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Table 1. Crystal structure parameters for SrBigTisO15.

Atom  Site x Y z SOF
Bi/Srl1  4a  0.250 0.258 0.000 0.667/0.333
Bi/Sr2 8  0.255 0.248 0.10409 0.667/0.333

Bi3 8  0.245 0.263 0.21881 1

Til 8  0.277 0.250 0.45032 1

Ti2 8b  0.268 0.242  0.34697 1

o1 4a  0.306 0.203 0.500 1

02 8  0.080 0.462 0.0515 1

03 8  0.301 0.298 0.40348 1

04 8  0.023 0.505 0.14058 1

05 8  0.286 0.212 0.30456 1

06 8  0.010 0.502 0.2502 1

o7 8  0.017 0.481 0.457 1

08 8  0.047 0.516 0.352 1

Bi/Sr2 Bi/Srl o1

> y
— S \
—e — 9 —
¢ e eBys:
¢ e
04 05 06 o7 08

@ Bi
® Ti
@0

1 (MTEM) SrBiyTisO1s & TR KB K45 1

Fig. 1. (color online) The atomic local cluster structure of SrBigTisO1s5.
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Table 2. Crystal decomposition of SrBisTigO15.

%2 SrBigTisO15 [ EA

No. A—B d/A Atom 4 Atom B m n Terms
Isa Ina Y Isa Ise Iup Y Isp

1 Ti2—05  1.7481 1 2 6 1 2 3 1/3  2/3  Ti2y /30543

2 Til—02  1.9002 1 2 6 1 2 6 1/3  1/3  Tily;302,)3

3 Til—O7 19118 1 2 6 1 2 6 1/3  1/3  Tily 3073

4 Ti2—04 1.9242 1 2 6 1 2 4 1/3  1/2 T121/3O41/2

5 Ti2—08 1.9273 1 2 6 1 2 4 1/3  1/2 Ti21/3081/2

6  Til—03  1.9401 1 2 6 1 2 6 1/3  1/3  Tily /3033

7 Til—O7  1.9798 1 2 6 1 2 6 1/3  1/3  Tily 3073

8 Ti2—04 1.9985 1 2 6 1 2 4 1/3  1/2 Ti21/3041/2

9  Til—02 20154 1 2 6 1 2 6 /3 1/3  Tily502,,5
10 Ti2—O08 2.0219 1 2 6 1 2 4 1/3  1/2 Ti2, /3085
11 Til—O1  2.0590 1 2 6 2 1 6 1/3 1/3  Tily ;3013
12 Bi3—06 22329 1 2 6 1 2 4 1/3 1/2  Bi3y 306,
13 Bi3—O06 2.2955 1 2 6 1 2 4 1/3  1/2 Bi3, /306 /2
14  Bi3—06 23185 1 2 6 1 2 4 1/3 1/2  Bi3y/306,
15  Ti2—03 23425 1 2 6 1 2 6 1/3  1/3  Ti2y/303,)3
16 Bi3—O06 2.4035 1 2 6 1 2 4 1/3  1/2 Bi3;/306 /2
17 Bi/Sr2—04 24062 1 2 12 1 2 4 1/6  1/2  Bi/Sr2y 6042
18 Bi/Sr1—O1 24294 1 1 12 1 1 6 1/12 1/6 Bi/Srl /1501, 4
19  Bi/Sr1—O1 24389 1 1 12 1 1 6 1/12 1/6 Bi/Srl 1501, 6
20 Bi/Sr2—08 24697 1 2 12 1 2 4 1/6  1/2  Bi/Sr21 608,
21  Bi/Sr2—04 24851 1 2 12 1 2 4 1/6  1/2  Bi/Sr2; /604,
22 Bi/Sr2—03 24794 1 2 12 1 2 6 1/6  1/3  Bi/Sr2; ;6033
23 Bi/Sr2—03 25067 1 2 12 1 2 6 1/6  1/3  Bi/Sr2;,603,3
24  Bi/Sr1—02 25581 2 1 12 1 2 6 1/6  1/3  Bi/Srly ;6025
25  Bi/Sr2—02 26289 1 2 12 1 2 6 1/6  1/3  Bi/Sr2; ;6023
26 Bi3—05 26326 1 2 6 1 2 3 1/3  2/3  Bi3;/30593
27  Bi/Sr1—O7 2.6375 2 1 12 1 2 6 1/6  1/3  Bi/Srly ;6073
28  Bi/Srl—O7 26516 2 1 12 1 2 6 1/6  1/3  Bi/Srly ;6073
29  Bi3—05 26828 1 2 6 1 2 3 1/3  2/3  Bi3y/30593
30 Bi/Sr2—08 27958 1 2 12 1 2 4 1/6  1/2  Bi/Sr2; /608,
31 Bi/Sr2—03 3.0028 1 2 12 1 2 6 1/6  1/3  Bi/Sr2y 6033
32  Bi/Sr2—03 3.0173 1 2 12 1 2 6 1/6  1/3  Bi/Sr2;,603,3
33 Bi/Srl—01 3.0333 1 1 12 1 1 6 1/12 1/6 Bi/Srl 1501, 6
34 Bi/Sr1—O1 3.0380 1 1 12 1 1 6 1/12 1/6  Bi/Srly;1501, /6
35 Bi/Sr2—O07 3.1304 1 2 12 1 2 6 1/6  1/3  Bi/Sr2, 6073
36  Bi/Sr2—07 3.1623 1 2 12 1 2 6 1/6  1/3  Bi/Sr2; ;6073
37 Bi/Sr1—02 3.1636 2 1 12 1 2 6 1/6  1/3  Bi/Srly 6023
38  Bi/Sr2—02 32050 1 2 12 1 2 6 1/6  1/3  Bi/Sr2; ;6025
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#3 SrBigTigO15 LR R
Table 3. The chemical bond properties of SrBigTi4O15.

