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Determination of the Product Branching Fraction for HNF in the Reaction of HN3 with F
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The reaction of F atoms with H\forms the products HF¥Ns) or HNF (+N). The product branching
fraction for this reaction has been investigated in a room-temperature flow reactor using laser-induced
fluorescence to monitor the concentration of HNF. A microwave discharge applied to a dilute flow; of CF
in argon served as the F atom source. Using reactant concentrations-e8.@.% 10 and (1.7-20.0) x

10" molecules cm?® for CF, and HN, respectively, the rate constant for formation of HNF from HNF

was determined to be (68 3.5) x 1072 cm?® molecule® s™1. The average product branching fraction for
formation of HNF was determined to be Oi@igi The quenching rate constant of electronically excited
HNF by Ar was determined to be (3-8 0.3) x 107** cm® molecule* s™. In addition, secondary reactions
between HNF and H) F, and HS were examined. No reaction was observed to occur between HNF and
HNz. The reaction of HNF+ F was observed to occur with an estimated rate constant ok 2.0 cm?
molecule* s1. The rate constant for the reaction between HNF ap8 t#tas found to be less thanx

107%2 cm?® molecule® s,

A. Introduction limited reaction conditions and determined the fraction of [F]
that reacts with Hhto form HNF.

The measured concentration of HNF depends not only upon
the amount formed during (2) but also upon the amount removed
by secondary reactions. The flow reactor contains several
F -+ HN, — N, + HF (1) species which qould possibly react with HNF. Two pqssible

secondary reactions,+ HNF and HN + HNF, were examined
by varying the concentrations of F atoms andHnblecules,
respectively. Finally, a molecule not normally found in the flow
reactor, HS, was added to investigate the reactivity of HNF
toward H atom abstraction.

The chemical production of the azide radicak)hs com-
monly done using the reaction of fluorine atoms with hydrazoic
acid.

However, an alternative reaction channel, first proposed by
Sloan and co-worket and later observed experimentally by
Chen and Dagdigiahleads to the formation of the HNF radical.

F+NH; = HNF+ N, ) B. Experimental Methods

The kinetics and reaction dynamics of (1) have been extensively The reactions of F atoms with hydrazoic acid and with
studied*® The vibrational state distribution of HNF and its trifluoroiodomethane were carried out in a flow reactor at room
deuterated analogue have also been studied, but the branchinggmperature. The reaction products, HNF or IF, were detected
fraction between (1) and (2) has not been determined. Knowing using laser-induced fluorescence. The flow reactor and LIF
this fraction is essential if (1) is to serve as a useful source of system used in this work are described below.
azide radicals. Flow Reactor. The flow reactor was a 52 cm long, 50 mm
In this paper, we examine (2) using laser-induced fluorescencediameter Pyrex tube, which was coated with halocarbon wax
(LIF) detection of HNF with the goal of determining the to prevent the loss of radicals on the reactor walls. The inlet
branching fraction. The HNF fluorescence was calibrated using gas tubes for the Ar buffer gas, the F atom source,(CRe

the LIF of IF generated by the reaction reagent (either Hior CRl), and the quenching gas (for the
H>S + HNF experiments) were located in an aluminum flange
F+ CKl —IF + CK; 3) attached via an O-ring joint to the front end of the reactor. Two

