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Fundamental absorption edge of pure and doped magnesium sulfite
hexahydrate (MgSO,.6H,0) single crystals

Zh. Bunzarov!, I. Iliev?, T. Dimov?, P. Petkova*

!'Sofia University, Department of Physics
2 Shumen University, Department of Natural Sciences

Received January 26, 2011; Revised April 6, 2011

Absorption spectra of magnesium sulfite hexahydrate (MgSO,.6H,0), pure and doped with Co and Ni have been
studied in the spectral range of the fundamental absorption edge. The investigations have been carried out from 208

nm to 230 nm with linear polarized light EIlc, E 1L ¢ (Z is the optical axis of MgSO0,.6H,0) which propagates in
the direction (1210 ). The influence of the Co and Ni ions on the spectral position of the absorption edge has been
proved. The structure of the absorption edge manifests good expressed linear dichroism in the mentioned direction.
The peculiarities of the linear dichroism in dependence of the impurity ions in the crystal lattice of MgSO,.6H,O are

analyzed and discussed.
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INTRODUCTION

Themagnesiumsulfitehexahydrate(MgSO,.6H,0)
crystals are of the crystallographic class C, (without a
center of symmetry). The crystal symmetry suggests
presence of nonlinearity, piezo- and pyro-electric
properties and gyrotropy as well [1], [2]. The unit cell
of MgSO0,.6H,0 contains an octahedron Mg (H,0)2"
and a pyramidal ion SO [3], [4], [S]. The density
measurements of MgSO,.6H,0 are presented in [5].

Single crystals of MgSO,.6H,0 (pure and
doped with Ni, Co and Zn) for the time being are
grown only by the original method developed in
the Laboratory for Crystal growth at the Faculty of
Physics of Sofia University.

The impurities provoke changes of electrical,
optical and magnetic properties of MgSO,.6H,0
[6], [7], [8]. The influence of Ni and Co impurities
on the absorption spectra has been investigated in
direction (1210) with linear polarized light Ellc,
E 1 ¢ (cis the optical axis of MgSO,.6H,0).

Absorption spectra of magnesium sulfite
hexahydrate (MgSO,.6H,0), pure and doped
with Co and Ni have been studied in the spectral
range of the fundamental absorption edge in the
present paper. The ions Co?*, Ni** are in the same
isomorphous order with Mg?*. Therefore the ions
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Co*" and Ni** can replace Mg** ions in the crystal
lattice of MgSO,.6H,0. The concentration of Ni
and Co has been found by the analytical chemistry
methods and it amounts to 0.17 weight %.

The optical spectra give an opportunity to obtain
information about the fine spectral structures, the
transition selection rules and the impurity states in
the forbidden band [9].

The anisotropy of the crystal is conditioned by
the particles in the crystal lattice, by their mutual
dispositions and by the character of the chemical
connection. The linear dichroism in the optical
spectra is a result of the crystal anisotropy and can
be determined by measurements of the absorption
coefficient with linear polarized light £77c and E L ¢.
The linear dichroism appears in all spectral regions
in the optical spectra of MgSO,.6H,0.

The Co?* and Ni*-ions influence considerably
on the optical spectra at the fundamental absorption
edge of MgSO,.6H,0.

EXPERIMENTAL RESULTS

The structure around 210-220 nm in the optical
spectraof MgSO,.6H,0 is the fundamental absorption
edge. The forbidden band width can be determined
from the position of edge.

The optical spectra are measured with linear
polarized light from 208 nm to 230 nm for pure and
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Ni doped MgSO,.6H,0 and from 200 nm to 280
nm for Co doped MgSO,.6H,0. The spectra are
presented at Fig. 1, Fig. 2, Fig. 3. The wave vector
of the incident light is kII(lflO), klec.

The absorption coefficient spectra at the
fundamental edge have a typical unusual form —
a rapid value decreasing to the short length wave
(Fig.1, 2, 3). The part of the spectrum to the longer
waves belongs structurally to the fundamental
absorption edge.

