Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2020

Supporting Information: Optimizing nitroxide biradicals
for Cross-Effect MAS-DNP: the role of g-tensors’ distance

Frédéric Mentink-Vigiera

aNational High Magnetic Field Laboratory, Florida State University, Tallahassee, FL, 32301, USA
Email: fmentink@magnet.fsu.edu

1. Hamiltonian

The MAS-DNP simulations use the same Hamiltonian described elsewhere.!-# The 3-spin systems are composed of
two electrons and one proton {'H-ea-ev}. In the pw rotating frame, the time-dependent Hamiltonian can be written as:
H(t) =H;(t) + Hyr() + Hp(t) + H + Hy + Hy,,
=Hy(t) + Hyw
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where g; is the g-tensor value for electron 7, wy,, the pw irradiation frequency, AIZV, ; the secular part of the hyperfine
interaction between electron i and '“N that bears the radical, w,, the nuclear Larmor frequency, 4;, the hyperfine
coupling between electron i and nucleus n, D, 5, the dipolar coupling between electrons a and b, and J, ;, the exchange
interaction between electrons a and b (the two radical moieties, respectively), d,, ,, is the dipolar coupling between
nuclei n and n’. The pw Rabi frequency, w,/2m, is assumed to be small and is treated as a perturbation. Evolution
superoperators are calculated as described in detail in ref. [2]. The nuclear polarization enhancements are then
calculated as
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The effect of moderate dipolar/J exchange interaction splitting has been accounted for in the yw rotor-events. Using
the definitions presented in reference [5], only the microwave off-resonance has been modified. For electron a or b
the frequency offset becomes
Awa/b = Wq/p — Wpw + m;l/b X (Da,b _]a,b )

Where wp, is the Zeeman frequency, wy, is the microwave frequency and (Dg ), — J4p ) is the z component of the
dipolar/exchange interaction. The splitting is reproduced by choosing randomly, for each electron and each crystal
orientation, my = + 2 or — %. The approach is valid for dipolar/exchange interactions that are ~1/10 of the EPR
linewidth and for temperature/field giving moderate electron polarization (<10 %).

2. lllustration of lIP,-Pyll

Figure S1 reports the quasi periodic steady state electron and nuclear polarization for a three-spin system: electrons a
and b with nucleus n. The maximum electron polarization difference represented in figure S1, |P, — Py |pax is the



uniform (or infinite) norm of the function f(t) = (P,(t) — Pp(t))on the segment [t,t + 7,.] representing one steady-
state rotor-period (7,): ||P; — Pyllee = |Pa — Pplmax - When the nuclear relaxation time is very long, the nuclear
relaxation follows the relation:2%7 ||P, — Py||e = |Py|
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Fig S1: Quasi-periodic steady state polarization obtained under microwave irradiation. Figure (a) represents the electron a,b and nuclear polarizations
time evolution for one rotor period after 30 s. (b), same as (a) except electron a,b polarization are represented against electron a’s Larmor frequency.
Dotted line represents the maximum electron polarization’s difference |P, — Py |max

3. Determination of the optimal J for the idealized model

To carry out the simulations with the idealized model, the exchange interaction optimized in the range of 1 to 30 MHz
to find the simulation conditions leading to optimal polarization gain |e€g|. This is reported in figure S2. The optimal
gain is reached for Jup =20 MHz.
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Fig S2: Evolution of |€p| in the idealized case as a function of L, ;,, black circles, /5, = 1 MHz, blue circles, J, , = 5 MHz, green circles, J, , = 10 MHz,
red circles, 5, = 20 MHz and yellow circles, J,;, = 30 MHz. For these simulations, the powder average was obtained with 400 single crystal
orientations REPULSION grid.8

4. Optimal Field position

Figure S2 reports the optimal magnetic field position for the idealized and realistic case reported in the main text.
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Fig. S3: Value of the optimal field position for the idealized spin system in figure 2 and realistic in figure 5.

5. Effect of T;. and Magnetic field on legl

Using the “box model” with realistic parameters, the polarization gain has been computed for different magnetic field
and electron relaxation times. The results show identical trends in figure S4.
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Fig S4: Evolution of |€g| in the idealized case as a function of L, for (a) different main magnetic field, black 9.4 T, blue 14.1 T, red 18.8 T, (b) for
different Ty, values, black 0.1 ms, blue 0.3 ms, green 0.5 ms, red 1 ms (at 14.1 T). Dotted line corresponds to the isolated three-spin system and the
full line corresponds to the interacting BOX model. For these simulations, the powder average was obtained with 400 single crystal orientations
REPULSION grid.8
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