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Introduction

The phase diagram of Bi,O5-B,0; system had been studied intensively in sixties [1], and the
crystal of bismuth triborate BiB;Og synthesized among them for the first time. This crystal
attracted a special interest of several scientific groups in the last years due to its high optical
nonlinearity that provides wide practical applications as an active medium in systems of
optical frequency transformations. For a long time only one «-phase was known for this
composition, but six new phases of BiB;Og4 have been found in the recent years [2]. However,
only a-phase investigated in details up to now. A structure of the a-phase is built of chains of
[BO;] triangles and [BO,] tetrahedrons in 1:2 ratio. First principles simulations of its elec-
tronic structure showed that [BO,] tetrahedrons provide the main part of optical nonlinear-
ity. Among other phases of BiB;Og only y and § include [BO,] tetrahedrons exclusively; and
centrosymmetrical y phase is of scanty interest for nonlinear optics, while the structure of §
phase (Pca2,, Z = 4) looks more attractive for such applications. The structure of the
8-BiB;Og is shown in Fig. 1, the experimental cell parameters and atomic coordinates can be
taken from [3].

The ab initio calculations of the phonon spectra, dielectric and elastic properties of the y and §
modifications of the BiB;Oq crystal have been published in [4]. The vibrational spectra and lattice
dynamics calculations of §-BiB;O4 have been published earlier in [5], however, not for all possible
polarization directions. In this work, we have performed such measurements.

Experimental

Samples for experiments were taken from the same crystallization as in [6]. The spectra in
the backscattering geometry were recorded with Horiba Jobin Yvon T64000 spectrometer
equipped with a liquid nitrogen cooled charge coupled with the device detection system in
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Figure 1. The crystal structure of the §-BiB30¢ crystal.

subtractive dispersion mode in 10 to 1600 cm ™" range. Ar™ ion laser Spectra Physics Stabilite
2017 with 4 = 514.5 nm and power 3 mW on a sample was used as an excitation light source.
The experiments were carried out using incident laser beam focused on the sample by 50x
Olympus MPlan objective lens with a numerical aperture (NA) of 0.75. The scattered light
was collected by the same objective lens in the backscattering geometry and analyzed
through a polarizer and 1-plate. To investigate the low-wavenumber spectra, spectroscopic
measurements were performed in the subtractive dispersion mode, which attained a low
wavenumber limit of 4 cm ™" in the present setup. The deformation of the low wavenumber
spectral edge by an optical slit, which sometimes smears the true features of low wavenum-
ber spectra, was carefully eliminated by rigorous optical alignment. We use the standard
notation [7] to describe the geometry of Raman scattering.

Results and discussion

The vibrational representation of the Pca2; orthorhombic phase at Brillouin zone center of
BiB;Og crystal is: I'vy,, = 30A; + 304, + 30B; + 30B,, acoustic and optic modes: I, oustic =
Ay + By + By, I'gpic = 29A, + 30A; + 298, + 29B,, Raman and Infrared active modes:
Iraman = 29A,(aa, bb, cc) + 30A, (ab, ba)+ 29B,(ac, ca) + 29B,(bc, cb), I'ingrared = 29A, +
29B; + 29B,. Corresponding components of the Raman scattering tensor are given in
brackets.

Fig. 2 shows Raman spectra for all possible polarization directions in which A; and A,
modes are active (diagonal components of Raman tensor). LO-TO splitting for A; mode
can be clearly seen from Fig. 2a and 2b. Raman bands corresponding to B; and B, modes
presented in Fig 3a and 3b.

