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C2H, C2D (Ã 2Π±, X̃ 2Σ+) ← C2H−, C2D− (X̃ 1Σ+) photodetachment
photoelectron spectrum 355 nm - electronic structure (add one neutron)
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C2H, C2D (Ã 2Π±, X̃ 2Σ+) ← C2H−, C2D− (X̃ 1Σ+) photodetachment
photoelectron spectrum 355 nm - electronic structure (add one neutron)
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C2H/D− photoelectron spectroscopy
Historical

Lineberger

photoelectron spectrometer

Ervin and Lineberger J Phys Chem 95 1167 (1991)

& SEVI

Neumark

Taylor, Xu, and Neumark J Chem Phys 108 10018 (1998)

Zhou, Garand and Neumark J Chem Phys 127 114313 (2007)
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HR-PEI (ANU 355 nm) and SEVI (UCB) photoelectron spectra
C2H ← C2H− + hc/λ
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HR-PEI (ANU 355 nm 266 nm) and SEVI (UCB) photoelectron spectra
C2H ← C2H− + hc/λ
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C2H/D (Ã 2Π±, X̃ 2Σ+) ← C2H/D− (X̃ 1Σ+) photodetachment 355 nm
decomposition - X̃ vibrational structure
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gik`i`k

ν1 ∼ 3500, ν2 ∼ 371 (10), ν3 ∼ 1840 (10) cm−1

ν′′1 ∼ 3352, ν′′2 ∼ 510 (10), ν′′3 ∼ 1871 cm−1
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Theory

Tarroni and Carter J Chem Phys 119 12878 (2003)

Va(q1, q2, q3) =
∑
ijk

Ca
ijkqi

1qj
2qk

3

[
AΣ+ 0
0 AΠ+

]
= UT

[
VΣ+ V12
V12 VΠ+

]
U

VΠ− un-perturbed
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Decomposition
Tarroni and Carter J Chem Phys 119 12878 (2003)
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Decomposition
Tarroni and Carter J Chem Phys 119 12878 (2003)
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C2H− vs C2D− photodetachment
355 nm PES/PAD
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C2H
C2D

I(ε, θ) =
σ(ε)
4π

[1 + β(ε)P2(cos θ)]

Sanov Ann Rev Phys Chem 65 341 (2014)

β(ε) =
`(`− 1) + (`+ 1)(`+ 2)A2ε2 − 6`(`+ 1)Aε cos(δ`+1 − δ`−1)

(2`+ 1)[`+ (`+ 1)A2ε2]
χ`+1
χ`−1

∼ Aε ε(eKE) = 107/λ− eBE

|sp〉 =
√

1− f |s〉+
√

f |p〉 0 ≤ f ≤ 1

β(ε) =
2ZAε+ 2(Aε)2 − 4Aε cos(δ2 − δ0)

ZAε+ 2(Aε)2 + 1
Z =

1− f
f

B
A
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C2H/D photoelectron angular distributions
355 nm and 266 nm
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Summary and Conclusions
C2H, C2D (Ã 2Π±, X̃ 2Σ+) ← C2H−, C2D− (X̃ 1Σ+)

Summary
New HR-PEI measurements of C2H− (355 nm and 266 nm) and C2D− (355 nm) provide
continuous (in eBE) high-resolution photoelectron spectra and photoelectron angular
distributions
(known) significant spectral differences between C2H and C2D in region of Ã
(known) photoelectron angular distributions have βX̃ > 0 and βÃ < 0 signatures

Conclusions
Some PES structure beyond 30, 000 cm−1 eBE
C2H and C2D kinetic energy dependence of the anisotropy parameter is similar
All Ã region transitions have a negative anisotropy parameter, either insensitive to, or
inconsistent with a mixed final-state (ÃX̃ ) wavefunction character(?)
Unanswered question: ∼ 95 cm−1 Ã band spacing
Not (yet) done calculation: vibronic coupling derivative transition moment calculation (see
appendix slide)
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End

Appendix

HR-PEI Spectrometer
Velocity-map imaging
pgopher - rotational structure
Ã− X̃ vibronic coupling
O− calibration



Spectrometer - photodetachment/photofragmentation

anion source mass separation TOF VMI
pulsed molecular jet

HV discharge

gating-bunching
re-referencing unit

photodetachment: electron
velocity-mapping lens

MCPs and
phosphor detector

Nd:YAG laser
355 nm and harmonics

OPO laser 220 nm−1750 nm

Fast beam spectrometer:
Cyr PhD Thesis (UC Berkeley 1993)

Velocity-map imaging lens:
Eppink and Parker Rev Sci Instrum 68 3477 (1997)

Gating-bunching-rereferencing unit:
(ANU) Dedman et al. Rev Sci Instrum 73 2915 (2001)

Photodetachment:
A− + hν → A∗ + e−

A−

A
EA

E
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Velocity-map imaging
HR-PEI

VMI lens coaxial with ion-beam
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e− trajectories
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Inverse Abel transformation: PyAbel: https://github.com/PyAbel
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Rotational structure
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Vibronic coupling

|X̃ ′′〉 =anion
|X̃ Ã〉 = |X̃ 〉+ γQ2 |Ã〉

µ(ÃX̃)−X̃ ′′ =µX̃−X̃ ′′ 〈ψX̃ |ψX̃ ′′〉+ γ 〈ψÃ|Q2|ψX̃ ′′〉

cf Taylor expansion

=⇒
(
∂µX̃−X̃ ′′

∂Q2

)
= γµÃ−X̃ ′′
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O− photoelectron spectra 355 nm and 266 nm
FWHM
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