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ﬁntroduction \

Electron Paramagnetic Resonance (EPR) spectroscopy exploits the interaction of the magnetic moment of an unpaired electron with an external magnetic field. This interaction causes the
electron's degenerate energy levels to split into discrete quantum states, an effect known as Zeeman splitting!. Spin-electric coupling (SEC) looks at moving away from magnetically driven
transitions due to the potential advantages that using electric fields may offer. For example, electric fields can be confined to smaller spaces than magnetic fields, increasing the scalability of
potential future quantum devices. Although electric-field effects in spin resonance have been studied since the 1960s, the modern molecular-magnet framework for SEC itself was advanced by
Trif et al. in 2008. They proposed that in triangular molecular magnets, electric fields can couple to spin states though exchange interactions, spin-orbit coupling, and spin chirality?. Recent work
has moved on from detecting SEC and towards chemically engineering it3. Three such examples of this are the chemically engineered ytterbium (trensal), ytterbium (trenpvan) and ytterbium
(trenovan) detailed in this study®.

\_ /

Continuous-Wave EPR example: Spin-Counting

lectron Paramagnetic Resonance Spectroscopy

) i i i Helicine Radical
Electron spin-z illustration experiment
The Structure and Reaction
PbO, 20 /\ | ]
> =
benzene é 0 ﬂ \/
Neutral Radical b
*Diagram reproduced from Chiral stable ol
1 : 7
. . E— T ig/J/BBO phenalenyl radlcal Study : -105)3‘70 33.75 33.80 33A85 33‘90 33;)5 3460 34‘05 34110 34‘15 3420
*Bloch sphere adapted from Niccolo Fontana's thesis”. B, (G)
¢ e ;o 180 150 2$0M ?;?d - T300 3;0 4(;0 450 500 KL1 04 Closed Shell 90 T ‘ T ' T
. ’I, . agnetic field, By / m
|’¢> = cos 6 ‘0) + e'Ysin 6 | 1> molecule Al \ | | Inside Cavity:
Oscilloscope trigger i‘j ; \h\.\ q " sample tube
Detection system A I / \\_, | e
P u lS e d E P R Clock @ c . % / A\x?_’ o - s -
Source System Ch1 - : f | % ni / ~—e— | 8, ted — 1 || 6 3 /k sapphire ring
i eference arm VRS = 2 ,f:‘(’ “ W
Hp-COllvel' SiOll: = Che '(% { Sl ; ,— case
- The resulting signal at port RF f 19 o-/ - UL | (S
) /J W
URp = Uy uro + uQ - ’U,%OO o . | | ;\‘/
0 : 3360 3370 3380 3390 3400Bo 5 3410 3420 3430 3440 gl _;f h S K / Bz (r)n(r)dv
MW pulses m Reflected/spin iviter - 1
- The I/Q phase selects the RF AWG L el ™ ) i CD Vs
Sideband’ generating either the (0-750 MHZ) g L ( - MEthOdOIng 00 1|0 210 (;0 4]0 5|0 GIO ;0 8[0 9|0 1(1)0 1110 120

Lead Dioxide filtered out, stopping the reaction. Time (minutes)
- EPR sample tube filled to Smm in height.
- Intensity spectrum with double integral and two
linear background subtractions.
- Background fraction 20%.

J 0 g 0

Ch4 Ch3

sum or difference frequency

ITC
(6]
WRF = WLOo T W1F, .
pulses
100 W Magnet

| o®

*Pulsed EPR schematic reproduced from Mikhail Vaganov's thesis®.
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Pulsed EPR: Spin-electric Coupling Previous Workings on Ytterbium(trensal)
Experimental details

- The spin system is defined by a static spin Hamiltonian containing Zeeman,
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Methodology

- DC E-field delivered using an inserted E-field probe

- MDS5 Resonator: dielectric ring, therefore spatial separation

V - E-field probe inserted from the top port; crystal inserted from the bottom port
d
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Static magnetic field B, applied horizontally, defining the laboratory z-axis
- Measurements performed using pulsed X-band ESR
- 0°-360° sample rotation

Six different orientations measured
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