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Reactions of gH with NH3 and ND; are studied at low temperature using a pulsed Laval nozzle apparatus.
The GH radical is prepared by 193 nm photolysis of acetylene, and tfé d@ncentration is monitored
using CH(&A) chemiluminescence from theld + O, reaction. The rate constants for theHC+ NH3 and

C.H + NDgsreactions are measured at three temperaturest1®&, 1654+ 15 K, and 296+ 2 K. Measured

rate constants are fit to power law expressi&(i§) = A(T/298) for ease of comparison with the results for
the related CN+- NH3 reaction and to emphasize the importance of the attractive part of intermolecular
interaction potential in the reaction mechanism. The rate constants ared(207) x 101! x
(T/298 K)~0-90+ 015 e molecule® s and (1.14 0.2) x 107 x (T/298 K)(~0-82+ 0.026)cm moleculet s71

for NH; and ND;, respectively. A large kinetic isotope effect is obserdd@,H + NH3)/k(C,H + ND3) =

2.0 £ 0.2, which within experimental uncertainty does not depend on the temperature in th@ K
range. Previous theoretical work shows that a hydrogen abstraction chagtiet, BH; — C,H, + NH,, is

a possible mechanism for thekC+ NHj; reaction since the minimum energy path for this channel does not
have an activation barrier. This theoretical prediction is consistent with the strong negative temperature
dependence of the rate coefficients for th#dCG- NHj; reaction observed in this work, which clearly shows
that the GH + NHj; reaction does not have a barrier.

1. Introduction dynamics of reactions at low-temperature offer intriguing
differences from room-temperature mechanisms, including long-
lived collisions, attractive potential surfaces, and tunneling.
The photochemistry of Jupiter's upper troposphere, where
both acetylene and ammonia are present, was discussed by Kaye
and StrobéP in relation to the detection of HCN by Tokunaga
et all! It should be noted that the upper limit of the HCN mixing
ratio in Jupiter was later reviséd.To explain the production
fof HCN, Kaye and Strob& proposed that NH radicals
produced from NH photolysis might react with unsaturated
hydrocarbons such asi; and GHs to eventually form HCN.
5 the branching ratio for the addition/elimination channel of
the GH + NHs; reaction is not too small, the,8 + NH3
reaction can also contribute to the coupling of the carbon and

Reactions of the ethynyl radical {§8) play an important role
in a wide variety of environments, such as the photochemistry
of the outer planets and Titds,interstellar chemistry;® and
combustion’.® Laboratory studies of the low-temperature gas-
phase chemical reactions involving theHCradical are moti-
vated by the practical need for accurate rate constants, which
are required for the photochemical models of planetary atmo-
spheres, as well as by the desire for a better understanding o
the reaction mechanisms, which can be achieved by studying
reactions over as wide a range of temperatures as possible. Th
C,H + NHs; reaction may be an important reaction in the photo-
chemistry of the outer planets considering that ammonia and

22?;%??& gpr:]cgsIshtehr?fo?rsegtlirriogn?jriusé?élrf:g:r:c%?nggg_ nitrogen chemistries in the atmospheres of Jupiter and Saturn.
. P Y A general overview of Jupiter's photochemistry can be found
and ammonia are also among the most abundant moleculesn Moses et al3

observed in interstellar clouds, and since the rate constants of The reaction of GH with NHs can proceed via a hydrogen
the GH + NHs reaction are likely to be Ia_rge at low abstraction mechanism (R1), an addition/elimination mechanism
temperatures (£050 K), because the results of this work show R2), and the formation of an adduct in the presence of
that the reaction does not haye a barrier and the rate ConStanﬁzollisions, which will stabilize the adduct (R3):

for this reaction has a negative temperature dependence, one

can expect that the 8 + NH;3 reaction may be importar_1t in C,H + NH; — C,H, + NH, AH®,05, = —121 kJ/mol (R1)
the chemistry of dense interstellar clouds. More general interest

