Character Tables Il. General Approach

General objective: Determine relationships between tensor elements not
immediately obvious from direct inspection of the character tables.

Specific Objectives:
1. lllustrate the approach based on
>0 _ _ intuition for the C, operation.
B =2 S, (@, )(Fo, ® fis )+ NR o
l 2. Develop a linear algebra strategy to
identify symmetry-allowed
relationships.

20 A 7 =~
'B N Z S” (20)) (,UOn 9 a”0)+ NR 3. Consider phase shifts in degenerate

modes.

. Note: Citations to the contents of these slides should reference
Garth J. Simpson the following textbook:
Simpson, Garth J. (2017) Nonlinear Optical Polarization

: Analysis in Chemistry and Biology (Cambridge
Department of ChemlStry University Press, ISBN 978-0-521-51908-3).
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Guess and Check: C,

Consider ir-vis SFG from an assembly with C, molecular symmetry.

,Ba’sum = Sn (a)ir)'(&On ®ﬁn0)+ NR A
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Character Tables

A more formal linear algebra approach exemplified for C,:E-transitions

Set of matrices

242 72
corresponding to the 1 1 1 1 Z XYLz
C,(z) and C,(2) B 1 -1 1 1 - X2-y?xy
symmetry operations E 1 i ] i (xYy)  (xzy2)
cos(2z/n) —sin(2z/n) 0 1 -l -1 |
C,(z)=|sin(2z/n) cos(2z/n) O
0 0 1
0 -1 0][g ra'=|Cy(2)®Ci(z)]-a 0170
Ap'=Ci(z)-m=|1 0 0|z, 0|0
0 0 1|p 1110
. 1] 0|0
i eigenvec[i]{i] eigenvalues| C;(z) |= —Ii eigenvec|+i] = J?i ! 8
eigenvalues[Cj(z)]{i] 0 -1 _O 1
1 1 0|+
eigenvec|[—i|=| i 1 0]]0]
0
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Character Tables

A more formal linear algebra approach exemplified for C,: A & B -transitions

Set of matrices
242 72
corresponding to the A 1 1 1 @ (X +y/’é
C,(z) and C,(2) B 1 1 1 - g
symmetry operations E 1 i ] i (xYy)  (xzy2)
cos(2z/n) —sin(2z/n) 0 1 -l -1 |
C,(z)=|sin(2z/n) cos(2z/n) O
0 0 1 ra'=|Ci(2)®Ci(z)|-a
0 1] (0] 1][0]
Ap'=Cy(z)-p=|1 00 0|1
0 0|0 0l|o
0|10 0]]-1
eigenvec[1]=| 1|,/ 0 eigenvec[-1]=| -1|,| 0
eigenvalues| C;(z) |= ollo — 1ollo
L 0110 0 0
) . 0|0 0l|o
: . i
eigenvec[l]{ ] e eigenvalues| C; (z) | = y 0|1 (0| 0]
1 -1
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Character Tables

How abo
Parametric processes must transform as the totally symmetric group A.

I —

—_—

F'=[Ci(2)®C(2)0Ck(2)] 5

IBzzz —) ﬁxxz — ﬂyyz ﬁ /szx — IByzy // /szy — _/Byzx
/’\ % ﬂxyz :_ﬁyxz ) ﬁZXX :ﬂZW ) ﬁzxy :_ﬁzyx

Garth J. Simpson



Character Tables

How do we account for these complex terms in construction of B?

We don’t!

Parametric processes must transform as the totally symmetric group A.

p-[ci(z)eci(m)eci(z)] 5
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Resonantly-Enhanced SHG

How do thing change for SHG resonant at the second harmonic frequency?

Parametric processes must transform as the totally symmetric group A.
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