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N Collisional vibrational quenching of NO+(v) ions -
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~ 4 'Vibrational quenching rate constants have been measured for NO' (v > 0) ions with 15 neutral

quenching molecules by the SIFDT-monitor ion technique.The temperature dependence of the
quenching rate constants for the reactions of the neutrals N , CO2, and CH" has been
investigated from 208 to 450 K. The dependence of the CJ1a quenching rate constant on f t
collision energy has been determined in the energy range 0.03-0.12 eV at 208 and 296 K. Also --

measured are rate constants for some of the reactions pertinent to the monitor ion technique.

Dbatibutlor Un litd

I. INTRODUCTION II. EXPERIMENTAL

Vibrational relaxation of ions in collision with neutrals The experimental measurements were performed using
has only recently begun to be studied, whereas vibrational the variable temperature SIFDT (selected ion flow-drift
relaxation of neutral molecules has been investigated over tube) apparatus which has been described elsewhere.6

the past several decades. Ion vibrational relaxation experi- NO' (v > 0) ions were detected by means of the monitor ion
ments have been reviewed by Federer et al. The most exten- method7 which has been employed 2"- 9 in SIFDT experi- 0

sive investigations have employed"-3 a recently developed 4  ments in other laboratories to measure rate constants for
experimental technique, the monitor ion method, which in- collisional quenching of vibrationally excited ions by neu-
volves the use of the selected ion flow-drift tube (SIFDT). trals. A diagram of the present apparatus is shown in Fig. 1.

The dependence of many ion-molecule reaction rate NO' ions were produced from NO in a moderate pressure
constants on ion kinetic energy is known to vary with the (0.1-1 Torr) electron impact ion source. The ions were mass
choice of buffer gas. This is mainly due to rate enhancement selected in a quadrupole mass filter and then injected
caused by the higher ion vibrational temperature with in- through a Venturi inlet into a fast flow of helium carrier gas
creasing buffer gas mass.5 The ion vibrational temperature in ( . 104 cm/s at 0.42 Torr). The NO' ions were injected with
flow-drift tubes can deviate significantly from the transla- 72 eV of kinetic energy in the laboratory reference frame, %"

tional temperature of the ions. For this reason, kinetic ener- enabling vibrational excitation in the injection process (in
gy dependences of rate constants for molecular ion reactions contrast with the earlier SIFDT studies in which the vibra-
measured in flow-drift tubes often cannot be equated with tionally excited ions were formed directly in low pressure
true thermal temperature dependences. This relatively slow sources). Neutral quenching gases were added downstream
rate of equilibration of vibrational temperature with that of of the injector.
translation in flow-drift tubes can be exploited, allowing The NO' (v> 0) ions were detected at the end of the
some investigation of state-to-state kinetics. Absolute rate flow tube by means of the monitor ion method in which a
constants for relaxation of the vibrationally excited ions can monitor gas, in this case CHI, was added -1 cm upstream
be obtained, yielding some information on the nature of the of the sampling aperture of a second (downstream) mass - _
reaction mechanism and on the interaction potential spectrometer. Since the ionization potential of CHI (9.53 r
between reacting species. eV) is greater than the recombination energy of NO'

The collisional quenching of NO' (v) is of particular (9.265 eV),' 0 charge transfer from NO4 (v = 0) to CH.I is
interest because of its importance in the earth's ionosphere endoergic and does not proceed at a significant rate. Charge
and in other plasmas involving atmospheric species. While transfer from NO4 (v > 0) to CH3I is exoergic and proceeds
much work has been done on the quenching of NO' (v > 0) rapidly [the recombination energy of NO4 (v = 1) is 9.56
by a variety of gases as a function of ion kinetic energy, ' 4 no eV']. Therefore, the measured CH3I4 signal intensity is
studies of the temperature dependence of the quenching re- proportional to the concentration of NO4 (v> 0) ions.
actions have been carried out. We investigated the tempera- NO 4 (v > ) ions can be detected similarly by using NO, as
ture dependences of several of these reactions as a test of the the monitor gas. Relative vibrational state populations of the
reaction mechanism. In the course of this work we found NO 4 ions were determined by recording the total NO4 sig-
discrepancies with previous measurements. The present nal intensity versus the CHJ gas flow rate (added at the 0

work extends the number of neutral quenching species stud- reactant inlet rather than the monitor inlet), shown plotted
ied for NO' (v > 0) and provides additional data on the en- in Fig. 2. The initial nonlinear decay is due to the excited
ergy dependence for the quenching by methane. states v > 0 reacting more rapidly than the v = 0 state. The

dashed line is the NO' (v = 0) signal extrapolated to zero" Air Force Geophysics Scholar.