baffled sidearms, located16 cm from the gas inlet, allowed
in the same reactor for the same JF]The rate constant for ~ the laser beam to enter and exit the reactor. The fluorescence
reaction (1) has been previously repoftéalbe (1.1+ 0.1) x was collected through a quartz window located perpendicular
10720 cm?® molecule! s1, while the rate constaftfor (3) is to the sidearms. The reactor was pumped using a mechanical
(1.62 + 0.16) x 1071° cm® molecule® s'1. The amount of pump/blower combination, and a linear flow velocity of 6400
HNF formed via (2) depends upon the elapsed time betweencm s' was achieved over the pressure range of-@4forr.
mixing the reagents and observation of the products using LIF. This resulted in a reaction time of 2 ms. By throttling the pump
At short times €2 ms) the HNF concentration is determined With a gate valve, the flow velocity could be reduced, thus
by the extent of reaction. At longer timesT—8 ms), the yield increasing the reaction time from 2 to 8 ms. Alternatively, the
of HNF is limited by the branching fraction, since the reaction reaction time was increased by adding a 30 cm extension to
is complete. We examined both situations under fluorine atom the flow reactor. This extension resulted in a reaction time of
~7 ms without throttling the pump. When using the extension,
® Abstract published irdvance ACS Abstract$yovember 1, 1997. an additional inlet tube for 6 was added to the flange. This
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Figure 1. LIF excitation spectrum of the AA’(0,0,0)— X 2A"(0,0,0) transition of HNF. The reagent concentrations were fAr].6 x 10,

[CF = 1.2 x 10%, and [HN;] = 3.2 x 10" molecules cm. The laser power was 1.4 mJ/pulse, and 64 laser shots were averaged for each data
point. The strong spectral feature near 495.5 nm ig@ebranch. The inset in the upper right corner shows a waveform taken by excitifi@she
branch. The waveform, which is the average of 2048 separate laser shots, gives a detaysof

inlet tube terminated with a perforated ring perpendicular to 0.02-4 us. Figure 1 shows a typical LIF spectrum of HNF
the axis of the flow reactor. The inlet tube for,$l was and a typical waveform for excitation of tf%€) branch of HNF
movable, allowing the time between mixing of the reactants as collected with our apparatus. For IF, thélBy:(v'=2) —
and the quenching gas to be varied. X 1I=t(»"'=0) transition was pumped (505-612.0 nm) and
The argon buffer gas was purified by passage through two the monochromator was set to 522.1 nm, thus monitoring
cooled (196 K) molecular sieve traps. The F atoms were fluorescence to the X2*(v''=1) state, which should have the
produced by passing an Ar/¢Rixture through a microwave  largest Franck Condon factor from the' = 2 level in the B

discharge. It has been shown previously that fos &@centra- state'* The waveforms were integrated over the 0-3B us
tions in the range (0-22.0) x 102 molecules cm® nearly interval. A typical spectrum of IF and a waveform for excitation
complete dissociation (2F CF,) is achieved::12thus [F} = of the P(10)/R(18) transition is shown in Figure 2. The intensity

2[CF4) was assumed. The HNvas prepared by the reaction of the strongest spectral features in the IF@ spectrum is
of excess stearic acid with sodium azide (Npheated to 363 ~10 times as intense as the strongest featureR@yeoranch)
K under vacuum. The product, which was collected in a 12 L of the HNF spectrum. For both HNF and IF, the fluorescence
Pyrex reservoir, was diluted to 10% with argon. ThelGind intensities were determined by scanning the laser over each
H,S were taken from commercial vendors and purified via spectral feature, th&Qo branch and the P(10)/R(18) transitions
freeze-pump—thaw cycles and stored as mixtures in argon. The for HNF and IF, respectively, and integrating to determine the
flow rates of Ch, HN3, CFsl, and H:S were controlled by  band area. The spectral intensities were examined as a function
stainless steel needle valves and measured by the pressure risaf laser power. This demonstrated that the transitions examined
in a calibrated volume. The argon flow rate was controlled by for HNF and IF were not saturated under our experimental
needle valves and measured by floating-ball flow meters that conditions.
had been calibrated using a wet test meter. C.1. Comparison of IF and HNF Concentrations. To

