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Abstract: Quasiclassical trajectory calculation (QCT) is used frequently for studying collisional
energy transfer between highly vibrationally excited molecules and bath gases. In this paper, the
QCT of the energy transfer between highly vibrationally excited C4F¢ and N, ,0, and ground state
CgFs were performed. The results indicate that highly vibrationally excited C¢Fg transferred
vibrational energy to vibrational distribution of N,, O, and ground state C¢Fg, so they are V-V
energy transfer. Especially it is mainly V-V resonance energy transfer between excited C¢Fg and
ground state C¢Fg, excited CgF transfers more vibrational energy to ground state CgF4 than to N,
and O,. The values of QCT, - (AE,;’ of excited C¢F¢ are smaller than those of experiments.
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Collisional energy transfer (CET) between a highly excited molecule and a bath gas
plays an important role in many fields of reaction dynamics. Nobuaki Nakashima made
the direct experiment on CET between hot C4F, and a series of bath gas'”. H. Hipper
did the same experiment later®. The results of Hipper are much higher than those of
Nakashima only because Nakashima used an inadequate UVA calibration curve.
Lenzer simulated the CET between highly vibrationally excited C¢F¢ and single-atomic
molecules He, Ar, Xe’. His results do not accord with the experimental results very
well. Few people did quasiclassical trajectory studies on CET in our country®’. In this
paper, the calculation results of the collisional energy transfer between highly
vibrationally excited C4¢F4 and N, ,0, and ground state C¢F4 are first reported and the
mechanisms of these collisional energy transfer are found.

Trajectory Calculations

Intramolecular potential

Intermolecular potential for C¢F¢ see reference 5 for N, and O, see reference 8 in this
paper, we used LJ 12-6 potential with individual atom-atom terms:
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v=ae_l|o., /1) -0, /)]

CeFetNy: A1=1.2734, A,=0.4991, O n=3.591 A, €crn/ks=15.97K,
O =4.966A , €.1/kg=162.71K

CeFstOy: A1=1.216, A\y=0.5872, Oc(r,.0=3-429 A, €c(r).0/ks=18.79K,
O.r=4.836 A | £.4/ks=182.39K

CeFst CeFe: A1=1.216, \=0.5872, Oc(rycr=3-429 A, €cry.cry/ks=18.79K,
O.r=4.836 A | £./ks=182.39K

The method of obtaining these parameters is in reference 5.

Initial conditions and computational details

Maximum impact parameter b, is 9 A collision with N, and O, or 12 A collision with
C¢Fs.  The trajectories were calculated using program MERCURY®.  The initial center
of mass separation was 14 A collision with N, and O, or 16 A collision with C¢F, and
trajectories were terminated at a distance of 15 A collision with N, and O, or 18 A
collision with C¢Fs. The others are same as reference 5.

Results and Discussion

Collision with N, and O,

The results of collisional energy transfer between C4Fg and N, and O, are given in Table
1. E’ is initial vibrational energy above zero point energy. (AE,,) is total energy
transfer per collision. (AE,;,) is vibrational energy transfer. (AE,,’ is rotational energy
transfer. (AE,j,) o 18 experimental result from reference 2.

First, - ( AE.? of highly vibrationally excited C¢Fg¢ increases with E' , initial
vibrational energy of C¢F¢. For example, it is 139cm™ when E’ is 24000cm™ and it is
298 cm™ when E’ rises to 51800cm™ for collision with N,. This law is consistent with
the experimental results.

Second, CgF transfers more vibrational energy than C¢Hg when colliding with the
same bath gas N, or O, at same E. The low frequencies in a molecule are thought to
govern CET: it has been suggested this is due to low frequencies causing the chattering
interactions that characterize energy transfer in polyatomics to “linger longer” and thus
transfer more energy'’. The results are consistent with this conclusion.

Third, the calculated - (AE.y? of CFg is smaller than experimental value. This is
similar to collision with Ar in reference 5.

Last, the vibrational energy of CgF¢ transferred mainly to the vibrational contri-
butions of N, and O,, so they are V-V energy transfers.
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Table1l Energy transfer of C¢F4 colliding with N, and O, Cunit: cm™)
/ Energy System
E Molecule transfer CsFe+N» CsHg+N,* CeF6t0, CeHgtO,*
- (AE) 132420 43 17723 49
CoFe - (AEy,) 13917 49 187+20 49
- (DB -7 -6 -10 0
24000 - (AEy,) apt 488 37 507 44
- (AE) -136x10 -122 -169+13 -124
Bath gas - (AE) -116£8 -105 -148+11 -107
- {AE;o) -20 -17 -21 -17
- (AE) 208+25 54 208+22 53
- {(AEy,) 219423 69 231422 61
C()Fé
- {AE) -11 -15 -23 -8
34000 - (AEy,) expt 585 44 603 58
- {AE) -163%13 -111 -229+58 -117
Bath gas - {(AEy,) -139+10 -94 -207+55 -102
- {AE;o) -24 17 -21 -15
- {AE) 275434 342435
CoFe - {(AEy,) 298432 401£37
- (OB -23 -59
51800 - (AEy,) expt 650 660
- {AE) -183+17 -214+17
Bath gas - (AEy,) -156+13 -188+15
- (AE) -27 -26
*: From Ref. 8.

Table2 Energy transfer of excited C¢F colliding with ground state C¢Fs Cunit: cm™)

transfer Excited CgFg  ~T0WPd SR pycited CoHy  round state
CeFe Ce¢Hg
- (AE 247446 21643
- {AEy) 314449 19634 680°
24000 (DEyp) e 736" 931°
- (AE,) 67 20
- (AE 317433 28632
- {AE) 404233 249425 930°
340001 AR expt 1043
- {AE) -87 37
- (AEy) 550266 475457
- {AE) 645478 409455
40200 (AEub) et 1233
- {AE) 95 66
40700 | - (AE.) 1076° -946°

a: fromRef. 4. b:

from Ref. 11.  c: from Ref. 9.
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Collision with ground state CgFg

The results of CET between excited C¢F¢ and ground state C¢Fs are given in Table 2.
First, the results is consistent with the law which - {AE,;,) of excited C¢Fg increases with
E’ . Second, C4Fs transfers more vibrational energy than C4Hg when colliding with
almost all of the same bath gas except colliding with itself. Our calculation results
show that excited C¢Fy transfers less energy to ground state C¢Fg than that of excited
CgHg transfers to ground state C¢Hg at same E’.  Experimental studies indicate the same
order. Our calculation results show that excited CgF¢ transfers its vibrational energy
mainly to vibrational contributions of ground state Cg¢Fg, so it is V-V energy transfer,
such as energy transfer between excited C¢Hg and ground state CeHq''.  Excited
molecule is the same kind as ground state, so they have completely same vibrational
frequencies and V-V resonance energy transfer can take place. This kind of energy
transfer takes place so fast that it can accomplish in 10"? seconds. We think V-V
resonance energy transfer takes place also mainly on low frequencies of molecules such
as C¢Fy and C4Hg, but interaction time does not decide how much energy can be
transferred again. Ground state molecule could turn up its first vibrational excited state
of a low frequency by once collision. So the more big frequencies the more energy
transferred. The low frequencies of C¢Hy are bigger than those of CgFg, so excited C¢Hg
transfers more vibrational energy to ground state C¢Hg than that of between C4Hg at same
E' .
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