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rlz -1 R% R% R% ~r, ry r, rs ri r22 r32

r3| —R} -1 R%? —R? re —r; r ry | i—ré¢ . =r r2

r} —R% —-R% -1 R} ry Fg - i+ r r? —ri —ri

r} —R% R% —R% -1 r3 r ry ~rs --r,2 r32 —r22

Rf el 7 r3 ol 4] r r% —rf r2 —-r?2 | -1 R% —R%

R% ~Fa r ry ~Fy rf —r} —rlz r% —R% -1 Rf

R% ~ry —rs ry ry rt r3 -r} —r} R3 -R} -1

Step-byStep Development of
I-characters
GrpTh Lect. 19 start:p.22

GrpTh Lect. 19 end:p.50

Minus (-)signs
for Fermions

(Ignore (-) for Bosons or
classical particles)
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letrahedral T class algebra

¢;=1, c=ritrtritrs, ch=ri2+ry2+ri2+re, c,=Ri>+R2?+R3?, ‘L‘
[_—-‘\
T group products T cl d o= T
group p class products -y =Ny
[ 4 prsy
+120° _120° o=
——"—— N —C A"\ [t
[111][111][111][111] [111][111][111][1111 100 010 001 './
’12 rzz r32 r42 yz IOZ /
1 r ry ra rs ri r; r3 ri R5
r r,?' —r42 —r22 —r32 -1 —-R% —R§ —Rf =Fs . =il . =T 1 . c c CT c
ml-rd et 9 kg h THME gLty iR S =¢ r r 0
r3 —r42 —rlz r% —r22 R% —Rf -1 R% i~y r ry
relond = =af g (R OR L SRE -1 o c Adc¢’ | 41+4¢ 3¢
riz -1 Rf R% Rg' -r r3 ry rs r42 rzz r32 r r P r
rf —Rf -1 R% —R% rs —r, 7 r3 —r% -—rlz r42 T T
r;z —R% —R% -1 Rf ry ry —rs r r22 —r42 —rlz CI‘ 4cr 3CI’
r42 _R% R% _Rlz '_1 r3 rl rz _r4 _rlz r§ _r22
RZ| —r, Py -r, r 3 -r rd -r3 | -1 R} -—R3 C 31+2€
Ri|-r, rn g —ry | 713 -r} -r} r3|-R% -1 R} p P
R% —-ry  —r, r ry rf r_% _,22 —-r,2 R% —R,z -1

Step-byStep Development of
I-characters
GrpTh Lect. 19 start:p.22

GrpTh Lect. 19 end:p.50

Minus (-)signs
for Fermions

(Ignore (-) for Bosons or
classical particles)
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Review: General all-commuting class-character-projector formula derivations.
P in yi-terms of kg ke in y-terms of P" Irep frequency [ in y**-terms of TraceR(g)
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letrahedral symmetry leads to Icosahedral
Octahedral groups O D> O0~TsDT and its large subgroups. O slide-rule

Octahedral O and spin-OCU(2) nomograms

letrahedral T class algebra +minimal equations centrum projectors and characters
Octahedral O class algebra minimal equations centrum projectors and characters

Characters of full Octahedral symmetry O,=0 xCi1=0*{1,1}
Octahedral OyD>0DCy subgroup correlations

Octahedral subgroup correlation OrD>0DDs  OnDODD4DCys  and level-splitting
Comparing ODCy and ODC; and ODC»

R(3) CO(3) D0,D0 character analysis: Crystal field splitting p, d, f,...orbitals
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letrahedral T class algebra

¢;=1, c=ritrtritrs, ch=ri2+ry2+ri2+re, ¢,=Ri>+R2*+R3?, i
T d | 8.7

group products T’ class products Pt g

| 3y,
+120° -120° . e B2
Y r——— %I Z S e
[111][111][111][111] [111][111][111][1111 _100 010 001] l
’”12 rzz r32 Ty 2" pxz 10)/2 1022 /

1 r ry ry rs ri r; r3 ri Rj R5 Rj
r r]2 —r‘f —r§ —-r32 -1 —R% —R§ —Rf —Fs . =y “Ta 1 _ c c CT c
ml-rd et 9 kg h THME gLty iR S =¢ r r 0
r3 —rf —rl2 r_% —r22 R% —Rf -1 R% -y r ry
rs —r22 —r_% —r,z r42 R,z R% —R% -1 Py .+ =8 r c 4CT 41+4c 30
rf -1 Rf‘ R% R_% -r rs r, rs r42 rzz r32 r r P r
r22 —Rf -1 R% —R% rs —r, 7 r3 —r;z —rlz r42 T T
|-’ -R} -1 R n orosn | o o c 4c, 3¢,
r} ——R% R% —R% -1 r3 r 7y o 7 —r,2 r32 —r22
Ri|=re rn =, n | ¥ -2 2 -r2|-1 R} -R3 C 31+2¢
R3[| —ra T By : 713 r$. -r§ -rf r3 | -R} -1 R? P P
R% —-ry  —r, r ry r‘,2 r32 —r% —r,z R% —R]2 -1

Step-byStep Development of

Minus (-)signs T-characters

for Fermions .
(Ianore (-) for Bosons or GrpTh Lect. 19 start:p.22
classical particles) GrpTh Lect. 19 end:p.50
Minimal equation for ¢, Minimal equation for ¢,
c; = 4¢, ¢, =31+2c,
¢, =4¢c, =4(41+4c,)=161+16¢, ¢ -2¢,-31=0
¢, =161c, +16¢c ¢, =161c, +16(3c,) (c,-31)c,+1)=0

*—64c, =(c’-641)c, =0

ch = 4e+3ml)(cr = 4e_3ml)(cr -41)(c, -0)=0 ]
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letrahedral T class characters T céass products l=c, c = o
°c XM 1) 2 u* (g,u) ' ' P
= ﬁ M P — Z C — 1+... i
[cg % is P] classesc, OGZg " °G ¢ 4c” 41+4c/0 301’
Minimal equation for ¢ :(¢,—4el)(c.—4e*1)(c.—-41)(c.-0)=0 Er 4¢ 3¢
pUe) _ (c.—4e*1)(e, —41)(c,-0) _ (cf —4(e*+1D)e, +16:¢*)c, c, 31"'20,0
(de—-4e*)(4e—-4)(4e-0) 64(e —e*)(e-1)e
4¢ ¢ +4(e)4e +16-¢*c,  16(1+c )+16¢c, +16-¢*c, l+c, +e€, +¢*c,
B 64ix/3(e” - ¢) B 64i/3(=i3) B 12
pUe _ (¢, —4el)(c, —41)(c, -0) _ l1+c +e%c, +ec,
(4e*-4e)de*-4)(4e*-0) 12

