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The effect of intermolecular collisions in the infrared multiphoton dissociation (IRMPD) of difluorochloromethane 

was investigated using He, Ar, and N2 as buffer gases. The reaction probability for IRMPD of difluorochloromethane 

was measured as a function of laser fluence and the buffer gas pressure under unfocused beam geometry. It was 

observed that the reaction probability was initially enhanced with the increase of buffer gas pressure up to about 

20 torr, but showed a decline at higher pressures. The reaction probability increases monotonically with the laser 

fluence, but the rate of increase diminishes at higher fluences. An attempt was made to simulate the experimental 

results by the method of energy grained master equation (EGME). From the parameters that fit the experimental 

data, the average energy loss per c이lision, <AE>d( was estimated for the He, Ar, and N2 buffer gases.

Introduction

An intense, pulsed IR laser radiation has been shown to 

promote molecules in the gas phase to high vibrational levels 

of the ground electronic state via the simultaneous absorp­

tion of many infrared photons. It is now well established 

that when a molecule is excited above a certain level by 

IR multiphoton absorption (IRMPA), the energy pumped into 

the molecule is more or less randomly distributed among 

all vibrational degrees of freedom before decomposition 

starts.1-6 Such a highly excited molecule is not qualitatively 

very different from the energized molecules or transient 

complexes produced by inelastic and/or reactive molecular 

collisions, and the IRMPD technique has been widely used 

for the study of dynamics of unimolecular reactions.

Since the first report of IRMPD of CF2HC1,7 many studies 

have been done on the IR laser induced chemistry of this 

molecule. Grunwald et al. reported the effect of buffer gas 

pressure on the macroscopic absorption cross section and 

the dissociation yield.7 Sudboe et al, investigated the three- 

center unimolecular elimination reaction of HC1 from CF2HC1 

in a molecular beam experiment, and showed that the mea­

sured translational energy distribution of the product could 

be explained by the statistical (RRKM) theory.8,9 Stephenson 

et al. studied the laser intensity and Ar pressure dependence 
of IRMPD of CF2HC1 by monitoring the CF2:(彳'AD carbene 

with the laser-induced fluorescence technique.10-13 They re- 

1 Deceased. 

ported that there existed a narrow "linear dependence* ra­

nge in the log-log plot of dissociation probability vs. laser 

fluence between 5-25 MW/cm2 of laser intensity; a smooth 

bending over and saturation in product formation was also 

observed (25-150 MW/cm2). Increasing Ar pressure above 

a certain level (~50 torr) initially increased the CF2HC1 dis­

sociation rate due to what may be called the rotational hole­

filling**, but the rate soon became independent of Ar pressure 

up to 1 atm. They were also able to reproduce their results 

by a model calculation. Van den Bergh et al. reported a dif­

ferent pressure dependence feature in the IRMPD of CF2- 

HC1.14T6 They used unfocussed laser pulses (2-8 J/cm2) and 

observed the collisional deactivation effect of Ar buffer gas. 

They tried to simulate the results with a mod이 calculation, 

and found that simple energy-grained master equation 

(EGME) was adequate to describe 나le IRMPD results of CF2- 

HC1.14-16 Dolikov et al. examined the possibility of mode-se­

lectivity of multiphoton excitation, but they found it impossi­

ble to excite a specific mode at least on the time scale of 

10~8 sec. They observed that absorption of mere 4-5 quanta 

resulted in the excitation of all vibrational modes.6

Recent studies of the IRMPD of CF2HC1 include subjects 

such as deuterium separation using the difference of absorp­

tion cross section due to the isotope effect,17 the effect of 

laser frequency and translational energy on the IRMPD of 

CF2HC1,18 and CF2: carbene generation for the purpose of 

secondary use in bimolecular reaction chemistry with diato­

mic molecules.19,20

The laser-induced reaction of this molecule is particula외y 

simple, being represented by
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2CF2HCI —T F2C = CF2 + 2HC1 (1)

No product otherthe C2F4 and HC1 was dectected. These 

products are identical with those obtained in homogeneous 

gas-phase pyrolysis,21 whose kinetics and thermochemistry 

are consistent with 比。following two-step mechanism.

CF2HC1 ^CF2: +HC1 (2)

2CF2:足% C2F4 (3)

Dissociation (rate constant 加)is rate determining, with 

a limiting high-pressure activation energy of 55.9 kcal/mol.21 

As HC1 accumulates, reaction of CF2： with HC1 (rate constant 

力2) is expected to compete effectively with reaction 3. Under 

our experimental conditions, it can be shown that the rate 

of reverse reaction in Eq. (2) is much smaller than the for­

ward reaction rate in Eq. (3), so that 이dy the forward reac­

tion is important in Eq. (2).

