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@ Spectroscopy and dynamics of molecular ions

€ open-shell system
€ accurate parameters
e.g. ionization potential (IP), appearance potential (AP)
bond dissociation energy (BDE)
€ molecular interactions
e.g. conical intersection, internal conversion, Jahn-Teller

€ benchmark for high-level theoretical calculation
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Energy conservation: '::BB

EAB+ = EAB +hv - IP(AB) _ EeI §

® E,=0, TPEPICO

General method, suitable for all electronic states

In a dissociative photoionization event:

E, (A*) + E, (B) + E; = E,qg + hv — IP(AB) — E,, — BDE(AB¥)

E; = E-(A*) + E{(B) : kinetic energy released distribution (KERD)



TPEPICO principle
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New TPEPICO design at Hefel

TPEPICO + double Velocity Imaging
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& Hot electron tail in TPES:;

® False coincidence measurement

Electron energy 2>
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o _ Ratio of collected hot electrons
lonization region /mm3 | Hot electron / meV _ :
Ref.1n2003 | Ref, 2 in2002 Present
10 26.7% 36.7% 3.3%
1 X 4 X4 20 18.9% 25.6% 2.4%
50 12.2% 15.5% 1.5%

X. F. TANG, X. G. ZHOU?, ... Rev. Sci. Instrum. 80 (2009), 113101




TPEPICO VMI at Hefel
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U14A in Hefei Synchrotron Radiation Lab.
X. F. TANG, X. G. ZHOU?, ... Rev. Sci. Instrum. 80 (2009), 113101
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TPEPICO + double VMI

O,* ion:

B2X, vibrational dependence J. Phys. Chem. A, 115, 6339 (2011)

2%~ dark ionic state J. Phys. Chem. A, 116, 9459 (2012)

N,O" ion:

C?2z*+ NO* formation pathways J. Chem. Phys. 134, 54312 (2011)

N* formation pathways in analysis

D2IT dissociation dynamics J. Electron Spectrosc. Relat. Phenom. (2014)
CH,CI* ion:

A?A, & B2E internal conversion J. Chem. Phys. 136, 34304 (2012)
CH,Br* ion:

A?A, & B’E spin-orbit coupling J. Chem. Phys. 140, 44321 (2014)
CF,* ion:

AP,(CF.*/CF,) = 14.709 eV J. Chem. Phys. 138, 94306 (2013)



Cl-loss of C,H,CI*

D, = 1253 eV

C,H.Cl* 2 C,H,*(X!A,) + Cl

AZA’ state:
a series of vibrational bands

B2A” state:

from 12.5 eV,

center at 13.14eV,;
- TPES no vibrational structure, except
for the lowest vibronic band
LI C2A’ state:
center at ~ 13.65 eV,
no vibrational structure;

serious overlapping
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Intensity /a.u.

TPEPICO TOF Mass Spectra
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TPEPICO imaging

B2A”, 13.14 eV

=015 0.38
1
1.0 ,ﬂ © Exp.
- Fit.
g & 90009 s=mes Boltzmann
- Gaussian
= . 1.
S 06 SBoltz. 'SGaus. _1178
2
7
c
‘9 0.4
£
0.2 ¥
; S AL
i ;’ \“‘~~—-m> R R Ty
I 1 " | 1
0.0 0.2 0.4 0.6 0.8

Total KERD /eV

€ Bimodal distribution of C,H,*

€ Boltzmann (statistic) + Gaussian (direct dissociation)



TPEPICO imaging

C2A’, 13.65 eV
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@ Triplet internal energy distribution of C,H;*
€ Boltzmann (statistic) + 2 Gaussian (2 fast dissociation)

€ A new C,H;* formation pathway besides those similar to BZA”



TKERD curves
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At 13.65 eV, Gauss-Il distribution has the same pathway as at 13.14 eV

What is the Gauss-I population?



Potential Energy Surface

€ C, symmetry:

B2A” bound & C?A’ repulsive
€ No symmetry C;:

B2A” predissociative

C2A’ unknown
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Potential Energy Surface

at TD-B3LYP/6-311+G(d,p)
e |

€ No symmetry C;:
B2A” & C2A’ predissociative
€ Geometries:
B2A” bent
C2A’ planar
@ Cl between B & C:
0.13 eV above B?A”
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Potential Energy Surface

e T, fleV® ToleV®
State R(C-C)/A R(C-C)/A A('CC-°H)®
Cal. Exp. Cal. Exp.
XTA"(C,) 1.395 1.659 122.54 10.10 10.005" 981 10.0062°
1.405° 1.657° 122.5° 9.631°
1.392° 1.657° 122.4°
1.391° 1.640° 122.6°
ATANC) 1.326 1.775 128.41 11.75 11.664" 11.74  11.6667°
1.327° 1.752° 131.2° 11.141°
B2A"(C,) 1.319 1.999 135.74 13.07 13.13¢ 12.84 127518
1.368° 1.064° 131.6° 12.506°
1.316° 1.991° 135.6°
1.354° 1.937° 131.4
CIA(C,) 1.282 1.729 121.03 13.57 13.56° 13.17 -
13.422°
X'A(C) 1.324 1.752 124.40 - - - -
1.332¢ 1.7268 123 .88

a. C=C-H bond angle (degrees) in vinyl cation moiety.

b. ionization energies were calculated with the optimized geometry of ground
neutral molecule.

¢. SA-CASSCF optimized geometries and MRCISD energies from Ref. 21.

d. from He(l) photoelectron spectra of Ref. 9.

e. from MATI-PFY spectra of Ref. 12.

f. CASPT2 geometries from Ref. 20.

0. experimental data from Ref. 42.



Dissoclative Photoionization Mechanism

& at 13.14 eV: B2A” no contribution from C2A’

& Boltzmann: IC to lower state + statistical, slow

€ Gauss: direct dissociate along B2A”, fast

€ at 13.65 eV: B2A” with high vt & C2A’ due to overlap
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& at 13.14 eV: B2A”

C,H;Cl
lonization
+ hv(13.14eV)—
Ic tatis.
5 C,H,CI* (X2A" or 424", vH)—— C,H,* (X14,) + CI2P)

direct

C,H,Cl*T (B?4™)
—— C,H; " (X4,) + CI(3P)

€ at 13.65 eV: B2A” with high vt & C2A’

C,H,Cl
lonization
+ hv(13.65eV)———
IC tatis.
(5 C,H3ClIt (X%A"or A% A, vﬂﬂ C,H;T(X'A,) + CI(?P)

direct along B2A"

> C,H3 T (X1A,) + CI(?P)

CI fromC?A’'toB?A"
L > CoH3 T (X1A,) + CI(3P)

CoH,ClIH (C?A'orB2A", 1)+
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Deconvolution of image
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Subtraction mode
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T. Baer et al., Rev. Sci. Instrum., 74, 3763(2003)



B2A”, 13.14 eV

C?A’, 13.65 eV




Potential Energy Surface

at TD-B3LYP/6-311+G(d,p)
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