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We have theoretically studied the NF; = NF, + F, NF, + F = NF + F,, and NF, + F = NF, + F reactive
processes. More precisely, we have evaluated the thermal rate constants (TRC), with the Wigner and Eckart
tunneling corrections, minimum energy path, and the intrinsic reaction coordinates of these systems. The NF;
= NF, + F conventional and Wigner TRCs agree very well with experimental data available in the literature
for a wide range of temperatures. This study gives a first step to understand and determine the correct
decomposition path of nitrogen trifluoride (NF;).

1. Introduction

Nitrogen trifluoride is useful for plasma or thermal cleaning
of chemical vapor deposition reactors. It is also used as a
selective reagent for silicon dioxide etching. In the past few
years, NF; has been preferentially chosen for the reduction of
perfluorochemical emission to the environment. Despite of great
applicability of NF; in many fields of technology,'™® the
understanding of the chemical processes involved in the
mechanism of decomposition of NF; is greatly required.
Therefore, the most important aim of the research concerned
with NF; is to investigate its decomposition. In order to
understand and determine the correct decomposition path of NF;
into N, and F,* systems, it is important to study several
elementary reactions, as an intermediary step, to reach the global
reaction.

There are several association, unimolecular (NF = N + F,
NF, = NF + F, NF; = NF, + F, No,F = N, + F, N,F; = NF,
+ NF), abstraction (NF, + F = NF + F,, NF; + F = NF, +
F), NF+N=N, +F, NF+ F=N + F,, NF, + N =NF +
NF, NF; + N = NF, + NF) and exchange (NF + F = NF +
F, NF, + F = NF, + F, NF; + F = NF; + F) reactions
performing a total of 14 reactions that make part of the gas-
phase kinetic mechanisms for the N/F/H system.

In this paper, we discuss two possible channels of the reaction
involving the NF, radical with the fluorine atom: NF, + F =
NF + F, (abstraction) and NF, + F = NF, +F (exchange)
channels. Furthermore, we also study the NF; = NF, + F
unimolecular channel. These studies have been done using
conventional transition state theory (TST) and also including
two different corrections (Wigner® and Eckart®) for the tunneling
effects.

The paper is organized as follows. In section 2 we present
the main features of our code. Section 3 outlines the compu-
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tational details. Our results and discussion are presented in
section 4. The conclusions are presented in section 5.

2. Thermal Rate Constant Calculation

The TRC of a bimolecular reaction, A + BC — X* — C +
AB, via TST theory, can be written as>’~!°

ST = kB;T O ex (— VaG) (1)

 h Q,0pc RT

where Ox*, Qa, and Qpc are the partition functions of transition
state (TS) and reactants (A + BC), respectively. kg is Boltz-
mann’s constant, 4 is Planck’s constant, T is the temperature,
R is the gas constant, and V,° is the potential barrier

V.

a

0= Vver T €205 (2)

where &zpg is the harmonic zero-point energies (ZPE) and Vygp
is the Eckart classical potential energy® measured from the
overall zero energy of the reactants

__ay by
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a=AH =V (s = +inf) — V.%(s = —inf) (5)

b=V’ — o)+ 20w — ap” (6)
_ 1 /a+b
S = o ln(b — a) @)
£2

VWV - a)

here u is the reduced mass. a and b depend on the reactants
(V,S(s = —inf)), products (V,C'(s = +inf)), and TS (V,°)
energies, as well as the imaginary frequency on the TS (w*),'"!?
and y is related to the reaction coordinate.

Introducing the transmission coefficient, kwx(7), eq 1 becomes

k = k(DK (1) )

where kw(T) is used to account for the tunneling effect (using
Wigner or Eckart correction) along the reaction coordinate. The
Wigner correction (kw(7)) for tunneling assumes a parabolic
potential for the nuclear motion near to TS, and therefore the
values are underestimated. The Wigner transmission coefficient
is given by>!?

ho’
ks T

(D) = 1 + =

2
24 10

The Eckart tunneling correction (kg(7)) is obtained solving the
Schrodinger equation for the Vygp. This yields the transmission
probability (I'(E)) given by®!!4

cosh[272(0 — B)] + cosh[2my]

TE) =1 = 26 + p)] + coshzry] D
where
_ l E 172

o=5(7] (12)

_1(E—a\”
=5 (13)

_ b —c\n
7 =3 (14
(ho*)’b 15)

‘T 16AV AV — a)

where AV* is the zero point energy corrected barrier at TS
relative to reactants (the parameters a and b were defined above).