in the GH reactions at low temperatures arises from the — HCCNH; — productsAH®,eec <0 (R2)
consideration that reactions at low collision energies are sensitive o

to the properties of the entrance channel, and new information CoHaN AH"505¢ < 0 (R3)
about the long-range part of the potential energy surface (PES)

can be obtained from low-temperature kinetics studies. The There are many possible products of théiCt- NHs reaction

and to our knowledge no measurements of product branching
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point energy-corrected energy difference between the reactantanultichannel scaler in a photon counting regime. Typically, a
and the products, which was calculated in the theoretical Sfudy. radical decay profile is obtained by accumulating signal from
The theoretical study shows that on the minimum energy path 6000 photolysis laser pulses. Time delays for the opening of
from the GH + NHj reactants to the £, + NH, products the pulsed valves, the pulsing of the excimer laser, and the
there is an attractive well, the bottom of which is 11.08 kJ/mol multichannel scaler trigger are generated using a multiple
lower than the asymptotic energy of the reactants, followed by channel digital delay generator. The experiment is run at a 10
a barrier (see Figure 2 of ref 15). The barrier height is calculated Hz repetition rate.
to be 4.55 kJ/mol below the asymptotic energy of the reactants The temperature of the supersonic expansion is determined
(4.15 kJ/mol when adjusted for the zero point energy), which by recording the laser-induced fluorescence rotational spectrum
means that the abstraction channel does not have an activatiorof the OH A—X electronic transition. Fluorescence is excited
energy. Unfortunately, there are no theoretical studies of the via the A2Z* (v/ = 1) <— X 21 (v"' = 0) transition using the
reaction path for the addition/elimination channel, R2, which frequency doubled output of a dye laser pumped by a frequency
would allow comparison of the relative importance of R1 and doubled Nd:YAG laser and detected via theX (v' = 1) —
R2. As indicated above, in the addition/elimination channel a X 2IT (¢ = 1) transition using a band-pass filter. The
new CN bond is formed, followed by a unimolecular reaction, temperature was determined by plotting the natural logarithm
which can result in many products. For example, formation of of the intensities of the OH AZ* (v = 1) — X 21 ("' = 0)
the new bond can lead to elimination of the hydrogen atom, rotational lines divided by the degeneracy of the lower rotational
followed and/or preceded by hydrogen atom rearrangements,states vs the lower rotational state energies. More details about
finally producing one of the §43N isomers and a hydrogen the determination of the temperature in the Laval nozzle
atom as products. There are numerous possible isomers ofsupersonic expansion can be found in an earlier réfort.
C,HsN, and the equilibrium geometries and energies of some The total gas density is calculated using the measured
of the possible gHsN isomer products can be found in the background pressure in the chamber (which is equal to the
theoretical study of the NfH C,H; reactiont® Similarly, for pressure in the supersonic expansion) and the temperature of
R3 all the possible adducts are denoted ad.8. the expansion. The concentration of the reactant is calculated
In the present work, the £ + NH3 and ND; reactions are from the total gas density in the supersonic expansion (the total
studied by measuring the temperature dependences of the lowdensity is typically (2.14 0.2) x 10 cm™3 for the Ma = 3
temperature rate coefficients. Surprisingly, there are no previoushozzle and (5.7 0.7) x 10 cm™2 for the Ma = 2 nozzle)
measurements for the;8 + NHs reaction rate constants. Since and the flow rates of the carrier gas, acetylene, oxygen and the

the CN radical is isoelectronic with the;B radical, the GH reactant (ammonia or deuterated ammonia), which are monitored

+ NH; reaction is compared to the previously studied €N using flow meters. The concentrations of @énd GH: in the

NHs; reactiont® The results from this work for the48 + NHs supersonic expansion are similar to the concentrations used in

reaction are also compared to the results from a previousa previous study? The purities of gases are as follows:,N

investigation of the CH+ NH3 reactiont” 99.999%; GH,, 99.6%; Q, 99.998%; NH, 99.999%; NI,
99.9%. Since acetylene is stabilized by acetone, it is purified