"'Under contract to AFGL from Systems Integration Engineering Inc., CH 3I flow rate. The difference between the dashed line and
Lexington, MA 02173. the total NO4 signal points represents the NO' (v> 0)
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FIG. i. Schematic diagram of the selected ion flow-drift tube (SIFDT) apparatus at AFGL.

states. This difference is plotted as squares in Fig. 2. The energy, the v > I population was too low to be determined
intersections of the solid and dashed lines with the ordinate accurately but was less than 10% of the total NO4 , and the S
are, respectively, the relative NO' (v > 0) and NO ' (v = 0) v > 0 states constituted 23% of total NO'. The possibility of
concentrations in the absence of CH31. This procedure was the production of electronically excited NO' (a 31+ ) was '
also followed for the NO 2 monitor gas in order to quantify ruled out experimentally by noting the absence of the prod-
the NO+ (v> I) population [a rapid rate of charge transfer uct N2' of the fast "'" reaction NO+(a 31-) + N2-N2 +

between NO+ (v > 1) and NO2 was assumed]. These mea- + NO + 0.07 eV (k = 7x l0-'°cm 3 s-).
surements indicated that the relative vibrational populations For study of the quenching by CH4, N2, and C0 2, the 0
depend on ion injection energy and that at 100eV (laborato- temperature was varied by pumping heated oil or chilled Z,7
ry frame) injection energy, the total NO + signal was corn- methanol through a heat exchanger in contact with the flow
posed of 48% v > 0 and 12% v > I states. At 72 eV injection tube. The quenching rate constant for CH4 was measured as

a function of ion kinetic energy by varying the electric field in
the drift tube section of the SIFDT.

1o , , The reactions pertinent to the monitor ion technique S
were investigated in separate experiments in the SIFDT

NO++CH 3J apparatus using standard methods of flow tube kinetics.'

The reactions of CH3 I with NO' (v = 0) and NO + (v > 0)
.x , _ were measured by injecting NO + ions into the flow tube and

S. -" -* - - - - - -recording the NO4 signal as a function of the CH3I flow

-i difference between the experimental points (total NO + )
and the extrapolated dotted line [NO + (v =0)], giving
the decay of the NO4 (v> 0) ions, and thus yielding the

Z xTOTAL NW rate constant for NO4 (v>0)+CH.1 . The reaction
o NO(V >o) CH31 + CH3I was studied by injecting CH1 I ions (pro-

duced by electron impact on CH3 I) and adding CH3I0 1 2 3 4 5 through the reactant inlet. The rate constant for the reaction

CH) FLOW RATE (seem) CH1 + + N- HCN+ + HI was determined by producing
N atoms in a microwave discharge in N2 (see Fig. I ), assum-FIG. 2. NO ionsignalvsCHgasflowrate.Thedottedlinerepresentsthe ing 1% dissociation of N2 , and reacting the N atoms with

NO' (v = 0) signal extrapolated to zero CHI flow rate. The Nf ' + G ., 0)
points on the solid line were obtained by subtraction of the extrapolated injected CHI+. All of the gases used in the experiments
NO' (v = 0) signal from the experimental total NO + 

ion signal points, were obtained commercially and were used without further
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4774 Morris et al.: Quenching of NO' (v) ions

purification. The overall uncertainties for all of the rate con- itoring the NO' (v > 0), it is possible to add too much CH3I,
stants reported are ± 30%. and that appropriate precautions should be taken.

The rate constant for CH3 I + with N was also measured. N,

Ill. RESULTS Assuming 1% dissociation of N2 in the microwave dis-

A. Reactions pertinent to the monitor Ion method charge, 1
6 the rate constant for CHI + reacting with N to S

form HCN- + HI is 5x 10 - " cm 3 s-'. This reaction is
As was stated previously, charge transfer from important in the study of vibrational energy transfer from

NO' (v = 0) toCH3 I is endoergic and does not proceed at a N 2(v = 1) to NO' (v = 0).
significant rate. However, these species react via association
to form (NOCH 3I) . The rate constant for this reaction
was measured at 0.42 Torr and 298 K and is equal to B. Collision quenching of NO+ (v> 0)
3.9X 10- " cm 3 s-'. The reaction NO' (v > 0) Rate constants k. for collisional vibrational quenching
+ CH3 I-.NO + CH3I+ is exoergic and proceeds rapidly of NO+(v>0) by 15 neutral quenching gases measured at
with a rate constant of 1.9X 10 -