To simulate the §-BiB;Og vibrational the spectrum package LADY [8] was used. Com-
plete spectra of the §-BiB;Og crystal obtained within the framework of common model of
‘rigid-ion’, where interatomic potential is considered as a sum of long range Coulomb elec-
trostatic:

7.7
VNG = 5 37 4 UGy, M
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Figure 2. Raman spectra of the §—BiB;O¢ crystal at: a) b(cc)b, b(aa)b, a(bb)a, a(cc)a b) c(aa)c, c(bb)c, c) c(ba)
¢, c(ab)c geometries.

and the short-range interaction potential was taken in the Born-Mayer form:
U(ry) = A exp(—r3/p), )

where r;; is the interatomic distance and 4 and p are the parameters characterizing of the
short-range pair interionic interaction. Resulting model parameters were obtained by mini-
mization of residual values of the simulated and experimental Raman frequencies using the
Fletcher — Reeves method [9-11]. The values of 4, p and Z;; are listed in Table 1. Calculated
values of Raman active modes are shown in Table 2 in comparison with experimental results.
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Figure 3. Raman spectra of the §-BiB30, crystal at: a) a(bc)a b) a(cb)a

In the case of the ideal BO, tetrahedron, only normal symmetric stretching v, and
antisymmetric stretching v vibrations should appear in the range of > 650 cm™" [12].
However, taking into account the fact that the atoms in §-BiB;Og¢ are in general posi-
tions, the B-O distances are different and BO, tetrahedrons interconnected to each
other, their normal internal modes should be distorted. For this reason the considered
spectral region and the whole spectrum is rich in lines of BO, tetrahedra. Our simula-
tions show that about 40 Raman active modes in the range of >650 cm™' should
appear at different polarization geometries. Bands in the 350-650 cm™' range are
assigned to the distorted v, and v, BO, bending modes. Generally, frequency of v,
vibration should be above that of v, vibration [12]. The lower wavenumber range of
150-350 ¢cm ™! contains translational, rotational and mixed vibrations of BO, tetrahe-
dra. The bands below 150 cm™" are assigned to Bi translation vibrations.

Table 1. Parameters of the interatomic interaction potential.

Interactions Radii of interaction, A A, al/A? o, A
Bi-0 0-3.00 350.00 0.300
B1-0 0-1.50 321.60 0.210
B2-0 0-1.60 400.60 0.220
B3-0 0-1.60 34530 0.199
0-0 0-3.00 242.80 0.245
lon Bi B 0

Ze) 2.00 1.80 —1.2333
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Table 2. Experimental and calculated Raman frequencies of the §-BiB30g crystal.

A
exp. A, B, B,

T0 LO calc. exp. calc. exp. calc. exp. calc.
1116 1097 1121 1076 1153 1212 1278
1081 1035 1093 1037 1119 1082 1132 1037 1132
1031 1007 979 1010 1090 1035 1023 1010 1029
996 975 959 978 981 997 949 997 965
959 935 908 944 945 955 938 956 929
919 907 894 905 912 919 910 936 905
864 865 789 864 805 897 854 880 892
807 783 752 784 755 863 803 784 786
783 727 721 728 751 813 749 727 737
752 650 697 709 730 783 732 665 689
726 607 634 607 648 753 648 607 647
639 530 598 558 606 727 618 515 623
606 515 552 534 553 607 575 499 563
530 502 510 514 529 578 533 468 518
499 467 490 501 511 531 504 415 483
467 416 447 466 490 515 497 393 459
415 394 428 147 428 500 432 327 442
393 329 384 393 416 467 421 312 400
328 310 345 330 382 415 392 304 383
303 256 320 313 332 394 347 249 338
272 244 274 255 310 327 319 226 307
228 235 255 246 262 304 299 204 280
186 225 221 226 227 245 267 185 240
175 194 159 196 191 229 229 177 185
122 165 128 126 170 184 156 166 135
97 120 100 110 94 123 116 123 119
71 88 69 89 89 116 89 112 94
67 69 46 68 70 97 76 98 66
46 49 18 51 54 71 55 69 35

49 44 68 45
Conclusions

The experimental Raman spectra of §-BiB;O¢ crystal for all possible polarizations are
obtained. The number of spectral lines are in the agreement with the vibrational representa-
tion, polarization selection rules and lattice dynamics simulations. Observed Raman bands
are assigned to corresponding vibrational modes based on the lattice dynamics simulations.
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