2. Experimental Section further by passing it through an activated carbon filter. For room

temperature measurements, the gas mixture is continuously
A detailed description of the experiment has been given flowed into the chamber through a port in one of the flanges,
previously and only a brief overview will be presented hére.  bypassing the Laval nozzle block.
A Laval nozzle block is mounted on a translational stage inside
a vacuum chamber, which is pumped by a mechanical pump 3. Results
e o e ot o e Consans st measres uncer peudo-rstorder cond
_ _ tions where the concentration of the reagent is much larger than
Mach number la) Ma = 2 and Ma = 3 Laval nozzles, . .
. ; . the GH concentration. The kinetics of,d removal under these
respectively. The gas admitted into the chamber through the .
. . . . conditions can be expressed as
Laval nozzle block is mainly nitrogen, with small amounts of
acetylene, oxygen, and NHor NDs reactant. The supersonic _
expansion is formed by opening a pair of solenoid valves in a ~d[CHY/dt = [CHI(KR] + koxyge'[OZ] +
preexpansion chamber for5 ms. The expansion through the KacetylenbC2Hol) = kopd CoH] (1)
Laval nozzle results in a collimated supersonic gas flow, which
has uniform density and temperature distributions. The back- where R is the ammonia reagent dnt the rate constant for
ground pressure is adjusted using a gate valve to obtain thethe GH + R reaction. The bimolecular rate constarksare
best collimation of the flow. Three milliseconds after the valves determined by plotting the observed first-order decay rate
are opened, an initial concentration of theHCradical is constantskops VS the reagent concentration, [R].
produced by 193 nm photolysis of acetylene using an excimer Chemiluminescence from the electronically excited CHA
laser. Typical photolysis fluences inside the vacuum chamber radical produced in the 81 reaction with Q is used to follow
are ~30 mJ/cm in an approximately 10 ns pulse. The laser the GH concentration in time. Details of the 193 nm photolysis
beam is coaxial with the supersonic flow. Photolysis produces of C,H; to create an initial concentration of,& radical and
a uniform distribution of the initial gH concentration along  the chemiluminescence tracer method are discussed previbusly.
the length of the supersonic expansion, which is monitored using Under the conditions of our experiment, the chemiluminescence
the chemiluminescence tracer method, by adding oxygen to thesignal is proportional to the £81 concentration. Typical decay
gas flow. In this method, the concentration ofHOs followed traces of the chemiluminescence signal are shown in Figure 1.
in time by observing CH AA) — X(2I1) chemiluminescence  The two traces shown in Figure 1 correspond to two different
produced by the ¢4 + O, reaction. The chemiluminescence concentrations of the reactant, while all the other experimental
signal is detected using a photomultiplier tube with a 430 nm parameters are kept constant. As can be seen, the plots of the
band-pass filter (10 nm band-pass) and recorded using anatural logarithm of the signal vs time are linear, confirming
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6+ TABLE 1: Rate Constants? for the C,H Reactions with NH;
and NDs
5 total gas rate constant
— density, [reactant], 10 0%cm?
%‘ 4 reactant  temp, K 10%cm= 10“cm™= moleculels™?
3 NH;  104+5 21+02  0-4 1.20+ 0.24
£ 34 165+ 15 57+0.7 0-6 0.71+0.14
< 296+ 2 7.7+0.4 0-8 0.51+ 0.09
2] ND3 104+ 5 214+0.2 0-5 0.58+0.12
165+ 15 5.7+ 0.7 0-7 0.42+ 0.08
296+ 2 7.1+0.3 0-11 0.24+ 0.05
1 ; : . .
0 20 40 60 80 2 The indicated uncertainties are representett2s, whereo is the
time, ps standard deviation uncertainty.