1 cm 3 s - . A plot of the thermal energy at 296 K are presented in Table I. Also tabu-
experimental data is shown in Fig. 2. A knowledge of the rate lated are the Langevin limiting values of the collision rate
constant for NO' (v > 0) + CHI was required in order to constants k, (calculated incuding the dipole interaction for
ensure that the reaction rate is sufficiently iapid fur this reac- the polar neutrals by the method given in Ref. 17). The vari- 1
tion to be used as a monitor of NO+ (v> 0) in the quenching ation of the NO' (v > 0) quenching rate constants with tem-
experiments. perature for the neutrals N,, C0 2 , and CH4 is shown in Fig.

The reaction between CH31 + and its parent neutral was 3. A plot of kq vs center-of-mass kinetic energy for the
investigated due to the possible role of this reaction in the NO (v > 0) + CH4 collision is given in Fig. 4 for two ex-
monitor ion detection scheme. The rate constant for this re- perimental temperatures 208 and 296 K. The thermal energy .,
action at 0.42 Torr and 298 K was determined to be rate constant measured at 450 K is also included in the fig-
1.5X 10 0 cm 3 s-'. No products of the reaction were de- ure.
tected below mass 200, the upper mass limit of the down-
stream (detection) mass spectrometer. However, Sieck and IV. DISCUSSION
Gorden 3 have found the major product of this reaction to be A. Collislonal quenching of NO (v> 0) at thermal
the association product (CH 3J) 2' at pressures above 0.01 energy, 296 K
Torr and have measured a rate constant of 1.2 x 10 -  e
cm s- over the pressure range 5 X 10 - to 0. 1 Torr. Other 1. Neutrals studiedpreviously: K, Xe, N,, 0,, CO , CO,•
reported values for this rate constant are 2.4X10 - " NO,, and CHg

cm 3 s - in the range 0.001 to 0.2 Torr " and 5.5 X 10- 12 Vibrational quenching of NO' (v > 0) by the neutrals
cm 3 s - from 10- to 10 - Torr. " The higher value of our Kr, Xe, N2 ,02, CO, CO, NO.,, and CH4 has been investigat-
rate constant compared with these is attributed to significant ed by Federer et al.,' and the rate constants have been includ-
three-body reaction under our higher pressure conditions. ed in Table I for comparison. The present results agree with
The fact that CHI reacts with CH 3I indicates that in mon- those of the Innsbruck group' to within a factor of 3 for N,

TABLE I. Measured quenching rate constants k, for the collisional vibrational quenching of NO' 0'> 0) by various neutrals at thermal collision energy.
Also given are the ion-neutral collision rate constants k, the number of collisions Z required for quenching, the neutral polarizabilities a, the quantities ,' ,,
(4,,/k)' ' where c,,,, is the neutral-neutral well depth (see text), the quenching rate constants k, measured in lnnsbruck.' and the ratio of the
quenching rate constant for 0.' (t = I ) (where available) to k.. 0

kq k,Z a ( .,,,/k)' k2 .,h,
Neutral (cm's ') (cm's ') ( /k, ) A,') (K" 2 ) (cm's ') k,(0, )/k,,

Kr <1(-13) 7.8( - 10) >7800 2.48 13.1 <( - 12) >110
Xe 2.8( - 13) 9.5( - 10) 3400 4.04 14.9 < I - 21 6

N, 2.6( - 12) 8.1( - 10) 310 1.74 9.7 7( - 12) 0.73
0 <3( - 13) 7.5( - 10) >2500 1.58 10.8 .:ht 12) >I0O
CO 4.9( - 12) 8.9( -- 10) 180 1.95 10.2 1 -- II) 9.0
CO, 1.1( - 10) 9.5( -- 10) 8.6 2.91 14.0 4( 1 11) 0.91
NO, 8.3( - ii) 1.05( - 9) 13 3.02 18.4 1.5( -- io) 0 %
SO, 6.1( - 11) 2.0( -9) 33 4.00 17.9 9.3 0
CH 5.0( - 11) 1.2( - 9) 24 2.59 121 3( - 11) 12.0
CH,F 1.7( - 10) 2.4( - 9) 14 2.97 16.4 .

