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Octahedral-tetrahedral O~Ty representations and spectra

(Int.J.Mol.Sci, 14, 714(2013) p.755-774 , OTCA Unit 5 Ch. 15 )
(PSDS - Ch. 4 )

Review Octahedral OrD0 group operator structure
Review Octahedral On>0D>D 4D Cys subgroup chain correlations

Comparison of ODD4DCy and ODD4DD; correlations and level/projector splitting
ODD4DCy subgroup chain splitting
ODD4DD:> subgroup chain splitting (nOrmal D vs. unOrmal D)
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Simplest OnDO0D DD Cy spectral analysis problems
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Introduction to octahedral tetrahedral symmetry OyDO0~T4DT
Octahedral groups OrD>0~Tq and OrDTWDT
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Figure 4.1.5 The full octahedral group (O,) and four non-Abelian subgroups 7, T},
T,, and O. The Abelian D, subgroup of T is indicated also.
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Octahedral O and spin-OCU(2) rotation nomogram from Fig. 4.1.3-4 PruiesorSmmers, Dynanics ani Spectoscops
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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Octahedral ODD4DC4 subgroup correlations
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* Comparison of ODD4DCy and ODD4sDD; correlations and level/projector splitting ‘
ODD4DCy subgroup chain splitting
ODD4DD: subgroup chain splitting (nOrmal D> vs. unOrmal D)
0,20D2DsDCs and O,D0DD4DCyDCoy subgroup splitting

Thursday, April 11, 2013

16



ODDDCy level splitting D1 p. R p. i, "C, { LR, R, R} )
2 2 3
At bt Tetragonal Moving Wave Chain { LR, R;. R, }
B[1]|1 1|1 - 0,({1 1 1 1
Al 1|1 -1 Octahedral Tetragonal  Cyclic-4 P
B 1|1 1|1 1 O D4 Cs ’
2,11 -1 1 -1
\E 2 2 0 0 0 ) Al Al 04 3 1 -i -1 i
Ny s iy 4
\_ J -1, =
D4‘LC4 O4 14 24 34
A2 B1 2 Al
&y S R LG B, 1
A, 1
B 05 A1 By 04 B, 1
(\\ B 2 E S| 1
( r’f'i pxyz R’nyz
14
Ti ’VE_,:: > o|l1 r R R i
'\\\ = 3 A1l 11 1 1
R A1 11 -1 -1
14
T2 E  _— E[2 -1 2 0 O
Gumr—— T|3 0 -1 1 -1
b S AR T3 0 -1 -1 1
-
1, =
OlD,| A B A B, E olc, [0, 1, 2, 3,
A, | A, |
A, 1 A, 1
E I 1 E 1 |
T, 1 1 T |1 1 1
T, I 1 T, I 1 1
Thursday, April 11, 2013 17




. . Nm 2 2 2
ODD4DD: level splitting D, [1 p R p., i, D)"{ 1, R, R, R’}
Tetragonal Standing Wave Chain S e e Tetragonal Moving Wave Chain A i
NOrmal 1|1 -I| 1 -1 B |1 -1:1 -1
Octahedral Tetragonal Dihedral Al 1| -1 - Octahedral Tetragonal Cyclic-4 T
2
O D4 D2 slil1 ala 1 O D4 C4
2 i B |1 -1i-1 1
A1 A1 A1 \El2 2 0 0 01 Al Al 04
e e NOrmal D,={1,R3,R},R2} L Bk -1, =
DID,| A B A B, plc,|o, 1, 2, 3,
A2 B A1 Al A B 2% 4 11
e s B |1 hy T SENUR B, 1
A, 1 A |1
E ¢ Al s Al B, 1 B % A1 By 04 B, 1
iy E 1 1 - E 1 1
e At ~JENT By 2
( r’f.i pxyz R’nyz
E B E e it ) o3
B a5 T o - ol1 r R R i
< < All 1 1 1 1
b A2 N A2 !
S LA S— A1 1 1 -1 -
B1 E 14 E|[2 -1 2 0 0
T2 E - T2 - e
S a———, 10 S 4 T(3 0 -1 1 -1
Pt e A b S AR S T, 0 -1 -1 1
U
2 D2 D2 1 —
NOrmal D, ={1,R;,R;,R}} l, =
OlD, | A, B A, B, olD,| A B A B E olc, [0, 1, 2, 3,
A, 1 A, 1 A, 1
A, 1 A, 1 A, 1
E 2 E 1 1 E 1 1
T, 1 1 1 T, 1 1 T 1 1 1
T, 1 1 1 T, 1 1 T, 1 1 1
Thursday, April 11, 2013 18




