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Rotational spectroscopy of methane dimer by time resolved Coulomb explosion imaging
(Tokyo Institute of Technology) Yuya Tobata, Kenta Mizuse, Yasuhiro Ohshima

[Abstract] We measured the rotational spectrum of methane dimer by time resolved Coulomb
explosion imaging. The observed spectrum consists of multiple series, indicating the presence of
nuclear-spin isomers with different internal rotation states of the CH4 unit. We determined the rotation
constant and the intermolecular distance for each series. This experimental finding shows that the
effective intermolecular distance depends on the internal rotational states. This result is important
experimental information for the construction of the intermolecular potential energy surface for the
methane dimer.

[Fia] AL EwRICE < o FRBEER L. BRLEDOREINE R E 2 RESIT 5
FERTH D, Fric, 7AFVERLEOHAERITIZE AL EOHEHILAW TE 72O EET
Hb, KT A X 2 BAK(CH) X7 VX VERLEOMENEHOR/NET L THY . D
ECH AT IV AL LT, TAFAMOGFRNCBE L TH 7 LU O R3S
LD EHRESND, —RIC, KIS 17 T A X —DOREEREIZIT~A 7 g ic X 5[
BB OBLIN TR 172 FE L 2o TE-, LnL, A X2 2 BIROKAIMG T — A MM
e LIZEDLHOThINEEBZLIL, v 7 elEntoEBIIREETCH S, £ 2 TR
FETIEL, AKARNG - OE ML L THMA AR 7 — 1 VIR A A — 2 71D < R
WEHR > E VT, A XY 2 BROEEREZESG T 2B E LT,

[3ZBR] X L I3 A — L&~ BE TR IR L72(CH)2 ISk LT AR v 7 (B
AR, 400 nm, 390 fs, 12 TW/em?) 2RI L, A 7Ly 7 T < iRz L - T 2 B[R
WHEA T I 7 AZFHE LT, 20%, BIERFHZBW\WT 7 = A MpRL—F— L2 (7'm
— 7« {RJE, 800nm, ~70 fs, 2000 TW/cm?) % FEST L, (CHa) 2 & 8 L7z 7 — 1 g ssim e
12X - T CH & litH & 872, CHf DR A EE AT 7 — v BRI E RO 2 iR 5y -l 5y
xRS 5, T2 T, RrF—7n—7HOBMZE At 25 L5 2 BIAHkD CH
DA ESAZBEBBIT 52 & T, R HFROBERY A F I 7 AZBH LTz, KB
A THELNTZEBEN OGS T A—2EHH L, TORFH N —RA 27— = EH|T 5 &
TlaE AT N L&,

MCP/

BRI )— _/
BEEST Y METIERER a
7:)‘7
a

N U z
<, = W ., = o]
<ot
gy Jo—J% e
Litgktd iy
&%) - EEcRhEE 7 —RURFE

Bl 7 —m Mg A A=V T DERAF— L X 2. A F 2 DZER I AR



[RRLEZE]IM2I1C, 72 b MO —T KOOI THE U A F v DZER %273, CHa (n
= 2-4) B S 47z, CHRYCHs I, CHA DBl Ko THERR LT B 2 bivd, T 2T, CH?
DZEMPMIZEET DL, IO A X VHEERNA AL IR ICHEE T HZ2 b
TREREZDEG R LMHIICIFEN S e, BEAMUOFRLHZR, 2 &IED 7 —a 33
THEL., KBkEZT72 CHfOEFICRE SN D, —IC, BEERIIIHT 2 2 BIROF/E- T
1%FRE L R OGN0, 77— BB A A=V 7 EHWSZ LT, 2 BKHEERDES%
BINICEIHI T Z e TE T,

B 3@z, A TIREE DA A ARSI ORRIZ b E R~ T, Z 2 TIEAR TR
FIANZKT DA A OMMAELZ O & L, BT A —H(cos?0)% 71> F LTW5b, X 3(a)
IZBWT, RNy 7HRRER IR (531 2 4 Sl 23 M e 7 i - 7Rt e 97 %)
NEI, ZO%, AT PNEND B A T 7 ABRBH S 7z, X 3@ O - 1
— A% 77—V B L, X 3(b)DEREESEILD AT ML AT,

X 3(b)D AR MVZIZS DO E— 7 BNEN TS, I ZIFEME TN EEOM (X
@A % TRT) ZROTHTZENTEZ, ZNETOWFRIZ LI, (CHy)2 FD CH,
2=y MIZIFTEHICEEE L TEY . CHy HEEKIZHK T 5 SEOZA YV BEEoX v 7 7
H—MM2ERPFTCHLRFEND EEZLNTVD [1], ZOHA. 2 &IKE LTIXEF6 FEED
BAE Y BYERNTFE L, T %D CH O RIERICES L TR DIREEICHIGT 5, [BlEs
BB L LTINS REEMREEN R D8O ) — XNHND Z L1270 . ARIOBLIRIR R &
B LTWD, £72, £V U —X BT HE—7RRIEENG~4B L2 b, FEHDE—
7 [Wl@ 5 B &Rk, 250 CHyy FHIOHEEiZEHT 5 L. @A, % DZNEIIIXK LT,
~416 pm, ~416 pm, ~428 pm &R BT,

HERIIZIE, ETEFEEIC K 0 (CHy). DRk~ Z2EL AR LT, =R AF— L R ZEST
MEEEE S SR TV B2, FRBETOZRAF—TIFTE L, “EEPFTIIAZ Bk
IZIZIFEHICEHRTE D Z ENRBINTWD, 7o, BRNELRD & REZE D 1B D
RBARDLWIHRERENHTEY ., CHy 2= v OISR EEA e D & Bk 4y 1R FERE
DI D L) ARIOFEERFER & B KIGL TV D,

@) 0.36 (b) A
035 A e
% ° o
§ox 1] & .
0.33 adNIR o
0.32 > e o
o 1 2 3 4 5 6 7 0 10 20 30 40 50 60 70 80 90 100 110 120

s Frequency (GHz)

4 3(a) (cos?0) DIFFERFIZ T D2, (D) (cos?0)D 7 — U WA~ )L

BE R
[1] A. Hamdan, PhD Thesis, Department of Chemistry, Ruhr-Universitat Bochum (Germany), December

2005.
[2] V. Duarte Alaniz, T. Rocha-Rinza, and G. Cuevas, J. Comput. Chem. 36, 364 (2015).