CHCI 5.7( - 10) 2.4( -- 9) 4.2 4.72 19.8 /
-CH,Br 6.5( - 10) 22( - () 3.4 5.79 20.2 ,

C2H, 6.6( - 10) 1.3( 9) 2.0 4.45 15.4
CIH 1.0( -9) 1.4( - 9) 1.4 6.33 15.3 \
SF, 2.2( - 12) 1.2( - 9) 545 6.54 14.2 0 des -

'See Ref. I.,Poe lal
"See Ref. 3.
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FIG. 4. Rate constants for vibrational quenching of NO (v > 0) ions by
CH4 vs center-of-mass ion kinetic energy at 208 and 296 K. Included is the
rate constant measured at 450 K and zero applied drift field. Also included •

are the data of Federer et al. (Ref I).
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50 52 5.4 56 58 60 62 64 nism involving nearly resonant V-.V energy transfer to a
-InT(K) fundamental vibrational mode of the quenching molecule

FIG. 3. Rate constants for vibrational quenching of NO * (v. > 0) ions was considered for each neutral. For the polyatomic quench-

COP CH,, and N, vs the logarithm of absolute temperature. The point with ers, there is also the possibility of near-resonant V -, V trans-, -
the arrow denotes a rate constant upper limit. fer to the numerous vibrational overtone modes.

For N, and CO, it is unlikely that the nearly resonant
V - V transfers are responsible for vibrational quenching of

and CO,, and to within a factor of 2 for CO, NO 2, and CH,. NO ' (v > ). This was shown 2 for N2 by a detailed balance
There is no obvious evidence of a systematic difference argument when no detectable reverse reaction could be ob-

between the two sets of results since the present rate con- served. For CO, quenching rate enhancement by V - V
stants are more or less evenly scattered above and below the transfer is improbable in view of the larger quenching rate
previous values. However, it was found that several flush- constant for 02' quenched by CO than that for NO'
ings of the reactant inlet system with each neutral quenching quenched by CO, the former having the greater energy de-
gas were required in order to obtain reproducible rate con- fect for resonant V - V transfer. In the case of CO. however,
stants. This was especially true for quenchers exhibiting quenching by the nearly resonant (energy defect = 5 cm ')

small rate constants, where a slight impurity of a fast V -V transfer cannot be ruled out. In general,' vibrational
quencher might easily affect the measured rate constant. Ef- quenching rate constants for 02' are greater than those for
fects due to impurities are otherwise hard to observe since NO'. Table I gives the ratio of the quenching rate constant
both the primary and product ions are the same regardless of for 02' to that of NO' for the cases where both have been
quencher. This effect may explain some of the differences measured. The rate constant for NO + (v > 0) quenching by
between the present results and those of the Innsbruck CO, measured in our laboratory is nearly identical to the
group.' published value for quenching of O, (t > 0) by CO,, and it

In the cases ofKr and 0,, the present work has extended is therefore possible that the rate for quenching of NO' by %

the rate constant upper limits to lower values, and for Xe, the CO, is enhanced by nearly resonant V - V energy transfer.
rate constant has been established to be 2.8 X 10- "cmt s t. For 02, NO, and CH4, there are no near-resonant V .- V

There is a cogent body of evidence indicating that long transfer possibilities. The low value of the quenching rate % e
range forces of attraction are generally responsible for the constant for 02 may be due to a repulsive interaction
efficient relaxation of vibrationally excited ions in collision between 02 (CI) and NO (' C.)'. Vibrational quenching of *

with neutrals.' In a model developed by Dobler et al.4 and NO' (t > 0) by all of the above species is discussed in detail
Ferguson,'"-" the observed vibrational quenching of by Federer et al.' ,,
NO' (v > 0) is attributed to a V -. T transfer mechanism in- p,

volving complex formation followed by vibrational predisso- P%
ciation, and is discussed in detail in the above references. The 2. CHF, CHC, and CH3Br
mechanism may actually involve transfer of ion vibrational There exist no opportunities for nearly resonant V - V
energy into translation plus a lower frequency vibration of transfer to the fundamental vibrational modes of the
the neutral.' The model also predicts some rotational excita- quenchers CH,F, CHC1, and CH ,Br. Quenching by these
tion of the products.'0 While it is believed that quenching species occurs with high efficiency, as is generally true for
proceeds via this collision complex mechanism for most of polar neutrals. Fedeteretal.' introduced the idea ofcorrelat-
the neutrals in this study, the possibility of a direct mecha- ing quenching rate constants for the NO' (, > 0) ion with