Comparison of ODD4DCy and ODD4sDD; correlations and level/projector splitting
ODD4DCy subgroup chain splitting
* ODD4DD: subgroup chain splitting (nOrmal D> vs. unOrmal D) ‘

0,20D2DsDCs and O,D0DD4DCyDCoy subgroup splitting
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Tetragonal Standing Wave Chain At ol Tetragonal Moving Wave Chain D1, R,y )
NOrmal g (b1 -1 1 -l All 1i1 1
Octahedral ~ Tetragonal Dihedral | A |11 1| -1 -1 Octahedral ~ Tetragonal ~ Cyclic-4 . |, ',
O Da D2 slil1 ala 1 o) Da Cs :
2 i A1 1 -1 -1
A1 Al A1 A = A1 A 04 Bl1 <1141 1
NOrmal D,={1,R3,R},R2} -1, =
DID,| A B A B, plc,|o, 1, 2, 3,
A2 Bi A Al A2 Bi 2 4 |1
- —— B |1 Ky T GURSER B, 1
A, 1 A |1
& . A1l o Al B, 1 B § A1l o 04 B, 1
e E |- 1 - 1 L E 1 1
b Fmgy A1 B Bt - 24
UnOrmal D,= {1,R? i,,i,} c r.t p,. RR, .
B1 14
E - E = DAD, | A B A B B 0|1 r R R i
4 T A | L A1 111
ey A A2 1 ok 04 1
N £ B 1 o ALl 1 1-1
B A 1 E e e E |2 -1 2 0
g SO B, |1 o TR~ T30 -1 1 -
B I I WS Rl T,|3 0 -1 -1 1
U
2 2 2 —
NOrmal D, = {1,R5,R{,R}} -1, =
OlD, | A, B A, B, olD,| A B A B E olc, [0, 1, 2, 3,
Al A |1 A |1
A, |1 A, 1 A, 1
E 2 E I 1 E | |
T 11 1 T 1 1 T |1 1 1
T, 11 1 T, 11 T, 11 1
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o . Nm 2 2 2
0:20DDsDD> subgroup splitting( p,|1 p. R. p,, i, D,"{ 1, R, R, R}
Un 2 . .
Tetragonal Standing Wave Chain At ol Tetragonal Moving Wave Chain DAL R, L, Ly
NOrmal g (b1 -1 1 -l All 1i1 1
Octahedral Tetragonal = Dihedral Al 1] -1 - Octahedral Tetragonal  Cyclic-4 sl1 111 4
1
O D4 D2 slil1 ala 1 0] Da Cs
: il AT 101 -
A1 A1 Ar \EL2=Z2 0 0 0] Al A 04 B|1 111 1
e % NOrmal D,={1,R3,R},R2} 2R Bk -1, =
DID,| A B A B, plc,|o, 1, 2, 3,
A2 B a4 A A2 Bi 2% 4 |1
g B B, 1 i el B, 1
A, 1 A, 1
B . Al & Al B, 1 E § Al o 04 B, 1
iy E 1 1 - E 1 1
e 1 Al A, e P 2
UnOrmal D,= {1,R%,i,,i,} 4 r.f p,. RR,,
B1 14
Ti ’;_,._E_,: B2 D4‘LD2 A B A, B, T1 e E :: 34 O|1 r R° R’ 1,
< §E A 1 g A |1 I 1 1
ey e A2 1 Sk 04 1
~ - B, 1 N e A |11 1 -1
B A 1 E 14 E|2 -1 2 0
T2 B 2 T2 e
=== s B2 32 1 o 8 - i 34 "[i 3 0 -1 1 -1
B el E 1 I b R T,|3 0 -1 -1 1
UnOrmal \
NOrmal D, ={1,R;,R’ R>} -1, =
OlD, | A, B A, B, olD,| A B A B E olc, [0, 1, 2, 3,
A, |1 A |1 A, |1
A, |l A, 1 A, 1
E 2 E I 1 E 1 |
T 11 1 T 1 1 T |1 1 1
T, 11 1 T, 11 T, 11 1
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. o Nm 2 2 2
O0,D0DDDCy subgroup splitting( b, |1 p. R, p, i, D1 R, R, R,
Un 2 . .
Tetragonal Standing Wave Chain S R B Tetragonal Moving Wave Chain D1 R, )
NOrmal g (b1 -1 1 -l All 1i1 1
Octahedral ~ Tetragonal Dihedral | A |11 1| -1 -1 Octahedral ~ Tetragonal ~ Cyclic-4 . |, ',
O D4 D2 slil1 ala 1 o) Da Cs :
2 S ATT 111 1
A1 Al Ar \GEL2= 0 0 07 Al A 04 B|1 11 1
e = NOrmal D,={1,R3,R},R2} N = -1, =
DID,| A B A B, plc,|o, 1, 2, 3,
A2 Bi a4 4|l A2 B1 2 A |1
- - B |1 i Bl e B 1
A, 1 A |1
A1 A B, 1 Al 04 B, 1
E ot E 1 -1 B E 1 1
i ) Al A, e P 2
UnOrmalD2= {I,Rg,i3,i4} 4 r’f.i pxyz R’nyz
B1 14
B L e DAD, | A, B A, B, T = g oltr R R i
4 T A |1 L A1 11 1
ey A A2 1 ok 04 1
N - B, 1 N e A1 1 1 -1
B A 1 E e e E|2 -1 2 0
T2 E = 2 T2 i
pmme— " Bp B |1 TR - T30 -1 1 -
B el E |- 1 - 1 b R T,|3 0 -1 -1 1
UnOrmal \

