G i3 -
o . = »
5 31e-u4 E H i PR | Ellc
cm . . t
le-03
1] 2000 4000 G000 8000 10000 12000 14000

wave number {cm?)

(c) simulated spectra (small model for M2)

Fig.10 Optical absorption spectra of fayalite. Absorbance
is represented in logarithmic scale. Simulated
absorbance is normalized so that the simulated
value of Fe** ion in spinel Mg site using small model
turns to be 1. Lines in (a): measured spectra of
fayalite ™. Vertical bars in (a): peak maxima
assigned to M1 and M2 cite respectively.

3.1.3. Siderite
Siderited> Hifirlfg & /NI E 7L % Fig. 11127R
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(a) Unit cell

Fig.11 Structure of siderite. (a) shows the unit cell. (b)
shows Fe® cite projected onto (001). Green
triangle: CO..Yellow polyhedron: FeO; . (b) shows
the small model. @: Fe**, O : 0*. Fe-O or 0-0
distances are indicated (A).

(b) Fe* cite
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Fig.12 Optical absorption spectra of siderite. Absorbance
is represented in logarithmic scale. Simulated
absorbance is normalized so that the simulated
value of Fe* ion in spinel Mg site using small model
turns to be 1.
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Fig.13 Optical absorption spectra of gillespite. Absorbance
is represented in logarithmic scale. Simulated
absorbance is normalized so that the simulated
value of Fe*" ion in spinel Mg site using small model
turns to be 1.
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numbers of absorption attributed to Fe* ions in
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represent peak split by Jahn-Teller effect.
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Fig.15 Model of SiO, glass including Fe** ion.
Brown ball: Fe?*. Red ball: bonded oxygen ion.
Yellow ball: non-bonded oxygenion. Blue
polyhedron: SiO, with r (Si-0)<2.0A .Brown
polyhedron: FeO, with r (Fe-0)<3.3 A.
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Fig.16 Simulated optical absorption spectra attributed to
Fe® ion in the glass model, 4-fold , 5-fold and 6-fold
crystals. Three polarized spectra are averaged. The
simulated absorbance is normalized so that the
simulated value of Fe** ion in spinel Mg site using
small model turns to be 1.
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