The «g(T) is obtained as the ratio between the quantum
mechanical and the classical thermal rate constants, which is
calculated by integrating the respective transmission probabilities
over the entire energies range
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exp(AVj;/RT) oo
B — ﬂ) exp(—E/RT)I(E) dE

(16)

Kkg(T) =

For higher accuracy, the variational transition state theory should
be used and also the semiclassical methods for the tunneling
effect.’ The characteristics of the MEP and the TRC, with the
Wigner and Eckart tunneling corrections, were determined using
our own code, which is described in the literature.’~'° The TRCs
were then written in the Arrhenius form as

E
KT) = AT" exp(—R—;) (17)

where A is the pre-exponential factor, N is the temperature power
factor, and E, is the activation energy.

3. Computational Details

To apply TST theory, we must know the geometries,
frequencies, and the potential energy for the reactants, products
and TS of the NF; = NF, + F, NF, + F = NF + F,, and NF,
+ F = NF, + F reactions. These properties were obtained from
accurate electronic structure calculations performed using the
GAUSSIANO3 program.'> The TS of these reactions were
determined using the full (all electrons included in the correla-
tion calculation) second-order Mgller—Plesset (MP2) level of
theory with the 6-31G(d) and cc-pVDZ basis sets. The
methodology used for this study was employed with aceptable
accordance compared to the theoretical and experimental data
for different systems.®~1°

We have also used extended basis sets at higher levels of
theory in order to increase the accuracy of calculated data.
Therefore, two sets of energies were determined for these
reactions. Starting from MP2/cc-pVDZ optimized geometries,
the first set was determined using the aug-cc-pVDZ, cc-pVTZ,
and aug-cc-pVTZ Dunning basis sets at MP4(SDQ), MP4(SDTQ),
QCISD, QCISD(T), CCSD, and CCSD(T) levels. The second
set was determined starting from MP2/6-31G(d) optimized
geometries at the same six levels of calculations and the
following Pople basis sets: 6-314++G(d,p), 6-311++G(d,p),
6-311++G(df,pd), and 6-311++G(3df,3pd). We had also
reoptimized the geometries using the MP2/aug-cc-pVTZ level
in order to study the basis set superposition error and increase
the accuracy of the calculated TRC values. The properties of
these systems are compared to the experimental data available.'6~!
The frequencies related to each reaction were scaled by the
factors 0.977884 and 0.962846 for the cc-pVDZ and 6-31G(d)
basis sets, respectively. The scale factor was calculated using
the following expression

N
z w(exptl)/wtheor)
_ =l
scale factor = N (18)

where N is the number of frequencies and w;(exptl) and w;(theor)
are the experimental and theoretical vibrational frequencies.

4. Results and Discussion

Table 1 shows the equilibrium geometries for the reactants
and products calculated at the full MP2 level with the cc-pVDZ,
6-31G(d) and aug-cc-pVTZ basis sets, for all species involved
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TABLE 1: Geometrical Parameters for Reactants and
Products of the Unimolecular, Abstraction and Exchange
Reactions Calculated at MP2/cc-pVDZ, MP2/6-31G(d), and
MP2/aug-cc-pVTZ Levels

Ramalho et al.

TABLE 2: Harmonic Vibrational Frequencies (cm™!) and
Zero-Point Energy (kcal mol™!) for Reactants and Products
of the Unimolecular, Abstraction, and Exchange Reactions at
MP2/cc-pVDZ, MP2/6-31G(d), and MP2/aug-cc-pVTZ Levels