The spectral positions of the fundamental edges
of pure and doped MgSO,.6H,0 for light polarization
EIlc, E 1L c are presented in Table 1.

The absorption coefficient spectra are most
strongly influenced by the presence of Ni and Co
in the spectral region of the fundamental edge. The
impurities cause a displacement of edge spectral
positions for EIlc, E LT to the longer light wave.
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Fig. 1. Absorption spectrum of MgSO,.6H,0 for light
polarization £ L ¢ and Ellc
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Fig. 2. Absorption spectrum of MgSO,.6H,0: Ni for light
polarization £ Lc and Ellc
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Fig. 3. Absorption spectra of MgS03.6H,0: Co for light
polarizations £ 1. ¢ and Ellc
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The value change of the absorption coefficient in
the vicinity of the fundamental edge is proportional
to the impurity atoms concentration.

The optical structure at the edge for £ L¢ has a
doublet character (Fig. 1, 2, 3).

The presence of linear dichroism (Aa) shows
that the crystal anisotropy influences essentially the
absorption of pure and doped MgSO,.6H,0. The
linear dichroism in the region of the fundamental
edge is characterized with a maximum at: 218.6 nm
for MgSO,.6H,0; 220.0 nm for MgSO,.6H,0O: Ni
and 247.2 nm for MgS0O,.6H,0: Co, (Fig.4, 5, 6).

The linear dichroism changes its sign in the short
wave range for MgSO,.6H,0O: Ni and in the long
wave range for MgSO,.6H,0:Co.

DISCUSSION

The analysis of the spectra in Fig. 2, 3 shows
that the Ni and Co-ions influence on the position
of the absorption edge and change the value of the
absorption coefficient.

The linear dichroism in the optical spectra of
MgSO0,.6H,0 is well expressed. It is a result of the
selection rules for the transitions from the valence
subbands to the conduction band.

The difference in the magnitude of the maximum
in the linear dichroism at the edge for pure and doped
MgS0O,.6H,0 can be explained by the different
coefficients of the edge impurity displacement for
both polarizations.

The position change of the maximum in the
linear dichroism explains the disturbances in
MgSO0,.6H,0 conditioned by Co and Ni presence.
Ni** and Co*" ions create additional vacancies in the
crystal lattice. These vacancies cause the arising of
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Table 1. Spectral positions of the fundamental edges of pure and
doped MgS0,.6H,0 for light polarization Ellc, E 1 ¢ at room

temperature
MgS0;.6H,0 216.7 nm for Ell¢ 221.7nmfor E 1 &
MgS0;.6H,0:Ni 221.5 nm for Elk 2234nmfor £ 1 ¢

MgS0;.6H,0:Co

233.6 nm for EJi¢

2569 nmfor £ 1 &

random strains and Coulomb interaction [10] which
contribute to the change of the local electric fields
[11] and smear the low energy periphery structure
of the absorption edge [12].

The appearance of Ni and Co impurity states in
the forbidden band is one of the basic mechanisms
for the explanation of the spectral position change of
the absorption edge. It can be concluded on the basis
of the absorption spectra around the fundamental
edge of pure crystal, that the edge displacement is
caused by impurity levels which are localized at the
minimum of the conduction band. The additional
impurity states influence the character of electron
transitions as a result of a deformation of the band
structure at the bottom of the conduction band. The
influence manifests itself as a change of the spectral
positions of the edge structure to the longer waves.

The experimental absorption spectrum in the
vicinity of the fundamental edge of MgSO,.6H,0:
Ni is described with Urbach’s rule [14].