Figure 1. Plot of the natural logarithm of the CH A~ X 0-0

chemiluminescence signal vs time. The upper and lower traces are “’2 150
collected for [NQ] = 1.8 x 10" cm 2 and [ND;] = 7.6 x 10 cm3, 405
respectively,T = 296 + 2 K, and (7.1+ 0.3) x 10'® cm2 total gas o
density. The intercepts from extrapolation of the chemiluminescence § 100
signal to time equal zero are very close, and the small difference in ° ]
the intercept values may indicate a slight difference in the quenching QE
of the CH A— X 0—0 chemiluminescence signal by the reactant. = 0751
0.07] :g 0501
2]
- 0.061 a) . . g 025
2 0.051 P
[0) 0.04 g 0.00 T T T T T
T 100 150 200 250 300
0.03-
g‘ 0.02.] Temperature, K
0.01] Figure 3. Plot of the rate constants for thek reactions with NH
. , , . . (®) and ND; (W) vs the temperature. The fits of the rate constants to
0.00 002 004 006 008 power law expressions, A& (T/298 K, give (2.9+ 0.7) x 107! x

i ®em® -090:0.15) ¢ molecule® st and (1.14+ 0.2) x 1071 x
NH, density, 10 ~ cm (17298 K¥ cm® molecu ( )
3 y (T/298 K)~082:0.026) c® moleculet s~ for NHz and ND;, respectively.

; R first-order rate constant vs the reactant concentration plot is
0.04/ b) mainly due to GH reactions with acetylene and oxygen and, to
a lesser extent, due to the diffusion oftCradicals out of the
0.031 < irradiated zone.
The measured rate constants are summarized in Table 1, along
0.024 with the uncertainties, which are reported as Zhe indicated
x uncertainties of the rate constants include both the statistical

011l , , , , , errors and the uncertainty associated with the inhomogeneity
0.000 0.025 0.050 0.075 0.100 0.125 of the gas density and temperature profile along the flow axis.
ND3 density, 10'%cm™ The statistical errors for the rate constants of thil @actions
. ) with NH3 and ND; are small,<5%, and the rate constants given
Figure 2. (a) Plot of the first-order decay rate constants vs the reactant .
concentration for the £ reaction with NH atT =104 K (@), T = in Table 1 are the averages of two measurements. The
165 K (W), andT = 296 K (a). For clarity, the points for th& = 165 temperature dependences of the rate constants for #HetC
K and T = 296 K plots are shifted by subtracting 0.01 and Q.82, NH3; and GH + NDj3 reactions are shown in Figure 3, and from
respectively. The straight lines are least-squares fits to the experimentalthe dramatic increase with lower temperature it is clear that both
points. (b) Plot of the first-order decay rate constants vs the reactant a5ctions do not have a significant energy barrier. For ease of

concentration for the €1 reaction with NQ atT = 104 K (@), T = .
165 K (@), andT = 296 K (a). For clarity, the points for the = 165~ comparison of the rate constants for theHC+ NHs/NDs

decay rate, pus-1

K and T = 296 K plots are shifted by subtracting 0.01 and Q82", reactions to the rate constants for the relatedHCNH3 reaction,
respectively. The straight lines are least-squares fits to the experimentalthe rate constants for the;@ + NH3/ND3 reactions are fit to
points. the k(T) = A(T/298 K)" form. As noted in one study of low-

that the experiment is done under pseudo-first-order conditions t€Mperature gas-phase kinetics, this form is often more ap-
and that the initial concentration of;8 is uniform along the ~ Propriate than an Arrhenius form with a negative activation
flow axis. First-order decay rate constarkg, are determined energy to represent the negative temperature dependence of the
from plots like the ones shown in Figure 1 by linear least-squares 'até constants over a wide temperature rarigene fitted rate
fitting. Fitting is done starting at 25s delay after the photolysis ~ constants are (2.8 0.7) x 10~ x (T/298 K)~0-9¢0.15) ¢

laser pulse to avoid interference from the scattered laser light molecule™ s and (1.14 0.2) x 107 x (T/298 K)(~0-82:0.026)

and emission produced by the photolysis pulse. Figure 2 showscm® molecule’* s~ for NHz and Ny, respectively. The primary
plots of the first-order decay constants vs the reactant concentrakinetic isotope effects, defined as the ratio of the rate constants
tion for the GH reaction with NH and ND; at 104, 165, and k(CoH + NH3)/k(CoH + ND3) = knw/knp, are 2.1+ 0.5, 1.7