interatomic distances (A) bond angles (deg) species bases 7 Vv V3 Vy E7PE
species bases Ryr Rgr ApNE F, cc-pVDZ 933.4 1.3
6-31G(d) 1007.8 1.4
F, cc-pVDZ 1.424 aug-cc-pVTZ  1009.4 1.4
6-3 IG(d) 1.421 exptl 892.0%327
aug-cc-pVTZ 1.398 916.6*
exptl 1.412%° theor 957.0%
1.4122 NF  cc-pVDZ 11753 1.6
1.4352 6-31G(d) 1192.0 1.6
theor 1.42124 aug-cc-pVTZ 1251 .920 1.8
NF  cc-pVDZ 1317 exptl ii ‘15-221 N
6-31GW) 1330 theor 1138.5
aug-cc-pVTZ  1.290 1104.6%
exptl 1.317% NF,  cc-pVDZ 586.0 9828  1126.6 3.8
1.317% 6-31G(d) 5740 10261  1147.0 39
1.510% aug-cc-pVTZ  596.0 979.3  1133.7 3.9
theor 1.330% exptl 573.00 931.0%  1074.0%
NF, cc-pVDZ 1.349 103.7 5734%  930.77 1069.5%
6-31G(0) 1.359 103.3 NF theor\/Dz 282;24 222'}24 ‘3??'324 1043.8 63
3 cc-p . . . . X
aug-cepVTZ  1.340 034 6-31G(d) 489.3 6537 9599 10620 64
expil L.370° 104.2°7 aug-ccpVTZ 51116 6746 9301 10660 6.6
theor 1.359 103.3 exptl 492020 642.0% 906.0%°  1032.0%°
NF;  cc-pVDZ 1.377 102.0 497.0%  648.0%  898.0% 1027.0%
6-31G(d) 1.385 101.7 theor 489.3% 653.7%  959.3% 1061.6%
aug-cc-pVITZ  1.364 101.8 484.6% 644.2%*  860.6** 1032.8%
exptl 1.371% 102.9%°
theor 1.385% 101.7% to take into account that the minimum of the potential energy
1.380% 101.7%

in these reactions, and compares these values with experimental
and theoretical reference data.?~?’ The interatomic distance and
bond angle absolute errors for all species are smaller than 0.220
A and 1.2°, respectively, when compared to the experimental
data.20-2325-27 The absolute errors are 0.040 A and 0.4° when
compared to the theoretical data using G2, G3, and B3LYP/6-
311++4G(3df,3pd) level of theory,** respectively.

The calculated frequency values (Table 2) show no significant
average errors compared with the experimental data. The
frequencies give the ZPE used to obtain the barrier in the eq 2.
The frequencies related to each reaction were scaled (see
Computational Details). This is done to take into account known
deficiencies at the MP2 level for the basis sets used. The aug-
cc-pVTZ basis set shows vibrational frequency values slightly
larger than the experimental data. The unimolecular, abstraction,
and exchange ZPE were also scaled by the same factors.

Table 3 shows the TS optimized geometry and harmonic
frequencies, at the full MP2 level of theory with the cc-pVDZ
and 6-31G(d) basis sets, for unimolecular (TS;), abstraction
(TS,), and exchange (TS;) reactions, respectively. For the
unimolecular reaction, the aug-cc-pVTZ results are also shown.
Structures a, b, and ¢ of Figure 1 show a schematic representa-
tion of the TS, TS,, and TS; transition structures geometries
at MP2/cc-pVDZ level, respectively. They provide also the
notation used in Table 3. The optimized NF distance (Ryg) of
the TS structures show a small deviation from the experimental
data found for the NF; gas phase molecule (1.365 A).'®

Table 4 shows the reactant and product formation enthalpy
with ZPE correction for all species involved in unimolecular,
abstraction, and exchange reactions and compares also these
values with both theoretical and experimental data available in
the literature. The calculated results are in a good agreement
with theoretical and experimental ones.

The ZPE correction for the evaluation of AE (or AH) for the
reaction, ZPE ., = EZPE g EZPE g WETE determined in order

curve is not the minimum energy of the vibrational ground state
(v = 0). The Supporting Information shows the ab initio total
electronic energies, forward barrier (V; + ZPE,,,), reverse barrier
(V. + ZPE..y), calculated AH® at 298 K (AH® at 0K + ZPE...),
and experimental A¢HC. These properties were determined using
the cc-pVDZ, aug-cc-pVDZ, cc-pVTZ, and aug-cc-pVTZ Dun-
ning basis sets and also 6-31G(d), 6-31++G(d,p), 6-311++G(d,p),
6-311++G(df,pd), and 6-311++G(3df,3pd) Pople basis sets
at the MP2, MP4(SDQ), MP4(SDTQ), QCISD, QCISD (T),
CCSD, and CCSD(T) levels of theory for reactant, product, and
TS for the unimolecular, abstraction, and exchange reactions.
From an analysis of these results a minor difference between
ab initio and experimental AH° for the unimolecular, abstrac-
tion, and exchange reactions was found with cc-pVTZ basis
set at MP4 level. Then for these reactions the TRC were
calculated using the MP4/cc-pVTZ level.