NOrmal D, = {1,R;,R},R}} UnOrmal D,={1,R3,i,,i,} -1, =
OlD,| A, B A B | OID,|A B A B, olD,| A B A B E olc, [0, 1, 2, 3,
A ] A, 1 A, 1 A, 1
A, |1 A, 1 A, 1 A, 1
E 2 E 1 1 E I 1 E 1 1
T 11 1 T 1 1 1 T, 1 1 T |1 1 1
T, 11 1 T |1 1 1 T, 11 T, 1 1 1
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Comparison of ODD4DCy and ODD4DD; correlations and level/projector splitting
ODD4DCy subgroup chain splitting
ODD4DD: subgroup chain splitting (nOrmal D> vs. unOrmal D)
* 0:D0DD+DCs and O D0DDDCyDCoy subgroup splitting ‘
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01D0DD4DCy subgroup splitting
‘L C4L, Ar Br An Bn E

» Fig. 3.1.1 PSDS
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O0rD0DDDOChDCoy subgroup splitting

‘l' C4 v

D e
D A2
DEs

DTe
D12
g A
g Az
P Eu

ngu
G Tau

A'

BI

A”

B"

E

1

'L CZU

D1
D A2

A'

Bl

A”

B”

1

Fig. 3.1.1 PSDS

C2
Cz !%:
Cq A
> A
@ d
vorh
Ce
Csi
A gt
2 Al
Can %
Order of Symmetry Group | ‘
2 4 6 8 12 |6 24 48

Thursday, April 11, 2013

25



* Simplest OnD>0D DD Cy spectral analysis problems
Elementary induced representation 04(C4)TO

Projection reduction of induced representation 04(C4)TO
Introduction to ortho-complete eigenvalue expression
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Simplest OnD0D DD Cy spectral analysis problems

Fig. 4.3.1 PSDS

(5 |=(r12|
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(3 |=(r-| ‘

Solve XYs radial vibration K=a-matrix Solve SFs J-tunneling Hamiltonian H
(1la]1) (@lal2) --- (1]al6) R yiaspdusingests r<1|H|l> (HHEI2) i <1|H|6>\ (H TS o S 08 )
2lal1) {(2|al2) -+ (2]al6) K g s s o8 QI|H|1) {2|H|2) -+ <(2|H|6) T B S8 8 8
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Simplest OnD0D DD Cy spectral analysis problems