po _ (¢, —4el)(c, —4e*1)(c, -0) _ (¢, -4(e+e*)c, +161)c,

(4-4¢e)d—-4e*)(4-0) 64(1-(e+e*)+1)
4¢ ¢, +4-4¢, +16¢, 16(1+cp)+16ér+16cr 1+cp+’(:r+cr
641 +1+1) 64(1+1+1) - 12
o _ (€, = 4eD(e, —4e¥D(e, =41 _(¢]—4(e+e%)e, +16-1(e, - 41)
(0-4e)(0-4e*)(0-4) 64(-¢e)(—e*)(-1) | Ir:e,=|¢ ¢ ¢C ¢,
4¢ +4c. +16-1)(c. -41 e —~ A _
= - - )( - ) Step-byStep Development of re) FED, Xé’ B 1 1 1 1
—64 T-characters TN LD e 1 2 1
4ércr+ 4Cf+ 16Cr _ 16(~:r _ 16Cr —641) GrpTh Lect.19 start:p.22 =i Xg = € €
- 64 GrpTh Lect. 19 end:p.50 / X;‘* — 1 € e* 1
_ 4(41+4cp)+16cr+16cr—16cr—16cr—64-1)=—48-1+16cp =§1—lc XgT _ 13 0 o0 -1
_64 _64 4 4"
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Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R?+R3?,
¢z=R1+Ry+R3+R?+R23+R33, ¢;=l1th+iz+lstis+ie

O class products

Unnecessary to do 24°=576 products since each row (or column) of cacg has same class proportion

For example:

c,¢c;= RiZii+....= Ro+....
+R+.... +1i2 +....
+R3%i1+.... TR+

Step-byStep Development of
O-characters
GrpTh Lect. 19 start.p.52

GrpTh Lect.19 end:p.85
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Octahedral O class algebra

c;=1, c=ritrtritratri?tr?+r’+rs,  ¢,=Ri?>+R?+R3?,
¢z=R1+Ry+R3+R?+R23+R33, ¢;=l1th+iz+lstis+ie

O class products
Unnecessary to do 24°=576 products since each row (or column) of cacg has same class proportion

For example: So there are 2¢k for each ¢ :
cr6i = RiZiit...= . Ra+.. ¢ e;=2¢epte;or: 4ertle etc.

+RYZi+.... 1) F...] T

+R3%1+.... tR’+




Octahedral O class algebra AN ™
¢;=1, c=ritrtrtratri2+r+ri+rse,  ¢,=Ri2+R2*+R3?, ;ﬁ;\g
¢:=Ri+R2+R3+R13+R3+R33, ¢;=i1+Hiz +iz+His+is+is \;;
J

O class products
Unnecessary to do 24°=576 products since each row (or column) of cacs has same class proportion

For example:c,¢c; =? So there are 2¢i for each ¢i ...... ... in (°cp):(°ci)=(3):(6)=18 terms
cr¢i = RiZii+...= Ro+.. ¢ ei=2crte;or 4ert2e ete.

+R%i+.... t o +.... o o

B So: 2(°cr)+(°ci) =2:6+6=18

Proof that class proportion cannot vary:

c.cr = gihi+ghi+....= gihi+tgihit/+.... = gihi+tgit/thit’+.... = githi+ g thit/+...
+giho+goho+.... +gihyttgihot '+ +giho+tgit/thot/+.... +giho+ g thot'+....
= gihst+ghs+.... tgihot+tgihst/+.... +gihy+tgit-‘thst/+.... +gho+ g thst!+...

O class product table

1=c¢ C, c, Cp C,
c, | 8l+4dc,+8c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c +2c, 2¢c,+c,
Cp 61+3c,+2¢, | 3c.+4c,
C, 61+3c, +2c,

Minimal equation for ¢, Step-byStep Development of

c,’=31+2c¢, O-characters
c’-2¢,-31 =0 GrpTh Lect. 19 start:p.52

(c,-31)(c,+1) =0 GrpTh Lect. 19 end:p.85
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&
Octahedral O class minimal equations |

3 \$ |
© n " -, A \/ 51‘ |
Co X M \ N "a‘;—-"’/

u M classesc, °G \’T
O class product table o ,
1-c c c, c. c Minimal e2quatlon for ¢
¢, | 8l+de +3c, 3c, 4c+4c, 4c+4c, ¢ 3_6.1 tietle
C, 31+2c¢, c.+2¢, 2¢,+c, Ci —g'l_ci_i;‘(icrci‘;ij:;(Z o)
=0C; C Ci CrTC;
¢y Oldeqs2c, | Serde, | ¢ Gert _2_(2;_: §
C, 61+3c, +2c,
c’=  16¢cre; +20cic
=16(3¢,+4¢,)+20(6-1+3¢,+2¢,)
=48¢,+64¢,+120-1+60c,+40c,)
=120-1+108¢c,+104c,
?’)tep};byStfp Development of c5=120ci+108¢,¢; +104¢ ,¢;
-characters -
. : =120¢c;+108(4cr+4¢;)+104(2¢rtc;)
GrpTh Lect. 19 start:p.52 | —640ca+656¢;
GrpTh Lect. 19 end:p.85 5
i 40¢7=640cr+800¢; 800

c-40c7+144¢; =0=(c-361)(c” -4-1)(c-0-1)  -636
Minimal equation for ¢, ( 0=(c+6:1)(ci-6-1)(c; +2-1)(¢c; -2-1)(ci-0-1) ] 144
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Octahedral O projector algebra

Begin with minimal equation:(ﬂ= (c;+2-1)(ci2T)(cit6-1)(ci-6-1)(ci-0-1) ]

o
[cg=2 8778 PHJ

u
PH: 2 f X u *c
classes Co CHCI

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'Cl.3— 36 Cl.z— 72c,

(2+2)2-6)2+6)2-0) -256 -256
Expanding P®
¢?=120-1+108¢,+104c, ¢’ =120-1+108¢,+104¢,
¢3= +16¢a+20¢; +2¢7° = +32¢r+40¢;
¢’= 61+3¢+2¢, -36¢°=-216-1-108¢, -72¢,
c; = + C -12¢ = -72¢;
-256P2) =-96-1+ 0 ¢,+32¢, +32¢z- 32¢;
PO - O ch NEPS lcR N
8 8 8 7 8 8 '
O class product table
1= C, c, Cp C,
¢, | 8l+dc.+8c, 3c, dcpt+ic dcptic Step-byStep Development of
c, 3142¢,  cp+2c 2¢,+¢, O-characters
c, 61+3c,42¢, | 3e+de, GrpTh Lect. 19 start:p.52
c, 61+3c,+2c, GrpTh Lect. 19 end:p.85
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Octahedral O projector algebra
Begin with minimal equation: 0= (¢;+2-1)(¢;-2-1)(¢+6-1)(c6"T)(ci-0-1)

o
X .
m _
[cg =E%Pj P e, "G
u € CClSS@SCg

P2 _ (¢, +21)(c,-61)(c, +61)(c,-0) _ (c, + 2'1)(Cl-2— 361)c, ~ cf+ 2'Cf— 36 Cl.2— 72c,