LIF System. The laser pulse was generated using a Nd: determine the relative concentrations of HNF formed by (2),
YAG laser (Quantel YG661S) pumped dye laser (Lambda the fluorescence was compared to that of IF generated by (3).
Physik FL 3002) operating at 10 Hz. The laser produced 10 This comparison was made in two different kinetic regimes.
ns pulses with energies 6f2 mJ/pulse at 500 nm with a spectral  The first case used a short reaction time, and the ratio of
bandwidth of 0.2 cm! using Coumarin 500 as the dye. The concentrations for pseudo-first-order kinetics is determined by
laser beam entered and exited the reactor via Brewster angle

quartz windows on the sidearms. The fluorescence was IE [Fl, (1 — efkg[CF3I]At)

collected using &4.5 condenser lens and focused onto the [IF] = 0 (4)
entrance slit of a 0.3 m monochromator (McPherson 218). A [HNF] K, — (kiHho)[HN ] At
Hammamatsu R955 photomultiplier was attached to the exit slit [F]Okl + k2(1 —¢€ )

of the monochromator, and the signal from the PMT was sent
to a digital storage oscilloscope (Hewlett-Packard 54522A)

. hereka, ko, he rat » (2), )
operating under computer control. wherek,, k;, andks are the rate constants for (1), (2), and (3)

respectively, andt is the reaction time. The second case uses
C. Experimental Results long reacti(_)n times_, and the ratio of IF to HNF is limited by

: the branching fraction between (1) and (2). In this case, the

When the HNF &A’(0,0,0)— X2A"(0,0,0) transition was  product [reagenfit is large, and the right-hand side of (4)
excited (494-498 nm), the wavelength of the monochromator reduces toK; + ky)/k.. The ratio of the LIF intensities of HNF
was set to 536.0 nm, thus monitoring the fluorescence back toand IF was measured in order to determine the ratio of the
the X2A""(0,1,0) staté3 The waveforms collected by the digital ~ concentrations, which in turn gives the branching réitgk,
storage oscilloscope were integrated over the time interval of + k).
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Figure 2. LIF excitation spectrum of the BlI,.(v'=2) — X '=*(v"'=0) transition of IF. The reagent concentrations were FAr].6 x 10, [CF,]

= 1.2 x 10' and [CRI] = 3.2 x 102 molecules cm®. The laser power was 1.7 mJ/pulse, and 32 laser shots were averaged for each data point.
The inset at the upper right shows a waveform taken by exciting the P(10)/R(18) transitions. The waveform, which was the average of 2048
separate laser shots, gives a lifetime of 72

TABLE 1: Reagent Concentrations and Measured Integrated Intensities Used To Investigate Reaction 2. At Short Reaction
Times (2 ms), the Rate Constank, Can Be Extracted from the Ratio of HNF and IF Concentrations. The Average Value ok,

is (6.34 3.5) x 10712 cm? molecule? s™1. At Long Reaction Times (7.8 ms) the Ratio of HNF and IF Concentrations Is Equal

to the Branching Fraction. The Average Branching Fraction Is 0.030 52

reagent concentrations

(10*?molecules cm?) reaction intensity ko (10722 e branching
[Ar] [CF4] [HN 3] [CF3l] time (ms) HNP IFP NHNF R/ NIE [HNF]/[IF] molecule’t s7%) fraction
15500 1.2 3.2 3.2 2.0 0.035 0.18 0.122 0.0327 4.66
15400 0.72 3.4 3.4 2.0 0.038 0.15 0.158 0.0425 6.03
15 800 0.74 1.7 1.7 2.0 0.044 0.12 0.232 0.0623 9.45
15900 15 3.3 3.3 2.0 0.045 0.24 0.119 0.0320 4.53
16 000 15 4.9 4.9 2.0 0.049 0.17 0.184 0.0493 6.72
62 100 2.45 20 20 7.8 0.017 0.16 0.148 0.0396 0.040
62 000 2.45 13 13 7.8 0.015 0.17 0.122 0.0329 0.033
62 000 2.45 11.8 11.8 7.8 0.013 0.16 0.113 0.0303 0.030
62 000 2.45 6.7 6.7 7.8 0.012 0.16 0.104 0.0279 0.028

a|ntegrated intensity from excitation of tf€, branch of HNF? Integrated intensity from excitation of the P(10) and R(18) transitions of IF.