(5 1=(rq2 |

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

11> = 1|1) = R;|1) = R3[1) = R3|1)

O operators (Two notations)

2 2 2 2 2 2 2 3 3 3 .
1| r r, r r, r, r, r; r;| R R, R;| R R, R3ER1 R R;| |

.
oy
SONEY N
R
b 0, N s P
R
RN
Y J i
\,} ‘A" » a}u
N kA
\\‘\ ;Ij
I ZEf
’

2 1=(R42 |

(3 |=(|'1 I

Fig. 4.3.1 PSDS
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Simplest OnD0D DD Cy spectral analysis problems

Fig. 4.3.1 PSDS

(5 1=(rq2 |

2 1=(R42 |

.
e N,
L R~
SRR
nat W N ‘."\ <
=~ .4\:‘»]‘4%.
\\‘ )nq",‘
» A
7
’

(3 |=(|'1 I

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

1) = 1|1) = R5|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%=(1+R;+ R%+ R3)/4
11> = P%|1) = (1 + Ry + R} + R3)|1) /4.

O operators (Two notations)

) 2 2 2 2 2 2 R 3 3| . . . .
1| r r, r r, r, r, r; r;| R R, R;| R R, R3ER1 R R;| 1, 1, 1; 1,

1 l.1 r2 r3 r4 l.1 r2 r3 l.4 px py pz Rx Ry Rz Rx R R l1 l2 13 l4

y Z
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Simplest OnD0D DD Cy spectral analysis problems

Fig. 4.3.1 PSDS

(5 1=(rq2 |

21=(Rq? |

-
aman s g\t
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(3 |=(I'1 I

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

1) = 1|1) = R5|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%=(1+R;+ R%+ R3)/4
11> = P%|1) = (1 + Ry + R} + R3)|1) /4.
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3)
g) = gl1) = gR5|1) = gR3|1) = gR3|1)

O operators (Two notations)
2
1

Ri R, R;
p. P P

2 2 R 3 3| . . . .
r, r; r, R, R, R3ER1 R; Ry i 1, 1; 1,

R R, Rzéﬁx R R |[i i, i, i,

y Z
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Simplest OhnDODDDCy spectral analysis problems
Fig. 4.3.1 PSDS

(5 1=(rq2 |

Thus we label states by
left cosets reCy of Local Cy

(11> =11),12) = |R12>, 13 = Ir1),14) = Irp), 15) = |rf), 16) = |rZ)

e T
s gt
.\...\\\\ by ’
et g
SR S \
. X T mma T
Swma & LR < B S (
- F ~ LA
s AR 8 3 T,
s » ar.
5 ag i
( \, 27 %
\J . ~
P K
7 \\ 4 [/
3 )
‘l

21=(R42 |
\ 1C4 = C, = {1, R, R%, Ri}
Ri(1,R;,R3, R3) = (R}, iy, RS, i3),
(31=Ary | ——r (1,R,, RL, R}) = (ry, i, 14y R,),
ro(1,R3, R3, R3) = (rz,iz,r3,R§),
r{(1, Rs, R3, R3) = (r2, R}, r2,iq),

ri(1, R3, R3,:B3) = (t5: Reaanist)

Assuming Cy-local symmetry conditions for |1) state

1) = 1|1) = R;|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%= (1+R;+R}+R3)/4

11> = P%|1) = (1 + Ry + R + R3)I1) /4.

These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3)

g) = gl1) = gR5|1) = gR3|1) = gR3}|1)

O operators (Two notations)
1|r, r, r, r, r, r, r. r,| R R, RZ/R R, R, R R} R}| i i, i, i, i i
1 r1 l.2 r3 l.4 fl fZ f3 f4 px py pz Rx Ry Rz lAix 1iy l’iz i1 i2 i3 i4 i5 i6
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Elementary induced representation 04(C4)TO

Fig. 4.3.1 PSDS

Thus we label states by
left cosets reCy of Local Cy

(1) = 11),12) = [R2), 13) = Ir,), 14) = Ir,), 15) = 12, 16) = Ir2)