The TRC for the unimolecular, abstraction and exchange
channels are shown in Figures 2, 3, and 4, respectively. They
were evaluated considering conventional TST and also applying
the transmission coefficient of Wigner and Eckart in the
temperature range of 200—4000 K. One can see from these
figures that the tunneling effects are not very important,
especially for the exchange channel. This fact was expected,
since the skew angle’ value for this reaction is 68.57°, which is
considered as an intermediate value. It indicates that the
tunneling effects are not critical for this reaction. These figures
show that the unimolecular TRC with the Eckart tunneling
correction (Figure 2) is faster than abstraction (Figure 3) and
exchange (Figure 4) ones, respectively.

Tables 5 and 6 show a comparison among theoretical and
experimental TRC values for a range of available experimental
temperatures, using optimized geometries at MP2/cc-pVDZ
(Table 5) and MP2/aug-cc-pVTZ (Table 6) levels. The calcu-
lated data from the optimized MP2/cc-pVDZ geometry shows
TRC values larger than the experimental data, while the data
from the MP2/aug-cc-pVTZ geometries are smaller than the
experimental data.
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TABLE 3: Transition State Geometrical Parameters (interatomic distances in A and bond angles in degrees), Harmonic
Vibrational Frequencies (ecm™'), and Zero-Point Energy (kcal mol ') Calculated at MP2/cc-pVDZ, MP2/6-31G(d), and MP2/
aug-cc-pVTZ Levels for the Unimolecular (TS,), Abstraction (TS;), and Exchange (TS;) Reactions”

NF; = NF, + F (TS))

NF, + F = NF + F, (TSy)

NF, + F = NF, + F (TS;)

cc-pvVDZ 6-31G(d) aug-cc-pVTZ cc-pVDZ 6-31G(d) cc-pVDZ 6-31G(d)
RnE 1.373 1.384 1.401 1.291 1.316 1.311 1.336
Rnp 2.593 2.740 2.897 1.913 1.770 1.639 1.703
Rnpr 1.614 1.538
Rer 1.514 1.518
ApNF 102.0 102.0 100.9 104.5 103.9 96.4 96.8
ApNF 106.2 106.3 11.6 167.0 168.3
ANFEr 151.1 136.7
Vi 97.4 93.7 95.1 89.2 90.7 307.3 318.6
V, 181.1 174.3 192.0 192.9 223.5 559.4 549.6
V3 555.8 548.7 529.4 335.7 335.8 593.8 620.9
vy 892.9 943.2 880.1 500.8 618.2 1089.7 1100.8
Vs 1080.2 1104.1 1068.7 1253.5 1196.4 4446.4 5154.3
V; 331.3i 335.6i 271.2i 762.1i 794.7i 283.2i 422.2i
E7PE 3.9 39 3.9 33 34 9.8 10.7

“ The imaginary frequency (v;) is also reported.

» @ ()
: 9
9
F 3 3
: (b)

Figure 1. Schematic representation of transition structures for (a)
unimolecular (TS;), (b) abstraction (TS,), and (c) exchange (TS3)
reactions.

The unimolecular conventional and Wigner TRC agree very
well with experimental data of Diesen'” at 1800 K (Table 5).
For the temperature ranges of 1330—2000 K and 1150—1390
K, these results are in a excellent accordance with experimental
data of Bird et al.'® and MacFadden et al.,"” respectively.

Figure 5 shows the Vygp and V,© plots along the MEP, as a
function of the reaction coordinates, for the unimolecular
reaction. The same plots for the abstraction and exchange
reactions are shown in Figures 6 and 7, respectively. In the case
of the unimolecular reaction (Figure 5), from —eo to —8 u'a,,
the potential curve changes slowly, and it increases gradually
after —8 u'”a, and decreases quickly after passing the transition
state (an endothermic reaction). The same behavior was found
for the abstraction reaction (Figure 6). The exchange reaction
potential curve (Figure 7) changes slowly from —eo to —12.5
1'%aq and it increases gradually after —12.5 u'ay, while it
decreases quickly after passing the transition state.