296 K. The slopes of the lines give the corresponding bimo- + 0.4, and 2.1+ 0.5 forT = 104 K, T = 165 K, andT = 296
lecular rate constantk, for NHz and NDs. The intercept of the K, respectively. The isotope effect does not show a temperature
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dependence in the 164296 K range within experimental 4.b. Kinetic Isotope Effect. There are many factors that can

uncertainty. explain the observed kinetic isotope effect for th#1CG- NH3
reaction, such as tunneling, changes in the partition functions

4. Discussion of the reactants and activated complexes, changes in the zero

. . o point energies, etc. It is difficult to judge the relative importance
4.a. Reaction Mechanismin the low-pressure limit there ¢ these factors without the aid of transition state or reactive
are two possible channels for thetC+ NHs reaction, which — geattering calculations. Unfortunately, accurate calculations are
are the hydrogen abstraction reaction, R1, and the addition/ 4 hossible since no potential energy surface is available for
elimination reaction, R2. Previous theoretical work on the ihis reaction.
reverse NH + C;H, reaction predicts that there is no activation The mechanism of thes8 + NH; reaction involves motion

energy for the R1 channé unfortunately, there are no ot 4 hydrogen atom for both the R1 and R2 channels. It has
theoretical predictions for the R2 channel. The knowledge about paen shown that for many reactions involving motion of a

the relative importance of R1 and R2 is valuable to understand-yqrogen atom, the contribution of tunneling to the reaction

ing in what way the GH + NH3 reaction may be importantin - 3te constant can be significant. Similarly, it is possible that

planetary atmospheres and interstellar med_la. For example, ON&unneling also contributes significantly to thekC+ NHs rate

of the key questions for the photochemistry of the upper constant. Replacing the hydrogen atom with a deuterium atom

troposphere of Saturn and Jupiter is whether thdl € NH3 will decrease the tunneling probability, which could be consis-

reaction simply recycles acetylene, which corresponds t0 R1, tant with the observed decrease in the rate constant. Tunneling

or produces larger organonitrogen molecules, which correspondsmay explain some of the observed kinetic isotope effect.

to R2. One can also try to explain the observed kinetic isotope effect
Hydrogen atom abstraction reactions, similar to R1, have beenpy ysing statistical theories of the reaction rate constants. In

studied extensively, and most details of the mechanisms of thesahe classical formulation of transition state theory (TST) the

reactions are well understood. What may distinguish this ratio for the kinetic isotope effect is given by the following
particular hydrogen abstraction reaction from the well-studied expression:

cases of hydrogen atom abstraction reactions by halogen atoms
or hydroxyl radical is the possibility that the dynamics of this / = (M 4+ M- V(M. +M 312
reaction can be influenced by the propensity to form long-lived, kNH3 kND3 (« NDs CZH) ( NH, CZH)) x

relatively strongly bound complexes of the reactants. There are (ZrOtND3/ZrOtNH3)(thNH3--~C2H/thND3-~-CZH) X

no previous theoretical studies of the potential energy surfaces vib vib vib vib

for the NH;+--C,H van der Vaals complex. The closest system (Z ND3/Z NHg)(Z NH3---CZH/Z ND3---CZH) X

to a NHs---CoH complex that has been studied is the \H (Zintermolecular /Zintermolecular ) x

