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Summary of Experimental Findings - Phenylnitrene
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Calculated bond lengths in the triplet and in the lowest and the 
first-excited singlet states of PhN and PhP

(a) Borden et al., JACS, 2002,124, 11669. (b) Borden et al.,  Acc. Chem. Res, 2000, 33, 765.
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Zero-point inclusive, (8/8)CASPT2, relative energies (kcal/mol) of the transition
structures, the intermediates and the products in the ring expansion of the 1A2 state
of phenylnitrene and of phenylphosphinidene.

Galbraith et al.,  JACS, 2002,124, 11669.

Difference between singlet phenylphosphinidene and singlet 
phenylnitrene in reactivity toward ring expansion
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Photochemical Reactions of Triplet Phenylphosphinidene
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Preparation and Isolation of Triplet Phenylphosphinidene
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Known Dioxophosphoranes (RPO2) 
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Reaction of Phenylphosphinidene with 3P-O2
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Reaction of Phenylphosphinidene with Carbon Monoxide (CO)
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Selected bond lengths (Å) at the
M06-2X/6-311++G(2d,2p) level.
The values in parentheses at
MP2/cc-pVTZ.

Selected Bond Lengths and Molecular Orbitals

(b) Molecular orbitals computed at the
M06-2X/6-311++G(2d,2p) level. (c)
Molecular orbitals computed at the M06-
2X/6-311++G(2d,2p) level

Mardyukov & Niedek, ChemComm., 2018, 54(97),13694-13697.
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Reaction of Phenylphosphinidene with •NO 
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Unravelling Lawesson’s Reagent – The Structure of 
Monomeric (4-Methoxyphenyl)phosphine Disulfide 
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Thionation Reagent and Dissociation Mechanisms of 
Lawesson’s Reagent   
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Thionation Mechanism / Formation of the Side Product  

Jesberger et al., Synthesis, 2003, 13, 1929–1958, 
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IR Spectra - Matrix Isolation
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Resonance Structures and Bond Lengths

B3LYP/6-311++G(3df,3pd)
MP2/cc-pVTZ.

(a) D. Bockfeld, et al., Eur. J. Inorg. Chem., 2017, 2017, 3452-3458. (b) R. Appel et al.,  
Angew. Chem., 1983, 95, 1008-1009. (c) Mardyukov, Niedek, Schreiner, ChemComm, 
2018, 54, 2715--2718.
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Potential Energy Diagram: Isomerization Pathways

B3LYP/6-311++G(3df,3pd). 
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Phosphinidene Oxide
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IR Spectra - Matrix Isolation
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UV/Vis Spectra - Matrix Isolation
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IR Spectra - Matrix Isolation
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UV/Vis Spectra - Matrix Isolation
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Synthesis of P3N21
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Photochemical Synthesis of Cyclotriphosphazene (P3N3) 

Computed Structures of P3N21 and P3N3

Blue – nitrogen; orange – phosphorus  
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Matrix Isolation – IR Spectroscopy

(a) IR spectrum of P3N21 computed at B3LYP/6-311++G(3df,3pd) (unscaled). (b) IR difference spectra
showing the photochemistry of P3N21 after irradiation with λ = 254 nm in argon at 10 K. Downward
bands assigned to P3N21 disappear while upward bands assigned to P3N3 after 20 min irradiation time.
(c) IR spectrum of P3N3 computed at at B3LYP/6-311++G(3df,3pd) (unscaled).
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Matrix Isolation - UV/Vis Spectroscopy

Solid: UV/Vis spectrum of P3N21 isolated at 10 K in Ar. Dashed: UV/Vis spectrum of P3N3 at 10 K; the
photochemistry of P3N21 after irradiation at λ = 254 nm in Ar at 10 K. Inset: Computed [TD-B3LYP/6-
311++G(3df,3pd)] spectrum of P3N3.
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Computed Structures
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