2+2)2-6)2+6)(2-0) -256 -256
¢?=120-1+108¢,+104c, ¢! =120-1+108¢,+104c,

¢3= +16¢a+20¢; +2¢° = +32¢z+40c¢;

¢’= 61+3¢+2¢, -36¢°=-216-1-108¢, -72c¢,

c; = + C -72¢i = -72¢;
Step-byStep Development of -256P?) =-96-1+ 0 ¢,+32¢, +32¢cr- 32¢;
O-characters 3 0 1 1 1

(2)
GrpTh Lect.19 start.p.52 P = —1+—Cr——Cp——CR+—Cl.
GrpTh Lect. 19 end:p.85 8:_3 8(_) 8 8 8
: 1 1 1
Expansion 0f152)has (-)sign on last 2 terms... P = gl + gcr — gcp + gcR — gci

O class product table Octahedral O characters X¢ | 8=1 Tia Py
1=c c, c, Cy c, x" 1 11
c, | 8l+4c+8c, 3¢, 4e +4c, 4e +4c, (Rgmair;/ng x| o1 11
cnaraciter E
c, 31+2¢, c.+2c, 2¢ +c, derivations X 2 -1 2
C, 61+3c,+2¢c, | 3c,+4c, left as an x| 3 0 -1
c, 61+3c,+2c,, eXercise) x| 3 0 -1
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»Chamcters of full Octahedral symmetry Op=0 *xC1=0 x{1,1}
Octahedral OyD>0DCy subgroup correlations
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Octahedral O, =0x {1,1} characters of OxCiDO

Octahedral O characters X

X: g = 1 I‘1...4 pxyz xyzZ il...6
A, x| v 1 1 1 1
A Xl 11 -1 -1
EVEN ° 7,
parity ¢ X 2 -1 2 0 0
(gerade) T,, " | 3 0 -1 1 -1
Doooy™ 3 0 -1 -1 1
O class product table
1= C, c, [ C,
¢, | 8l+de +3c, 3c, 4c+4c, 4c+4c,
c, 31+2¢, c.+2c, 2¢ +c,
Cp 61+3c, +2c, 3¢, +4c,
C, 61+3c,+2¢c,

(Remaining
character
derivations
left as an
exercise)

symmetry

3D — Inversion

[ -1

C,-symmetry

I I
I 1

C,-characters

c, |1 1

+

g |1 1
u | 1 -1

Parity P
(gerade)

Py. R

(ungerade)

xyz l1...6

A

X

XA
XE
X"
X"

LW W D = =

| 1 1 1




Octahedral O, =0x {1,1} characters of OxCiDO

X: g = 1 I‘1...4 pxyz xyz il...6 g = I Irl...4 Ipxyz InyZ Iil...6 Symmetl’:y
A, X e 1 1 1 1 1 1 1 1 1 1 3D — Inversion
A, x| S I - 1 [ | 4.
EVEN _° 7, (1) = / — |
parity & x| 2 -1 2 0 o0 2 -1 2 0 0 L T J
(gerade) 1,, " | 3 o -1 1 -1 3 0 -1 1 -l -
C,- t
Ly ™| 3 0 -1 -1 1| 3 0 -1 -1 1 ymeny
I I
I 1
C,-characters
C, |1 1 -
! Parity P
g |1 1| (gerade)
u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xe | 8=1 T4 P, R 1
1= c, c, Cp c. x|l 11 1 1
¢, | 8l+de +3c, 3¢, 4c+4c, 4c+4c, x" 1 1 1 -1 -1
c, 3142¢, | c,+2c, 2¢,+C, x| 2 -1 2 0 0
C, 61+3c,+2¢c, | 3c,+4c, x| 3 o -1 1 -1
c, 61+3c,+2c,, x" 0 -1 1




Octahedral O, =0x {1,1} characters of OxCiDO

: g = 1 I‘1...4 pxyz nyz il...6 g = I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X el 11 1 1 1 1 1 1 1 3D - Inversion
A, x| IS IR 1 I 1 -
EVEN _° 7, (1) = / — |
parity ¢ X 2 -1 2 0 0 2 -1 2 0 0 L T 1 J
(gerade) 1,, " | 3 o -1 1 -1 3 0 -1 1 -l -
C,- t
Lo ™| 3 0 -1 -1 1] 3 0 -1 -1 1 YTy
~ 1 1
A x™] U1 111 .
A2u
OD_D A X . I b=l C,-characters
parity £, 4% | 2 -1 2 0 0 cl1 1 +
(ungerade) T, XTlu 3 0 1 { 1 I Parity P
T g |1 1| (gerade)
2 T’u
2u x 3 0 -1 -1 1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xs | 8=1 Tia Py Ry i
1= c, c, Cp c. x|l 11 1 1
¢, | 8l+de +3c, 3¢, 4c+4c, 4c+4c, X" 1 1 1 -1 -1
c, 3142¢, | c,+2c, 2¢,+C, x| 2 -1 2 0 0
C, 61+3c,+2¢c, | 3c,+4c, x| 3 o -1 1 -1
c, 61+3c,+2c,, x| 3 o -1 -1 1




Octahedral O, =0x {1,1} characters of OxCiDO

Oy easily derived from those of O and Cy !

