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Abstract

The formation of strong and very strong hydrogen bonds between NF,H;_,, (n=0.2) and F~ have been computationally investigated via B3LYP/6-
311++G(d,p) geometry optimizations and MP2/6-311++G(d,p) single point energy calculations. The enthalpy of deprotonation of NF,H was found
tobe 1518.5kImol~!. The hydrogen bond energy in NH3- - -F~, NFH,- - -F~ and NF,H- - -F~ were calculated to be 67.9, 120.2 and 181.2kJ mol~!,
respectively, and clearly show the effect of fluorination on hydrogen bond strength in amine—fluoride systems. The change in enthalpy and entropy
for the clustering of methanol to NF,H- - -F~ to form the fluoride bound dimer of methanol and difluoramine has been measured via high pressure
mass spectrometry to be 68.3kJ mol~! and 90.5J K~! mol~!. These values are in excellent agreement with calculated values of 70.9 kJ mol~' and

88.5J K ! mol~!.
© 2007 Published by Elsevier B.V.
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1. Introduction

In the solid and liquid phases, NF,H (difluoramine) has
attracted considerable attention based on its highly unstable and
explosive nature [1-3]. The extremely volatile nature of this
compound makes it very dangerous to work with and significant
safety precautions must be taken when dealing with it. In the
gas-phase, difluoramine is much safer to handle and, as such, it
has been possible for it to be characterized by IR, microwave
and UV spectroscopy [4-6]. Despite the considerable interest
in the condensed phase of difluoramine as a potential explosive
and fuel [7], relatively few gas-phase investigations of clusters
of difluoramine have been performed [8,9] as a source of insight
into the true nature of the intermolecular interactions intrinsic
to this molecule.

The presence of the both the NH moiety and lone pairs of
electrons on nitrogen and fluorine in difluoramine make it an
appealing candidate for hydrogen bond formation. In addition,
Yamdagni and Kebarle first demonstrated that hydrogen bond
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strength, D(BH- - -X™), will increase both with the acidity of
an acid, BH, and the basicity of an ionic base, X~ [10]. It
has also previously been demonstrated that fluorination of an
acid, BH, can lead to both an increase in the gas-phase acid-
ity of BH and a stronger BH---X™ hydrogen bond. This is
demonstrated, for example, by the hydrogen bonding proper-
ties of ethanol and 1,1,1 trifluoroethanol. The substitution of
fluorine in ethanol to form CF3CH,OH results in a decrease
in the enthalpy of deprotonation from 1586.2kJ mol~! [11] to
1513 kI mol~! [12], indicating a substantial increase in the gas-
phase acidity. When CH3CH,OH and CF3CH,OH are clustered
with the anionic base F~, the measured OHF hydrogen bond
strengths are —135.6 kImol~! [13] and —164kJmol~! [14],
respectively. The difference in values of AHY, for the depro-
tonation of NF,H and NH3 are even greater and reported in the
literature as —1552kJ mol~! [15] and —1563 kJ mol~! [16] for
NF,H and —1687.8 kJ mol~! [17] for NH3. Based on these argu-
ments, difluoramine would be expected to participate in stronger
hydrogen bonds with F~ than would NH3 and is a very likely
candidate to form very strong hydrogen bonds.

The present study involves an investigation of difluoramine
in hydrogen bonding environments from both experimental and
computational perspectives. Using high pressure mass spec-
trometry (HPMS), thermochemical properties associated with
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difluoramine have been measured. This technique allows for the
creation of ions derived from potentially dangerous compounds
in situ, greatly increasing the safety of the experiment. Also,
computational investigations of difluoramine as well as clus-
ters of interest, specifically that shown in Eq. (1), have been
performed to help further develop the understanding of very
strong hydrogen bonds which can form in these amine—fluorine
systems.

Ke
NF;H- - -F~ + CH30H£NF2H~ --F~...CH30H 1)
2. Experimental

All experimental measurements were conducted using a
high-pressure mass spectrometer configured around a VG 8-
80 magnetic sector mass spectrometer. A detailed description of
this instrument has been given elsewhere [18].

