MIT OpenCourseWare
http://ocw.mit.edu

5.80 Small-Molecule Spectroscopy and Dynamics
Fall 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms

5.80 Lecture #16 Fall, 2008 Page 1 of 6 pages

Lecture #16: Parity and e/f Basis for *[], ’Y*

~ ~ROT ~ SO

S ~SS ~ SR
Last Time: H=H +H +H +H for’ [

* two identical blocks for *I] Q>0and Q<0
*2[]~*Y matrix elements involve L, and cannot be evaluated explicitly.

Define:

B,. =B, (nII

L. n’2>

o, =(Vn ‘Vz><nH‘%£+ n’2>

Caution: we do not know relationship between two similar appearing symbols.

n’A:O>.

? ~
n’A =0)=(nA =1L

Eg (nA=+1L.

Another caution: The 23 block of the matrix does not factor into Q >0 and Q < 0 sub-
blocks.

22+1/2 EVE _YZ/2+szy2 Sym
22471/2 (YE/Z_BVZ)Y Evz _YZ/2+szy2
y=J+1/2
<22+1/2 |ﬁ| ’ 2‘—1/2 > = <2 Z+1/2 BvZ (_J—S+ ) + ’YZ (+%J—S+ ] ’ 2—1/2>

=(v:/2-B,))[J0+D-1/2)(-1/2)]" [S(S+1)1—(1 /2)(=1/2)]
y

1/2
So are we wrong about being able to factor H into two identical blocks? Not quite.

Today: Parity G y (xz)

HLB-RWF pages 74-75, 138-145
JTH, pages 15-22, 23-25

* apply G , to 3 parts of |) and to operators

* mysterious phases for o, B matrix elements
*  + parity and e/f basis functions

Derive full ’T], °3*, 23~ G) Effective Hamiltonian
expressed in terms of E, B, A, v, 0, B

What happens when we apply 6, (xz) [reflection in body frame] to |v)? Trivial.

What happens when we apply 6, to| QIM)? Need to look at form of wavefunction.
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Assertion G, (xz) |QIM) = (-1)"2 | J-QM)

known as Condon and Shortley phase convention. This leads to . and I , matrix
elements real and positive.

Problem, what do we do about [nA)? We have no L quantum number so what do we do
to ensure the Condon and Shortley phase choice?

Assertion 6,(xz) [nA’SY) = (1) * 5% |n-AS-3)

What is s? A special index for Y states. Necessary because
6, |nID)=(-1'|n-1II)

n%)=(1y|n3)

but 6,

When A 20 G, takes one basis state into another.

When A =0 6V takes a basis state into itself. Such a situation requires that a |[nY) state be an
eigenfunction of G (xz) belonging to either the +1 (X*) or the —1 (X°) eigenvalue!

Putting it all together:

o, IMIQIM)[nA'SE) = V)l—QJM>|n—ASS—Z>
[because (—1)32 = (1)~ S+26.2)

|an integer (—1)" = +1 |

So now we are ready to figure out the relationship between <+H|I:+|ZS> and <—H|I:_|Zs>.



5.80 Lecture #16 Fall, 2008 Page 3 of 6 pages

[Gv,ﬁ] =0 OR 6, [anumber]=[same number]

6V(XZ)|:<2HQ ‘I:Jf‘ ’ 22—1>:|= <2HQ ‘I:Jf‘ ’ 5_1>

but also 6, (n’I,|= (—1)X+6+172_(5_M (n’TLg|

6,(x2)X > X

y—>-y
Z—>7

6VI:+ = 6V[IA,X +i£y:|: 6V[ypz —zp, +i(xp, —sz)]
=—Ly+ily=-L_

A . ASO .
6,L.=-L. turnsoutto be basis for X*~¥~ H selection rule.

cTV

)
) 0+s+1/2—(Q~-1) | 2
zzﬂ>:(—1) 2 0n)
2

Putting it all together:

<n2 I1, ‘Il‘n’ 2 Z;_1> = (=1)"** <n2 I, ‘(_1)1ﬂ_(_1)s+1/2—g+1

s+|1/2+1/2+1+1”—2§2|

Il, ’ ZS—QH >

odd integer even

- .(_1) imegerl<n2 Il ‘ﬂ_‘n’ i ZS—Q+1>
(-1)°

More generally:

2S+1 - 7 2S+1 O+ 2S+1 - 7 25+1 \Os
<n HQ‘L+‘n Q_1>:i<n H_Q‘L_‘n Z_Q+1>

Now return to [T, >>* matrix and go to either +/— or e/f basis set in which every basis function is
eigenfunction of G (xz).