A—B (nt)* Nt /10%0m=3 CH/eV EY/eV bl
Ti2—05 52.1694 3.1809 —10.4058 9.9463 0.5226
Til—02 20.6429 2.4765 —7.5003 8.0873 0.4624
Til—O07 20.0365 2.4317 —7.3866 7.9662 0.4623
Ti2—O04 42.1929 2.3850 —11.8086 7.8395 0.6941
Ti2—O08 41.8565 2.3735 —11.7609 7.8082 0.6941
Til—O03 18.6443 2.3269 —7.1182 7.6811 0.4620
Ti1l—O07 16.8808 2.1897 —6.7625 7.3048 0.4615
Ti2—04 34.9279 2.1288 —10.7286 7.1364 0.6933
Til—O2 15.4668 2.0757 —6.4625 6.9890 0.4609
Ti2—08 32.9498 2.0557 —10.4147 6.9334 0.6929
Til—O01 13.9234 1.9466 —6.1178 6.6277 0.4601
Bi3—06 16.7404 1.1447 —7.0359 5.4204 0.6275
Bi3—O6 14.5897 1.0536 —6.5535 5.0612 0.6264
Bi3—06 13.8827 1.0225 —6.3869 4.9376 0.6259
Ti2—O03 7.3903 1.3219 —4.3626 4.8131 0.4510
Bi3—O06 11.5990 0.9179 —5.8157 4.5158 0.6239