(5 |=(r12|

Lal@ <2|=(R12|

el > e ‘\ 1Cs=C, = {1, Ry, R%, RY
AN Y N R:@ R, RL B = (B, 1, B5 1)
(31=Arq l ~—, (1, R, R%, R3) = (ry, iy, 14 R,),
r2(1,R3,R§,R§) = (rz,iz,r3,R3),
ri(1, Rs, R3, R3) = (v, R}, rd,iq),
|r22)=|6)‘L r%(l’R3aR%,Rg)=(’22,R1”'42’i5)’

|
1C,= Cieft. RoRE R I

(6 |1 X)
This “coset-basis” spans a scalar 04(Cas) induced representation 04(Cs)70
i4|1>=i4|1>, i4|2>=i4R%|1>, i4|3>=i4r1|1>, i4|4>=i4r2|1>, i4|5>=i4"|2“>, i4|6>=i4"22|>,

= R%#|1), = R3|1), = j:|1), = j.[1), =i, |1), = j.|1),
11), = |6), = |5), = [4), = [3),

=y |2>’
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Elementary induced representation 04(C4)TO

Fig. 4.3.1 PSDS
(5 1= (2 | Thus we label states by

left cosets reCy of Local Cy
(11> = 11),12) = IR}, 13) = Iry), 14> = |r,),15) = r}), |6) = |r2)

(2 1X) .- (21=(Rq2 |

‘\ 1Cy=C,={1,R;,R% R}

RI@; R, B2, B3 = (B2, 5, B2, i.),
(31=Cry | 7 (1,R,, RE, R3) = (r1,i1 14, Ry),
ro(1,R3, R3, R3) = (72,05, 73, R3),

].C4 = C4 o~ {1, R3, R%) Rg}

9’3{}. ri(1, Rs, R3, R3) = (v, R}, rd,iq),
- 2y = 16) ——N r3(1, Ry, RE, R3) = (12, Ry, rd,is),
(6 1%) \

This “coset-basis” spans a scalar 04(Cas) induced representation 04(Cs)70
i4|1>=i4|1>, i4|2>=i4R%|1>, i4|3>=i4r1|1>, i4|4>=i4r2|1>, i4|5>=i4r12|1>, i4|6>=i4r22|>,

= R 1), = R3|1), = is|1), = igl1), = i,|1), =i 1),
= |2), = |1), = |6), = |5), = |4), = |3),
For example here is 04(Cs) induced representation 04(Cs)TO(is)
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(2li 1> (2ligl2) ‘ 1
SO ke
. . N . . 1 . .
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Projection reduction of induced representation 04(C4)TO

Scalar A eigenket
gy = Pghl1y /(N4

- LY 94 (g)gly /(N4
g

= (1) + 12) + 13) + 14) + |5) + 16)) /(6)'/*.

|Aqg?

Aq
H +4S

FREQUENCY OR ENERGY
SPECTRUM

et e e e e

51—
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Projection reduction of induced representation 04(C4)TO
Scalar A; eigenket 0404 lensor E-eigenket 0404

2 e 1/2
legty = Pghl1) /(N4 ) = PEsID/(N%)

. 1/2 =2Y 9E,(2)8l1)/(N*)
=% L27(8)gl)/(N™) ;
g

1/2

= 2[(1 + Ry + R: + R}) + (R} + iy + R} + i)

= (1) + 12) + 13) + [4) + 15) + |6)) /(6)">. —L(r i AT+ Ry) = 3(ry + i+ 13+ RY) .

—3(r2 + R} + 13 +ig) = 3(r3 + Ry +rd + is) 1D /(NB) 7,

le£y = (211) + 212) — 3) — [4) — |5) — 16)) /(2V3).

