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Progresses in the Study of Low—Energy lon-molecule Reaction Dynamics™
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Abstract Ion-molecule reaction is one of the most fundamental processes in the Earth and other planets’ atmosphere, inter-
stellar space and combustion. Basic physical chemistry processes such as charge transfer and energy transfer are frequently
involved in the low-energy (several eV) ion-molecule reactions. In recent decades, the experimental study of low-energy
ion-molecule reaction dynamics is highly benefit from the introduction of velocity map imaging method, but some dynamics
mechanisms remain to be validated. Based on our own cross-beam ion velocity imaging apparatus, we have recently realized
an efficient measurement of three-dimensional ion velocity images for multiple products by using a delay line anode detector,
indicating the much higher efficiency. Upon above technique improvement, more details about the charge transfer reactions
between Ar” and small molecules have been revealed. Here we summarize and emphasize the dynamics differences among
this process, photoionization and Marcus theoretical model. Meanwhile, we obtained stereodynamic characteristics of the
dissociative charge transfer reactions of Ar” with O, and CO. Moreover, comparison between the charge transfer only and
dissociative charge transfer reaction indicates that the latter is not a subsequent even of the former, namely, these two pro-
cesses may have completely different pathways. We also present a perspective about the experimental techniques those are
potentially applicable and some interesting topics in the future.
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Figure 1 Application of DLD in 3D-VMI apparatus for low-energy ion-molecule reaction dynamics study
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Figure 2 Time-sliced images of O, (A) and trans-C,H,*Cl,”(B) produced in CT reactions at different collision energies in the center-of-mass coordinate
The red circles denote the largest velocity of product ions available in the energy-resonant CT from Ar' (*Ps) to target molecule. The white arrows represent the
velocities of Ar™ (right pointing, backward scattering) and target molecule (left pointing, forward scattering) in the center-of-mass coordinate
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H T K2 raEE, Brhr= Ar SUE RN
XTI AR, TR LR EIR: —FaE 0,11 0—O
BOPAT TR S Ac AR E R, I SRRSOy
YRS, FAEA T Oy A HIT S DA R IR TE 5
RS, B —FE 0—O0 4 5RtFHAT47, M
24 0, M 2B ERH SRR, WREG—E#H
Wi O e T RS, PN T Oy RO -5 17 [H]
PER AR,

T2 B O, SERENLELA ), B b
INAJE —MIE R 5. SR, JATM =48 5215

2 cm
et —p
o3 b ufArt)

uy (mis)
g (m/s)

o*(s) +O(’F)

uz (m/fs)

4000 zo00 0 2000
uy (mfs)

000 2000 0 2000 4000
uy (m/s)

JROLT tH5E A AR I I o, B &SR RE R O # LA
LIV AN E, HRTEMGHEMF R RER 3.95 eV BUH
DRI A, X —I R TR, 76 Ar' Fl O, Ml B4k
AR, BRI O, 75 Ar MR T 7= 2E 15 345
W, IXFHAR B A 15 SRR AR S O—O
I PAT TR, PRI ZR T 0 A )~ AT ML R A = 22
miE,

MAE Ar' 5 CO MREREFE T, EARIFIREZREHLEL
M CO, AT Ar Al O,, B 5 Lt — (B B AH EL A
R4 SECE R BT 1 C 35 Ar' ML EEE, TERUR
FLLH Ar---CO MM T, (K, & 3B AT i) CT IR
G R R EINEE M3 EUE . fERAKT 7.46
eV I, BEAREAH KSR P~ EMaTREs) Co™ i
SAERKN /DR CT, H5 0, DCE IREAF, KK
H T/ S5 R P A e 1) ArC', BT L 2R hlf i
TERIZTE ArCT IR, X T 5 s i ak s Ge, hTin
FLLR Al 7 SRk TR N7 o R AR, BRI R AR BT
Re P RRBRAR. Bz,  “Skxhsk” mffE =41 5 m)
123 CO PR gy, B CO™[alsf i B fly, Bl 3= 22
BLHI. 28 BIE B 2 IR0l 4 SR AR E 55 7 e AT 9 S ZE o1
r;#ﬁ[w]'

322 meEAEAKE

7t LR DCE 8, SH— P AA —wEE
FIFifRE “BHA” 0,7, COT. ArCT(BARHILRZFaE
1), 2B AR A S Tl ST B
RO R THEES “BRR” HEMREM, XH&
Doppler BRI F| F AR AL, 45 4 B & sy (5 A B & 5F
18, AT LU EET 0,7, CO™. ArC I BE T, M
T Af o R O R P P R R R RS R

o0 0 e o0 oo
uy(m/s)

B3 7ER[FE LRGN, DCE 724 O (A1 C'(B)TE xy Al yz TH FIF A%
Horh, L EEBRRIS T 0y CO T RER hv="FEcm +IPo 00T Ar' CPap)i & A4 B R E 4 ORI CTt IR A= & Rk 40 A, 19 6 Sk R M

Ar RISy IS 16053 0B 5E SO R R

Figure 3 The xy- and yz-projected velocity images of the DCE products O (A) and C"(B) at different collision energies in the center-of-mass coordinate
The red circle shows an isotropic distribution of the DCE products yields in the photoionization dissociation of target molecule at the photon energy hv=~FE_ ,, +1Px,
(for At (*P) only). The incident directions of the reactant ion Ar’ and the target molecule define the backward and forward scatterings, respectively
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