Since G, nASSZ>|QJM>|V> =" In—AS-2)-QIM)|v)
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try w= 2" [nA*SE)QIMIVE (1) [n— AS— ) —QIM) V).
So what do we get?

6. w=2""1(=1)"""n = A’S = ) -QIM) V) + (- 1)! S (=1)' 5 |[nAS ) QIM) v)

+1

woeeneoe Parity Basis Functions

E.g. |2H3/2 >E o |:| 2H+3/2>i(_1)ks | 2H—s/z >:|
Or more generally

nA* <0S-Y)|@=-IAl-IM)]

In[A*[S Z4)[IQ1IM) = 2] [nA® > 0SZ)|Q = A+ 3 IM) (15
%_J
note |absolute value| on A and €2 only

need careful notation to deal with case where S > [A| e.g. *T] where |Q| = 5/2, 3/2, 1/2, -1/2

NOTE that the phase factor in front of the second term alternates with J (and S). This turns out to be
inconvenient for labeling spectroscopic transitions and spectroscopic perturbations. Alternative form of
parity: e/f symmetry labels.

_1)]—1/2

Want e: 0,(x2)y, = +( Ve
f: o,(xz)y;= —(—1)¢_1/2\|ff

use J—1/2 for even multiplicity systems S = 1/2, 3/2, etc.
use J  for odd multiplicity systems S =0, 1, 2, etc.

For our problems we will use e/f labeled basis functions. Check that the following conform to the above
definition.

21—[3/2 - o D 21_[+3/2> ‘ 2l_[—3/2>:|
M ) =27 P10 T

’ T/Z i 2_1/2 D +1/2> 2f1/2>:|
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(Recall s =0 for X" and s = 1 for }")

Now we can write down the full *[], ", 2>~ matrix in the case (a) e/f basis.

e/t 2H3/2 2Hl/z T 3
2 1 1 1/2 2
H3/2 EVH +EAH +an X (7 'YI'[ _BVH )X _B-‘i/—nvfr [yZ _ l] _B;HV27 |:y2 _ l:'l
2
(y _2)_%YH [yz _ﬂl/z

2 _ _

H1/2 EVH _%AH +BVl'l y2 _%’YH G’J\:l—[ver + ;HVY [1 $Y] aVHVz— +BVHVY [liy]

2+

2 EVZ* +sz+ (y2 $y) (xvf Ve-

—3 Y (1FY)

2y E, +B, (y*#y)
b b
_%’Yz* (1+}’)

y=J+1/2

See derivations below for details regarding Y states.
There are some surprising terms here.

Consider

~ 1
@ <2 P §|H| ? P (;> = E[H1<1/2 +H_ Ly tH ), 4 tH, ), 1/2] = B(y2 + Y)"‘Y/ 2(iy - 1)

[—y/2 + By?] +(y2 - B)y

€|~ f 1
<2 > f|H| N e> = E[HI/Z 2 —Hoyy y+H 0 —Hyy 4]=0
Factorization into separate e/f blocks!
[» Il -\ _ Ly H TH TH =B(y*+y)+y/2(Fy -1
@ \ ) £ ) f/—z[ 22 TH g o ¥ By FH 1/2]— y ry)+y (+y )

Also

1 LS, LS JL JL,

€|~ €
@ <2 2‘+ f |H| ? H1/2 f> = EI:HZI/Z I, + HZ—I/Z Iy = HZ—I/Z I, = H21/2 I, :I

- %[((H B)+(0+B) £ (y>)"2B+yB]

=a+p(1xy)
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_€ s _
@ /2 |H| ? H1/2 f> ) I: 21/2 M, — ) Hz—l/z Iy t Hzl/z M, + Hz—l/z I :I

) %[(OHB) ~ (=)' (0c+B) £ yBC-1)' 7 yP]

=o+BdFy)