£ (81
0o.)= i oWE

| Aq..)
19
A
1 H + 4S8

&l-

FREQUENCY OR ENERGY
SPECTRUM

et e e e e
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Projection reduction of induced representation 04(C4)TO

Scalar A; eigenket 0404
legy = Pghl1) /(N4

= LY o1(g)glly /(N1
g

= (1) + 12) + 13) + 14) + |5) + 16)) /(6)'/*.

leE) = PE,11)/(NF)

2
- T L5 (£)gI/(N)

T

lensor E-eigenket 2404

1/2

1/2

V3 V3

2
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Projection reduction of induced representation 04(C4)TO
Scalar A; eigenket 0404 Vector T'-eigenket 3404=-1404and 0404

A — pA A, 172
legy s P51 /(N1) 1y = (13) = 14) — iI5) + il6)) /2,
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Projection reduction of induced representation 04(C4)TO

Scalar A; eigenket 0404

Vector Ti-eigenket 1404 and 0404

1/2
legy = Pgul1) /(N4 1) = Pl D/(NT)
= LY 94 (g)gly/(N4)"” s —29404(g>g|1>/<1v“)”
2 11 1
S T AT R . e . 3
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Figure 4.3.3 Evidence of an (A,T,E) spectral cluster in methane laser spectra.
(Courtesy of Dr. Allan Pine, MIT Lincoln Laboratories, from Journal of Optical
Society of America 66, 97 (1976)). The ordering and approximate spacing of the 4,T;
and E lines is consistent with that of Figure 4.3.2.
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Simplest OnD>0D DD Cy spectral analysis problems
Elementary induced representation 04(C4)TO

Projection reduction of induced representation 04(C4)TO
* Introduction to ortho-complete eigenvalue expression
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Introduction to ortho-complete eigenvalue calculations
Right and Left cosets of Cs extracted from group table

1 r1 r2 r3 r4 i;1 i:2 l~~3 f'4 px py Z Rx Ry Rz Rx Ry Rz i1 i2 i3 i4 i5 i6
p. | r, rn 1, ¥ ¥ &% | p p 1|1 i, R iy i R R R i i, R R
RZ i6 i5 Rx Rx Ry Ry i2 il i3 i4 RZ r1 l~.3 pz r2 l~.4 1 l~'1 l~.2 py px l.4 r3
RZ Rx Rx i6 i5 il i2 Ry Ry i4 i3 Rz r3 i;2 1 l.4 iV.l pz i:4 i;3 px py r2 l.1
TABLE F.2.1 0O-Group Table VAN
g . : : AR 1 SR O R
L L L e
r r¢ —-r? -r3 -r3 -1 —R3 —R%} —-R}|-r, -r3 |—-nr, iy ig i =g o=l = R} is R3 B . iy R}
ry |\-r? r3 —-r} -r} R? -1 R? —R} ry ra | —r; R, -R3 i iy —is R3 I v. S Ra R, -—i R3 H
ry | \-r?2 —r? RE: <rk R? —-R?} -1 R | —r, % ry |\ —is R, | -R3 | R3 i B> is 4 +R] ' R, —i, R,
rs r3 —r? —r} ré R? R} -R? -1 g R 1 L ri [\-R} —is R =iy R} i R, ig ~Ts R3 R; iy
ré | +1 R? R3 R} -r, r3 s ) ra r3 r3 R3 R} R |+ ol S bt ) | e & et et is o & WLt | O
r3 | +R} -1 R} —Rj ra —ry r ry | —r3 —rf rZ iy o L = LY R, —R3| —is is -R; —R} ig N3 =gy
r3 | +R3 —-R} -1 R? Fp ry . —ra r r3 —r?| —-r} | FR, =iy | —ig iy R;| -R} ||-i; -R3 is R, -i;, -—-R3
r? | +R3 R? -R? -1 r3 r r, —rq | —r? r3| —r? | i -R;| —-is |-R3 —i, R, ||-R3 TR R R )
R?| r, S A ) r r3 —r? r3 -r3 | -1 R3] —R3 R} i ol -R, ip —ij -R, -R3 R} Nl is
RI| 4. L' =13 r§. —-ri -—r} ri | —R} =1 Ri| Tis R3| iy |=ig =Ry =iy ||=¥; iy, =Ry R} R, Ry
R3| 4ry -r4 r ) ra r3 —r? —r R3 —-R3] -1 ig iy R} |-is ol 4| - R, R} -R, iy ol L R} —R,
R, iy, —-R3 -i, R, R} —i; —R, is Ry 4i¢ is R? rn| —-ri |1 —ry 23 | |—r, ¥ r8 —-r? —R} R}
R, i3 R; .=R3 iy R} is *ig =R; i =i, R3 i - r3 R3 r r3 -1 -rg Rt R} —r, —ry —r? ré
Ry| |ig is R, -Rj R} —-R, -i, -—i iy iy Ryl [y =k R} [-r, ri| -1 ri r3 R3 —R} —-r, —r,
R}| 4R, —i, R3 i iy —R} iy R; | —R, is | ‘=g | 11 —rs r? |-R? ra | =rj v ra r3 —r?} -—-R} —Rj}
R3| 1R, i3 iy R} -—ig R, -R} is =iy 1 SRal =i r2 -1 -r, |-r} —R} ry ||-R3 R? -r, -r, -r? r3
R3| +R, R3? ig is o | P R, -R3 Bg/ . =g Al T L | PRECE —R3? ri r3 —R} —-R? -r, -r
i R} —-i, is Ry -R, =—-ig —is —Rj R3 iy | =Ry|| r} R}| —r, r? —-R}| -r |1 —-R% -r, rs r3 rs
iy i R3 Ry, —iy; —is R} R, —ig R, —i R3||-r3 —-R?|-ry |-r? —-R3}| -n, R -1 ra —r rf ré
is R} R, —is isc —-R, —R3 -—i iy | =Ry R3\—i, ||-1, ri RE [ '=ry r3 \ =R} r3 -r} -1 RE " py iy
is | |=is ig -R} —-R, -i, i -R3 —R,| -R} —R, iy ra r; R3 r3 r3 R:|| —r? ri ~R3} -1 r —ry
is i, —R, i -R3 iy o — Ry i3 . =R3 ic —R; \-R, R} ry r3 R3 rs r#ll —rs -ry —r} e | —R?
ig R} R, i, —-R; —iy —-R3 =—iy | —-is —-R, \Rj| R} -—-nr, r¢] —-R%3 -r | -r, -r, ri ri R} -1
\V \/ \ 4
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Examples
of multiple
Left cosets
of C4 from
group table