: g = 1 I‘1...4 pxyz nyz i1...6 g = I Irl...4 Ipxyz Inyz Iil...6 Symmetl’:y
A, X el 11 1 1 1 1 1 1 1 3D - Inversion
A, x| IS IR 1 I 1.
EVEN _° 7, (1) = / - \
parity L X" 2 -1 2 0 o2 -1 2 0 0 L t J
(gerade) 1,, " | 3 o -1 1 -1 3 0 -1 1 -l -
Ci- t
Ly o™ 3 0 -1 -1 1] 3 0o -1 -1 1 ey
- 11
A, X 1 1 1 1 1 -1 -1 -1 -1 -1 [ 1
AZu
ODD 4, x 11 1 -1 1] -1 -1 -1 +1 +1 C.-characters
parity E, 45| 2 -1 2 0 O -2 +1 -2 0 0 cl1 T +
(ungerade) I :
YT, ol 3 0 21 1 <1 530 00 41 -1 4 Parity P
T g |1 1| (gerade)
2u P 3 0) -1 -1 1 -3 0) +1 +1 -1 u | 1 -1 |(ungerade)
O class product table Octahedral O characters Xs | 8=1 Tia Py Ry i
1= c, c, Cp c. x|l 11 1 1
¢, | 8l+de +3c, 3¢, 4c+4c, 4c+4c, X" 1 1 1 -1 -1
c, 3142¢, | c,+2c, 2¢,+C, x| 2 -1 2 0 0
C, 61+3c,+2¢c, | 3c,+4c, x| 3 o -1 1 -1
c, 61+3c,+2c,, x| 3 o -1 -1 1
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Octahedral OyD O subgroup correlations

X, | &8=1 1, p,, R, i,
11 1 1 11
P Y72 R S (NS T (.
¥l 2 -1 2 0 o0
X'l 3 0 -1 1 -1
xol 3 0 -1 -1
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Octahedral O,>0DD 4D Cy subgroup correlations

O| D4 subduction
x50)| g=1 r ]gx(y): gﬁiﬂ ]i(f_io D42 1,p2180°,Rzz90°, pz180°, 13,4 Ea Fig.3.1.1 PSDS
A, 1 1 | 1 1
A, 1 1 -1 -1
E 2 2 0 0
T 3 fo\ -1 1 -1
T, 3 0\ -1 —.1 1 ,
l /}S \ 2
XD g=1 P Rioer Poyisoe s /‘ &
A, 1 1 1 1 1 Q‘\\
B, 1 1 ~1 1 _1 S
4 I S R ©C
B, 1 1 -1 -1 1 - vorh
e \@\,
..“

OrduofSymmctrmel |
5. 8 12 6. 29 48
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=
—_
—
—
—
—_

&

=

X:(D4) g=1 pig Rl ¢ y180° i3,4 T
A r 1 ] 1 1 : 'v
1 -1 1 -1 \
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E 20 0 0 "‘ % '
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Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
. 180° 90> 180° Dy 1,p2180°,Rz290, Px.y180°, 13,4
X O)| g=1r_, Puy; nyz L s Al(O) lD4 =1 1 1 1 1
A 1 /1 11 §i:a ’ ’ '
A, 1 1 -1 -1
E<| 2 2 0 0
T 3 fo\ -1 1 -1
T, 3 / o\ -1 -1 1 \
X;(D4) g= e y180° i,
A 1|1 1 11
B, R I . 1 -1
A, 1 1 1 1 -1
B, 1 (1 -1 | -1 1
E. | 2 =2 0 0 0
AN
Note that “little-E” for Dy ———
Should NOT be confused with
Octahedral “BIG-E”




Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
x,(0)| g=1 1, ]gxfo 910{:@ 15060 D 1’p21800’RZi9009 Px,y180° 13,4
. -~ A(O)|Ds=1, 1, 1, I, 1. Ai(0)|Ds=41(Dy)

A, 1 1/ 1 1 1

A, 1 1 -1 -1

Ex] 2 2 0 0 .

I, 3 fo\ -1 1 -1

T, 3 /O\ —1 —.1 1 \

l

X (D)) | g=1 p.g evigoe 134
A, 1 1 1 1 1
B, 1 1 -1 1 -1
Y S T I T T O
B, 1 1 -1 -1 1
E . 2 -2 0 0 0

<
Note that “little-E” for Dy ———

Should NOT be confused with
Octahedral “BIG-E”




Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
Dy 1,p2180°,Rz290, Px.y180°, 13,4
AO)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A41(D4)

AyO)|Ds=1, 1, -1, 1, -1.

180° 90°  180°
X, 0)|g=1 1, R i
A 1 1 1
A, 1 -1
Ex| 2 2 0 0
T, 3 oA -1 1 -1
T 3 / 0\ -1 -1 1 \

X (D)) | g=1 p.g evigoe 134
A, 1 1 1 1 1
B, 1 1 -1 1 -1
Y S T I T T O
B, 1 1 -1 -1 1
E . 2 -2 0 0 0

AN

Note that “little-E” for Dy ———
Should NOT be confused with

Octahedral “BIG-E”




Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
Dy 1,p2180°,Rz290, Px.y180°, 13,4
AO)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A41(D4)

AxO)|Ds=1, 1, -1, 1, -1. AxO)|Ds=Bi(Dy)

180° 90°  180°
x,0)| g=1 1, p,. R i
A 1 1/ 1 1
A, 1 1 -1
Ex| 2 2 0 0
T, 3 oA -1 1 -1
T 3 / 0\ -1 -1 1 \

X (D)) | g=1 p.g evigoe 134
A, 1 1 1 1 1
B, 1 1 -1 1 -1
Y S T I T T O
B, 1 1 -1 -1 1
E . 2 -2 0 0 0

AN

Note that “little-E” for Dy ———
Should NOT be confused with

Octahedral “BIG-E”




Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
Dy 1,02180°,Rzx00°, Pr.y180°, 13,4

AO)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A41(D4)
A(O)|Di=1, 1, -1, 1, -1. Ax(O)|Ds=B\(Dy)
E(O)|Di=2, 2, 0, 2, 0.

180° 90°  180°
x,0)| g=1 1, p,. R i
A 1 1] 1 1
A, 1 y 1 -1
Ee| 2 2 0
T 3 fo\ -1 1 -1]
T 3 / 0\ -1 -1 1

X (D)) | g=1 p.g evigoe 134
A, 1 1 1 1 1
B, 1 1 -1 1 -1
Y S T I T T O
B, 1 1 -1 -1 1
E . 2 -2 0 0 0

AN

Note that “little-E” for Dy ———
Should NOT be confused with

Octahedral “BIG-E”




Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4

X, 0)| g=1 1, ]gOO 910{0 ]igoo
T O 1
N 1 L mo)pi=1, 1,
il I i | E@)1Di=2, 2,
T, 3 O\ -1 -1
T, 3 0O\ -1 1
X; (D)) | g=1 p.g- e y180° i,
A 1 1 1 1 1
B, 1 1 -1 1 -1
A, 1 1 1 -1 -1
B, 1 1 -1 -1 1
E 2 -2 0 0 0

Note that “little-E " for Dy

Should NOT be confused with

Octahedral “BIG-E”

1,
_1,
0,

1,
I,
2,

1. Ai(O)|Ds=A1(Dy)
-1. Ax(O)|Ds=B1(Dy)

0.

