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Acoustic phonons -

1D lattice; 1 atom per unit cell

Longitudinal phonon (f — 0) cesessssssssssssscce
Longitudinalphonon(f> 0) ceccccccccccscsscc oo
Transversephonon(f—>0) ®00cccc0s00000s00000 00
Transversephonon(f>0) o000 ,o0%0,,0%0,,0°
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Acoustic phonons -

2D lattice; 1 atom per unit cell

Longitudinal phonon (f Il é,) Transverse phonon (f Il e,)
00000 000000000000 00 :0....00:::00..000::
Cecccccecceccceccees Sesseteessseccticens
G005 6 8 B OG0 O O S O ::3212:::::::1112:::
SO SR
0000000 0C0O0COCOCGOOOOOOSGOEOOOO ::o.. o:::::o...o:::
ettt ettty ettt een ittt
ettty ettt teeees ittt
0000000 OCOOCOOCOOOEEOEEOOOEO © 0000000 °°0 0455000000
©000 0000000000000 0 00 ©000000°°°0 04545000000
000000 00000000000 000 © 0000000 °° 0 04450300000
0000000 00C0OCOCOCOOOEOGOEEOOOOEO © 0000000 °°0 0 4g,5000000
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Acoustic phonons -

2D lattice; 1 atom per unit cell

Hybrid phonon (f It ey) Hybrid phonon (f ke

©0 00000 00000000000 00 00600°°0 g, ,.,00°°%04,,00
©0 0000000000 00OCOGOSOS OO 0009000 g, . 00000 g, 000
© 00000000 000000000 00 00°® 00 4 ,000°0% 04,000 °
© 00000000000 0000O0COCOCT 0000 0 g ,,000°%0,4,,0000
© 00000000 Q0 OCOCOCEOOOOIONODPO 000049 4,000°0 4, ,,0000
®© 060000000000 00000000 00 0 0540000 °0 04,0000 0,
© 0000000000 OCOCEOEOONOOONONOO © 009000 °%04,,0000%0,
®© 00000000000 00000000 © 000000 °°%°0 04,0000 0,,
© 000000000006 O0CO0COCOCEONONODS © 00000°°°% 04 ,00000,,,
© 000 000000COCEOEO O OCEOEOOEOOTS © 00000 °°°%0 g,4,00°0%0,4,,
® 0 00000000000 0 0 0 0000 ©0000°°0 g ,,0000%0,,,.,
© 0000000000000 00 0000 00600°°%°% 04 ,.4000°9%°0 0,4 ,.,.0
© 0 00000000000 OO O OOCNOS 00 090°% 0 4, .00°%0,4,,00°0
©0 0 0000000000060 OC0OCOCOCFO 0009000 g, .000004,,.4000°
©0 000 0000000000 00 0 00 000900 g 4 .00000 4 4 000"
©0 0000000000000 0 0 0 00 000 04,0000 0% 04 ,,0000
©0 0000 00600000000 0 0 00 0000 g ,,00°%°04,,0000°0
©0 00000 00000 O0OCEOEOS OO OO ©0 005000 °°0 04,0000 0,
©0 000060 0000000000 0 00 ©000e00°°%0,,,000%°0 0,
000000000 000O0OGCOSEEOSTOGTPOIO © 009000 °%0 4 ,,000°%0,,
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Optic phonons

1D lattice; 2 atom per unit cell

Acoustic phonons:
Longitudinal phonon 0000000000000000000¢00000005000000008000

Transverse phonon ©0000000000000000000008000000000000,0,,,

Optic phonons:

Longitudinal phonon © 00000 60 00 02 02000 20 20 20+ 00 00 00 00 000 00 o0 ¢

> —>

Transverse phonon ©0000%0%0°0°000.0,0,0,000°0°0°0°0:0.0,0,
O
) ol
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Optic phonons -

2D lattice; 2 atom per unit cell

Acoustic phonons:
Longitudinal phonon

0000000200000 00 0002000000000 02000 0Dode
000000000000 0000000000000000000000000000
0000000200000 0002000020000000000000°200020
0000000000000 000000000000000000000000000
0000000000000 0000000000000 00000000000000
0000000020000 0000000020000 0000000002000 Pe
0000000000000 000000000000000000000000000
0000000000000 0000000000000 00000°200200000
0000000000000 0000000000000 00000000000000
0000000000000 0000000000000 00000000000000
[ I1 I I I Y XN NN RN RY Y IT I IT YT XY RN RN R RY I
0000000000000 000000000000000000000000000
0000000000000 0000000000000 0000000000000
0000000200000 020 0000000000000 00000002000°
0000000200000 0200°00202 0000000000000 0202020
0000000200000 °0000000200000000000000000200
0000000000000 0200000000000000000°00000000°
0000000000000 000000000000000000000000000
0000000000000 0000000000000 000000000020000
0000000000000 0000000000000000000000009000
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Transverse phonon