Will be used

later to
derive

eigensolutions P
and simplified P

formulae.

R, D 1 p. R,
r, i R, I, r, i
I; i, Ry I, r, i,
) I~{y i2 Iy r, Ry
I Ry i, 1'4 ______ I Ry
PR, r i, R,
i, R, i T, F, R
fl i6 Rx ~3 l~'1 i6
i, i, R T, P
Pk Py
P i i, Py P i
1 Rz Rz pz 1 Rz
iS l~.4 f'z Rx i5 i;4
i r, r, Ry i r,
R, p 1 R R p
i f, F R, i i,
i, r, r, ﬁy i, r,
R, 1 P, ﬁz R, 1
R, r, I, i R, r,
R, r, r, i, R, r,
i4 px py i3 i4 Px
i P, P i, i P, P
R, T F, i R £ F,
R, i, f, i R, i, f,
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C 4 subgroup correlation to O

0oC 1 3),=(-1
N A‘: - (.)4 . (.)4 Dy C, Projectors to split octahedral P*

A1 e e 1 . 3 omimp/d P, =(1+R,+p, +R,)/

E2 1 . 1 . . e2mim:p RP — < P, = (]_ -+ sz —p, — Z‘_B'z)/ll

4

1 I S I = i p2, =(1-R,+p,—R,)/

T2 . | | | . P34 =(1_2Rz_pz+7’Rz)/4
1.P%= (p04 +P1, P2, +p34) - P
1-PA= Pyl 40 40 +0
1.P2= 0 40 4Py +0 .
1.PE — p0E4 0 40 2Ej N 10 10 split O-C, octahedral P"
1-PT = Pg,, +P, +0 +P3ls, related to 10 split sub-classes
1-P2= 0 +P§14 +P3%, +P§§34

5312,14 (O D) C ) 1 T1T2f3f4 f1f2T3’f’4 Pz Py Pz R R R R Rz Rz i1i2i5i6 ’i3’i4
24 - Py, 1 1 1 11 1 1 1 1 1
24 - P52, 1 1 1 11 —1 -1 -1 -1 -1
E 1 1 1 1

8- P #14 1 —2 +2 0 -1 +5 —i 44 —4 0
8- Py, 1 +3 —3 0 -1 +5 +i o —i —4 0
8- P, 1 0 0 -1 1 0 1 1 0 -1
8- P?jh 1 +4 —3 0 -1 — —i i +35 0
8- P%:34 1 —3 +2 0 -1 — +i —i +5 0
8- P2, 1 0 0 -1 1 0 -1 -1 0 1
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2107101
¥

J=30

llI.

