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ABSTRACT

Electron paramagnetic resonance (EPR) at 77 K in the X-band are studied natural
gypsum crystals ("Marino" glass, Russid), previously irradiated at room temperature by
Z-rays of differert doses. Detected eatlier observed spectra of paramagnetic certers
SCL(BY, SO (A) 50 (A4,) [Crystallog Rep, wol 59(3), pp.399-406. 2014]. It was
found twro new spectrum with magnetic multiplicity K = 2 (Ci symumetry center) and
super hypetfine splitting of the interaction of the electron spin3 = 1/2 and the proton
toaclear spin I = 1/2. These spectra ate assigned to the centers SO;-'H, which differ
from each other inthe postion of a proton H(1) gypsum structure. The mobdlity of water
molecules in the charmels of the structure activates the formation of two or more
centers SO -'H, §O;-'H. From the angular dependence of the spectra in the three
crthogonal planes were found the parameters of the spin Hamiltonian (3H). It has been
established that the differences in radiation sensitivity of the paramagnetic centers
depends on charge redistribution processes in the crystal.
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INTRODUCTION

The real crystals always contain a part of the point defects which are sensitive to
changes in external conditions Sulbjecting various crystal exposed to radiation or heat
treatment, canproduce a redistribution of chargesin a system of poird defects. Systems
of poitt defects canbe changedif "heal" their own defects or create new ones. Research
and identification of point defects successfully are carried out using the EPR method.
Howevet, an analysis of published data shows that sometimes the calculations of the
EFR spectra of radical ions in the presence of an wipaired electron interaction with the
miclear spins are catried out withthe "overgatement” symmetry spin Hamiltondan (SH),
inaccurate identification of the "forbidden" transition because of the lack of computing
transition intensities [1]. EPR method allows you to use yow own crystal defects as
pat amagnetic matkers to identifyy the characterigics of the structure.

Peculiarities gypsam crystals structure based on EPR studies radiation defects was to
purpose of the present work. For this purpose the angular dependence of the EPR
spectra at 77 K in three orthogonal planes of a single crystal of natwral gypsam
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(“Marino™ glass from Kamsko-Ust’insky Mine in the Republic Tatardan Russia) was
gudied The parameters of the spin Hamiltonian (SH) were fitted and the topological
characteristics of the tensor and SH were compared with crystalline gypsum structure.

Gypsum Ca304-2H20 is one of the most common rock-forming minerals, so the
specificity of its formation, which is marifested in particular, in the crystal structure
peculiarities, will cordribute to the understanding of geological processes and allows to
reconstruct the circwmstances of its formation [2-5].

Actuality of the research is natural minerals and mineral associations by the fact that
their formation processes are essertial for geological processes, on the other hand a
natural technology can be a contimuty basis for creating composite building materials.
Determination of the combination of minerals that enhance the strength characterigtics
of these associations and the study of physical and chemical conditions of their
formation are the maintask of genetic mineralogy.

EXPERIMENTAL RESULTS

For EPR. measwements of gypsum crystal was drunk by the crystallographic axes to
semn,g C2fc [3]. Two crystals were itradiated with different doses of X-ray itradiation
. (300K, ACuklo, 40 kV) at the time of exposare

3 - 6 hours and a cutrent value at 20 and 30
mé, respectively. Itradiation of the crystals
was carried out at cifferent times and the dose
happenedto be different.

EPR sectra in the gypsam crysal were
studied a 77 K on X-band BERUKER
Spectrometer Comparry. As a reference range
used DPPH. Recarding spectra was carried out
every 5° crysal while rotating from 0 to 180°
in three orthogonal planes (a*c), (ha®), (bc)
to set C2%c. Control of installation crystal in
the cavity was carried out by the EPR spectral
lines merge with Kuw = 2 along and
petpendicular to the b axis of the crystal.

In the first crysial two kinds of spectra with
different atd sotropy was observed (Fig. 1).

Group lines with weak aisotropy contains
five lines which were previously identified [4]
is composed of two types of centers. Central
intense line is obliged SO center without
splitting Two pairs of lateral lines, the duty
two centers SO -'H each of which undergoes
Fig1. The EPR spectra of gypsum splitting of a mclear spin equal to I = 12 of

aystals in fuee orfhogonal planes (a*c), 4
(ha*), (he) to set (e, the different protons

The anisotropic paramagnetic spectrum is the
simplest form in the plane ba* (Fig. 1) and consists of two pairs of lines. The center has
multiplicity ecual to two (Ku = 2) and corresponds to the symmetry Ci Each line
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cleaved by interaction of the wipaired electron and maclear spin equal tol = 12,

According to the symmetry of the paramagnetic center in the space group inthe plane
(a*c) spectra of the comjugate centers should merge, howewver (Fig 1) is visible to a
more complex picture of the spectrum associated with the appearance of forbidden
lines. The plane (be) must observe splitting of corjugate centers

To calewlate the parameters of the SH is produced a mimerical mattix diagonalization
SH at each point of H (8,¢) measured the resonance field values of EPR spectral lines in
three arthogonal planes of the crystal and then is minimized the sam of syuared
deviations bebween the calculated and the operating frequency of the spectrometer
according to the program [6]. According to the caloulated values of the parameters SH
angular dependence of the resonance magnetic fleld values were calcwlated for all
transitions, as well as transition probabilities (Fig2). Theoretical and experimental lines
of the spectrum are presented inset.