Bi/Sr2—04 8.1227/6.5224 0.4574/0.3049 —5.0789/—4.0875 4.5032 0.5599/0.4517
Bi/Sr1—O1 10.0140/7.4363 0.4444/0.2963 —7.5944/—6.1175 4.3973 0.7489/0.6593
Bi/Sr1—O1 9.8312/7.3049 0.4392/0.2928 —7.5221/—6.0615 4.3550 0.7490/0.6595
Bi/Sr2—08 7.1981/5.7924 0.4230,0.2820 —4.7648/—3.8442 4.2215 0.5602/0.4533
Bi/Sr2—04 6.9939/5.6311 0.4152/0.2768 —4.6925/—3.7881 4.1570 0.5603/0.4537
Bi/Sr2—03 9.0955/6.7757 0.4181/0.2787 —7.2238/—5.8303 4.1807 0.7491/0.6604
Bi/Sr2—03 8.6370/6.4455 0.4045/0.2697 —7.0313/—5.6809 4.0687 0.7492/0.6610
Bi/Sr1—02 7.8474/5.8760 0.3806/0.2538 —6.6864/—5.4128 3.8689 0.7492/0.6619
Bi/Sr2—02 6.8984/5.1901 0.3507/0.2338 —6.2460/—5.0698 3.6157 0.7490/0.6629
Bi3—O5 6.0672 0.6985 —3.1718 3.6031 0.4366
Bi/Sr1—07 6.7929/5.1137 0.3473/0.2315 —6.1951/—5.0301 3.5865 0.7490/0.6630
Bi/Sr1—O07 6.6242/4.9916 0.3418/0.2279 —6.1127/—4.9658 3.5394 0.7489/0.6631
Bi3—O05 5.5317 0.6600 —3.0141 3.4382 0.4346
Bi/Sr2—08 4.0806/3.3239 0.2916/0.1944 —3.4920/—2.8519 3.1038 0.5587/0.4578
Bi/Sr2—03 3.7009/2.8610 0.2353/0.1569 —4.4454/—3.6575 2.5999 0.7451/0.6643
Bi/Sr2—03 3.6195/2.8011 0.2320/0.1546 —4.3899/—3.6136 2.5691 0.7449/0.6643
Bi/Sr1—O1 3.5322/2.7369 0.2283/0.1522 —4.3296/—3.5659 2.5356 0.7446/0.6642
Bi/Sr1—O1 3.5071/2.7185 0.2273/0.1515 —4.3120/-3.5521 2.5259 0.7445/0.6642
Bi/Sr2—07 3.0571/2.3866 0.2077/0.1385 —3.9852/—-3.2933 2.3450 0.7428/0.6636
Bi/Sr2—07 2.9193/2.2847 0.2015/0.1343 —3.8796/—3.2096 2.2868 0.7422/0.6633
Bi/Sr1—02 2.9138/2.2807 0.2012/0.1342 —3.8754/—3.2062 2.2844 0.7421/0.6633
Bi/Sr2—02 2.7473/2.1573 0.1935/0.1290 —3.7438/—-3.1017 2.2119 0.7412/0.6629
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# 4 SrBigTigO1s &AL BRI BRIBRIE
Table 4. Bond dipole moments of chemical bonds in SrBigTizO15.

A—B pt/10~19 C-A a/rad G NY
Ti2—O05 3.8976 1.6269 —0.0561 2.0000
Til—02 3.7488 0.9703 0.5651 2.0000
Til—O7 3.7710 0.7358 0.7413 2.0000
Ti2—04 5.6984 0.8037 0.6940 2.0000
Ti2—O08 5.7074 0.8957 0.6250 2.0000
Til—O03 3.8245 1.6383 —0.0674 2.0000
Til—O7 3.8984 2.2926 —0.6607 2.0000
Ti2—O04 5.9114 2.3399 —0.6955 2.0000
Til—02 3.9635 2.5313 —0.8195 2.0000
Ti2—O08 5.9776 2.4221 —0.7522 2.0000
Til—O01 4.0416 1.6476 —0.0768 2.0000
Bi3—06 4.4840 0.9598 0.5737 2.0000
Bi3—06 4.6013 0.9788 0.5580 2.0000
Bi3—06 4.6438 2.2434 —0.6230 2.0000
Ti2—O03 4.5078 1.6477 —0.0768 2.0000
Bi3—06 4.7982 2.2155 —0.6010 2.0000