The measured LIF intensities of IF and HNF are given in of a nonsaturated transition of IF can be represented as
Table 1 for a variety of experimental conditions. The areas of

the spectral features, namely tR@, branch of HNF and the = VLO Ay 5
P(10)/R(18) peak for IF, were measured. We can determine F = NiEi0iFj A+ ZAI +k,+ qu“v' ] ®)
either the rate constakt or the branching fraction for (1) and ! m aldiF

(2) by comparing the ratio of [HNF] to [IF]. whereng; is the number of IF(X) molecules in thi¢h state,

Quenching of HNF.Detection of the laser-induced fluores- ;. is the absorption cross section for the transition between
cence of the HNF molecule was initially attempted with reagent iheith andjth statesV is the imaging volumel. is the laser
flow rates of 0.21, 0.56, and 3337umMmol/s of Ch, HNs, and power, © is the light collection efficiency of the opticgy is
Ar, respectively, and a total reactor pressure of 0.5 Torr. Under {he Einstein coefficient for spontaneous emission between states,
these conditions, the measured lifetime for 8@ branch was  § A is the sum of Einstein coefficients for undetected emission,
1.0us, a factor of 3 shorter than the previously reported value |, is the predissociation rate constant, and kgl term
of 3.6 us 2 Further investigations into the reduced lifetime were represents the sum of electronic quenching and vibrational

performed by changing the argon pressure in the reactor. Figurere|axation. Similarly, the fluorescence intensity of HNF can
3 shows the SteraVolmer plot of 1f vs pressure. The plotis  pe represented as

linear with pressure, and upon extrapolating to zero pressure

we obtain a lifetime of 3.9+ 0.3 us, which is within the line = ”HNFkUHNijVL'Q

experimental error of the previously reported value. Further- ' ’ A

more, the quenching rate constant obtained for Ar is 3.0 ! (6)

0.3) x 107! cm® molecule! st. The estimate for the A+ ZA]-m+ ky + ZK(][M(}] HNE

uncertainty includes the flow time as well as the least-squares

uncertainty in the quenching plot. where nynex is the number of HNF(X molecules in thekth
C.2. Conversion of Relative LIF Intensities of IF and state. The ratio of (5) and (6) allows the experimental

HNF to Relative Concentrations. The fluorescence intensity  parameter¥ and® to be eliminated, resulting in the following
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Figure 3. Stern-Volmer plot of the inverse lifetime of HNF(Avs
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Quenching of IF(B) has been studied with a variety of
guenching partners. Using Ar as the bath gas, the quenching
rate constant of IF(BITo+) was determined by Wolf and Dadis
to be less than 1 10714 cm® molecule’® s™!. Furthermore,
the vibrational relaxation rate const&éhof IF(B) in Ar is on
the order of 1x 107'2 cm® molecule! st and neither
vibrational relaxation nor quenching is important for our
experiments. As previously discussed, the quenching rate
constant for HNF(A with Ar was examined and was found to
be (3.04 0.1) x 10711 cm?® molecule’! s

The final terms needed to determine the HNF concentration
excited by the laser are the relative absorption cross sections
for IF and HNF; these will be obtained from the radiative
lifetimes. The integrated absorption cross section may be
written in terms of the oscillator strength as

2
fay dv = =
mc

(8)

wherec is the speed of lightn ande are the mass and charge
on an electron, respectively, ahi$ the oscillator strength. The

pressure. The pressure was increased by adding Ar to the reactor. Thgygcijlator strength, including both rotation and vibration, can

radiative lifetime, obtained by extrapolating to zero pressure, was

determined to be 3.9 0.3 us. The quenching rate constant for HNF-
(A) with Ar was determined to be (38 0.3) x 107! cm® molecule®
s~ from the slope.

expression for the ratio of HNF molecules to IF molecules
excited by the laser.

