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Fig. 1 The models of the optimized clusters
(a): CasNbGazSiO12; (b): CazNbGaSi; Or2
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Table 1 The calculated vibration frequencies and force constants for CNGS crystal®

Calculated Observed Force R . Symmetry . b
frequency frequency constants aman activity species Asmgnmcm
121(119)¢ 0. 30€0. 34) 2.39(0.43)

129(134) 0. 25€0. 27) 22.44(1.20)

131(140) 0. 30(0. 35) 0.02(0.70)

147(159) 149 0. 600. 52) 7.36(9.34) E(X) GaO3;—Ca—SiO; bending
160(151) 0.41(0. 35) 0. 18(0.57)

161(165) 165 0.510.55) 2.64(1.11) EXY) GaO;—Ca—SiO; stretching

(173) (0.61) (0.61)

178 182 0. 68 1. 16 EXY) GaO;—Ca—SiO; bending
189 0. 56 1. 35
190(206) 0. 54(0. 56) 1. 42€0. 67)

217) (0.73) (2.81)

227(225) 233 1.30(1.12) 6. 58(8.47) EY) GaO;—0—Ga0O; bending
237 1.01 2. 80
241 1.27 42.35 GaO;—0O—Si0O; stretching
(242) 234 (0.95) (2.72) E(X) GaO;—0—Si0; stretching
247(249) 0.90(1.22) 0.19(2.62)
250(255) 1.19(1.07) 0. 23(0. 20)
270(265) 269 1.13(1.19) 1. 74(0. 96) A GaO;—0—GaO); stretching
272 1. 06 1. 06
282(281) 275 1.20(1.12) 0.10(1.63) E(X) GaO;—0—Si0O; stretching
(290) (1.38) (1. 60)
301(299) 2.16(1. 38) 3.21(2.70)

(313) 316 (1. 38 (1.77) E(X) SiO;—Ca—SiO; stretching
333(344) 317 1. 58(1.75) 14.39(6.03) E(Y) Ga—0O stretching
348(346) 1. 68(1. 82) 1.53(4.61)

363(354) 1. 58(1. 88) 14.39(6.03)
366 1. 97 9. 35
377 369 2.01 19. 69 Ay O—Ca—O stretching
(392) 2.23 0.97
403(403) 2.15(2.13) 9.35(1.94)
407(408) 2.17(2.32) 3.19(1. 33)
431(426) 2.33(2.31D) 4.77(2.09)
438(432) 2.74(2.54) 3.87(6.92)
442 2.49 48. 82 GaQ3—Ca—SiO; stretching
(444) (2.57) (6. 44)
458(457) 463 2.96(2.87) 3.71(1.52) EXY) O—Ga—0 bending
459 2.67 0. 15
485(470) 2.98(2.82) 3.21(1.92)
489(496) 3.62(3.91) 0.19(2.51)
498(517) 3.61(3.97) 12.38(3.47)
535(531) 3.60(3.53) 7.09(1. 86)
538(554) 3.83(4.28) 6.48(12.29)
(569) (4.27) (4.1
581 583 4. 46 37.04 Ay O—Si—O0 bending
611 4.72 10. 59
617 4. 98 0.75
(618) 623 (5.0 (11.83) Ay 0O—Ga—O stretching
643 6. 05 1. 49
645 5. 30 217.49 Ni—O stretching
656 6.15 84. 69 O—Ga—O stretching

(673) 673 (5.7 (5.16) EY) Ga—Q stretching

(688) 686 (5.88) (7.72) E(X) Si—Q stretching

(706) (7.35) (3.19)

727(701) 6. 50(6. 00) 60. 82(70. 10) Si—O stretching




55 5 1 Mg E 50IE i 863
gE1
(768) 786 (7.49) (28.92) Ay Si—O stretching
774(776) 7.14(7.18) 12.19(8. 34)
823(816) 10. 24(9.61) 9.97(10. 48)
(866) 885 (10. 71D (4. 86) Ay O—Si—O stretching
948(953) 13.66(14.07) 11. 83(6. 55)
974) 988 (14. 37 (8.11) Ay Si—O stretching
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Fig. 2 Raman spectrum of CNGS crystal with scattering geom-

etry configuration Y(ZZ)Y corresponing to the symme-
try species A;
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Fig. 3 Raman spectrum of CNGS crystal with scattering geom-
etry configuration Y(XZ)Y corresponing to the symme-
try species E(Y)
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Raman Scattering Spectra of Ca;NbGa;Si,0,,(CNGS) Crystals
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Abstract
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The CNGS crystal belongs to the trigonal system, the 32 point group and the P321 space group, which is the same as

the LGS crystal. Its lattice constants are a=0. 808 73 nm and ¢=0. 497 98 nm. The primitive cell of the CNGS crystal contains

only one formula unit (23 atoms). The vibration modes were measured with Raman spectroscopy technique, assigned with ab

initio molecular orbit calculation method. In order to model the crystal, two clusters Ca; NbGa; SiO;,; and Ca; NbGaSi, Oy, were

designed, and calculations were carried out on them. Their configurations were optimized, and the vibration frequencies were

calculated with UHF method. By investigating the force constants and activities of the assigned Raman spectra, the structure of

CNGS crystal was analyzed, and its layer structure and piezoelectric properties were confirmed. It is concluded that CNGS crys-

tals have more excellent anisotropy and piezoelectric properties than LGS crystals.
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