In a heated 5L reservoir, a known amount (between 2 and
40 nL) of CH3OH was injected into a mixture containing 9 Torr
NF3 in 900 torr CH4-CH30H (99.8% purity), NF3, and CHy
(99.97% purity) were purchased from Sigma—Aldrich, Ozark
Mahoning, and Praxair, respectively. Chemicals were used as
supplied with no further purification performed. This mixture
was introduced into the ion source at a constant total pressure
and, using 2keV electron pulses of 60 ws duration with a rep-
etition period of 60 ms, small, but reproducible ionic signals
corresponding to NF,H- - -F~ and NF,H- - -F~- - -CH30H were
observed.

There are several different possible explanations for the pres-
ence of the difluoramine containing species within the ion
source. One possibility is that a small amount of NF;H is
present as a contaminant in the commercial sample of NF3.
Gaseous NF>H is known to react with metal surfaces to decom-
pose into HF and tetrafluorohydrazine [2,3,19] and it is possible
that tetraflurohydrazine itself may react subsequently with protic
species to regenerate NFoH. A second possibility is the direct
synthesis of NF,H within the ion source, initiated by ioniza-
tion of the gas mixture. Slow secondary electrons or low energy
electrons resulting from the thermalization of the 2kV electrons
entering the source, can undergo dissociative electron capture to
NFj3, Eq. (2) [16] and the resulting NF,* species can then react
with CHy4 to generate NF,H, Eq. (3).

NF;+e~ — F~ +NF,*® )
NF,* + CH4 — NF;H + CHj3; 3)

Whatever the mechanism of formation, once NF,H and
NF;H- - -F~ are present in the ion source they may readily
associate with fluoride and methanol, respectively, leading to
the formation of the fluoride bound dimer of difluoramine and
methanol, Egs. (4) and (5).

F~ +NFH — NFH.--F~ )
Ke
NE,H. - -F~ + CH;0H<NF,H. - [F~- . .CH;0H 5)

Allions are generated in the electric field free ion source in the
presence of a bath gas, in this case CHy, and, at the experimental
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Fig. 1. Time-intensity profiles for NF,H- - -F~ and NFH- - -F~-..CH30H at

117°Cand PcHyon = 7.45 millitorr. Each profile is the result of the summation
of ion intensity after 7000 electron gun pulses.
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Fig. 2. Normalized time-intensity profiles for NF,H---F~ and
NF;H- - -F~---CH30H. Equilibrium is established 0.5ms after ioniza-
tion and lasts until 3 ms after ionization. The apparent divergence observed
after 4 ms is an artifact of low signal intensity and is not an indication that the
system is not at equilibrium.

pressures used, newly formed ions will have undergone approx-
imately 108 collisions before diffusing out of the ion source.!
This ensures that all ions attain thermal equilibrium within the
residence time in the ion source.

Using an EG&G Ortec multichannel scalar data acquisition
system, 7000 accumulations of ion intensity as a function of
time after ionization were summed for all ionic species in reac-
tion (1). This large number of accumulations was necessary to
improve the signal to noise ratio of the low intensity ion signals
involved. Typical time-intensity and normalized time intensity
plots can be found in Figs. 1 and 2, respectively. Normalization
of the two resulting time—intensity profiles with respect to each
other allowed for the identification of the presence of thermal
equilibrium 0.5 ms after the end of the electron gun pulse as
indicated by the parallel horizontal region in Fig. 1.

! Estimated using the Langevin Equation for collisional rate constants.
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A functional form of the equilibrium constant associated with
reaction (1), which allows for the determination of various ther-
mochemical properties, is given by Eq. (6).

IINF,H...F...CH; OH]~
IiNE,H.-F- PiCH;0H]

Keq = ©)

From the ratio of ion intensities during the period of time in
which the two species are in equilibrium, the known partial pres-
sure of the neutral gas and the reference pressure of P, =1 bar,
Keq is obtained. If measurements of K.q are carried out over
a temperature range in which no significant isomerization or
changes in heat capacity occur, values for AHY, and ASO,
can be obtained from a plot of In (Keq) as a function of 1/7. The
resulting van’t Hoff equation, Eq. (7), predicts a straight line
with a slope of

AH® ASO
InKeq = —T;‘“ + 7;‘“ (7

—AHY, /R and an intercept equal to ASO /R. All temperature
measurements were made using a J-type thermocouple (accu-
racy of £1 K) placed in direct contact with the walls of the ion
source. Absolute errors in AH), and ASY, are based upon
propagation of uncertainties in pressure and temperature and
taken as £2kJ mol~! and £10J mol~! K~!, respectively.