E(O)|Ds=A1BB1(D4)



Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4
l.
-1.
0.
-1.

e lg=1 v WG

T R
A: | | B AO)|Ds=1, 1,
- 5 5 0 E(O)|Ds=2, 2,
T, 3 fo\ -1 -1 [T (O)[D+=3, -1,
7o 3 fo\ - 1
X; (D)) | g=1 p.g- e y180° i,

A 1|1 1 1

B A I TS [ IS T

A, I T T I T

B, A I TS T B R

E 2 -2 0 0 0

Note that “little-E " for Dy

Should NOT be confused with

Octahedral “BIG-E”

1,
1,
0,
1,

1,
1,
2,
1,

A1(O)|D4=A41(Dy)
A2(0O)|Dy=B1(Dy)
E(O)|Ds=A1BB1(D4)



Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4

e lg=1 v WG

T R
A: | | B AO)|Ds=1, 1,
- 5 5 0 E(O)|Ds=2, 2,
T, 3 fo\ -1 -1 [T (O)[D+=3, -1,
7o 3 fo\ - 1
X; (D)) | g=1 p.g- e y180° i,

A 1|1 1 1

B A I TS [ IS T

A, I T T I T

B, A I TS T B R

E 2 -2 0 0 0

Note that “little-E " for Dy

Should NOT be confused with

Octahedral “BIG-E”

1,
1,
0,
1,

1, 1.
1, -1.
2, 0.
1, -1,

A1(O)|D4=A41(Dy)

Ax(0)|
E(O)]

4

-

Ds=B1(Dy)
D4=A1®B1(Dy)

T1(0).

| Dy=FE ©A2(Dy)



Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction

Dy 1,02180°,Rzx00°, Pr.y180°, 13,4

e lg=1 v WG

T !
N 1 L asopi=1, 1,
S I i | E@@)1Di=2, 2,
7, | 3 fo\ -1 -1 | T(O)|Ds=3, -1
73 o\ I | 12(0) D=3,
X; (D)) | g=1 p.g- e y180° i,

A (1 1 1

B, Y T T IR T

A, A I T T I T

B, A I TR T RS B

E 2 2 0 0 0

Note that “little-E " for Dy
Should NOT be confused with

Octahedral “BIG-E”

5

b

1, 1, 1.
1, 1, -1.
0, 2, 0.
1, -1, -1.

b >

A1(O)|D4=A41(Dy)

Ax(0)|
E(O)]

4

-

Ds=B1(Dy)
D4=A1®B1(Dy)

T1(0).

| Dy=FE ©A2(Dy)



Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
o gpo  180° Dy 2180°. Ry200°. Dy v180°. 1

O] g=1 ., b, R, i, “ L g Py, g

7 1 T A(O)|Ds=1, 1, 1, I, 1. Ai(O)|Ds=A41(D4)
| L [M(O)Ds=1, 1, -1, 1, -1 AxO)|Dy=Bi(Dy)

N > o o | EOLD=2,2, 0, 2, 0. EO)|Ds=A®Bi(Dy)
r | 3 fo\ -1 1 o1 |TWO)IND«=3, -1, 1, -1, -1. Ty(O)|D+=E ©A2(Dy)
T, 3 o\ -1 o1 (O)|Ds=3, -1, , : , (O)|Dys=FE ®B>(Dy)
X; (D)) | g=1 p.g- e y180° i,

A, 1 1 1 1 1

B, 1 1 -1 1 -1

A, 1 1 1 -1 -1

B, 1 1 -1 -1 1

E 2 -2 0 0 0

Note that “little-E " for Dy
Should NOT be confused with

Octahedral “BIG-E”



Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
X, 0)| g=1r ]gOO 910{0 ]i80O D
T G L
vl 1 L aopi=1, 1,
I , o | EO)lDi=2, 2,
T, 3 fo\ -1 -1 [T (O)[D+=3, -1,
73 o\ 1 [ 12(0) D=3, -1,
X, (D)) | g8=1 pgoe ytsor A3
A, 1 [ 1 11
B, 1|1 -1 | 1 -1
A, 1|1 1| -1 -1
B, 1|1 -1 | -1 1
E 2 -2 0 0 0

Note that “little-E " for Dy
Should NOT be confused with

Octahedral “BIG-E”

1,
1,
0,
1,

b

1,
1,
2,
1,

5

1,p2180°,Rz90°, Px,y180°, 13,4
1. A1(O)|Ds=A1(Dy)

1. As(O)[Dy=Bi(Dy) -+-eeeeeeeee |
0. E(O)|Ds=A1®B1(Dy)

-1. Ti(0)]

(O)|Ds=E BB>(D4)

O\D,| A, B A, B, E
A |1 :

A, 1

E |1 1 :

T 1 -1
T, 1 1
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Octahedral O,>0DD 4D Cy subgroup correlations

0D DD Cy subgroup and
level-splitting/relabeling
correlations

O levels || D, levels

.............. —.

. e e —
------

.
.

. .,
0
",

O] Dy subduction
Dy 1,02180°,Rzx00°, Pr.y180°, 13,4

Ai(O)|Ds=1, 1, 1, 1, 1. Ai(O)|Ds=A1(Dy) |
Il 1, -1. AZ(O)\,D4:Bl(D4) ---------------- 5

A2(O)|Ds= 1,

E(O)VD4 - 29 29 09 29 0. E(O)VD4 :Al@Bl(D4)

T (O)|Ds=3, -1, 1, -1, -1. TyO)|

T,(0)|Ds=3, -1, -1, -1, 1. To(O)|Dsy=E&B:Dy); |

O\ D,

>

—_—

>

\S]

A B A, B, E
1 .
1
11 :
: 1 -1

Note that “BIG-E” for O
is NOT to be confused with

.
.
.."_F
.,

~“little-E” for D4
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Octahedral O,>0DD 4D Cy subgroup correlations

180° 9p°  180°

O] Dy subduction
Dy 1,02180°,Rz£90°, Px.y180°, 13,4

A(O)|Ds=1,.1, 1, 1, 1.
1
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A 1 1 1 1 1
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E 2 2 0 0
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A 1 1 1 1 1
B, 1 1 -1
A, 1 1 1
B, 1 1 -1 — 1
E | 2 2 o [lTo\/lo\
Xﬁ (C,) lg =1 IQ’QRZ>Rz9O
(0), 1 1 1
(1), 1 i -1 —i
(2), 1 -1 1 -1
(3), 1 —i -1 '

(O)|D+=3, -1, -1, :

Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
. 180° 90°  180° Dy: 1,p2180°,Rz290°, Px.y180°, 13,4 @ Fig. 3.1.1 PSDS
X, 0)| g=1 1, p, R 15 .
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Octahedral O,>0DD 4D Cy subgroup correlations
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x'©0)| g=1 r_, ]g,g: 9101; Ii(jio Dy 1,p2180°,Rz2900, P y180°, 13,4 Can L
— 7 T Aolb=1L L L T
A | L o=t 1, 1,
E | 2 s o o | EOILD«=2,2 0, 2, 0.
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral O,>0DD 4D Cy subgroup correlations