We have investigated the fluence dependence of IRMPD 

of CF2HC1 at fixed pressures (30 and 70 torr) of several 

buffer gases. The pressure dependence was also examined 

by varying the buffer gas pressure in 0-90 torr range. Differ­

ent buffer gases are expected to have varying degrees of 

efficiency toward collisional deactivation of target molecule. 

Generally, it is believed that the collisional deactivation effi­

ciency increases as the mass and complexity or number of 

degrees of freedom of buffer gas increase.

An attempt was made in the present study to compare 

three different inert gases He, Ar, and N2 in their efficiencies 

forward collisional deactivation.

The experimental results were compared with a theoretical 

calculation based on the EGME model. From the parameters 

that fit the experimental results, the average energy loss 

per collision, <AE>d, was evaluated for the He, Ar, and 

N2 gases.

Experimental

Materials. Gaseous CF2HC1 (>99.9%) was obtained 

from Aldrich Chemical Co. It was analyzed by a gas chroma­

tograph and found to be free of detectable impurities. The 

gas was handled on a vacuum line by standard techniques 

and degassed before each run by freeze-pump-thaw cycles. 

The amo나nt of the sample was measured by the MKS Bara- 

tron 0-1 torr pressure transducer.

Buffer gases He, Ar, and N2 (그999將%) were obtained from 

Matheson Co. and were used without further purification. 

The pressure of the gases was monitored by the MKS Bara- 

tron 0-100 torr pressure transducer.

Apparatus and Procedure. A detailed description of 

the apparatus has been given elsewhere.22 A TEA CO2 la옹er 

(Tachisto 215G) was used as an excitation source. The laser 

pulse consists of a 40 nsec (FWHM) gain switched spike 

and a low intensity tail of 500 nsec. The irradiation line, 

R(32) 1086 cm1, is in resonance with CF2 antisymmetric 

stretching vibration. The effective molar extinction coefficient 

at the maximum near 1116 cm1 has been reported to be 

(7.1± 0.1)X105 cm2mol-1.14 To provide a more homogeneous 

laser beam, the beam size was reduced by an iris diaphragm. 

The diameter of the beam was determined from bum patte­

rns on a heat sensitive paper. Laser output fluence was va­

ried by attenuating the incident beam with polystyrene films. 

The laser pulse energy was measured with a calorimeter 

(Scientech 36-2001). Pulse to pulse stability was 士 3%. The 

unfocussed beam (7 mm in diameter) was passed through 

the reaction cell (10 cm long, 2 cm inner diameter) fitted 

with NaCl windows. The reflected or absorbed energy of 

the laser radiation by the inlet window was calibrated. It 

was found that ca. 92% of the total incident energy was tran­

smitted through the inlet window.

The dissociation measurements were carried out at a con­

stant sample partial pressure of 0.5 torr. To obtain quantities 

sufficient for our detection scheme, the products were accu­

mulated for 100-500 laser shots at 1 pps repetition rate, kee­

ping the fraction of undissociated reactant above 70%.

The reaction yield was measured by a gas chromatograph 

(Yanaco G-80) with an FID detector. A Hall M-18-OL c이umn 

of 2X2.4 m length was used.

Results and Discussion

Justification of Neglecting the Reverse Reaction 

in Eq. (2). The dissociation probability at a given laser 

fluence and buffer gas pressure, F(<D), is defined as the nu­

mber of molecules in the irradiated volume that react per 

pulse divided by the total number of molecules in the irra­

diated volume. P(4>) was calculated from Eq. (4), whose deri­

vation is given in the Appendix.

P(0) = — (G/Co)功］ (4)

Vt : total volume of the reaction cell

Vir : the irradiated volume

Co : the concentration of reactant before irradiation

Ci : the concentration of reactant after f-th irradiation 

i : the number of irradiated pulses

To determine the unimolecular dissociation rate by moni­

toring the decreased reactant concentration or the increased 

product concentration, we have to make sure that the back­

ward reaction rate in Eq. (2). is negligible compared with 

the forward reaction rate in Eq. (3). We measured the total 

dissociation yield of the reaction mixture CF2HC1-HC1 by 

varying only the HC1 pressure over 0.2-1 torr range. N2 gas 

of 30 torr was added to reduce the collisional effect of HC1. 