L)

3430 1

S F)

3410

AT 4

H. 04T

3390 4

3380 4

037 4

3380

C b a* ¢ a*t

Fig2. Argular dependence of experiraental (circles) and calculated (lines) resonance raagnetic
field values certer I - SO, -'H . Thecretical and experiraental perritted (ANE=0) and
forbidden (AlVE=1) lires of the spectrura are preserted the irset separately:

Bt the second crystal only one ardisotropic spectnam was detected The second crystal
was found to have strong lines belong to the new center I (Fig3), while the less irtense
the center line I cotrespondto the previously defined parametersinthe firg crystal (line
soectrum alongh- axis shown in the inset).

The study of the angular dependence of the lines of the EPR spectra of paramagnetic
centers in these crystals demonstrated that they consist of two pairs of lines (Ku = 2)
with super hypetfine (SHF) structure due to the interaction of the spin = 1/2 of the
wpaited electron with the ruclear spin J = 1/2. It is natural to assume that the mucled
have a spin inthe studied crystal racled are hyrdrogen atoras.
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Fig3. Angular dependerce of experirental (circles) ard caloulated (lires) resonance ragnetic

field values cerder IT - S07 -'H . Spectrurn along h-axis was shownin the inset.

The principal values of g- and A tensors and guide angles in XV Z coordinate system
are determined by ramerical diagonalization of tensors in representation of the
Cartesian coordinates [7]. The following table lists the parameters SH center I -

SO,-'H and center 11 -SO;-'H in the orthogonal coordinate system e, Vol a*,
Zi||b, where value gs and Ag of principal axes, its isotropic part (4,, =34, /3) ad
aisotropic part (Bi= &4 - A nGand and the oriertation of the principal axes of the
tensor relative orthogonal ax es system.

Table.

The parameters SH center [ - SO, -'H and center II - SO; -'H in gypsum structure

I center SO -'H
o | mige | % | Yo | & |AG] B | X | Y. | %
X [ 20093 | 00062 | 14ontowaliananlyyg [ 50 | 832 | 0.7 [ 206"
p://www.sgem.org

vy | 20015 | -00140 | THepoeersez-r13s | 67 | 799 [ 2300 | 11040
Z [2035% | 00201 | 964 [ 335 [1227] 49 [ -117 | 125 [ 0220 | 928
o | 20155 63

II cenier SO, -'H

X | 1998 | -00146 | 721 | 630F | 33.2° | 115 | 32 | 828 | 706° | 208°
Yy [20055 [-00078 | 271 1166 | 945 | 145 | 62 [1009 | 2100 [ 10790
Z | 2035 | 00224 | 703 | 396 | 1228°| 12 | 95 |12.79 | 82.4° | 100.2°
o | 20173 83
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PECULIARITIES OF THE STRUCTURE GYPSUM CRYSTALS

The wvalues of the principal values of g- and A- tensors give reason to identify the
observed paramagnetic certers I and II as a radical jon, which is an urpaired electron
interacts with the maclear spin of the proton, as SO, -'H . The choice of a proton as the
mcleus involved in the observed SHF interaction determined by the splitting and
changes the intensity of the permitted and forbidden transitions. Such paramagnetic
certer was observed previously in  the single orystal  Zn-astrakharite
(Na Ze(304)2-4H20) [2].

Furthermore Bss ditections in table with the highest absolute walue componerts
anisotropic interaction center I (12.53°; 102.2%; 92.8% and the center IT (12.79°; 82 4%,
100.21% are closed to direction O(1) -H(1) in the crystal sructure of gypsum (16.43°;
81.69% 104.07% (Figdb), indicating a possible interaction of the wipaired electron spin
localized mainly in the oxygenO(1) with armclear spin of H(1) proton
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Figd. Stereographic projection ditections a) 3-O in [304] tetrahedron and the principal
axes of the @ tensor [ andII center; B) O(1) —H(1), H(2) protons of water molecules
and the principal axes of the A- tensor.