Dok _ L e e [t 3 An + Kyt F KM
N Ay
A
At S Ant ket kM)

The ratio of HNF molecules to IF molecules in the specific
states denoted bk andi is determined by multiplying the

HNF

I
L' ik Ouneg

@)

IF

measured intensity ratio by a series of factors that can be

ascertained.

The predissociation rate constants for IF and HNF have been IOIF,U dv
previously determined. Clyne and McDermid have demon-

strated that IF(BTIo+) does not predissociate unless it is excited
above the/ = 8,J = 52 state’® Since in this work we did not
excite IF above/ = 2, the predissociation rate constant for IF,

be written as

f_ AUmC a\]r,\]n)
gt 2) 41

9)

where §J,J") are the Haol—London factors and)” is the
ground-state rotational quantum number. Combining (8) and
(9), we obtain the following expression for the integrated
absorption cross section:

fav dv =

The ratio of integrated absorption cross sections becomes (11).

A1J aJI,JH)
822" + 1

(10)

_ A VZHNFFS(J"JHHW[ZJHH (11)

IOHNF,U dv B Ainex vle |.2 "4 ST e

The formulas given by Herzbelyfor the Hal—London

kq, is equal to zero. Similarly, Chen and Dagdigian have shown factors for the R and P branches of a diatomic wth = +1,

that the lowest vibrational levels of HNFEA') do not predis-
sociate? thusky' is also equal to zero.
The sum of the Einstei\ coefficients for IF from the B

Mo+ (v'=2) state to the ground state is equal to the reciprocal

of the radiative lifetimefag= 7.1us, > A= 140 845 s. Using
the data of Clyne and McDermidthe A coefficient for the B
Mo (v'=2) — XI=H(y'=1) transition being monitored is
calculated to be 30 745%s Accordingly, in (7) thedy = 30 745
st and=Am, = 110 100 s'. For HNF, the individual Einstein
A coefficients are not known. However, from chemilumines-
cence studiéd we know that emission from the2A’(0,0,0)
level only occurs to four ground-state levels; those with=

0, 1, 2, and 3. Furthermore, the FrandBondon factors have
been calculated by Peric et'8lusing theoretical models. This
allows the relative magnitudes of th& coefficients to be
determined. Using this together with the radiative lifetimgy

= 3.6us, for the A’(0,0,0) state as determined by Chen and
Dagdigian? the A coefficient for the monitored transition?A'-
(0,0,0)— X2A""(0,1,0) is estimated to be39% of the=A =
277778 s'. As a result, we uséy = 107 500 s* and ZAn,
=170 278 s' in (7).

as is the case with the 8o+ (v'=2) — X '=*(»""=0) transition
of IF, are reproduced below:

@ +2+ANJ +1+A")
40"+ 1)
1 _ AH)(JH _
4\]”

SJI'+1J3)=

(J” _ An)

S -13) = (12)

Using (12), theS(J',J") for the P(10) and R(18) transitions
of IF were calculated. A weighted averageS§¥',J")/(2J'+1)
was used in (11). The weights were obtained from the relative
populations of the P(10) and R(18) lines as determined from a
300 K Boltzmann distribution.

A similar calculation may be made for HNF if it is treated as
a symmetric top molecule, which is possible since the ground-
state rotational constants of HNF, as determined by Woodfan,
are 17.688, 1.0389, and 0.9777 ©mfor A, B, and C,
respectively. The Fal—London formuld! for a R subband of
the Q branch of a perpendicular band of a symmetric top
molecule is given by
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. (Jl! + 1 + KH)(J” _ KH)
J'J'+1)

SJ'J") (13)

For theRQ branch of HNF, (13) is always equal to 1 since
K" = 0. The rotational contribution for HNF to (11) is thus
1/(23" + 1). The fluorescence intensity of HNF was determined
by scanning over thBQy branch and measuring the area. As

a result, all rotational levels are excited and contribute to the

measured intensity. A 300 K Boltzmann distribution was

calculated for a symmetric top molecule with rotational constants

equal toA andB = (B + C)/2. A weighted average was used
for J' = 1—40 with the relative populations used as the weights.

