INTRAMOLECULAR DISTANCES AND EXCLUDED VOLUME: SIMULTANEOUS ANALYSIS OF DEER TRACES IN A MODEL BIRADICAL
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Double Electron-Electron Resonance (DEER) is a powerful tool for measuring distance distributions in nanoscale objects, which are often inaccessible to other methods. For example, it enables the analysis of distances between two spin labels during the functioning of protein molecules. Since the DEER signal arises from both intramolecular and intermolecular interactions, a key challenge is the accurate separation of these contributions. The standard approach accounts for the intermolecular contribution only under the assumption of zero molecular size. Such correction of DEER data focuses on studying intramolecular distance distributions and introduces errors in the interpretation of the intermolecular contribution.

In this work, we analyze the intermolecular part of the DEER signal using an approach that accounts for nonzero molecular sizes—the so-called excluded volume effect. This method allows for the simultaneous determination of intramolecular distances between paramagnetic centers with higher accuracy while also measuring the intrinsic molecular volume. We analyzed a DEER dataset of a model nitroxide biradical. Intramolecular distances between spin labels were compared with the excluded volume size. This work supported by RSF, project number 24-23-00484.
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Fig. 1. DEER signal of the model biradical: experimental data (black), intermolecular parabolic fit (red), and a linear reference (blue) highlighting the deviation from pure distance-independent interactions.