To complete this study, we have also determined the intrinsic
reaction coordinates (IRC) for unimolecular, abstraction, and
exchange reactions. They are shown in Figures 8, 9, and 10,
respectively. From Figure 8, one can verify that the internuclear
distance of NF” increases, while the NF and NF’ internuclear
distances remain unchanged. This fact shows the dissociation
of the NF; molecule and the formation of NF, molecule
(unimolecular reaction). Figure 9 shows an increase of the NF’
internuclear distance, i.e., the break of NF’ internuclear distance

TABLE 4: Reactant and Product Formation Enthalpy (kcal
mol 1) with ZPE Correction for All Species Involved in the
Unimolecular, Abstraction, and Exchange Reactions

experimental theoretical
species this work references references
F 18.47 4+ 0.07,%°
18.46 + 0.07,%
18.92%7

F, 0.403 0 0.39, 0.3%, 0.688', 1.288
0.980¢, 0.056¢, 0.686°

—2.027¢, 0.927¢, —2.142¢

NF 53.757 55.688 & 0.72,% 54.9%, 54/, 53.95, 56.18"
55.6 £ 0.5
59.501 £ 7.89% 46.698¢, 54.635% 51.903¢
NF, 7.234 10.7 £ 1.91,%° 6.6, 8, 8.5¢, 8.67"
8.8 + 1.20,%
8+ 1,783 £ 0.5% —3.411¢ 5.8457, 5.852¢
NF; —31.600 —30.20 + 0.27%%*  —33.8", —26.5¢, —30.2

—41.310¢, —35.2714,
—32.321°¢

“At G2 level? Pat G2 level.® “at B3LYP/6-311++(3df,3pd)
level?* 4at G2 level.* ¢at G3 level.* /For G3 level.?® ¢at
BAC-MP4(SDTQ) level** "at CCSD(T) level.*® ‘estimated from
AH(298) at G3 level’*¥ JEstimated from AH’(298) at G3
level 3637

of NF, molecule, while the F'F” decreases, yielding the F,
molecule (abstraction reaction). Finally, from Figure 10, one
can note that the NF’ internuclear distance increases while the
NF” internuclear distance decreases. This feature shows an
exchange between the F atoms of the NF, + F = NF, + F
reaction. Figures 9 and 10 show clearly that the fluorine atom
of the NF, radical is transferred to abstraction and exchange
channels.

Arrhenius coefficients were determined from the fitting of
TRC obtained through TST theory. The temperature dependence
of the overall unimolecular Arrhenius TRC (cm® mol™! s™!) for
the cc-pVDZ basis set can be described by the expression k =
5.244 x 10"7%3%7 exp(—6311/RT), for conventional TST.
Arrhenius form considering the Wigner and Eckart tunneling
corrections can be described by k = 4.137 x 10770334
exp(—6300/RT) and k = 3.945 x 10'77%3%7 exp(—1136/RT),
respectively. For the aug-cc-pVTZ basis set the temperature
dependence of the overall unimolecular Arrhenius TRC can be
described by the expressions k = 2.264 x 10"77%3 exp(—7796/
RT), k = 1.918 x 107793 exp(—=7789/RT), and k = 1.939 x
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Figure 2. Conventional, Wigner, and Eckart plots of thermal rate
constants against the reciprocal temperature in the range of 200—4000
K for the NF; = NF, + F unimolecular reaction.
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Figure 3. Conventional, Wigner, and Eckart plots of thermal rate
constants against the reciprocal temperature in the range of 200—4000
K for the NF, + F = NF + F, abstraction reaction.
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Figure 4. Conventional, Wigner, and Eckart plots of thermal rate
constants against the reciprocal temperature in the range of 200—4000
K for the NF, + F = NF, + F exchange reaction.

1017793625 exp(—1228/RT), for conventional, Wigner, and Eckart,
respectively. For the abstraction reactions the Arrhenius expres-
sions are given by k = 1.9579 x 10°T"%328 exp(—76999/RT), k

Ramalho et al.

TABLE 5: Calculated Thermal Rate Constants (s™!)
Compared to the Experimental Data for NF; = NF, + F
Reaction, Using Optimized Geometries at MP2/cc-pVDZ
Level