Bi/Sr2—04 2.1554/1.1594 1.0174 0.5255 1.3340/0.6660
Bi/Sr1—O1 2.9110/1.7086 0.0874 0.9962 0.6670,/0.3330
Bi/Sr1—O1 2.9226/1.7158 1.6963 —0.1252 0.6670,0.3330
Bi/Sr2—08 2.2138/1.1942 1.0939 0.4591 1.3340/0.6660
Bi/Sr2—04 2.2278/1.2026 2.1992 —0.5878 1.3340/0.6660
Bi/Sr2—O03 2.9717/1.7466 1.6721 —0.1011 1.3340/0.6660
Bi/Sr2—03 3.0047/1.7673 0.1600 0.9872 1.3340/0.6660
Bi/Sr1—02 3.0663/1.8060 1.2001 0.3622 0.6670,0.3330
Bi/Sr2—02 3.1505/1.8588 1.1995 0.3628 1.3340/0.6660
Bi3—05 3.6781 1.6558 —0.0849 2.0000
Bi/Sr1—O7 3.1607/1.8651 2.1553 —0.5518 0.6670,/0.3330
Bi/Sr1—07 3.1773/1.8756 1.0713 0.4790 0.6670,0.3330
Bi3—05 3.7307 0.3694 0.9326 2.0000
Bi/Sr2—08 2.4990/1.3652 2.1764 —0.5693 1.3340/0.6660
Bi/Sr2—O03 3.5799/2.1278 3.0082 —0.9911 1.3340/0.6660
Bi/Sr2—O03 3.5961/2.1379 1.6540 —0.0831 1.3340/0.6660
Bi/Sr1—O01 3.6138/2.1490 1.6716 —0.1006 0.6670,/0.3330
Bi/Sr1—O1 3.6190/2.1522 3.0717 —0.9976 0.6670,/0.3330
Bi/Sr2—O07 3.7204/2.2157 2.0445 —0.4562 1.3340/0.6660
Bi/Sr2—O7 3.7551/2.2374 1.1481 0.4102 1.3340/0.6660
Bi/Sr1—02 3.7565,2.2383 2.1756 —0.5686 0.6670,/0.3330
Bi/Sr2—02 3.8011/2.2662 2.1564 —0.5527 1.3340/0.6660
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Abstract

Spontaneous polarization as the most immediate parameter in ferroelectricity is always an emphasis in ferroelectric
research. Some ferroelectric microscopic theory such as Berry-phase method and first principles calculation are used to
study the spontaneous polarization of perovskite type ferroelectrics. SrBiyTisO15 is a typical bismuth layered structure
ferroelectric, the complexity of its crystal structure makes the ferroelectric research more difficult. This study, from
the perspective of chemical bond, analyzes the relationship between the chemical bond properties and the spontaneous
polarization, and further explores the atomic bonding state in ferroelectric crystal and its impact on ferroelectricity.

By starting from the crystal structure data of SrBisTisO15, the atomic local cluster structure including bond
length, atomic coordination situation and the number of atoms in a crystal structure unit are obtained by the atomic
environment calculation (AEC). Calculation results show that there are 13 atomic local cluster structures in SrBisTisO1s.
Then combined with the crystal decomposition method, the SrBisTisO;scrystal is decomposed into 38 pseudo-binary
crystals, and each pseudo-binary crystal corresponds to a chemical bond. Accordding to the dielectric theory of chemical
bond that used in binary crystal, chemical bond properties such as the number of effective valence electron, the effective
valence electron density and the bond ionicity are calculated. Through improvement of the bond dipole moment model,
the relationship among bond dipole moment, bond properties, and bond parameter is established, and the bond dipole
moment of each bond in SrBisTisO15 is calculated.

The spontaneous polarization of an ferroelectric can be approximated as the superposition of the spontaneous
polarization of various chemical bonds in the crystal, where the spontaneous polarization of chemical bond is due to the
bond dipole moment. Based on the traditional polarization theory, the spontaneous polarization can be expressed as the
average bond dipole moment per unit volume, and considering the number of molecules in unit cell (Z) and the atomic
site occupation factor, the correlation between bond dipole moment and spontaneous polarization of the bismuth layered
ferroelectrics is established. On the basis of this, the calculated spontaneous polarization along a axis in the ferroelectric
SrBisTisO15 is 28.03 uC/cm?.

This study simplifies the complex crystal research by AEC and crystal decomposition method, and studies the
ferroelectricity of the bismuth layered ferroelectrics from the viewpoint of chemical bond. The bond dipole moment as
the bridge in this study for connecting spontaneous polarization with chemical bond properties, which is a new micro
study method in macro-properties of bismuth layered ferroelectrics. Based on this method, the spontaneous polarization
of other relevant ferroelectrics such as orthogonal SrBizTazQg, orthogonal BisTizO12, and tetragonal SrBisTi4O15 are

calculated, all the results are in good agreement with the experimental values and other theoretically calculated values.

Keywords: atomic environment calculation, bismuth layered ferroelectrics, dielectric theory of chemical

bond, crystal decomposition
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