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Quantum rotor in solid gases: matrix effects on EPR

Our study(a) deals with the methyl radical - the simplest organic radical, which is often observed
as a transient intermediate species in chemical reactions. Consequently, it has been widely studied both

theoretically and experimentally through decades.
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0. A. AMutpues, B.l. MenbHukos, K.I. Ctypos, M.A. TymaHoBa
KBaHTOBbII poTOp B NNOTHbIX rasax: MaTpuyHbie 3¢ Pekrbl no MNP

Hawe nccnepoBaHve MMeeT Aeso ¢ MeTu paAnKaaoM — NpoCTbiM OpraHN4eCKnM pagmnKasioMm, KoTo-
pblﬁ 4yacTto Ha6J'HOAGETCF| B nepexoAHOM NPOMeXXYyTO4HOM BUAE B XMUMNYECKUX peaKkumnax. CJ'IE,D,OBGTEJ'II:HO.
OH OblIn LLIMPOKO U3y4eH KaK TeopeTn4eckKu, Tak nu 3KCnepnMeHTaJibHO B Teé4eHne MHOTnx JecATUNeTun.

KnioueBble cnoBa: KBaHT, POTOp, MaTpuua, pagukan, XuMnyeCcKana peakuma.

HO.A. AmuTpues, B.A. MenbHukos, K.I'. Ctypos, M.A. TymaHoBa
Tobifbi3 ra3pgapaafbl KBaHTTbl poTop: NP 6oitbiHa MaTpuuanbiK 3ddekTinep

bi3pniH 3epTTeyae MeTUn paguKangapbiMeH KapanaibiM opraHUKanblK 6aiinaHbiCrieH KaTbICTbl, 01 Kern
KaFfaraa XMMUANBIK peakuusanapabiH eKi eTy apanbifbiHaa 6aiikanagbl. [JeMeK, KenTereH oHXbUIAbIKTap
apanblfblHAA 01 KEHIHEH TEOPUSABIK KdHE 3KCMEePUMEHTTIK TypFblAa 3epTTeNiHAi.

TyitiH ce3aep: KBaHT, poTop, MaTpuua, paanKan, XMMUANbIK peakLus.

Our study® deals with the methyl radical — the
simplest organic radical, which is often observed
as a transient intermediate species in chemical
reactions. Consequently, it has been widely studied
both theoretically and experimentally through
decades. Theoretical studies of the spin density
distribution showed that the radical possesses large
anisotropy of the proton hyperfine coupling with
three different principal values of the Af coupling
tensor. However, in case of the free rotation, the
components average out leaving an isotropic EPR
spectrum. The trapped radical is another story: the
methyl radical EPR spectrum lineshape depends on
the radical surroundings which impose restriction
on CH, rotation and contribute to the shifts of
the EPR parameters. The residual anisotropy is a
fingerprint of the interaction between the trapped

radical the matrix surrounding which hinders the
radical rotation. In the present report, we go through
matrices of inert gases, solid para-H, and matrices of
linear molecules to show how complex the rotation
of the radical is, and how it is governed by matrix
properties. The study relies on high-resolution EPR
spectra of trapped CH, radicals.

Figure 1 evidences how closely the simulation
based on the rotation model matches the
experimental results. In our simulation, we started
from the axially symmetrical 4 and g-tensor
measured for CH, in N.. Solid Ar and N, have near
similar physical parameters: lattice structure, lattice
constant, polarizability of the matrix particles. This
similarity provides nearly equal EPR parameters,
A- and g-tensors, for the trapped rigid CH, radical.
The main exception between matrices is that the
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solid N, is a matrix with orientation ordering and, rotation), while the reorientation about the in-plane
thus, fixes the methyl radical three-fold axis at a axes (perpendicular rotation) is prohibited. As a
certain direction. In that case, the radical is allowed result, the EPR spectrum takes a characteristic
to perform fast rotation about this axes (parallel lineshape, Figure 2.
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Figure 1. EPR spectrum of CHj in solid Ar. (a) an EasySpin simulation with parameters as follows:

Al =-2.350mT, A// =-2.252mT, g, =2.00262, g, =2.00225, 7, =14ns, T, =1ps. Here, 7 and T, are correlation

rimes for the perpendicular and parallel rotations, respectively (see the text for detail). (b) the experimental spectrum
for CHj; in solid Ar at 4.2 K.
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Figure 2 — Axially symmetrical EPR spectrum for CH, in solid CO
obtained at 4.2 K. This spectrum is characteristic of CH, in matrices
with orientation ordering, N,, CO, N,O, CO,.

If a slow perpendicular rotation is allowed, orientational order-disorder, in solid gas films at a
the spectrum lineshape transforms into that one variety of conditions and on a variety of surfaces
depicted in Figure 1. using the trapped CH, radical as a probe. This

Based on our finding, one may think of a new technique may provide insight into the structure
technique of studying the structural phase transition, dynamics at the microscopic level which is poorly
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understood so far. In order to demonstrate potentials
of the idea, we launch an investigation of N -Ar
solid mixture based on tracking the EPR spectrum
shape of the trapped CH, radicals. The first results
clearly show the order-disorder transition depending
on the Ar impurity content and sample temperature.
We also suggest new insight into the structure

peculiarities of the quench-condensed films of
solid Kr which relies on the peculiar EPR shape of
isolated CH.,.
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