
µSR Study of thioaldehyde/thioketones

In insulators (= most of organic compounds), the positive muon captures an electron to
generate a muonium (Mu = [µ+e–]), an equivalent to light hydrogen atom. The muoniums
add to unsaturated molecular units, and the corresponding radicals via muonium addition
can be observed by µSR.
The carbonyl (>C=O) group is one of the most important functional groups in organic
chemistry. Also, thiocarbonyl group (>C=S) has been useful for recent organic synthesis.
Recently, we conducted µSR experiments by using a sterically encumbered thioaldehyde
developed by Okazaki and Ishii in 1982. The predominant addition of Mu to the sulfur atom
was characterized. The experimentally determined muon hyperfine coupling constant
indicated considerable isotope effect due to the light mass of muon (0.1126mp).
In addition, the sulfur analog of xanthene-9-thione and thioxanthene-9-thione are
promising thioketones as functional radical precursors. S TF-µSR disclosed decisive effects of
the bridging chalcogen atoms (O, S) on muon hyperfine constants.

Phosphorus, Sulfur, Silicon, and the Related Elements 2019, 194, 735.
Bull. Chem. Soc. Jpn. 2023, 96, 461.
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Organic Free Radicals in Superheated Water 
Paul W. Percival, Jean-Claude Brodovitch, Khashayar Ghandi, Brett 
M. McCollum, and Iain McKenzie 

Apparatus has been developed to permit muon avoided level-crossing 
spectroscopy (µLCR) of organic free radicals in water at high 
temperatures and pressures. The combination of µLCR with transverse-
field muon spin rotation (TF-µSR) provides the means to identify and 
characterize free radicals via their nuclear hyperfine constants. Muon 
spin spectroscopy is currently the only technique capable of studying 
transient free radicals under hydrothermal conditions in an 
unambiguous manner, free from interference from other reaction 
intermediates. We have utilized the technique to investigate 
hydrothermnal chemistry in two areas: dehydration of alcohols, and the 
enolization of acetone. Spectra have been recorded and hyperfine 
constants determined for the following free radicals in superheated 
water (typically 350°C at 250 bar): 2-propyl, 2-methyl-2-propyl (tert-
butyl), and 2-hydroxy-2-propyl. The latter radical is the product of 
muonium addition to the enol form of acetone and is the subject of an 
earlier Research Highlight.   The figure shows spectra for the 2-propyl 
radical detected in an aqueous solution of 2-propanol at 350°C and 250 
bar.

Muonated Radicals

A

νµ

µALCR

49

Monday, August 8, 2011



TF-µSR of Mes*CH=S
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Muonium Addition to Mes*CH=S
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The DFT-optimized structure can determine addition of Mu to the sulfur atom.
However, the calculated hfc parameter considerably deviates from the experimental result. 



Muonium Addition to Mes*CH=S
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Manual Scanning of the Torsion Angle for Characterization of the Isotope Effect
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The S–Mu bondmight promote slight overlap 
with the p orbital.



Muonium Addition to Thioketones
TF-µSR (BTF = 1.44 T, nD = 196 MHz)
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The larger experimental muon hfcs correlate with increase of zero-point energy (muon isotope effect).



Thiocarbonyl-Muonium Chemistry: Old But New
Muonium Radical from Thioacetone
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Aµ = L + M<cos2t>

C. Heller, H. M. McConnel, J. Chem. Phys. 1960,32, 1535. 
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