CO complex?? In that study the potential energy surface for NHg+CH NDg++CH

the NH;---CO complex has multiple local minima, separated exp(—AE*OlkD (2)

by small barriers. It is possible that the same is true for the
NHjz:--CoH van der Waals complex, and the dynamics of the In this expressiorMc,, Mnn,, and Myp, are the molecular
CH + NH3 reaction at low collision energies may be masses of the reactan® are the rotational partition functions,
complicated by unimolecular dynamics of the relatively long- 7 are the vibrational partition functions associated with the
lived NHs-:CoH complex, i.e., isomerization between the intramolecular vibrational modegintermoleculargre the partition
multiple minima coupled with tunneling. functions associated with the relative motion of thgHGnd

It is interesting to compare the;8 + NH3 reaction with the NHs or ND3 fragments in the activated complexes and the last
relatively well studied CNt NHj3 reaction to gain more insight ~ factor is due to the change in the zero point energy. While the
into the R2 channel for £ + NH3.23 For the CN+ NH3 first three factors in eq 2 can be estimated for an assumed
reaction, not only have the rate constants been measured, bugeometry of the activated complex, accurate evaluation of the
also the products of the reaction were detected, which are NH last two factors in eq 2 is not possible since it requires
and HCNZ2 On the basis of the products, one might presume information about the potential energy surface that is not
that a simple direct hydrogen abstraction channel would be theavailable. Thus, a definite conclusion about the origin of
major channel for the CN- NH3 reaction. This is not the case, observed kinetic isotope cannot be made without further work.
however, as theoretical calculations show, and the reaction Nevertheless, eq 2 points out an important detail about the effect
proceeds via the NENH3; complex, which rearranges to give  of isotopic substitution on the 8 + NHj3 reaction, which is a
the final productg3 A similar mechanism is possible for the large increase in the density of states of the reactants upon
C.H + NHgs reaction. However, one has to consider an important isotopic substitution of D for H. It could be possible that isotopic
difference between the ;8 and CN radicals, which is the  substitution does not increase the density of states in the
directions of the dipole moments o%,@ and CN. For the CN activated complex as much as it increases the density of states
+ NHs reaction, when the CN radical attacks the lone pair on in the reactants, and this may explain part of the observed kinetic
the nitrogen atom, the direction of the CN dipole moment favors isotope effect. The increase in the reactant density of states
an approach of the carbon in CN toward the nitrogen igNH  comes mainly from the rotational degrees of freedom, since the
for the GH + NH3 reaction, the direction of the 8 dipole isotopic substitution changes all three moments of inertia of
moment is less favorable for this approach, based on simpleammonia by approximately a factor of 2. In the activated
electrostatics. On the other hand, while the electrostatic interac-complex, isotopic substitution does not change the moments of
tion dominates the interaction between the reactants at longinertia as much, and at best it can change only one moment of
distances, at the shorter distances the dipdipole interaction inertia significantly (by a factor of 2). This best case scenario
may not be the dominant contribution to the interaction potential assumes a prolate near symmetric top geometry of the activated
and it is possible that the chemical bonding interaction of the complex, similar to the assumed geometry of the activated
R2 channel reaction may be important for theHC+ NH3 complex for the R1 channel. Thus, for the rotational degrees of
reaction. freedom there is a large increase in the rotational partition
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function of the reactants that is not compensated for by a the GH + NHs; reaction to the results obtained for the CN or
corresponding increase in the rotational partition function of CH + NHj; reactions. Reactions of the,ld, CN, and CH
the activated complex. This would lead to a temperature- radicals with ammonia are similar in the sense that all three of
independent kinetic isotope effégl/knp, > 1, consistent with these reactions can presumably proceed via the hydrogen
the experiment and would explain the observed kinetic isotope abstraction mechanism, or via formation of a new CN bond
effect if it were not for the fact that the last two factors in eq 2 followed by rearrangement and/or elimination of hydrogen
cannot be estimated. It also should be noted that while a atom(s). The reactants in all three reactions have large dipole
description using classical TST may be too simplistic consider- moments, so the strong attraction between the reactants is
ing that the GH + NH3 reaction does not have a barrier, in another common feature of these three reactions. The dipole
other versions of TST such as the statistical adiabatic channelmoments and polarizabilities of the CN and CH radicals are
model?* an increase in the rotational density of states of the almost identical, and the value of the dipole moment for the
reactants will also lead tknw/knp, > 1. C.H radical is approximately two times smaller than the dipole
For the GH + NHs reaction, explanation of the kinetic ~moments for the CN and CH radicals. The rate constant for the