As a complement to experiments, a combination of DFT and
ab initio calculations was performed on a number of species rel-
evant to this study. These calculations were carried out using
the commercially available Gaussian 03 software [20] while
images of optimized ions and molecules were obtained from
the GaussView 3.0 program [21]. Geometry optimizations and
frequency calculations were performed using the B3LYP level
of theory with a 6-311++G(d,p) basis set with no scaling of
frequencies. The electronic energy of each optimized structure
was then calculated via an MP2(full) single point calculation,
also employing the 6-311++G(d,p) basis set. This compound
method takes advantage of both the speed of B3LYP methods
and their associated ability to accurately reproduce structural
details, while at the same time achieving the higher energy
accuracy from the fully correlated MP2 calculation [22].

AHY, and ASY forreaction (1) were obtained by perform-
ing geometry optimizations, frequency calculations and single
point calculations on all species involved and taking the appro-
priate differences between products and reactants. In the case of
the enthalpy change, Eq. (8),

AHS, = AE® 4 AZPE + AEY™® 4+ AE™ 4 AE™ 4 w,
(®)

AE® is the difference in electronic energy between products
and reactants, AZPE is the difference in zero point energies,
AEVb AE™ and AE'S gre the differences of vibrational,
rotational and translational energies, respectively, and w is the
pressure—volume work done in going from two moles of reactant
gas to one mole of product gas. For (1), w = —RT. In the case

of entropy change, Eq. (9)

ASha= D St > 89 )

products reactants

0 0
> productsSi anFl Zream}msS j Tepresent the sums of transla-
tional, electronic, vibrational and rotational entropies over all
product and reactant species, respectively.

3. Results and discussion
3.1. Thermochemical data

The van’t Hoff plot shown in Fig. 3 for reaction (1) was
obtained over a92 °C temperature range from 55 to 147 °C. From
this plot, AHY, and ASY, for reaction (1) were found to be
—68.3+2kJmol~! and —90.5 4 10J mol~! K~!, respectively.
An expected increase in the scatter of data points in Fig. 3 was
present due to the extremely low signal intensities that were
observed for this system, yet excellent linearity remained over
the entire temperature range.

The minimum energy structures for NFoH- - -F~, CH30H and
NF;H- - -F~- - -CH30H obtained from B3LYP/6-311++G(d,p)
optimizations are shown in Fig. 4 as II, III, and V, respec-
tively. The calculated values of AHO, and ASY, for reaction
(1) based on these optimized structures were —70.9kJ mol !
and —88.5 Jmol~! K~!, respectively, and are in excellent agree-
ment with the experimentally obtained values reported above.
A more detailed discussion of all structures found in Fig. 4 is
given below.

Two  different routes for the formation of
NFE>H---F~---CH30H clusters from NF,H, CH3;OH, and
F~, as shown in Fig. 5, can be envisioned. The enthalpy change
for reaction (1) measured in the present study corresponds to
the second step involved in Path 2. In order for this route to be
followed, as a first step, a very strong hydrogen bond must be
formed between NF>H and F~. The enthalpy change for this
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Fig. 3. van’t Hoff plot collected over a 92 °C temperature range from 55 to
147°C for clustering of NF,H- - -F~ with CH3OH. Error bars on each data
point indicate standard deviation of 6-10 repetitive measurements of Keq at
each temperature.
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Fig. 4. Optimized geometries obtained from B3LYP/6-311++G(d,p) calculations: (I) NF,H; (II) NF,H- - -F~; (III) CH30H; (IV) CH30H- - -F~; (V) Fluoride bound

dimer of CH30H and NF,H. All distances are in A and bond angles are in degrees.

bond formation reaction was calculated to be —181.2kJ mol~", and McMahon employing ion molecule reaction equilibria
which, in terms of bond strength, comes close to equaling  in an FT-ICR [14]. DeTuri and Ervin found AH,

the Very strong hydrogen bond strength present in FHF~ —12349.2kImol~!, while Larson and McMahon obtained
(AHS, = —192kJmol~1)[23]. Path 1 in Fig. 5 outlines an ~ AHY, to be —124 + 8.4kJ mol~!. Both of these measurements

alternative route for the formation of the fluoride bound clusters are consistent with the value of —129kJ mol~!

computed in

of methanol and difluoramine. The initial step in Path 1 involves this study. Larson and McMahon [14] also report a A
the addition of methanol to fluoride, which has been previously this step of —94.6 Jmol~! K~!, which is in excellent agreement

examined by DeTuri and Ervin using TCID [11] and by Larson  with the calculated value of —95.7 Jmol~! K.
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Fig. 5. Calculated reaction profile for the formation of CH30H- - -F~- - -NF,H
clusters using B3LYP/6-311++G(d,p). Two pathways, each consisting of two
steps, are shown.

