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Perturbation Facilitated
Optical- Optical Double Resonance

(PFOODR) Technique
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The 3°I1 and 4°I1 Potential Curves
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Hyperfine Structure
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Hypertfine Structure: J = 14
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AEhf(U, J) vs. J
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We can explain this theoretically.
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DMM Fit for 3°I1 and 4°I1 States

The diabatic mixing model (DMM) fit:

an analytic diabatic Hamiltonian
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DMM Fit for 3°I1 and 4°I1 States

The diabatic mixing model (DMM) fit:

an analytic diabatic Hamiltonian

Hdiabatic (R) —

Hll(R)

Hq- (R)

generalized Morse
inverse power law

Molecular Spectroscopy — p.5



DMM Fit for 3°I1 and 4°I1 States

The diabatic mixing model (DMM) fit:
an analytic diabatic Hamiltonian

non-linear least squares fit
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DMM Fit for 3°I1 and 4°I1 States

The diabatic mixing model (DMM) fit:
an analytic diabatic Hamiltonian
non-linear least squares fit

Results:
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DMM Fit for 3°I1 and 4°I1 States

The diabatic mixing model (DMM) fit: Y ‘&“O“
< .
an analytic diabatic Hamiltonian ((QS _ \6‘] e,\S°
NV
non-linear least squares fit fof 0V ﬂ(x
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Calculating b(R):

Ao m

b(R) = Eh gxa pipin(R) a6,

3 M

Performed UHF calculations using the GAMESS
electronic structure code developed at Iowa State

University.

Calculated diabatic potential curves and a

separate b( R) for each d
For the 3711 state, we tal

1abatic state.

Ke the appropriate

weighted average at each R.
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b(R) for 3°T1
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Transform dependence on R to v:

by = / s (R)PO(R)AR
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Vibrational Wave Functions
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Theoretical Hyperfine for 3°1]

We use the calcu
tosetup a 12 X
agonalized to fing

ated values of b for each v, J level
12 Hamiltonian matrix, which 1s di-
| the hyperfine energy levels.

0.014
0.012
0.010
0.008 F
0.006 f
0.004
0.002

AE, ¢ (cm_l)

' Th'eory::u=14i —
v=15 — ]

Data: v=14

0.000
10

15 20 25 30 35 40 45
J

50

Molecular Spectroscopy — p.9



Conclusions

A double well state can be accurately fit to an
analytic diabatic Hamiltonian.

The hyperfine structure can be used as a probe to
gain valuable information about the electronic
structure of the molecule.
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Conclusions

A double well state can be accurately fit to an
analytic diabatic Hamiltonian.

The hyperfine structure can be used as a probe to
gain valuable information about the electronic
structure of the molecule.
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ab intio Calculations

GAMESS electronic structure calculations

— MCSCF Multi Configurational Self Consistent Field)

— (I (Configuration Interaction)

— UHF (Unrestricted Hartree Fock, for spin density of
NaK™)

29s21p8d/16s12p8d basis: TZV basis,
augmented by long range functions.

block diagonalization method 1s used to get
diabatic curves.
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ab intio diabatic potential curves
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ab intio diabatic potential curves
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Comparing ab intio to DMM fit
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Equation for b(R)"

Ao m
b(R) = TR p(R) ap.

Where p(R) = pspint(R) — pspin] (R).
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Equation for b(R)"

Ao m
b(R) = 27 7 B gna p(R) a.

Where p(R) = pspint(R) — pspin] (R).

Our model is that b( R) is determined by the ion core
part of the electronic wave function.
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Equation for b(R)"

Ao m
b(R) = 27 7 B gna p(R) a.

Where p(R) = pspint(R) — pspin] (R).

Our model is that b( R) is determined by the ion core
part of the electronic wave function.

The 10n core part of the adiabatic wave function can
be determined from the diabatic Hamiltonian.
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p(R) for NaK™

0.800
0.700 f

0.600 f .
0.500 .
0.400 f .

0.300 f
0.200 F
0.100 f
0.000

' Py gfound state core

spin density, p(R)

R (A)

Spin density at the Na nucleus of NaK™, from
UHF calculations for ground and first excited
state.
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p(R) for 3°T1
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The weighted average:

p(R) = Fy(R) pg(R) + Fe(R) pe(R).
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p(R) for 3°T1
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p(R) for 3°T1
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Multiply by (473T?2 1 Eh ga a) to get b(R).
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b(R) for 3°T1
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b(R) for 3°T1

b(R): 3°T1 ——
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Then, transform dependence on R to v:

by = / s (R)PO(R)AR
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bys(R) for 3°I1
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bys(R) for 3°I1
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Then, transform dependence on R to v:

by = / s (R)PO(R)AR
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bys(R) for 3°I1
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Then, transform dependence on R to v:
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Molecular Spectroscopy — p.19



b, 7 for 3°11
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Then, transform dependence on R to v:

by = / s (R)PO(R)AR
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b, 7 for 3°11
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Finally, we calculate the hyperfine structure using this

calculation of b, ;.

Molecular Spectroscopy — p.20



Hyperfine Structure Calculation

These are the important terms in our model
Hamiltonian:

H = Hrotation + Hspin—orbit + thperﬁne

H=BNN+1)+AL-S +0b,yI-8S

Using this Hamiltonian, we form a 12x 12 Hamiltonian

and diagonalize to find the eigenstates of the system.
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Theoretical Hyperfine for 3°11
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Theoretical Hyperfine for 3°11
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Compare to experimental data.
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