temp (K) conventional ~Wigner  Eckart  exptl'®  exptl"
1150 6.6747 6.6778  16.4894 7.3809
1200 7.1816 7.1844  16.5873 7.6192
1250 7.6480 7.6507 16.6774 7.8385
1300 8.0787 8.0811 16.7607 8.0409
1330 8.3216 8.3239  16.8077 8.6695  8.1550
1350 8.4776 8.4798  16.8379 8.7687  8.2282
1390 8.7760 8.7782  16.8957 8.9585 8.3685
1400 8.8480 8.8501 16.9097 9.0042
1450 9.1930 9.1949  16.9766 9.2235
1500 9.5150 9.5168 17.0391 9.4282
1530 9.6981 9.6998 17.0746 9.5446
1550 9.8162 9.8180 17.0976 9.6200
1600 10.0987 10.1003  17.1525 9.7992
1650 10.3642 10.3657  17.2041 9.9678
1700 10.6140 10.6154 17.2527 10.1265
1750 10.8496 10.8509 17.2986  10.2761
1800 11.0721 11.0734 17.3419 104174
1850 11.2826 11.2838 17.3830 10.5511
1900 11.4821 11.4832 17.4219 10.6778
1950 11.6713 11.6724  17.4588  10.7979
2000 11.8511 11.8522  17.4939 10.9120

@ Experimental thermal rate constant from Diesen et al.'” value of
12.0 s~ at 1800 K.

TABLE 6: Calculated Thermal Rate Constants (s 1)
Compared to the Experimental Data for NF; = NF, + F
Reaction, Using Optimized Geometries at MP2/aug-cc-pVTZ
Level

temp (K) conventional Wigner Eckart  exptl®  exptl"
1150 3.6055 3.6076  16.0748 7.3809
1200 4.2309 4.2328  16.1806 7.6192
1250 4.8064 4.8081  16.2780 7.8385
1300 5.3377 5.3393  16.3680 8.0409
1330 5.6374 5.6389  16.4189 8.6695  8.1550
1350 5.8298 5.8313  16.4515 8.7687  8.2282
1390 6.1980 6.1994  16.5141 8.9585 8.3685
1400 6.2868 6.2882  16.5291 9.0042
1450 6.7123 6.7137  16.6015 9.2235
1500 7.1096 7.1108  16.6690 9.4282
1530 7.3355 7.3367  16.7075 9.5446
1550 7.4813 7.4824  16.7323 9.6200
1600 7.8298 7.8309  16.7917 9.7992
1650 8.1572 8.1582  16.8475 9.9678
1700 8.4654 8.4664 16.9001 10.1265
1750 8.7560 8.7569  16.9497 10.2761
1800¢ 9.0306 9.0314  16.9966 10.4174
1850 9.2902 9.2910 17.0410 10.5511
1900 9.5363 9.5371  17.0830 10.6778
1950 9.7697 9.7705  17.1229  10.7979
2000 9.9916 9.9922  17.1609 10.9120

@ Experimental thermal rate constant from Diesen et al.'” value of
12.0 s7! at 1800 K.

= 8.7971 x 108772 exp(—76565/RT), and k = 2.1604 x
103718898 exp(—47568/RT), for the conventional, Wigner, and
Eckart correction, respectively. The expressions for the Arrhe-
nius exchange reactions were k = 2.3993 x 10107080246
exp(—48082/RT) and k = 2.0053 x 10'7982318 exp(—47998/
RT), for conventional and Wigner, respectively. The Eckart
Arrhenius expression for this exchange reaction was overesti-
mated, and it is not shown. In general, the Eckart Arrhenius
TRC gives much higher rate constants compared to conventional
and Wigner due to its one-dimensional potential barrier.® For
higher accuracy variational transition state theory should be used
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Figure 5. Vygp and V. as function of reaction coordinate for the NF;
= NF, + F unimolecular reaction.
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Figure 6. Vyp and V. as function of reaction coordinate for the NF,
+ F = NF + F, abstraction reaction.
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Figure 7. Vygp and V. as function of reaction coordinate for the NF,
+ F = NF, + F exchange reaction.

and also semiclassical methods for the tunneling effect,®® but the
required additional information about the potential energy surface
was not obtained in the present Letter. The results of the abstraction
and exchange reactions using aug-cc-pVTZ optimized geometry
are not significantly different from cc-pVDZ data.
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5. Conclusions

In this paper an accurate ab initio study was done for the
NF; = NF, + F, NF,+ F = NF + F, and NF, + F = NF, +
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F reactions. This study is a first step in the understanding of
the correct decomposition path of nitrogen trifluoride. The best
enthalpy of the unimolecular, abstraction, and exchange reac-
tions were found at MP4/cc-pVTZ level. The calculated NF; =
NF, + F conventional and Wigner TRCs are in a good
agreement with experimental data available in the literature.
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