Calculations were also performed in order to gain further
insight into the effect of fluorine substitution in ammonia-
fluoride hydrogen bonded systems by examining the formation
equilibria of NF,H3_,---F~ (n=0,...,2) clusters. The opti-
mized geometries of these clusters are shown in Fig. 6 and
the thermochemical data for the cluster formation is given in
Table 1. A detailed discussion of the structural aspects of the
clusters shown in Fig. 6 is given below. A plot of the fluoride
binding enthalpy, AH}QBE, versus gas phase acidity, Achid, for
the NF,H3_,- - -F~ system is shown in Fig. 7. The expected
linear relationship between gas phase acidity and fluoride bind-
ing enthalpy was observed. Each sequential fluorine substitution
for hydrogen in NH3 increases the strength of the NH- - -F~
hydrogen bond by approximately 60 kJ mol~!. Calculated and,
where available, experimental literature values for the enthalpy
of deprotonation of NH3, NFH, and NF,H are reported in
Table 2. The expected increase in gas-phase acidity as a function
of fluorination was observed, and in the case of NH3 good agree-
ment between literature and calculated values can be seen. There
is currently no reference value available for NFH», while a large
uncertainty in the value for NF,H exists. Three different values
for the acidity of NF,H are reported in the literature, spanning
more than a 50 kJ/mol range. It is believed that the stronger,
calculated gas-phase acidity reported in this work better repre-
sents the actual acidity of NF,H. This conclusion is based on
the excellent agreement of the measured thermochemical data

Table 1
Summary of thermodynamic data pertaining to equilibrium reactions studied

Table 2
Calculated and literature values of AHgm(kJ mol™!) for NEF,H3_, =
NF,H,_,~ +H* using B3LYP/6-311++G(d,p) optimized geometry and

MP2(full)/6-311++G(d,p) electronic energy

Reaction Calculated (kJ/mol) Literature (kJ/mol)
NH; 2NH,™ +H* —1695.2 —1687.8%
NFH; 2 NFH™ +H* —1614.4 -
NF,H=NF,~ +H* —1518.5 —1552%
—1563¢
—1506¢
2 Ref. [17].
b Ref. [15].
¢ Ref. [16].

d Ref. [27]. Estimated using AGY + TAS® | where TAS? = 29kJ/mol.

xXn xn? xXn

for the NF,H clusters reported above and a comparison to other
simple hydrogen bond forming systems.

The calculation method and level of theory employed here
have been shown by others to be very successful in accu-
rately replicating geometries of hydrogen bonding systems [22]
and, as such, should prove to be a reliable method for pre-
dicting properties of the nitrogen—hydrogen, oxygen—hydrogen,
and fluorine-hydrogen bonding clusters studied. As a test,
the enthalpy of deprotonation of HF, CH30H, and NH3, as
well as the fluoride affinities of HF, CH3OH, and H,O were
calculated using various basis sets. It was confirmed that
the combination of B3LYP/6-311++G(d,p) optimizations with
MP2(full)/6-3114++G(d,p) single point electronic energy calcu-
lations provided the best agreement for all test cases, giving
an agreement with literature values better than or equal to
8 kI mol~!, and in many cases much better. The excellent agree-
ment between calculated and experimental thermochemical data
reported in this study thus increases the confidence in the ability
of this calculation method to accurately describe these systems.