O] D4 subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

O] Dy subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral O,>0DD 4D Cy subgroup correlations

0D DD Cy subgroup and
level-splitting/relabeling
correlations

O levels | D, levels
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O| Dy subduction

D4 1,p2180°,Rz290°, Px.y180°, 13,4

Fig. 3.1.1 PSDS
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Octahedral O,>0DD 4D Cy subgroup correlations
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Fig. 3.1.1 PSDS
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..................... B, 1
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Octahedral O,>0DD 4D Cy subgroup correlations
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Octahedral OD Cs subgroup correlations
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Fig. 25.4.7 Different choices of rotation axes for octahedral rotor corresponding to local symmetry Cs, C, and Cs. Tables correlate global octahedral symmetry species with the local ones

PSDS Ch. 7. Fig. 7.4.7.

QTforCA Unit 8. Ch. 25 Fig. 25.4.7.
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R(3) C 0(3) D) OhD O CharaCter analySlS (From Principles of Symmetry Dynamics & Spectroscopy Ch.5 p.391 )
Frequency of O Irreps
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S Figure 5.6.3 Detailed sketch of octahedral splitting of a d orbital. The wave functions <l§ >
] J—

Standing ,pq <' :> are sketched inside the equipotential contour x* + y* = constant (z = 0).
d-Waves
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R(S) C 0(3) D OhD O CluSter StruCtuVe (From Principles of Symmetry Dynamics & Spectroscopy Ch 5 Q.403 )

ROTATIONAL LEVEL SPLITTING IN FINITE SYMMETRY 403

(A1 T1 E)o, (T>2T1)3, (E T2 A2)2, (T2 T1)14...(A2T> T1 A)os (T1 E T2) 15 (T1 E T3)2s ...

Bands or “Clusters”
of levels maintain order
but change spacing as
they adapt to varying
local symmetries by
crossing separatrices

in their phase space
(see p. 73-77)

Figure 5.6.9 Mnemonic wheels for octahedral-O orbital. Splitting of J levels for (a)
even J and (b) odd J.
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D¢ Band structure and related Global vs Local induced representations

High above low barriers Ds D Cs global symmetry rules
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o Eq A o~
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(a) (b)
Figure 3.6.5 One-dimensional Bohr and Bloch waves in D, symmetry. (a) Weak Dy

potential. (b) Strong D, potential.
PSDS Ch.3 p 50.


https://modphys.hosted.uark.edu/pdfs/PSDS_Pdfs/PSDS_Ch.3_(4.22.10).pdf#page=50
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-14-3.02.18.pdf#page=67

Band structure : [

and related

Global vs Localé _ -

induced

representations

(Bohrlt Mac 0S-9) :

Dg
Band structure
TCA

nit 5
p96

From class-14 p68.

IIH.L‘_III

'_)
'E
%
B
A

Low barrier->Dg global symm.
m5 Stzll valid quantum number

DC(h) |0, 1, 2. 3, 4, 5

4, 1

4, 1

E, 11

1

B, 1

E, 1 1
""" 1 TD~A4,®F,®F, @

0, TD ~A®EDE, @B

Even Band or Cluster 55

Dg 2C,(j3) | 0, | 1
A 1

A, 1

E, 1)1

1
B 1

E, 1)1



https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/QTCA_Text_2013/QTCA_Unit_5_Ch._14-16_2013.pdf#page=96
https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-14-3.02.18.pdf#page=68

AMOP 3.05.18 class 15.0: Symmetry Principles for
reference links 4 dvanced Atomic-Molecular-Optical-Physics

on page 2
William G. Harter - University of Arkansas

Discrete symmetry subgroups of O(3)>(Octahedral On>0~T4, Cubic-Tetrahedral ThOT):
Characters and subgroup-chain defined ireps, and applications to SFs and CF4 spectra

Review: General all-commuting class-character-projector formula derivations. [" derivation 2015 Lect15 p.40-45.
P in yi-terms of kg ke in y-terms of P" Irep frequency [ in y**-terms of TraceR(g)
Introducing octahedral/ tetrahedral symmetry O,DO~T4DT : relating DsOCy and D3DCs

Octahedral-cubic O symmetry and group operations, O slide-rule
letrahedral symmetry leads to Icosahedral
Octahedral groups O D> O0~TsDT and its large subgroups. O slide-rule

Octahedral O and spin-OCU(2) nomograms

letrahedral T class algebra minimal equations centrum projectors and characters
Octahedral O class algebra minimal equations centrum projectors and characters

Characters of full Octahedral symmetry O,=0 xCi1=0*{1,1}
Octahedral OyD>0DCy subgroup correlations

Octahedral subgroup correlation OrD>0DDs  OnDODD4DCys  and level-splitting
Comparing ODCy and ODC; and ODC»

R(3) CO(3) D0,D0 character analysis: Crystal field splitting p, d, f,...orbitals

Cluster structure in SFs 16um spectra. Analogy with Ds band gap structure
lobal vs Local » External LAB splitting vs Internal BODY clustering
Detailed superfine structure for A;T/E cluster  preview of next lecture


https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2015/GrpThLect_15_3.12.15.pdf#page=44

Angular ?}»ﬁlamcntum Cones and Quantum Polar An

b (100
200-10epr 1 15 —_—
v s | NK,. =30

\ L
J=30 N

+- .
KO 29
-’ifﬂ'{?ﬂﬁri . h — r}{)
Lot (1) i
' S

AS. Pines, AG. Mak,
A, G, Roette, B, J. Krohn,
- J .G, Watson, & T, Urbanek,

— > JAmChem Soc, 106, 898 (1954)

{0E)Md

y o
9-10-8cnr ! T, —
U S '

4 .
K lod)-37
5107 enr o
- {—":'4

v |
Ul
10-6emrl o D5
$AA, T2 K(1ll, )0

“Tunable Laser Spectra of the Infrared-Active Fundamentals of Cubane” J. Am. Chem. Soc. 106, 891 (1984)



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Tunable_Laser_Spectra_of_the_Infrared-Active_Fundamentals_of_Cubane_-_pine-jacs-1984.pdf