The results are given in Figure 1, which shows the product 

yield is not affected by the increase of HC1 pressure up 

to 1 torr. Since the dissociation measurements were carried 

out at a constant reactant pressure of 0.5 torr which would 

result in 0.5 torr HC1 at most, the above results indicate 

that backward reaction to reactant is negligible under our 

experimental conditions. Thus measurements of the final 

product concentrations yield direct measure of unimolecular 

dissociation rates.

Effect of Intermolecular Collisions. The dissociation 

probability for the IRMPD of CF2HC1 was measured as a 

function of buffer gas pressure at 0.32 J/pulse of laser en­

ergy. Three different inert gases, He, Ar, and N2, were used 

as the buffer gas. The pressure of the reactant, CF2HCI, was 

kept constant at 0.5 torr in all runs.

The variation of P(O) with buffer gas pressure is re-
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HCI Pressure (torr)

Figure 1. The plot of reaction probability vs. pressure of added 

HCI at 0.32 J/pulse.

Rgure 2. The plot of reaction probability g pressure of added 

He at 0.32 J/pulse. The points (• ) are the experimental results. 

The solid curve represents the best fit results with <^E>d= 

0.98 Kcal/mol.

presentatively shown in Figure 2 for He. Data for other gas­

ses are tabulated in Table 1. In all cases, it is observed 

that adding a small amount of the collider gas up to 20 torr 

enhances the dissociation probability, while further increase 

impedes the reaction.

This trend in the variation of the reaction rate with the 

buffer gas pressure reveals that two conflicting types of colli­

sional mechanisms are involved: the rotational hole-filling 

vs. the collisional deactivation.11,23 The weak perturbations 

introduced by the collider gas at lower pressures not only 

induce the collisional coupling of previously uncoupled states, 

but also bring about efficient T <一> R energy transfer to 

compensate for the mismatch in energy between the laser 

photon and the vibrational anharmonicity. This leads to the 

enhancement in the dissociation rate.

Rotational states are the ones that are initially coupled 

by collisions, but as the pressure is raised vibrational states 

are couple as well, hence opening collisional deactivation

Natn Woong Song et 기.

Table 1. The Dependence of Dissociation Probability of CF2HC1 

on Buffer Gas Pressure

Pressure of added 

buffer gas (torr)

Dissociation probability

P(@) (X102)

He Ar n2

0.00 0.550 0.550 0.550

5.00 1.42 1.35 1.87

10.0 2.10 2.66 2.68

20.0 2.76 2.65 2.81

30.0 2.25 2.13 2.29

40.0 1.93 2.04 1.61

50.0 1.71 1.88 1.18

60.0 1.34 1.45 1.22

70.0 1.18 1.43 1.06

80.0 1.11 1.31 0.761

90.0 0.882 0.886 0.670

* Reactant pressure: 

of irradiated pulses:

0.5 torr. * Pulse 

100-500.

energy：:0.32 J. * Number

Figure 3. The plot of reaction probability vs. laser fluence with 

added Ar gas of 30 torr. The points ( • ) are the experimental 

results. The slope of the solid lines is the exponent for the po­

wer law dependence of dissociation probability on laser fluence, 

i.e. P(0>) ~ 毗

channels due to V —> T energy transfer. As the collider 

gas pressure is further raised, increased collision frequency 

make the usually inefficient V —> T energy transfer occur 

at such rate that the latter starts to compete effectively with 

the multiphoton pumping process. At sufficiently high pres­

sures, collisional deactivation of the vibrationally excited re­

actants predominates over the multiphoton pumping so that 

the overall dissociation rate drops.

Laser Fluence Dependence of the Reaction Rate.

The dissociation yi시d in IRMPD of 0.5 torr CF2HC1 was 

measured as a function of fluence under constant pressure. 

The results are represented in Table 2 and Figures 3-5.

As 아lown in Figure 3, the slope of the log F«D) vs. log 

0 curve decreases as the laser fluence (^>) is increased. 