T -

4 .
1
T, S 5 kel
4-10 cm‘+ "#{]1’4
'
9-10-8em-1 | —_—
v
¢ ~Kfi—-37
5-10-7em1 s .
. e (3),

—." K(iil )31

{0E)d

4 3 (U],
N -

AS. Pines, A.G. Maki,
A. G. Robwietie, B, J. Krohn,
JK.G. Watson, & T, Urbanek,

JAm. Chem Soc. 106, 891 (1954}
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=]

Example: G=0 Centrum: x(0)=%,, (1*)° =10+10+20+30+30=5

A .
f | I Cubic-Octahedral Rank: D(Q)ZZ (f[:t); =11+11+21+3131=]p
2= Group O (@)
7= 3 Order:  %0)=Zy, (£7)! =17+124+224+37437=24
=3 ”‘
O group , T Ry
— TYz ~ 11—
Xﬁg g 'Fl—-i Py R:{:yz oo
s-orbital r* >C‘£ — .ﬁq 1 1 1 1 1
d-orbiials Ao 1 1 1 —1 —1
(x?+y7-222 x2S B 9 —1 2 0 0
p-orbitalsix, v, 20T 3 0 —1 1 —1
X2,yz, Xy 1> 3 0 I | 1

d-orbitals

.
o::q,“_]u (1) (2), (3)4=(-1), 2(0)3 (1)3 (2)3=(-1)3 e
AT o At
Ale o 1 e Ayl o e
El1 - 1 E e 1 1
T, |1 1 « 1 T, (1 1 1
Tole 1 1 T, 1 1 1
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(a) SF, ¥, Rotational Structure FT IR and Laser Diode Spectra
K.C. Kim,W. B. Person, D. Seitz, and B.J. Krohn

J.Mol. Spectrosc. T6, 322(1979).

Ri20) I Primary AET species mixing
| | e T Tad T e L 7] f e fp
il . koo e it ,:fagr;t.’;.xr.;.x Tujih distagce from
620cm'  6lsem 6l _— % sepegalrix .
(b) ABB) Fine Struct 1 1S ) . P(BB)
- SF6 v, PES)~16m ] LA TS <]
A" --'-wm*-‘wv'-wkuw AT o *‘::'.:,f - ul
Four foid axis ,.--",,':'.’--_:--M more. £ 4 fmixing “‘-"4'.3“ .ﬁ: ~~ x‘%ﬁ\:\.ﬁ
____...__:-__,_..-"‘"__':_...-':'j_...--"“" species mixing ,ff f;"r / . - Rt :"' i ot '
e .I'KE— a1 52 83 84 g5 86 87 &8
{c}Supurflnn Structure [Rotahmul axis funneling) i - : '

— /s

83 87 86 85 51 83 82 81 80 79 78 ?? 76 75 74 73 /2 71..FL

rol : > a— 1500%Hz OT2H: 7 KHz '_H_ 12 Mz

L B A " 210" Hz zl 03skHz LT -

:_.....:mﬂu | 90 Hz 2TH [EFA L1 62 kHz %‘ﬂ i

70 Hz m E a0 ] R E 4H: | & || T kHz [T T L1 B.2MHz | T2

Eﬂ i [AF [ L ARE/LLL W
_- BFR R ==

e

Observed repeating sequence(s)...A T E T?IT1 ET,A, T,T,

--+.

|

: . , AI | . M . Al l " .

Local correlations explain clustering... aly . .
.. but what about spacing and ordering?... Asls = 1 » dt

EjJl I - E |- | |

...and physical conseguences? T, (1 1 - 1 T (1 11

4] = | | | '['3 | | |
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20% 300 40% s0° 60 L ' 140° 1507 160®

(111)-clusters

l_..l" A m ® " L] . - . B
7 2-fold (110)-clusters
' C, symmetry
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