For AXH acids of the same gas-phase acidity, where X =N,
O, or F, it has been shown that upon the formation of hydro-
gen bonds to an anionic base, B~, AXH-: - -B~ hydrogen bond
strength increases when X is changed from N to O to F. A com-
parison of the deprotonation and fluoride binding energies of
HF, CFH,CH,OH and NF;H provides insight into what the rel-
ative magnitudes of each of these should be. In the case of HF,
the enthalpy of deprotonation is 1554 kJ mol~! [24], while its

Reaction AHY, kI mol™! ASY, Tmol 1 K~ Method/ reference
NF;H. - -F~ + CH30H = NF;H. - -F~- - .CH3;0H —68.3 -90.5 a/d
=709 —88.5 b/d
CH3;0H. - -F~ + NF,H=NF;H. - -F~-.-CH30H —122.6 -95.8 b/d
CH;0H. - -F~ 2 CH30H. - -F~ —129.6 -95.7 b/d
—124 —94.6 cle
NFH+F~ 2 NFH. - -F~ —181.2 —102.9 b/d
NFH; + F~ & NFH,- - -F~ —120.2 -98.9 b/d
NH3 +F~ &= NHj- - -F~ —67.9 —85.1 b/d

a: HPMS, b: MP2(full)/6-31 1++G(d,p)//B3LYP/6-311++G(d,p), c: ion molecule reaction equilibrium, d: this study, e: Larson and McMahon [14].
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Fig. 6. Optimized geometries obtained from B3LYP/6-311++G(d,p) calculations: (I) NH3- - -F~ (II) NFH;- - -F~ (IIl) NF,H- - -F~.

binding energy to F~ is 192 kJ mol~! [23]. In the case of the 2-
fluoroethanol the enthalpy of deprotonation is 1553 kJ mol~!
[25], while its binding energy to F~ is 146kJ mol~! [14],
an observable decrease in fluoride binding energy of nearly
50kJmol~!. If the gas-phase acidity of NF,H was closer to the
literature value of 1552kJ mol~! the expected fluoride binding
energy of NF,H would be well below that of 2-fluoroethanol, yet
calculations predict a significantly larger value of 181 kJ mol~.
In order to explain the unexpectedly large fluoride binding
energy of NF>H an increase in its gas-phase acidity would thus
be anticipated, as predicted by calculations.

The ability of difluoramine to form very strong hydrogen
bonds was essential in permitting this system to be studied. In
order to measure equilibrium constants in an HPMS experiment

aratio of ion intensities less than 100 is desirable. Since only very
small amounts of NF,H were present in the ion source, it was
necessary to introduce only very small amounts of methanol.
In the absence of the very strong hydrogen bond found in
NF;H- - -F~, it would not have been possible to generate this
species and thus to perform these experiments.

3.2. Structural aspects of NF2H- - -F~---CH30H and
NF,H3_,---F~ (n=0,...,2) cluster formation

3.2.1. NF,H3_,---F~ (n=0,...2) clusters

In the case of the sequentially fluorinated ammonia—fluoride
clusters, interesting observations regarding the connection
between NHF bond geometry and bond strength can be made.
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Fig. 7. Plot of fluoride binding enthalpy (AHpgg) versus gas phase acid-
ity (AHaciq) demonstrates the effect of fluorine substitution on hydrogen
bond strength in the NF,H3_,---F~ system. Electronic energies//optimized
geometries obtained from MP2(full)/6-31 1++G(d,p)//B3LYP/6-311++G(d,p)
calculations.

The NHj---F~ cluster depicted in Fig. 61 reveals that the
formation of a N-H-F hydrogen bond of —67.9kJmol~! is
accompanied by an increase in the NH bond length from
1.01 A in NH3 (calculated in this study) to 1.07 A in the
cluster.

The mono-substitution of fluorine for hydrogen in ammonia
to form NFH, (Fig. 6lI1) initiates changes in the geometry and
physical properties of the species. The root of most of these
changes is the electron withdrawing effect of fluorine which
causes an increase in the gas-phase acidity of the species, an
increase in the NH bond polarity and a stronger hydrogen bond
(—120.2kJmol™!) in the cluster with fluoride ion. A slightly
larger shift in NH bond length from 1.02 A in NFH; to 1.10 A in
NFH;- - -F~ can be seen when the hydrogen bond is formed,
also indicating a stronger hydrogen bond relative to that in
NHj- - -F~.

The difluoro-substitution of ammonia to form NF,H fur-
ther amplifies the changes noted in the mono-fluorinated case.
An additional increase in gas-phase acidity, bond polarity and
hydrogen bond strength (—181.2kJ mol~!) can all be noted, as
well as the increase in NH bond distance upon clustering with
fluoride from 1.03 A in NF,H to 1.20 A in NF,H- - -F~.