000000000000000°0°00000,g,4,45,000000°0°0°
...°.0.o.o.0.'.'.....'.'.0000o.'.'.'....
..........................'.............
........................................
.....................l..................
...............O.....G..................
........................................
.o.............o.'.'.o.............o.'..
.0......................................
.o...............000000................!
...............o."'.o...............000
.o.............o."l.o.............o.i.i
000000000000000°0°0°0000g,5,4,00000°0°%°
000000000000000°0°0°0000g,4,9,000°0°°°°°
...............ol""o...‘.........000.0
.l..................'l..................
000000000000000°0°0°00004,5,g,00000°0°%°
000000000000000°0°0°000,g,4,5,000000°0°0°
...................'....................
...............I........................



Optic phonons

2D lattice; 2 atom per unit cell

Optic phonons: ®
Longitudinal phonon @ ® Transverse phonon 1 o i

@ 0000 00 00 00 000 00 ¢ 20 90000 00 0 00 00D °9 o ¢
© 0000 00 G0 00 000 o0 ¢ o0 90000 00 B0 00 90D °9 o ¢
@ 00000 G0 80 B0 90 0 o o9 ¢9 000 B0 B0 G0 PP g o9 o
@ 0000 00 G0 00 000 00 ¢ o0 0000 00 B0 00 00D *9 o ¢
@ *0e00 00 G0 00 000 ¢ ¢ o0 09200 00 B0 00 90D 29 o ¢
@ 00000 G0 G0 00 90 0P o o9 °9 000 80 G0 G0 PP o9 o o
@ 00000 00 00 00 00D 09 o9 o) 00000 G0 B0 90 90D e o ¢
©o0e0e 0c 0o 00 90D 0@ ¢ o0 29000 00 G0 G0 Qe P o9 o9 ¢
9 o0000 00 B0 00 00D oD o o) 00000 B0 B0 00 Do P 0 o) o
(XTI TN N N XTI NTN N N!ITTN N N'KITNXTN. NI
(XX IN N N XIINTN N_XK!IJ'N N N 'XITX' N NI
O 0000 00 G0 00 00D o o0 o0 0000 80 B0 00 00D 29 o ¢
@ 0000 80 0o 00 00D 09 o) o9 20000 B0 G0 00 00D o9 o9 ¢
©c0e00 00 G0 00 000 00 ¢ 9 20000 ¢ G0 G0 0P o9 o9 ¢
900000 00 00 00 00D 0P o o0 29200 B0 B0 B0 P90 P o) o o
@ 0000 G0 G0 00 00D 00 ¢ 09 20000 G0 G0 00 00D 29 o9 o
@ c0e00 00 G0 00 000 20 ¢ 0 20000 00 G0 00 000 29 o9 ¢
000000 80 00 00000 20 9 %0 20000 00 00 000000 9 ¢
@ 00000 00 G0 00 00D 00 o0 0 *0 000 00 B0 00 000 00 9 ¢
000000 00 00 00000 ¢0 9 %0 20200 00 00 0000020 %0 ¢

0,000°0%°0%°0°%°000,0,0,0,000°0°%°0°%°0°%°000,0,0,
00000°0°%°0°0°000,0,0,0,000°°°%°0%°0°000,0,0,
00000°0°%°0%°0°000,0,0,0,000°°°%°0%0°000,0,9,
00000°0%°0%0°%°000,0,0,0,000°0%0°%0°%°000,0,0,
00000°0°%°0%°0°000,0,0,0,000°°°%°0%°0°000,0,0,
00000°0°0%0°%°000,0,0,0,000°°0%0%0°000,0,9,
00000°0°%°0°%°0°%000,0,0,0,000°°0°%°0°%°0%°000,0,0,
00000°0°0%°0°%°000,90,0,0,000%°0%°0%°0°%°000,0,0,
00000°0%0%0°%°000,0,0,0,000°0%0%0%000,0,0,
00000°0°0°%°0°%000,0,0,0,000°°0°%°0%°0%°000,0,0,
0,000%°0%°0%0°%°000,90,0,0,000%°0%0%0%000,0,0,
00000°0%0%0°%°000,0,0,0,000°°0%0%0%°000,0,0,
..........................’.............
...l.........l....‘.....................
.................‘.......'...............
..................‘.....................
.............l....‘......'..............
00000°0°%°0%0°%°000,90,0,0,000°0%0%0%°000,0,0,
0,000°0°%°90%0°000,0,0,0,000°0%°0°%°0°%°000,0,0,
0.000°0°%°0%°0%000,0,0,0,000°0°%°0°%°0%000,0,0,
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