This is a feature frequently observed in the IRMPD experi-
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Table 2. The Dependence of Dissociation Probability of CF2HC1 

(0.5 torr) on Laser Fluence

a) with He buffer gas

Pressure of added Energy per pulse Dissociation probability

F(6) (X102)He gas (torr) (J/pulse)

30.0 0.39 3.33

0.35 2.57

0.33 2.09

0.28 1.32

0.24 0.569

0.16 0.096

70.0 0.39 2.75

0.32 1.18

0.27 0.789

0.22 0.442

0.15 0.055
(-
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b) with Ar buffer gas

Pressure of added Energy per pulse Dissociation probability

P(O) (XIO2)Ar gas (torr) Q/pulse)

30.0 0.36 2.74 -

0.32 2.13

0.27 1.43

0.23 0.926

0.18 0.256

0.14 0.043

0.37 ， 2.14

0.32 0.955

70.0 0.27 0.683

0.22 0.323

0.16 0.081

0.14 0.039

c) with N2 buffer' gas

Pressure of added Energy per pulse Dissociation probability

N2 gas (torr) U/pulse) P(4>)(X102)

30.0 0.38 2.97

0.32 2.29

0.27 1.04

0.23 0.348

0.17 0.118

70.0 0.38 2.49

0.34 1.19

0.32 1.06

0.27 0.517

0.22 0.240

0.16 0.072

ments under mildly focusing condition.24,25 In IRMPD experi­

ments, P(<X>) typically exhibits a power-law dependence on 

laser fluence, i.e. F(<®) oc W. Under focusing geometry, the 

value of R is usually ca. 1.5,28,29 but in experiments using

-w 

-w 

-w 

(d

三긺
응
£
 u
o
응
 6

Figure 4. The plot of reaction probability vs. laser fluence with 

added He gas of 30 torr. The points (•) are the experimental 

results. The solid curve represents the best fit results with the 

function /(0). The dashed curve represents the results without 

the function /(0), as in van den Bergh et 이.，s study.

-3
10 

0-1 0.2 0.3 0.4 0.5
Fluence (J/p비 se)

Figure 5. The plot of reaction probability vs. laser fluence with 

added Ar gas. (• ) 30 torr, (□) 70 torr of Ar. The solid curve 

represents the best fit resets with the function /(«〉).

low energy pulses, the reported values of g range from 

4 tO 6.2-27.

Our data shows two distinct types of P(C>) dependence 

on laser fluence. As shown in Figure 3, the values of 8 in 

the high and low fluence regions are ca. 2.4 and 6.2, respecti­

vely. The Msaturation** behavior at high fluence region is 

a result of depleting the population of low-lying pumpable 

states with higher laser fluence. It is expected that the satu­

ration should start at a lower fluence level as the pressure 

is decreased since the collisional V —> T energy transfer 

would become to slow to replenish the depleted low-lying 

states. However, in the limited ranges of pressure and flu­

ence in our experiments, we were not able to observe such 

effect.

Model Calculation. In order to extract more quantita­

tive information not available directly from experiments, a 

numerical analysis based on a theoretical model has been 
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carried out. We have modeled the pressure and fluence de­

pendence of the multiphoton dissociation of CF2HC1 by using 

the energy-grained master equation (EGME), which is a set 

of coupled differential equations describing the rate of ch­

ange in the molecular populations between adjacent energy 

levels separated by AE.

The differential equations used to fit the IRMPD data of 

CF2HC1 are as follows:

dNi/dt=Ral-l N—1+足 Ni+1 - (R + 足一 I )Ni

+ ^ZPiiN,-^ZPl,Ni-kiN,-, «>1.

} )

dNJdt=R洲、一R%N爲P由 N厂£Z P端N虹+(X诚) 

J )

dNn0/dt = - (l/Xrot)Nno (5)

Here, the various symbols have the following meanings:

Ni : the population in level i

R? : the rate coefficient for absorption from level i to 

i+L

足 :the rate coefficient for stimulated emission from le­

vel l to :.

Z : the hard sphere collision frequency

Pij : the probability of transition from level j to level i 

by single collision.

Npo : the population of ground vibrational state which is 

pumpable by laser radiation

Nn° : the population of non-pumpable ground vibrational 

state

: the rotational relaxation time

ki : the dissociation rate constant from level i.

The above differential equations were solved by numerical 

integration using the Burlish-Stoer procedure.30 The integra­

tion of the equations started from the time for "laser on** 

and continued until the undissociated molecular populations 

above the threshold energy level were less than 5% of the 

dissociated molecular population. The time increment in the 

integrating step was taken to be 1/1000 of the pulse duration 

of laser. The level separation was normally taken to be the 

laser single photon energy, ^v-1086 cm-1 or 3.09 kcal/mol.