J Cher Phyc. Vol 88, No 8. 15 April 1988
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0

the quantity (e../k) 2 where E,.. is the neutral-neutral 10 coc
well depth (e,,, values are tabulated by Lin etal.22) and k is
Boltzmann's constant. The treatment is based on the as- o 0Cr

sumption of a combination relationship where the ion--neu- 1-' cO2
) 1/2 CII3F 19N02tral well depth eNo.. is proportional to(NO..NO. "eC"4 0 o S

where ENO..o- and emm are the ion-ion and neutral-neu- C4 0 oso

tral well depths, respectively. For comparison of relative in- 1 10-

teraction energies in the series NO + .M, such ion-neutral Z
interaction potentials might be expected to vary in propor- E]"

tion to the relative values of e" . Actual interaction poten- S% 0

tials for NO' "M are not available for most of the neutrals 1o
-3

studied. 0 X0 0
The quenching probabilities l/Z are plotted vs K

(E 1m/k) "1 2 in Fig. 5. It can be seen that there is good corre- io41 Ko

lation for the halomethane series CH3F, CH3 CI, CH3Br, POLARIZABILITY (W
3 )

suggesting that the magnitudes of the quenching rate con-
stants for this series are governed by the strength of the ion- FIG. 6. Vibrational quenching probability (1IZ) for the quenching gases vs

neutral interaction. This provides some support for the mod- quenching gas polarizability. Points with arrows denote quenching prob-

el of complex formation followed by vibrational predissocia- ability upper limits.

tion. Some additional support for the model may be seen in
Fig. 6, which is a plot of the quenching probability for the 4. S02 and SF
reactions studied vs neutral polarizability. A rough correla-
tion is evident for the series CH4, CHF, CH3C1, CHBr. There are no nearly resonant V -. V possibilities (funda-

mental modes) for SO2 or for SF6. In the case of SF6, the 0Do. -W

quenching of 02' is 50 times faster3 than the quenching of r,

3. CH. and CH NO+. The NO + quenching probability for SF 6 seems anom-
alously low given the relatively high polarizability of SF6 .

Ethane and propane also have no opportunities to This point is illustrated in Fig. 6. In addition, Fig. 5 shows
quench NO' (v>0) by near-resonant V-. V transfer to fun- that the large value of the SF6-SF6 well depth does not corre-
damental vibrational modes. However, the large number of spond to a high probability for quenching. A possible expla-
vibrational overtone modes for these species invites the pos- nation for the low value of kq for the SF 6/NO + system com-
sibility for V - V transfer to these modes. The quenching by pared with that of SF,/O 2I is offered in the fact that the
these molecules is very efficient, as expected from their large charge distribution in NO + ('Y-) is isotropic in nature,
polarizabilities. In Fig. 6, a rough correlation between which could lead to a weaker interaction than that between
quenching probability and neutral polarizability can be seen SF 6, which has an isotropic polarizability, and the anisotrop-
for the series CH 4, CH 6, C3 Hs. ic 021. Anisotropy of the interaction potential between the

ion and the quenching species has been postulated " as a
likely requirement for efficient vibrational relaxation.

100 S. Temperature dependence of k, for N2, C0 2 , and CH 4
C26 , Expressions for the temperature dependences of the 6

cN3I, NO' (v > 0) quenching rate constants for the neutrals N2, .*-

o"co , CO 2, and CH4 are presented in Table II. The observed trend N .
07, . 2  shows decreasing quenching rate constants with increasing

cM, 2 temperature, which is generally consistent with the kinetic

ri N2  TABLE 1I. Expressions for the temperature dependence of the quenching
SF, rate constants k. for the three neutral quenchers N2, COP and CH, ob-

I0
-  tained by a least squares analysis of the data.

a2. [C Neutral Rate costant expression (cm s - )

K r rf, , N ,,

2.2 2.4 2.6 1 2.8 3.0 N K, = 2.4X 10 (300/T)' 5
In (E'n, / I - CO, k = 1.1 x 10 '"(300/7I n

o,7
CHI k, = 5.6x 10- "(300/T)"

FIG. 5. Vibrational quenching probability (1/Z) for the quenching gases vs
the logarithm oft e,/k)' 2 where e. is the neutral-neutral potential well 'Rate constant expression calculated from two experimental points (omit-
depth and k is Boltzmann's constant. Points with arrows denote quenching ted is the highest temperature point which is an upper limit to k,; see Fig.
probability upper limits. 4).

