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Electron paramagnetic resonance
e Whatitis
¢ Why it's useful

Dynamic nuclear polarization
¢ Why it's useful

Electron paramagnetic resonance
e Whatitis
¢ Why it's useful
— Whatdoesan EPRspectrumook like2——
What is the resonant frequency for EPR?
Which things have an EPR signal?

Electron paramagnetic resonance
e Whatitis

...NMR for electrons

... or electron spin resonance (ESR)
... or electron magnetic resonance (EMR)
... or ferromagnetic resonance (FMR)

Electron spins tend to:
Paramagnetism:  follow —
Diamagnetism: oppose =

Ferromagnetism: ignore

...an applied magnetic field
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From
Steven
Brown’s
NMR
lecture:
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®

I
Pieter Zeeman
(1865 - 1943)

reflected

Magnetic field, B,

1Energy gap |AE| = g ug B,

reflected

: Magnetic field, B,
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Magnetic field, B,

[ Eneray gap 1aEI = ¢4 B,

reflected

: Magnetic field, B,

I Energy gap |AE| = g g B,

m, = +%

Yo m=-%

reflected

Méagnetic field, B, =1
: m, = +% (= m)

Eiergy gap |AE| = g ug B,

A'is the HYPERFINE COUPLING
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m=% m=-%

0 Stable free radicals: i :

reflected A absorbed
Nitroxides

DPPH
Magpnetic field, B, Magnetic field, B,

JWF 360 K JWF 360 K
852 8531 BS54 ASS B56 ABS5T 852 853 BS54 ASS B56 ABS5T
Field (T} Field (T}

m=1 m=0

absorbed

Magnetic field, B, Magnetic field Advantage:

modulation

(~10to 100 kHz) : modulation
: frequency

Differential

852 853 854 855 856 B57 absorption
Field (T)

m=1 m=0 m=-1

absorption
Magnetic field, B
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CW EPR so far...

Pulsed EPR next

29 30



Wednesday, 2024/02/07

resonance condition
g Mg Bes=hf

Polarize (thermalize) on
timescale T,

360 K Jvan Tol, L-C
Brunel & RJ Larmor
300K Wylde, Rev Sci precession

Instrum 76,

A5z 853 B54 RS A5G A57 076101 (2005)

Field (T)

~100 MHz width

Pulse width <500 MHz

Resonator ringing > deadtime
Short T, and T," compared to NMR

Larmor Larmor
precession precession
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— =
— =

between two electron spins in the range 2 to 6 nm to be measured
(cf <1 nm by NMR for two nuclear spins)

Dipolar coupling a 1/r3

Site directed spin labelling with
one or more TEMPO
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m, = -%
- : : Why do ENDOR instead of NMR?
reflected :
; » only need ~101° spins instead of ~101°
Magnetic field, B, | = 14 » NMR may be difficult near the electron spin
: m, = t% (= m)

IEnergy gap |AE| =g ug B, IEnergy gap |AE| =g ug B,

B, is static magnetic field

B, is EPR magnetic field .

B, is NMR magnetic field Elassical Suagiug
computer computer

Bits upIts

Oorl al0) + B 1)
Energy gap |AE| = g ug By

» Studying biomolecules

¢ Quality control in beer, wine etc

« Radiation dose received by
teeth

What does an EPR spectrum look like?
What is the resonant frequency for EPR?

47 48



Wednesday, 2024/02/07

Dynamic nuclear polarization Dynamic nuclear polarization
¢ Why it's useful * More signal
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Thermal (Boltzmann) Define polarization
equilibrium: as: Boltzmann polarization:
AE AN
n el —
_2 —e kpT p— n ny . Electrons
S 001
n nq + np g ] Protons
§ 1E-34 N
1E-4] Magnetic field = 10 T J
1E5
0.01 0.1 1 10 100
Temperature (K)
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reflected reflected m, = %

Magnetic field, B, Miagnetic field,B, | =1

m, = +% (= m)

[Eneray gap 1a€1 = g e B,

i Energy gap |AE| = g g B,
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Initial polarizations: Nuclear magnetic resonance (NMR)

Electrons > 95%
Nuclei < 0.1%

For 8.6 T and 3 K

Electron paramagnetic resonance (EPR) Electron paramagnetic resonance (EPR)

Forbidden transition

- Overhauser Effect

Ot E Oto W
reflected : m, = +% reflected : :

Gregory Breit
i Magnetic field, B, | =15 Magnetic field, B, (1899-1981)

I Energy gap |AE| = g 45 B, IEnergy 9ap |AE| = g ug B,

fields
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system at low magnetic Tield, . SpoEAre.

s Shin States of the two spin system Electron paramagnetic resonance (EPR)
spins are not good quantum

numbers. Instead:

Triplet, F=1: 11 l more

e — Forbidden

Singlet, F=0: (1! - |1)A2 Magnetic field, B,

A
...at zero magnetic field
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Solid effect DNP Solid effect DNP

Cross effect Thermal Mixing
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Polarization

Magnetic field =10 T

0.01 0.1 1 10
Temperature (K)

gain x50 from DNP

See Ardenkjaer-
Larsen et al, PNAS

Arnaud
Comment and

Hydrogen at low
temperatures
becomes almost pure
parahydrogen

71

72
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. Acompany (eg NVision) creates parahydrogen
and ships it to users. It stays stable for months.

. Polarization is transferred to a natural

metabolite by catalytically adding

parahydrogen to a precursor.

. After purification, the hyperpolarized metabolite

(eg pyruvate) is ready to be injected.

. Do MRI to image the metabolism.

Electron paramagnetic resonance
e Whatitis
e Why it's useful

mic nuclear polarization
Why it's useful
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