The ratio of the integrated absorption cross sections is calculated
using (11) to be 0.363 using the frequencies and previously

determined Einsteid coefficients.
For the final calculation the fraction of molecules in stdtes

andk that are excited by the laser is needed. The nascent IF

vibrational population distribution from (3) has been determined
using LIF in a crossed molecular beam experinf@ntTo
characterize the vibrational distribution in our flow reactor, the
LIF from " =0, 1, and 2 were recorded. The iF(Xbrational
distribution was found to be relaxed with 300 K Boltzmann
population ratios. The vibrational relaxation rate ofdfF(s
fast compared to the2 ms residence time before LIF probing.
As a result, we used a 300 K Boltzmann distribution where
87% of the IF molecules are in the= 0 state. We excited
two rotational transitions, the P(10) and the R(18), which are
overlapped with one another. The sum of the rotational
population, for a Boltzmann distribution at 300 K, fdr= 10
and 18 is~5.0% of the IF molecules in the ground vibrational
state. As a result, 4.4% of the total number of IF molecules
formed in (3) are probed by the laser.

The vibrational distribution of HNF formed by (2) is not
known: however, Chen and Dagdigfastated that HNF was
vibrationally relaxed in their low-pressure (2 mTorr) experiment.
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Figure 4. Intensity of the HNF(A fluorescence as a function of HN
concentration. The reagent concentrations were $Af.3 x 10'® and

[CF4 = 2.9 x 10" molecules cm3. The measured HNF(Afluores-
cence intensity @) rises as the HMNconcentration increases. The
calculated HNF concentration from the reaction of- FHN3 (—) with

a reaction time of 5 ms, assuming pseudo-first-order kinetics ig, HN

is given for comparison. No evidence of a decrease in the concentration
of HNF is observed, and hence, no reaction between HNF angl HN
occurs under these reaction conditions.

times, can be compared to one another. From the experimentally
determined value df, and the value ok; reported by Habdas
et al® the branching fraction may be calculated. The branching
fraction calculated in this way is 0.05, in close agreement with
the value determined from long reaction times.

The uncertainties given for boka and the branching fraction
were calculated by propagating the uncertainty in the measured
data and the input parameters. The most significant source of

If HNF has a thermal vibrational distribution, then 95% of the otential error is the uncertainty of the relative absorption cross
molecules are in the (0,0,0) state. An excitation spectrum of gections for IF and HNF, which was determined to be Gt36

the A2A’(0,0,0)— X2A"'(0,0,0) transition of HNF is shown in

0.18. Other important sources of error are the measurement of

Figure 1. The rotational transitions that are pumped are thoseipe | |E intensity and the Einsteié coefficients for HNF.

in the RQp band, which are overlapped in the spectrum. The
width of this spectral feature is~5 cnrl. Although the
bandwidth of our laser is 0.2 crh, we scanned the entiftQ),

C.3. Determination of Reaction Rate Constants of HNF.
In addition to the formation rate constant of HNF from &N
and F atoms, it is necessary to understand the secondary

branch. Treating HNF as a near prolate symmetric top, the reactions of HNF that might remove it from the reactor. Several

rotational population was calculated for a 300 K Boltzmann
distribution. Approximately~16.4% of the molecules ha¥e’
= 0 and are accessible to the laser.