The theory shows that the linear dichroism
contains information about the electron transitions
[13]. The changes of the value and the sign of the
linear dichroism in the spectral range of fundamental
edge in accordance with the theory is an indication
that the band-band electron transitions are influenced
by the presence of Ni?* and Co**-ions. Therefore the
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Fig. 4. Linear dichroism spectrum at the absorption edge
of MgS0,.6H,0
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sign-changed shape of the linear dichroism spectrum
(Fig. 5, 6) is a consequence of the unparallelism
of the moments of the interband transitions. This
unparallelism can be considered as a result of the
asymmetry of the spin-orbit interaction in the Ni
and Co-ions. The asymmetry can be caused by the
internal crystal field [15].
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Fig. 5. Linear dichroism spectrum at the absorption edge
of MgSO,.6H,0: Ni
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of MgS0,.6H,0: Co



Zh. Bunzarov et al.: Fundamental absorption edge of pure and doped magnesium sulfite hexahydrate ...

The established difference of the maximum
positions in the linear dichroism spectra Aa(/)
(Fig. 5, 6) is a result of the additional spin-orbit
splitting of the valence band due to the ions of the
transition metals Co and Ni located in the crystal
lattice of MgSO,.6H,0 [16].

The energy band scheme of MgSO,.6H,0O is
not developed. It can be concluded on the basis
of the experimental spectra that the energy gap of
MgSO0,.6H,0 is direct. We assume that the valence
band is split in two subbands (A and B) due to the
spin-orbit interaction. The transitions from subband
A are allowed only for polarization E 1z . The
transitions from subband B are allowed for both
polarizations (E L¢ , EIIc).

The change of the edge spectral positions of
MgS0,.6H,0 for Ellc , E L ¢ in presence of Ni and
Co is caused by the impurity states arising in the
forbidden band near to the bottom of the conduction
band. The transitions from these levels determine
the edge displacing but the selection rules are the
same as by the pure MgSO,.6H,0.

CONCLUSIONS

1. Absorption spectra of pure and Ni and Co
doped MgSO,.6H,0 have been measured in the
spectral range of the fundamental absorption
edge with linear polarized light E//c and E L ¢ in
direction (1210 ).

2. It has been established that the forbidden
band of MgSO,.6H,0 is direct. It has been also
experimental proved that the Ni and Co cause
a displacement of edge spectral positions to
the longer light wave and a value change of
the absorption coefficient in the vicinity of the
fundamental edge.

3. The linear dichroism due to the crystal
anisotropy is established and analyzed in the vicinity
of the fundamental absorption edge. It is proved

that the impurities influence the linear dichroism
spectrum.
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ABCOPBIIMOHHU E®EKTU OKOJIO PBbBA HA TIOTJIBIHAHE
HA HEJIETUPAHU N JIETUPAHU MOHOKPUCTAJIM OT MATHE3HUEB
CVJIOUT XEKCAXUIPAT (MgS0O,.6H,0)
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(Pe3stome)

W3cnenBanu ca clieKTpHUTE HA MOTITbIIIaHe HA MarHe3ues cyndur xekcaxuapat (MgSO,.6H,0), Henernpan ujierupan
C KOOQJIT M HUKEJI, B CIIEKTPATHUSI IMAIa30H OKOJIO ph0a Ha moribiane. M3cnensanusTa ca mposeneru ot 208 nm 10
230 nm ¢ TMHelHO NoNApK3Npana cBetuHa EIC, E 1 ¢ (¢ € OnTHYHATA OC Ha KPUCTAIa MgSO0,.6H,0). Ceernunara
ce pasnpocTpaHsBa o Hanpasierue (1210 ). Jlokazano e BimusaueTo Ha Co v Ni HOHU BBPXY CIIEKTPAITHOTO ITOJIOKCHUE
Ha pb0a Ha normmbinane. CTpykTypaTa Ipu pb0a Ha MOrIbIaHe NposBsiBa 100pe N3pa3eH JIMHEEH AUXPOU3bM, KOraTo
CBETJIMHATA CE Pa3NIPOCTPaHsIBa B HANpaBiIeHUE (1210 ). AHAIM3UPAHU U AUCKYTHPAHH ca 0OCOOCHOCTHUTE B IMHEHHUS
JUXPOU3BM, IbJIKALIM Ce Ha IPUMECHUTE HOHU B KpucTanHara pemerka Ha MgSO,.6H,0.
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