J. Chem. Phys., Vol. 88. No. 8.15 Apri 1988
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energy dependence results of the Innsbruck study on NO'.' CH3I + CH3 I-.m/e> 200, (3)
In accord with the model discussed in Ref. 19 the CH3I + N--,H 2CN+ + HI, (4)

quenching rate constant can be expressed as follows: NO + (v = ) + N2 - N2 + NO + (v 0), (5)

kq = k,k,p/k_,NO(v=1)+ N2(v=1)+ ( )
where kc, is the collision capture rate constant, k, is the rate NO((6= ) +N 2 (v=0)-.N 2 (v= l) +NO+(v=0),
constant for vibrational predissociation of the complex, and () 1).
k, is the rate constant for unimolecular decomposition of NO((7 = 0) + N2(v 1) -.N2 (v 0) + NO + (u = 1).
the complex back into reactants. In this expression it is as- (7)
sumed that k-, ). kp and that a complex is formed on every All of these reactions took place in the experiments of Fergu-
collision. Herbst23 and Bates24 have modeled the tempera- son et al.2' The rate constants for reactions ( 1 )-(5) are giv-
ture dependence of the ratio kk_, in the form T - 1/2, en in the results section of this paper. Reaction (6) was pos ....
where I is the total number of rotational degrees of freedom tulated to be the quenching mechanism because of (1) the '

of the reactants. The magnitudes of the measured negative near resonance of the vibrational energy levels between N,
temperature dependences for CO2 and CH, are less than and NO' and (2) the fast quenching rate for reaction (I)
those expected from the T - '/2 type of dependence, suggest- compared to the 02' quenching rate. Reaction (7) was the
ing that the rate constants for vibrational predissociation of reaction being studied. It ic difficult to set the conditions of
the complex kp may have some positive temperature depen- the experiment such that it is possible to observe the CH 3I + •
dence. The temperature dependence of N2, however, agrees product resulting from reaction (7) followed by reaction
well with that predicted by the theory. (1). If too much CH3I was added, reaction (3) was liable to

proceed, and if too little was added reaction (6) dominated
reaction (I). Reaction (4) would also seriously deplete the

C. Kinetic energy dependence of ke for CH,. CH 3I+ signal. Therefore, the sensitivity of the experiment
The dependence of kq on ion-neutral center-of-mass ki- was lowered. Only a decline in the NO' signal could be •

netic energy for CH 4 is shown graphically in Fig. 4. The detected rather than an increase in the CH3I + signal. The
results from the Innsbruck study are included for compari- limit to the rate constant for reaction ( 1 ) should therefore be
son. The present results are shifted upward from the Inns- raised slightly to correspond to this decreased sensitivity.
bruck results by a factor of approximately 1.6. It can be seen
in Fig. 4 that the magnitude of the temperature dependence V. CONCLUSIONS
of the quenching rate constant is significantly greater than The measured rate constants for quenching of
that of the energy dependence at zero or low drift field and NO + (v>0) by a variety of neutrals generally scale with
that the two coincide at higher fields. The fact that the tern- neutral polarizability and neutral-neutral well depth, as ex-

perature dependence is larger than the energy dependence is pected. The main exception is SF 6 for which kq is anoma-

not surprising. The theory23 24 mentioned above would pre- lously low, possibly reflecting a highly isotropic interactiondict an E - energy dependence, but a T-5 /2 temperature potential. The temperature dependence results reveal de-

dependence for this system, the difference being that in an potential.ateecnstantsturthdecreasing tempertureeanddthe0
electric field only the internal states of the ion are heated and creasin rate constants with increasing temperature, and the

magnitudes of the temperature dependences for CO, and 1.not those of the CH4. This effect has been confirmed by re- CH4 are smaller than those expected from simple theory. N'
cent work on three-body associations by the Birmingham This suggests the possibility of some temperature depen-
group.25 The energy dependence at 208 K is E - o92 At 296 dence in the vibrational predissociation rate constant. The
K the energy dependence is E -062 including the low energy rate constants for the quenching of NO + (v > 0) by CH4 also
point and is the same as the 208 K data excluding the low decrease with increasing energy. This decrease is in line with .
energy point. The steeper dependence is close to what theory that expected from theory.
would predict. The temperature dependence of the rate con-
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