Thus, (7) allows one to determine the ratio of HNF molecules
that are excited by the laser relative to the number of IF

possible reactions of HNF, produced via (2), were examined.
These included reactions with HNF atoms, and bS. Each
of these possible reactions is discussed below.
HNF + HNs. The possibility that HNF reacted with HNh
the reactor was examined under fluorine atom limited reaction

molecules excited by the laser. Since 4.4% of the IF molecules conditions by varying the amount of HNh the reactor while
and 16.4% of the HNF molecules are accessible to the laserkeeping the fluorine atom concentration constant. The reaction
pulse of light, the ratio determined by (7) can be scaled to the time was 5.1 ms. As shown in Figure 4, the HNF fluorescence

total ratio of HNF and IF molecules.
Comparison of IF and HNF Concentrationd.he integrated
LIF intensities of IF and HNF for the same [Riere recorded.

rises as the Hp concentration increases. Once the HN
concentration exceeds8 x 102 molecule cm3, the reaction
of F + HN3 should be complete. The apparent further increase

A variety of reactant concentrations, as shown in Table 1, were in HNF concentration is due to scatter in the experimental data.

used. Using the data collected with a reaction time-8fms,
the branching fraction for HNF in the reaction of BIMith F

was determined for each set of initial reactant concentrations.

The average branching fraction was found to be @3
Using the data collected with a reaction timAt) of ap-
proximately 2 ms, and comparing the ratio of IF to HNF
concentrations obtained from (7), the rate constgntvas
calculated. Using the known values kf and ks, the rate
constantk, was determined to be (6.& 3.5) x 10712 cm?®
molecule s71. The two sets of data, at short and long reaction

No evidence was found for a decrease in HNF concentration as
a result of added HjN

HNF + F. Another possible secondary reaction is that
between HNF and F atoms. This reaction was studied by
increasing the amount of GFand hence F atoms, passing
through the microwave discharge while maintaining a constant
HN3; concentration. The HNF fluorescence observedNb=
7.0 ms decreased at high £foncentrations, as shown in Figure
5. Since the experimentally measured lifetime of HNIA
did not change, the decrease in fluorescence is due to the
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Figure 5. Intensity of HNF fluorescence as a function of added.CF

The reagent concentrations were [Af]1.8 x 10 and [HNy] = 5.2 Figure 6. Addition of H.S to the reactor had no effect upon the HNF
x 102 molecules cm. The experimental results®] show that fluorescence intensity. The reagent concentrations were=fAt]8 x
increasing the CFconcentration, and hence increasing the F atom 10 [CFj] = 1.1 x 10*% and [HN] = 7.2 x 10'> molecules cm®.
concentration, reduces the amount of HNF. The lines indicate various The data shown are for no.8 (), for H,S with a reaction time of 5
fits from the kinetic models described in the text. Using a constant ms (¥), and for HS with a reaction time of 2 msm). Within
CF, dissociation and HNF- F rate constants of 1. 10710 (-++) or experimental uncertainty, all three data sets have the same HNF(A
2.0 x 10720 (- - -) crm® molecules?® s™', model fits to the data were  fluorescence intensity.
obtained, but these fits are not adequate representations of the dataCF, concentration regions adequately, but it is the overall best
US';‘gfovaﬂab'ﬁﬁcF d'ﬁsoc:at"l’” ﬁﬁ"i;]encﬁ’. arlq a ra‘g ?O”Stam ‘if |2-0 fit to the data. The probable failure of the model results from
x () cm’ molecules’ s-, the kinetic model adequately o 555 mption of constant CHissociation efficiency, which
represents the experimental data. . 112

is known'!'2to decrease from a value of two F atoms from

TABLE 2: Reactions Used To Model the Reaction of F each Cktoward one F atom for each GBs the concentration

Atoms with HNF. Unless Otherwise Noted All Rate

Constants Were Obtained from the NIST Kinetics Database

[Ref 24]

rate constant

reaction (cm® molecules® ™) When the CEk concentration was below 2.6« 102 the
F+ Ns— NF(a)+ N 58x 10 dissociation yields two F atoms for each {CFAbove 1.0x
F+ HN3— HF + Ns 1.1x 107192 10%3, the dissociation yields only a single F atom. Between
N3+ N3— N2+ N2+ N 1.4x 10712 - .