The NH bond distance and total NHF bond distance across the
NF,H3_,- - -F~ system in order of increasing fluorination (i.e.
NHj3 to NFH; to NF,H) are 1.07, 1.10, and 1.20 and 2.67, 2.54,
and 2.44 A, respectively. This decrease in total bond distance
and hydrogen shift away from the nitrogen are strongly indica-
tive of the increasing hydrogen bond strength and increased
gas-phase acidity of the fluoro-amine species. It is interest-
ing to note that in the case of the NF;H fluoride adduct the
proton is very close to being equally shared between N and
F. This further supports the idea that the acidity of NF,H is
greater than that of HF since nitrogen acids are expected to
bond more weakly than HF if they have comparable gas phase
acidities.

N 1.026 A H

Sy

Fig. 8. Structure of NF>H as determined from microwave spectroscopy by Lide

[5].

3.2.2. NF>H---F~---CH30H clusters

The geometry of neutral difluoramine calculated in this study
and shown in Fig. 41 is in excellent agreement with the structure
obtained from microwave spectroscopy reported in Fig. 8. This
structure is also consistent with the structure of difluoramine
determined computationally by Demaison and co-workers using
the same level of theory and basis set as that used in this study
[26]. An examination of changes in geometry in proceeding from
structures I-1I-V and III-IV-V, as well as using the changes in
enthalpy reported in the two pathways of Fig. 5, permits a better
understanding of this hydrogen bond system.

Path 1 in Fig. 5 represents the initial clustering of methanol
to fluoride, followed by the clustering of CH30H- - -F~ with
difluoramine. The structures involved in this process are shown
in Fig. 4 as III, IV and V. The initial clustering of methanol to
fluoride results in a strong hydrogen bond between the hydroxyl
hydrogen of methanol and F_(AH&n = —129.6kJmol~!) and
results in an increase in O—H bond length from 0.96 to 1.07 A,
and a total O—F bond distance of 2.42 A. The subsequent clus-
tering with difluoramine reduces the strength of interaction
between the fluoride and the hydroxyl group, resulting in a
decrease in O—H bond length to 1.00 A. This decreased OH. - -F
hydrogen bond strength in the di-solvated fluoride cluster is also
manifested in the increased total O—F bond distance of 2.56 A.

Path 2 in Fig. 5 represents the initial clustering of difluo-
ramine with fluoride to form a very strong NH. - -F hydrogen
bond (AHY, = —181.2kImol~"), followed by the clustering
with methanol to form the mixed fluoride bound dimer. The
very much stronger interaction of fluoride with NF, H relative to
that with methanol is an indicator of the surprising and substan-
tial acidity of NF,H. The initial formation of the NH- - -F bond
results in an increase in NH bond length from 1.02 to 1.23 A and
atotal N—F bond length of 2.43 A. Although the N—F bond length
in IT is almost identical to the O—F bond length in IV, one notable
difference is that the NH- - -F hydrogen bond possesses a near
symmetric sharing of the proton. This once again indicates that
the gas-phase acidity of NFoH is comparable in magnitude to
the acidity of HF, but also implies that it is substantially greater
than that of CH3OH. This greater acidity is also evident from
the very significant decrease in the strength of interaction of
CH3O0H with NFH- - -F~. In contrast, the strengths of interac-
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tion in the two steps in Path 1 were comparable. A decrease in
N-H bond distance to 1.12 10\, an increase in F—H bond distance
to 1.40 A and an increase in N-F bond distance to 2.52 A are
also seen.

4. Conclusion

The mixed fluoride bound cluster of difluoramine and
methanol provides a wealth of information concerning strong
and very strong hydrogen bonds. The effect of fluorine substitu-
tion on NF, H3_,,- - -F~ systems is quite evident as demonstrated
by the monotonic increase in hydrogen bond strength in the
order NH3- - -F~ <NFH;- - -F~ <NF,H- - -F~. The enthalpy of
deprotonation of NF,H was found to be 1518.5kJ mol~!. The
predicted changes in enthalpy observed in the two pathways
for the formation of the fluoride bound clusters of methanol
and difluoramine are consistent with the geometric changes
obtained from calculated structures. Further experiment to
measure AHO, and ASY, of formation for clusters of the
type NF,H3_,---F~ (n=0.2) or the addition of NF;H to
CH3O0H-: - -F~ would definitely be useful to confirm the pre-
dictions of the calculations performed in this study.
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