isotope effect based only on the change in the zero point energie®N + NHs reaction is (2.774 0.67) x 107 x (T/298

is inconsistent with the lack of temperature dependenckfof K)(“114:019 e molecule™ s7%,° compared to the rate constant
kups: As can be seen from eq 2, if there is a significant change for the GH + NHjs reaction (2.9+ 0.7) x 107 x (T/298

in E% upon isotopic substitution, then there should be a K909 cm? molecule! s™. Fortuitously, the rate constants
significant temperature dependence of the kinetic isotope effectfor these two reactions are essentially the same within the
through the exp¢ AE*/kT) factor, which is not what is observed ~ €xperimental uncertainty. The rate constant for the-€NH3
experimentally. If a change in the zero point energies is essential®action is approximately seven times larger than the rate
for the explanation of the kinetic isotope effect, then there should constant for the CN- NH; reaction at room temperature and
be some other equally important factors that would cancel the Nas a negative temperature dependence over the #5TK<

temperature dependence from the expE*o/kT) factor and 300 K temperature rangé.
makeknn,/knp, temperature independent. The experimentally measured values of all three rate constants

To summarize, in the above discussion some possibilities thatfor these three reactions do not correlate well with the values
can explain the observed kinetic isotope effect are outlined: that would be obtained from the theoretical model based on

however, an explanation of the magnitude and the lack of capture at long range. The capture model qualitatively explains

temperature dependence of the observed kinetic isotope effectl® negative temperature dependence of the rate constants for
will have to wait until information about the potential energy 2!l three reactions, but obviously capture of the reactants by
surface for this reaction becomes available. attractive forces is only a part of the reaction mechanisms.

4.c. Negative Temperature Dependence of the Rate The similarity in the experimental data for the CNNH3/

Constant. The rate constants for thel@ + NH3/ND3 reactions _ND3 reactions and g4 + NHy/NDs reactions is not I|m|ted_
increase with decreasing temperature approximately-4s. just to the fact t.hat the rate constants for these two reactions
These experimentally measured temperature dependences of th re nearly identical. The kinetic Isotope effect, also'deflr.led as
rate constants can be compared with the predictions of a model Ho/kp, for the CN + NH3/NDj reactions, is r;early identical
where the rate constant is determined by the capture of the'cor the reactions of &4 and _CN with am'T“’”'é- _On the bas!s
reactants by long-range attractive electrostatic forces. In this of thg results of theoreycal_ Ca|Cl.J|a'[I.OnS, in a combined
model, for a given collision energy the reaction cross section is experlmqntal and theoretical mves'qgagon of the G\NH,
determined by the capture radius. The capture radius is defined'action it was concluded that the kmgtlc Isotope effe_ct for the
by a condition on the impact parameter at which the centrifugal CN +_ NH3/ND3_ can best be_explalr_led by assuming that
barrier is equal to the potential energy. For theHCH NHs tunneling is very important for this reactiéhAs was mentioned
reaction, the long-range interaction betweensNddd GH is abov_e, tunneling may also be important for theHG+ NHs
dominated by the dipotedipole interaction, since both reactants reaction.

have large permanent dipole moments (1.47 D fog Rt 0.77

D for C,H). If the anisotropy of the dipoledipole interaction

is neglected, then the model predicts that the rate constant shoul
depend on the temperature B3, This predicted temperature
dependenceT(29) is relatively close to the observed temper-
ature dependencel (°9), with the difference being that the
observed temperature dependence is stronger than predicted l:/%
a capture model. Some of this discrepancy can be explained b
the fact that the isotropic dipotedipole interaction potential
used in the model may not approximate the real interaction
potential accurately enough. Also, theory explains some of this References and Notes
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