The absorption rate coefficient was modified from van den 

Bergh et 이*'s formula16 to have:

/S) = L72exp(-L7 O>) ⑹

where a is the effective absorption cross section for transi­

tion from level i to i+1, I(t) is the laser intensity, and hv 

the photon energy. /(^>) is a parametric function employed 

to describe the increasing importance of the anharmonic bot­

tleneck effect with the increase of fluence.31

The stimulated emission rate may then be determined 

from detailed balancing:

R==I如(7)

where 务 is the number of vibrati이lai states w辻hin the laser 

bandwidth centered at the energy ihv. For narrow laser lines, 

gi is proportional to the density of vibrational states at energy

留腐+i=P»/Pi+i (8)

Table 3. Input Parameters for RRKM Calculation

Molecule Activated complex

CF2HC1
肱.c”-••号

'-Cl

mode Vibrational frequencies in cm-1

Vi 3025 3025

v2 1311 1500

V3 1178 1178

V4 809 1116

V5 595 595

V6 422 500

V7 1347 1600

V8 1116 1600

V9 365 1000

lahlc 3.96 X106 2.47 X106

Other parameters

log A 12.6

Eo 56

L+ 1

* Vibrational frequencies of the molecule and the complex are 

taken from Ref. (8). * 1丄丄：The product of the moments of 

inertia (X 1O~120 ^cm6). * L+: Reaction path degeneracy.

The densities of vibrational states and the rate constants, 

电's, were calculated by Whitten-Rabinovitch method and 

RRKM theory, respectively.席's were set equal to zero when 

the energy of the excited molecule was lower than the acti­

vation energy. Vibrational frequencies of the reactant and 

the complex were taken from Ref. 8. Moments of inertia 

of the reactant and the complex were calculated based on 

the geometries obtained from MNDO calculations.

The time dependence of the laser intensity, I(t), was re­

presented by approximating the true laser pulse as a parame­

terized rectangular pulse. From the shape of the temporal 

profile of the actual laser pulse, both 40 nsec and 60 nsec 

rectangular pulses, each containing 70 and 30% of the total 

pulse energy, were used.32 The laser intensity was then de­

termined for the assumed pulse shape with a beam diameter 

of 7 mm and a total energy equal to the experimentally de­

termined value.

The level-dependent absorption cross-section, 6, was as­

sumed to vary in the Allowing way23:

6 = 6。+1)-” (9)

where a0 is the absorption cross-section for ground vibra­

tional state, and n is an adjustable parameter that takes into 

account the variation of the absorption cross-sections with 

vibrational excitation of th은 molecule. The value of the abso­

rption cross-section for ground state was taken as 1.18X 

10~18 cm2, which is the experimental value reported by van 

den Bergh et «/.14

To determine the collisional transition probability, Pg, the 

exponential gap model was used.23 Collision diameters for 

He, Ar and N2 were obtained from previous works.33 These 
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were 2.6, 3.4 and 3.7 A, respectively. The collision diameter 

of CF2HC1 was estimated to be 4.9 A by comparison with 
CHC13 (5.5 A), and CHF3 (4.56 A).34-35

Finally, l/rro/ was initially taken to be equal to the collision 

frequency due to the lack of data on rotational relaxation 

for CF2HCL

The results calculated from the EGME model were fitted 

to the experimental data using an iterative fitting procedure 

in which the following parameters were adjusted: n, NPn, 

1/j, /(<!>) and <AE>d, the average energy loss per collision.

The pressure dependence data were fitted first. To obtain 

a reasonable fit for the result, a series of calculations were 

carried out in which two of <AE>d, and l/rTO( were 

kept constant and the third one varied. Such a procedure 

was repeated until a set of reasonable parameters that fits 

all of the pressure data was obtained. A major constraint 

in this fitting procedure was that and n should be the 

same for each set of pressure dependence data, since these 

parameters do not depend on the properties of the buffer 

gases.

After obtaining the best fits for the pressure dependence, 

the fluence data were simulated by introducing the parame­

tric function /(O), while keeping the other four parameters 

(n, NPn> <AE>d, and l/rwf) fixed. The fluence dependence 

data reasonably fitted with a unique parametric function.

Comparison with Experimental Results. The opti­

mized results for the dependence of dissociation probability 

on the buffer gas pressure are shown as a solid curve in 

Figure 2. The fraction of pumpable states under collision-free 

condition was determined to be 5% by iterative fitting. The 

value of n was determined to be 0.35. With the parametric 

function, /(<!>), and n = 0.35, the laser fluence dependence 

of the reaction probability was reasonably fitted. (Figure 4, 

5)

It turned out that multiplying the collision frequency by 

0.25 for He, 0.55 for Ar, and 0.50 for N2 yielded the best 

fitting parameter for l/rro/ (rotational relaxation rate) in each 

case. This confirms the intuitive notion that He is the least 

efficient collision partner for collisional relaxation of rotation­

al motion of CF2HC1.