Review. Spherical rotor levels and spectra

. 10 I 1, R AS. Pimes, A.G. Maki,
2107 Venr / ,?_ (2), Y A. G. Robwetie, B, J. Krohn,
v 1.K.G. Watson, & T, Urbanck,
J_ 3 0 S Am Chem Soc, 106, 891 (1984}
A . _ -
410-Semr1 K100)129 GLOBAL
Y
O, labels
A A 4-fold (100)-cluster
9-10-8em-1 | _ C, symmetry [ OCAL s D5 R
¥ I | (0), “LII_':_ {3}4={—|}4 ‘#CI b I {_E:. :
_ [ e R 4 dDCIS = -
A I 3 modulo 4 E— il
~K 1) -27 ) _.-"l,,,:I . . | . equm’.'i P %-
5 10-7 em-1 . Cubic 2 e 3%
[ 13y Y Octahedral E,| 1 = | . -1 modulo 4 % i
t symmetry - (and s 3%
* 0 nr 1 = 1 27 mod 4) . “
m— [ ] * ] ] I E
2y | e . ] ¢.??—.?3—f ? 23
—i< o
100125 e i SR TS b
foﬁJ*é-'/ 3-fold (111)-clusters i
- ' = . __-I-'-'_ ______ [ z ‘* -
e M L OCAL i
Pl = - histers (0)3 (1)3(2)3=(-1)3 .# X e
s 3 W, (1, - (2 modulo 3 ;
10-5enr! | E j ,1 == Agl b e e equals
+\] 5 ji:ﬁ“m'm 24 Eqle ] ] -{ modulo 3
/ﬁl——- — 3IMHz | | fand
4 29 mod 3)
2 ] ]
\ ¢ 20=30-1

“Tunable Laser Spectra of the Infrared-Active Fundamentals of Cubane” J. Am. Chem. Soc.

106, 891 (1984)



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Tunable_Laser_Spectra_of_the_Infrared-Active_Fundamentals_of_Cubane_-_pine-jacs-1984.pdf

Duality: The “Flip Side” of Symmetry Analysis.
OUTSIDE or LAB | LAB versus BODY  |STATE versus PARTICLE, ~ INSIDE or BODY

Symmetry reduction hoils down to : Symmetry reduction
results in OUTSIDE versus INSIDE | results in
Level or Spectral Example: Level or Spectral
SPLITTING C”bfﬂ'gﬂfﬂzfd’m’ 0 UN-SPLITTING
ed 1 — S
External B-field T; 3;3;5?74 (“clustering”)
does Zeeman splitting 5 - Internal J gets “stuck” on RES axes
Cy 0g 14 22 34 & |
y 7 ' Must “tunnel” axis-to-axis at rate s
A Up
A- I |U>|D>|E>W=>|N>|S>
HO s s s &
L / ’ l Wes orth 0H 5 s s &
Tf ] ] ] S0 East |s s H 0 s s
7 ; ; ; v o5 0 H s &
2 ,. sos s s H 0
Down voos o8 s 0H




Duality: The “Flip Side” of Symmetry Analysis.
OUTSIDE or LAB | LAB versus BODY  |STATE versus PARTICLE, ~ INSIDE or BODY

Symmetry reduction hoils down to : Symmetry reduction
results in OUTSIDE versus INSIDE | results in
Level or Spectral Example: Level or Spectral

SPLITTING Cubic-Octahedral O UN-SPLITTING
reduced to T it T
External B-field Tetragonal C. (“clustering”)

does Zeeman splitting Cy log 14 2. 3 4' Internal J gets “stuck” on RES axes

7 Must “tunnel’ axis-to-axis at rate s
] Up

] |U>D>{E> W>|N>|S>
HO s 5 5 &
1 / " Wes orth DH s 5 s &
] ] _ ] S0 East s s H 0 s s
¢ 5 0 H 5 5
I 1 / s s H 0

Down § 85 5 &

¢ 5 o5 s 0 H




Duality: The “Flip Side” of Symmetry Analysis.
OUTSIDE or LAB | LAB versus BODY| |STATE versus PARTICLE, ~ INSIDE or BODY

Symmelry reduction boils down to : Symmetry reduction
results in \OUTSIDE versus INSIDE results in
Level or Spectral Example: Level or Spectral

SPLITTING Cubic-Octahedral O UN-SPLITTING
reduced to T T
External B-field Tetragonal C. (“clustering”)

does Zeeman splitting Cy 04 14 24 3 4' Internal J gets “stuck™ on RES axes

Must “tunnel’ axis-to-axis at rate s

: : U
| \ i | ‘-':E |U=|D=|E>| W=|N>|S>
HO s s s s
\ 1 : Wes orth 0H s s s &
] \ ] <o East |s s H 0 s s
; \ ; = ¢y 5 N H s s
Down s o5 s s H 0
¢y 5 5 5 0 H

Tunneling (s) between axes
splits the 04 cluster

o0

g

¢ <




AMOP 3.05.18 class 15.0: Symmetry Principles for
reference links 4 dvanced Atomic-Molecular-Optical-Physics

on page 2
William G. Harter - University of Arkansas

Discrete symmetry subgroups of O(3)>(Octahedral On>0~T4, Cubic-Tetrahedral ThOT):
Characters and subgroup-chain defined ireps, and applications to SFs and CF4 spectra

Review: General all-commuting class-character-projector formula derivations. [" derivation 2015 Lect15 p.40-45.
P in yi-terms of kg ke in y-terms of P" Irep frequency [ in y**-terms of TraceR(g)
Introducing octahedral/ tetrahedral symmetry O,DO~T4DT : relating DsOCy and D3DCs

Octahedral-cubic O symmetry and group operations, O slide-rule
letrahedral symmetry leads to Icosahedral
Octahedral groups O D> O0~TsDT and its large subgroups. O slide-rule

Octahedral O and spin-OCU(2) nomograms
letrahedral T class algebra minimal equations centrum projectors and characters
Octahedral O class algebra minimal equations centrum projectors and characters

Characters of full Octahedral symmetry O,=0 xCi1=0*{1,1}
Octahedral OyD>0DCy subgroup correlations

Octahedral subgroup correlation OrD>0DDs  O0DODDsDCs  and level-splitting
Comparing ODCy and ODC; and ODC»

