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First principle calculation of optical properties of nonlinear optical
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Abstract:

By substitution of A site cation in a nonlinear crystal CsGeCl3 or CsGeBr3 we
hope to find the property of the new crystal through the first principle calculations. K
+,Rb+,Cs+ are those cations together with anions being formed as the new
crystals. Through calculation several parameters of the new crystal such as crystal
structure, ground state total energy, bulk modulus, electronic band energy, second
order nonlinear coefficients and so on can be found. We hope to obtain some
important information from calculation in finding an useful nonlinear crystal. Besides,
ternary halide crystal AGeX3 (A=Cs, Rb, K; X=Cl, Br) or even quarternary halide
RbxCs1-xX3 could be obtained if chemical synthetic technique are used. From
experimental measurements, FTIR ~ Raman spectrum ~ X ray diffraction pattern >
powder SHG ~ and absorption spectrum, we can modify our theoretical model and give

the correct results.
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4 # The density of state analysis of CsGeX3 in rhombohedral, cubic, and
tetragonal symmetries is shown in the following figure. The contributions of s-, p-,

and d-orbital of the specimens Cs (green), Ge (red), and halides (blue) were also
deduced.




There are a special, six different [110], eight varius [111] planes. They are CCG, C3a,
C3b, C3c, C3d, C3e, C3f, C3g, C3h, C4a, C4b, C4c, C4d, C4e, and C4f sliced plane.




There are six different [110] planes. They are C4a, C4b, C4c, C4d, C4e, and C4f in

rhombohedral lattice representation.
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There are six different [110] planes. They are C4a, C4b, C4c, C4d, C4e, and C4f in

hexagonal lattice representation.
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There are eight varius [111] planes which are perpendicular to four diagonal axises.
They are C3a, C3b, C3c, C3d, C3e, C3f, C3g, and C3h in rhombohedral lattice

representation.




There are eight varius [111] planes which are perpendicular to four diagonal axises.
They are C3a, C3b, C3c, C3d, C3e, C3f, C3g, and C3h in hexagonal lattice

representation.
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There is a significant slice plane which is perpendicular to [-1 -1 0] plane. The halides

are not located on this plane. Here are the electron density analyses of rhombohedral

and cubic CsGeCl3 in both rhombohedral and hexagonal lattice representation.
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There is a significant slice plane which is perpendicular to [-1 -1 0] plane. The halides

are not located on this plane. Here are the electron density analyses of rhombohedral

and cubic CsGeBr3 in both rhombohedral and hexagonal lattice representation.

CsGeBr3CCG221C0.png CsGeBr3CCG221C.png



There is a significant slice plane which is perpendicular to [-1 -1 0] plane. The halides
are not located on this plane. Here are the electron density analyses of rhombohedral

and tetragonal CsGel3 in both rhombohedral and hexagonal lattice representation.
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