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Vibronic coupling

Coupling of electronic structure to vibrational motion — ever present phenomenon

e.g.

Catalysis, Luminescence, Qubit decoherence, Single molecule magnets

[Yb(trensal)] - Neutral, air-stable Yb(lll) complex, C; symmetric, capped trigonal prism

Well-studied electronic structure and
magnetic properties 4

Promising molecular spin qubit 2]

Poor single molecule magnet Bl
Relaxation via two-mode pathway
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Electronic structure

Yb(Ill): 413, ?F-,, (Ground) and °F/,
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FIRMS

Far-infrared magneto-spectroscopy (FIRMS)
* FTIR spectrum as a function of magnetic field at 4 K
« Normalise by average of all spectra to give field dependent signals
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FIRMS

Far-infrared magneto-spectroscopy (FIRMS)
* FTIR spectrum as a function of magnetic field at 4 K
« Normalise by average of all spectra to give field dependent signals
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Field dependent signals

Purely vibrational (electric dipole, 0E /0B = 0, MANY)



Field dependent signals
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Model

Add vibronic perturbation to model - 15t order corrections to
wavefunction

Calculate transition intensities as a function of mode energy.
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Classification

Can we classify the experimental features?
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DFT vibrational modes

Unrestricted DFT (PBEO+D3) optimisation and frequency calculation

Very good agreement of experimental and DFT vibrational mode energies
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Use more sophisticated Hamiltonian than small model:

P

ﬁT = ﬁCF + ﬁZee + z(ﬁvib,j T Hcoup,f)
J
k

ﬁCF — 2 Z Bg@g [CAS(13,7)SCF+CASPT2+S0O]
k =246q=—k

A

{

2
k
. 0B\ ., [CAS(13,7)SCF+SO] using DFT [PBEO]
Hcoup,j — Z Z Qj Y-S 0k modes
K=2.4,6 = 90,
= ,6 q= €q

Max. of 9 modes, and limit each to [n = 0,1) - hot bands negligible at 4 K



Simulation
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Conclusions & Future Work

Successfully analysed and reproduced FIRMS map
FIRMS intensity dominated by envelope effect, not vibronic coupling.

Beginning to deepen understanding of vibronic coupling and symmetry

Future:
Single crystal measurements

Explore other SMMs experimentally and computationally — e.g. Dy3* complexes
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Strength and Luminescence
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Coupling

Coupling Hamiltonian in CF framework — linear term in expansion of parameters as
function of vibrational mode displacement
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Percentage population

Populations
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Simulation
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Simulation
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Simulation
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Ab initio transition intensities
Vibrational = electric dipole
Electronic = Magnetic dipole

Vibronic = both

Magnetic field (T)
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