R(3) CO(3) D0,D0 character analysis: Crystal field splitting p, d, f,...orbitals

Cluster structure in SFs 16um spectra. Analogy with Ds band gap structure

Global vs Local External LAB splitting vs Internal BODY clustering
4 Detailed superfine structure for A;TE cluster ~ preview of next lecture


https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2015/GrpThLect_15_3.12.15.pdf#page=44

v v ow v O

v v v oy O

v oL u v O

Internal J gets “stuck” on RES axes

Must “tunnel” axis-to-axis at rate s
U

U>D>[E>|W>|N>(S>

Wes orth

Sou

Tunneling s=-S
is negative here

O s s s s | +2 +2
H s s s s |42 +2
s H 0 s s |—-1]1 —1
——=(H-2
s 0 H s s | -1 \/ﬁ ( S) -1
s s s H 0| -1 -1
s s s 0 HI| -1 —1
0O s s s s | +1 +1
H s s s s |-1 -1
s H 0 s s |01
——==(H+0
s 0 H s s 0 \/5 ( )
s s s H O 0
s s s 0 H| O
0O s s s s |1 1
H s s s s |1 1
1
s H 0 s s |1 —:(H+4s) 1
s 0 H s s |1 \/6 1
s s s H 0|1 1
s s s 0 H|1 1




AMOP 3.05.18 class 15.0: Symmetry Principles for
reference links 4 dvanced Atomic-Molecular-Optical-Physics

on page 2
William G. Harter - University of Arkansas

Discrete symmetry subgroups of O(3)>(Octahedral On>0~T4, Cubic-Tetrahedral ThOT):
Characters and subgroup-chain defined ireps, and applications to SFs and CF4 spectra

Review: General all-commuting class-character-projector formula derivations. [" derivation 2015 Lect15 p.40-45.
P in yi-terms of kg ke in y-terms of P" Irep frequency [ in y**-terms of TraceR(g)
Introducing octahedral/ tetrahedral symmetry O,DO~T4DT : relating DsOCy and D3DCs

Octahedral-cubic O symmetry and group operations, O slide-rule
letrahedral symmetry leads to Icosahedral
Octahedral groups O D> O0~TsDT and its large subgroups. O slide-rule

Octahedral O and spin-OCU(2) nomograms
letrahedral T class algebra minimal equations centrum projectors and characters
Octahedral O class algebra minimal equations centrum projectors and characters

Characters of full Octahedral symmetry O,=0 xCi1=0*{1,1}
Octahedral OyD>0DCy subgroup correlations

Octahedral subgroup correlation OrD>0DDs  O0DODDsDCs  and level-splitting
Comparing ODCy and ODC; and ODC»

R(3) CO(3) D0,D0 character analysis: Crystal field splitting p, d, f,...orbitals

Cluster structure in SFs 16um spectra. Analogy with Ds band gap structure

Global vs Local External LAB splitting vs Internal BODY clustering
4 Detailed superfine structure for A;T1E cluster *preview of next lecture


https://modphys.hosted.uark.edu/pdfs/GTQM_Pdfs/GTQM_Lectures_2015/GrpThLect_15_3.12.15.pdf#page=44

Dﬂahty The “Flip Side” of Symmetry Analysis.

OUTSIDE or LAB STATE versus PARTICLE, INSIDE or BODY
Symmetry reduction bg ils down to - Symmetry reduction
results in OUTSIDE versus INSIDE | results in
Level or Spectral Example: Level or Spectral
SPLITTING C”bfﬂ'gﬂfﬂze‘i’ﬂf 0 UN-SPLITTING
reduced (o T . 's
External B-field Tetragonal C. (“clustering”)
does Zeeman splitting Cy log 14 2. 3 4' Internal J gets “stuck” on RES axes
_ Must “tunnel” axis-to-axis at rate s
I
R Sy
I |U>|D>|E>W>|N>|S>
HO s s s &
/ / Wes orth 0H s s 5 =
/ 1 ] So East |s s H 0 5 s
7 ; ; s s 0 H 5 &
I ,. s o8 8 s H 0
— — Down L
L -
) I y 2
I
A | ,
H+0-2s 11 H-I-if] / H+0+45 ‘\‘ if‘
mnne!fng matrix Efgenvafuﬂx /
Stronger C 4 A “m‘ /

i/ F] W
¥ g ¥ !

, vy \ higher |B|| lower |s| \ /
J@% A Og W 34"
" “Coerced” Symmetry Breaking “Spontaneous’ Symmetry Breaking




J=30 multiplet variation due to adding T!°! to TI4]

E{]D

90

o= 0= 20° 30" 40¢ a0 (RTik 70"
i )
s B O = 2
. ) .
? “ﬁ"”’r*r i,

4-fold |'100)-clusters
L symmetry

“ 2-fold (110)-clusters

Eigenvalues of H=BJZ+cos¢T+sindTl6hs mix angle . 0<p<n

Doe  110e 1207 1307 1407 [507 160¢ e 180°
R4 |
3-fo !al V111)-clusters
(-.'r

.jiiffffjffaauaaL;Lﬁ;';ﬂﬂﬂf

C, symmetry
| [0, (N, \
% ST
t Ayle
. E [l 1
\T; 12
'I'E 2 1

after: Int.J.Molecular Science 14.(2013) Fig.6 p.742

and Fig. 29 p.791



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=78
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=78
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=29
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=78

<H> ~ Vvib+B J( J+] )_|_<HScalar Coriolis~ 4 < Tensor Centrifugal~  ~yTensor Coriolis > 4 ~fyNuclear Spin~ +

Oy, or T ; Spherical Top: (Hecht CH, Hamiltonian 1960) Kqg=88

3 =87
2 2 2 4 4 4 4
H:B(Jx+Jy+Jz)+t440(Jx+Jy+Jz_5'] j+ —37

§ £ RE Suqiga_ce'

' topo-lines track
precessing
semi-classical

J vector

Gf} acos[K/\/J(JfrJ)_j_.- g -

ete.

: =87 --87
& | K E-—n3=88

—-88=n4

87

86—

—84

85—

83

at—— 82 e o—

8l—

—80

— 79—

78

77—

76

73

B S T_—-

- "‘_"83‘—:

etc.- -84

=86._ 86

| OGHz

vibration
ground-
sState
rotation
levels

J=N




VISUALIZING THE J=30
LEVELS OF A

SPHERICAL TOP Angular Momentum Cones for _0=103° K=30

J=30 T 9=18.0° K=29 g5fold
< o 9=033° K=28 (U0

’ 4 R ;' : ,, ............ —9=27.7° §=§(7) '

\\ N W v v v 1 ] " S — /-\ r—— 9:3 l .50 —
~. ' T T9=34.9° K=25_4-fold
N AN 30 \ e=38.10 K=24 T
V30(31) 0 = arc cos [ KVI(J+1) |

-~
Sa—a

Two molecular examples: SiF4 and CsHs

TETRAFLUOROSILANE: SiF4 V3  R(30)

TETRAFLUOROSILANE: =" SiFa " V3 ""'R(30) ‘
- IS | |
ol - o | 4 | |
I : * | }l CUBANE: Gt v on

Bend
P(31)
' P(30)
‘- IFoTeoTe P(32)
- BATE i | ST 7 § o |I



