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Neutral ground state

«The ethane and dimethylacetylene molecules have been of great spectroscopic interest for
more than 60 years because of their internal rotation and high symmetry.» from Bunker and

Jensen [1].
Staggered Dsq 5
jégf 2 ; Rotational structure :
5.98 cm1 [2]
S e A =266 cm![2]
mmetric to
Y P B = 0.11189761(50) cm-! [2]
Quantum numbers : K angular momentum along top axis.
K; associated to internal rotation.
| ! | N total angular momentum without spin.
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MS group : Gz (EMS) [3]
Eclipsed Dsn
Vibrational structure [2,4-6]:
4 a1
15 modes : 3
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Cation ground state

Cation ground state :

Vibronic ground state of the cation : 2Ej). » Jahn-Teller active

Active modes : €1 (4x)
e2(d) (4x)

Questions :

® [nternal rotation ?

® Spin orbit coupling ? (Acetylene: As, =-30.86(44) cm-! [7]) 3

HOMO
e Role of Jahn-Teller effect ?

[7] P. Rupper and F. Merkt, Rev. Sci. Instrum. 75(3), 613-622 (2004).



Experimental setup and PFI-ZEKE PES
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VUV laser linewidth : 0.008 cm (240 MHz) [8]



Photoelectron spectrum overview of the 2-butyne
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First assignments of the overview spectrum

Frequency Frequency
Mode Type Symmetry observed (cm) | calculated (cm)
(G36(EMS)) [9]
1 CH3; s-str ai(s) 2850 2946
2 C=Cstr a1(s) 2142 2149
3 CH3 s-deform ai(s) 15515 1275
4 C—Cstr a1(s) 703 694
10/14 CHj; d-deform e1(d)/ ex(d) 1440-1540 1385-1389
EAIS CHj3 rock e1(d)/ e 1090-1150 877-977
16 CCC deform e2(d) 405 350-418

[9] H. Xu, U.Jacovella, B. Ruscic, S. T. Pratt, and R. R. Lucchese, J. Chem. Phys. 136(15), 154303 (2012).




Rotortional selection rules

In the approximations of :
Free internal rotation.
No perturbation for the origin band by Jahn-Teller effect.
Energy levels : Erotor = Erot + Etor = BIN(N+1)-K?) + AK? + AKi? and + A, /2 for the cation.

Photoionization selection rules [10-11],
['pve(neutral) ® I'yye(ion) D IT'* if £ even

[ve(neutral) ® I'yye(ion) D (%) if ¢ odd

AK = +1, +5 for K”= 6n+1 and 6n+2 and 6n+6

AK = +1, 43 for K”= 0 and 6n+3 } n nonnegative integer

AK; = 0 for all values of K;”’

AK;=-2for K" =3m + 1
AKi=+2 for K =3m -1
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AKi = -4 for Ki” =3m + 2

AK; =+4 for K;” =3m -2

AK; = +6 for all values of K;”’
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PF1-ZEKE PE spectrum of the origin band at high resolution
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Conclusions and outlook

Answers :

¢ Cation is subject to free internal rotation (Ki* = 1,2,3,4,5).
® Spin orbit coupling | Aso| = 11(1) cm™ < 30.86(44) cm! in acetylene.

e Role of Jahn-Teller: active Jahn-Teller modes have been observed.

Outlook :

® Record spectrum of the fully deuterated 2-butyne isotope.

® Ab-initio calculation including Jahn-Teller effect would be desirable.



Short communication on the propargyl (CsHs3) radical

Controversy in literature for the value » Ll ) = e
P 70156(4) [12] VUV-VMI-TPE
of the adiabatic ionization energy.
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70251(160 ) [15] TPES
A ertpen’ ] 69928(160) [16] PES
70138-70210 [17] ab-initio
Zisp - 70001 [14] ab-initio
: | 70174.7(20) | Thiswork | PFI-ZEKE PE
E ]
" ] . R
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Wave number (cm'l)

Adiabatic ionization energy : 70174.7(20) cm!
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