126 these two regimes, the F atom concentration was calculated from

2NF(a)— N, + 2F 5.0% 10° : . .
F+ CFR— CR 1.3%x 10-1 a fit to a third-order polynomial [F}= 2.42[CR] — 2.56 x
F+ CF— CF, 2.0x 101 107 9[CF4)2 + 1.14 x 102 CF4).2 Using this new assumption
F + HN3;— HNF + N, 4.2x 1012¢ about the dissociation efficiency of GRhe kinetic model fitted
F+ HNF — HF + NF(a) 2.0x 10710¢ the experimental data. The best fit was = 2.0 x 10710 cm?

increases from 2.0x 10% to approximately 1.0x 103

molecules cm3.

The F atom concentration used in the kinetic model was
changed to more accurately reflect the expectegdsociation.

molecule’l s\, The uncertainty is probably50%.
_ HNF + H,S. The final secondary reaction that was studied
removal of HNF(X by (14). The most likely products are HF  was that between HNF and,8. The goal was to investigate
+ NF(a!A) following the recombination to give HNF the reactivity of HNF toward H atom abstraction.,3Hwas
added to the flow reactor downstream of the $#¥id F atom
HNF + F— products (14) " inlets. This allowed (1) and (2) to proceed before th& ould

To obtain an estimate of the rate constant for (14), we fitted scavenge the_ F at.oms. As shown in Figu“? 6, the. HNF
the experimental data using a kinetic model. The reactions usedlUorescence intensity was not affected by the introduction of

in the model are found in Table 2 along with their rate constants, H2S: Furthermore, changing the position where 38 entered
The first attempts at kinetic modeling assumed that the the reactor, and thus altering the reaction time between HNF

dissociation of Ckin the microwave discharge was constant, and HS between 2 and.5 ms, also mgdg no difference in the
always yielding two F atoms and a €Fadical. The best fit HNF fluorescence intensity. An upper limit for the rate constant

for the HNF + F rate constant using this assumption was a IS determined in the foIIow?i’ng way. At thg maximum,$
value between & 1010 and 2x 10-10 cm? molecule? s1. concentration used, % 10 molecules cm3, and a 5 ms
Both of these fits are shown in Figure 5, and neither adequatelyreaCtion time, a 10% decrease in the HNF concentration would

describes the experimental results. Below, G6ncentrations ~ '€dulré thit the rate consiarltl for HNFH,S be smaller than
of 2 x 102 molecules cm? the experimental data can be ~1 102 cm?molecule™ s Since no such decrease was

adequately fit using the rate constdat = 2 x 10710 cn? observed, the true rate constant must be less than this value.

molecule’l s7!, but at higher CEk concentrations the model
calculations suggest that the HNF concentration should be lower
than the observed value. Similarly, if one ukgs= 1 x 10710

cm?® molecule® s71, the model fits neither the low or the high

aReference 8° Reference 25¢ This work; see text.

D. Conclusion

The reaction of F atoms with H\via (1) or (2), forms the
products HF or HNF. Over a variety of initial reactant



Product Branching Fraction for HNF

conditions, we have determined the average product branching

fraction for HNF formation to be 0.0302 The rate constant
for (2) is ko = (6.3 & 3.5) x 10712 cm® molecule’* s
Electronically excited HNF AA’(0,0,0) is quenched by argon
with a rate constant of (3.8 0.3) x 10~ cm?® molecule?

s 1. Several possible secondary reactions of HNF were studied.©"

No reaction occurs between HNF and 5 H,S, but a reaction

does occur between HNF and F atoms. The latter reaction

occurs with an estimated rate constant~e® x 10710 cm?®
molecule’! s~!. By analogy with the H+ NF, reaction?? the
products are probably HF NF(alA) following the dissociation
of HNF..
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