Temperature dependence of the HFS constants in the dynamically modulated ESR spectrum of free radical. Thermodynamic and kinetic analysis
P.V. Melnikov, E.A. Polenov
Moscow State Academy of Fine Chemical Technology named after M.V. Lomonosov, Russian Federation, 86 prosp. Vernadskogo, Moscow 117571, e‑mail: melnikovsoft@mail.ru
Dynamically modulated (DM) multiplet of the mobile group of chemically equivalent nuclei that migrate between spatially nonequivalent positions, is transforming in some temperature range between two ultimate forms (UF). These forms are asymptotical borders of the certain interval of correlation time ((((, 0). The first UF refers to statical equilibrium (E) and the second one refers to rapid dynamical motion (R). Multiplet transformation can be described by the chain of dynamical forms [E] ↔(↔S↔T↔F↔(↔ [R] including slow, transitional and fast exchange modes between the two UF. We obtained explicit temperature function of HFS constant transformation for the whole temperature range between the two UF theoretically, independently performing a kinetic analysis and considering these exchange modes in terms of equilibrium absorption and relaxation of Microwave quanta. Other methods of such derivation are unknown.
This smooth and continuous function reproduces the relay type of finite HFS constant changes between the two UF, while overall multiplet width remains the same. The function has the form of hyperbolic tangent:
a(T-1) = ((a)(th[Ea((T-1-T0-1)],


(1)

where (a – is the change of HFS constant between the two UF, T0 - temperature of the bifurcation point – the transitional mode T, which refers to the maximum broadening of the moving multiplet lines, Ea - activation energy of activated internal motion responsible for DM in the radical, [Ea]=[T].

As a result, the explicit temperature dependences of the two components of the integrated spectral density are available. These are broadening and shifts of lines. 

On this basis, it is easy to implement the total scheme of phenomenological reconstruction of very complex HFS as the form of natural superposition of Lorentz lines. This scheme applies to whole temperature range with no need to introduce an artificial gap that was adopted in many works instead the T‑mode.
Function (1) is confirmed quantitatively by experiments with organofluorine radicals.