The average energy transferred by a single collision. 

<AE>dt which gave the best fits for the experimental data 

was 0.98 kcal/mol for He, 1.27 kcal/m어 for Ar, and 1.25 

kcal/mol for N2 respectively. A similar pressure dependence 

data, but different deactivation energy were obtained by van 

den Bergh et al. The reported that <AE>d for Ar was about 

0.1 kcal/mol, while our calculation obtained 1.27 kcal/mol. 

This large difference is mainly due to adoptiong different 

procedures in treating the collisional effects in the model 

calculation. They excluded the rotational hole-filling effect 

and took into account only the deactivating effect of colli­

sions. They obtained the collision-free dissociation yi이d from 

extrapolation of pressure dependence data (see ref. 16), and 

used it for the EGME calculation. It is expected that such 

data have a limited applicability in the fluence dependence 

of collisionless IRMPD, free from rotational hole-filling effect. 

The model we adopted deals with both aspects of collisions: 

rotational hole-filling and collisional deactivation; and it en­

ables us to properly reproduce the data in which the product 

yield increases at the beginning of pressure rise and decrea­

ses thereafter due to predominant effect of collisional deacti­

vation over rotational hole-filling. In order for the deactiva­

tion to compete effectively wtih rotational hole-filling, 

<AE>d must not be so small. For example, calculation based 

on our model with <AE>d values of Ar smaller than 0.7 

kcal/mol showed no decrease in product yield with the rise 

of buffer gas pressure. This is not very surprising since there 

will be only 10-15 collisions within laser pulse duration of 

40 nsec. Even if every collision were effective, which obviou­

sly is very unlikely, <AE>d should be at least 0.2-0.3 

kcal/mol in order to deactivate the molecule from v = l to 

v — G state.

Previous experiments revealed that <AE，></ varied be­

tween 0.1-1.4 kcal/mol for Het 0.1-4.0 kcal/mol for Ar, and 

0.3-4.0 kcal/mol for N2.23,35-42 It is generally known 사lat the 

deactivation efficiency increases as the size and complexity 

of buffer gases increase. Thus <AE>d for Ar may have been 

expected to be somewhat smaller than <AE>d for N2.

In our experiment the three buffer gases were found to 

have not much different values of <AE>rf. According to Hey- 

mann et al., Ar is a more efficient deactivating third body 

than N2 in the UV photoisomerization of cycloheptatriene.36 

Apparently the deactivating efficiency seems to depend not 

only on the buffer gas but also on the energized molecule 

and the specific process involved.
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Appendix. Derivation of the equation for the dissocia­

tion probability from concentration measurement.

Let a and R be the dissociation probability and the con­

centration of the product molecules produced by the :-th 

laser pulse, respectively.

Then Pi = Coa, and G = C°—R = Co(l-a).

Likewise, R=C—el=Co( 1 一a)' h G그2)

and G=C—i —R

=C°(1 一 a)，(M))

Thus, -(G/G))"'

Since one irradiates only a small volume (*) with laser 

but monitors the concentration change in the whole volume 

(F「)，one has to make a correction to obtain P(a>);

P(e)=(財*)a= — (C/GW].
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Theoretical Studies on the Gas-Phase Nucleophilic 
Aromatic Substitution Reaction1

Ikchoon Lee*, Hyoung Yeon Park, and Bon-Su Lee

Department of Chemistry, Inha University, Inchon 402-751. Received July 18, 1991

The gas-phase nucleophilic substitution reaction of pentafluoroanisole with OH- and NH厂 nucleophiles have been 

studied theoretically using the AMI method. Three reaction channels, SjV2, IPSO and S^Ar (scheme 1), are all very 

exothermic so that all are accessible despite the varying central energy barriers which are much lower than the 

reactants level. In the IPSO and SjyAr channels, the reactants form dire가ly a sta비은 o-anion complex which proceeds 

to form a proton transfer complex via a transition barrier corresponding to a loose n-type complex with the F 

(or OCH3-) leaving group. Due to a greater number of probable reaction sites available for S^Ar compared to the 

other two processes, the S^Ar channel is favored as experimentally observed.

Introduction

Nucleophilic aromatic substitution reactions2^7 have been 

studied extensively in solution.8 The reactions proceed via 

the addition-elimination pathway (the S^Ar mechanism)9 and 

are normally rationalized by postulation of anion g complexes


