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Multiplexed Photoionization Mass

— Universal detection of all species «—— Mass spectrometery

— Simultaneous detection of all species«—  Multiplexed
mass spectrometer

— Isomer-resolved detection «— Tunable VUV photoionization

— High sensitivity < Single-ion counting MCP detector

— Variable temperature & pressure
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Three-Dimensional Data: M)&
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« 1-cyclopentenylperoxy (1 c—C5 -00)

* Propargylperoxy (C;H;00) J
\ —_ —_—
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Only previously experimentally studied peroxy cations:
CH,00%*2 C,H;00*2b and C;H,00* ab

Only CH;0O0* shows thermodynamic stability@

Larger alkylperoxy cation triplet ground states are unbound?a?

Increasing relative stability of alkyl cation fragments with
respect to the parent ion as result of hyperconjugation
stabilization?

Delocalization of electrons from an
adjacent C—H bond into the empty 2p
orbital of the positively charged carbon

The orbitals of these C—H bonds are perpendicular

to the vacant 2p orbital of the cationic carbon. Electrons
in them cannot flow into the vacant 2p orbital and cannot
participate in hyperconjugation.

aMeloni et al., J. Am. Chem. Soc. 2006, 728, 13559-13567.
bFu et al., J. Chem. Phys. 2006, 125, 014310.
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Thermodynamics

DS(CH,=C=CH-00)=81%6kJ mol™
CBS-QB3 D(CH, =C=CH-00)=83kJ mol” \

A H;(CH,) =344+ 4kJ mol”

=263+ 7 kJ mol”

A ,H{(CH, =C=CHOO) = A H(C,H,)~ D{(CH, =C = CH-00)

CBS-QB3 A Hj(CH, =C=CHOO)=261kJ mol ™

AIE (CH,=C=CHOOQ) = 9.3240.05 ¢V
CBS-QB3 AIE(CH, = C = CHOO) =9.36eV

=1162+8kJ mol™

A,HS(CH, =C=CHOO") = A H{(CH, = C = CHOO)+ AIE(CH, = C = CHOO)

CBS-QB3 A, H(CH, =C=CHOO")=1164kJ mol "

!

D{(CH, =C=CH-00")=A H(C,H,")~ A, H{(CH, =C=CH-00") =19+ 8 kJ mol’

CBS-QB3 DJ(CH, =C=CH-00")=23kJ mol"
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Different ground state multiplicity for 1-alkenylperoxy cations

Alkylperoxy cations have a triplet ground state — only
CH;00* has a bound ground state

Alkylperoxy photoionization occurs by removal of an e~ from
the doubly occupied o, MO — lowering total energy by
further stabilization of the fragment (formation of additional
bonds)

Major difference for 1-alkenylperoxy is the antibonding
nature of HOMO
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Bond distances in angstrom and angles in degrees optimized at the

B3LYP/6-311+G** level of theory.

il

Molecule Fe,=c,  Te,-0 "ooo  £C_,00 t/
XA CH,=C=CHOO .31 1.40 1.32 112 [ 80
X'A CH,=C=CHOO " 1.35 .34 1.25 118 [ 80
XA 1-¢c-CsH-00 .34 1.37 1.33 [ 14 | 77
X'A 1-¢-CsH-00 " 1.39 1.32 1.28 [ 17 [ 79
" 6 is the dihedral angle formed by the Cy = C, — O — O bonds.
2
CRE




Sandia
National _
Laboratories

“Alkylic-type peroxy radicals dissociative ionize, with the

exception of methylperoxy, whereas alkenyl-type peroxy
radicals have stable singlet ground electronic state

cations.”
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« Dissociative ionization of the alkylic-type propargylperoxy —C
H

« Electron detachment from the o., MO, followed by
resonance stabilization
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