Based onthe experimental values (Bss= -11.69 G to I center and Bss = -9.46 G to center
I), it follows that the proton is close to the oxygen ion at a distance r = 1341 & in the
model I certer and at a distance r = 1.440 & in the model IT center. This fact can be
explained by the collapse of the water molecules in the gypsum structure of the charmel s
under the scheme H:O<0H + H [9] and their migration to the fabilization of the
paramagnetic center. In the second case the high probability is to formation of
patramagnetic diatomic hydroxyl radical OH [10]. However, it was not detected in the
test crystal, and therefore, the ocowrence of SO, -'H centers should be associated with
the different positions of the protonin the crystal struchare gypsum as a result of the
capture of the hydrogen atom of oxygenion O(1).

The formation of the center I, in cortragt to the center II, accompanied by changes in
position oxyzen O(1) and accordingly, the position of a protonH(1). Such a change is
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possible, if we assume that there are a vacancies Ca ion and water molecules in the
nearest neighbothood of the paramagnetic complex SO, -'H . Calcium vacancy will
entail not only a change in the coordinaion mamber around the vacancy to 7, but also
the displacement of oxygenO(1) in the direction of the calcium vacancies, as shown in
the model paramagnetic center by arrow (Fig. 5).

The proof of this hypothesis is the simultaneous deviation of g axis orientation on the
gereographic projection (Figda) and the axis Ass (on Figdb) paramagnetic center I at
the same ~ 23° angle from the direction 3-O(1) and O(1) - H(1 ), respectively. Another
argumert in favor of this hypothesis are used data on leaving water of crystallization in
the [100] direction perpendicular to the plane (010) at rebuilding gypsum structure in
the bassanite.

e s
Pz

Fig 5. Model paramagnetic center | SO, -'H . Oxygen Oy water molecule denoted by
the datk circle. Square is designated atom vacancy. The atrow shows the direction of
displacement oxygen O(1) and hydrogen H(1).

Direction 3-O(1) in the [304] tetrahedron and the direction of one of the axes g =
20356 are almost identical to the paramagnetic center I1, and at the same time forming
anangle ~ 23° Center [ (Figd.a).

The direction of the oxygen O(1) -H(1) and the ditection of one of the axes of the
dipole-cipole part Bes = -9 .46 G differ by 3° to the paramagnetic center II, and at the
same time the same direction Bes = -11.7 G forms an angle of sbout 23° to center I
(Figdh).

Vacancy of water molecules swrounding the paramagnetic center IT lowers the local
symimetry of the tetrahedron to Cy without changing the position of the tetrahedron ions
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[B304]. For local compensation in the paramagnetic center I1, probably, the proton H(1)
is shifted to the oxygen side of the O(1), as follows from the value splitting &4,

I crystaks of gypsum Ceara (Brezil) irradisted with X-rays (Cu 40 KeV and 20ma)
by 3 howrs at room temperature was observed four paramagnetic centers [2]. Studies
EPR centers were petformed to set 12/a gypsum crystal (Xo || a, Yo || € *, Zo | b).
Howewer, when writing the SH were not taken irto accowt the muclear Zeeman
interaction of the proton The directiors of the pircipal axes of the tensor g and A- may
canbe different, when the C; symmetry of the paramagnetic center. Preliminary settings
SH of D center were calculdted and amowted to [2]: ga = 2000, g, = 2.002, g =
2037 and Axx= £ 14 G, Ay = £12 G, Ag =4 G. The values equal gz, = 2.013 and
o = 10 G may be compare with data in table. It’s closer to the values g, = 20133 and
2ise = 83 G of center I1. It is possible that the center D is more likely to present as a
third type of two possible SO;-'H centers and II, studied in this paper, while the
athors of [2] D center was identified as the OH".

CONCLUSION

The shady of the EPR. spectra of racdiation centers gypsum crystal (“Tvating™ glass from
Kamsko-Ugt’ingey Mine inthe Republic Tatarstan, Russia) following the sructural
peculiarities are found:

-the two new specttam with magnetic multiplicity Ka = 2 (C; symumetry center) and
super hyperfine splitting of the interaction of the electron spind = 12 and the proton
tmclear spinl = 1/2;

- the two centers SO -' H, which differ from each other in the position of a proton H(1)

gypsumn structure;
- the mobility of water molecules inthe channels of the smcture activates the formation

of two or mare centers SO, -'H, S0;-'H ;

- the differences in radiation sensitivity of the paramagnetic centers SO, -'H , S0, -'H
depends on charge redistribution processes in the crystal

- although the probabdlity of the formation of a paramagnetic radical OH inthe gypsam
sructare, but it was not detected in these crystals.

The studies found that both host pararaagnetic centers SO, and irpurity paramagretic centers

AsC¥ [5) can be serve as irdicators the process of stuctwral trarsformation of gypsura
assceiatiors, and it possible to reconstruct of physical and cleraical pocesses of forraation of
hydrogenic rainerls [11].
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