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Abstract. Branching fractions in the dissociative recombinazombine with electrons and dissociate into neutral fragments.
tion of NH; and NHj” molecular ions with electrons were meatn the gas-phase theory, most polyatomic neutral molecules are
sured using the CRYRING heavy ion storage ring. We haassumed to form via DR reactions between polyatomic positive
determined complete branching fractions for Net 0eV and ions and electrons. DR reactions are usually exothermic for a
2 meV collision energies, and at 0 eV collision energy for;NH variety of fragmentation channels, and relative formation rates
We found the dissociative recombination of Mo be domi- for different sets of fragments, known as branching fractions,
nated by the two body, ‘ammonia’ channel. The branching fraare required for proper modeling.
tions we obtained at 0eV are 0.69 0.03 for the NH + H To model the abundance of the NHNH, and NH
channel, and for the breakup into the NiHH, and NH, + 2H molecules in the interstellar clouds, it is desirable to know the
channels 0.16- 0.02 and 0.2} 0.03, respectively. The valuesDR branching fractions for all the polyatomic ions of the am-
we obtained for 2 meV are about the same as at 0 eV. For thenia group (NH, NHZ, and NH}).
NH; ion we obtained 0.66- 0.01 for the three bgdN + H + The theoretical determination of the branching fractions for
H channel, 0.34t 0.02 for NH + H, and no breakup into thepolyatomic ions is a complex problem, since a large number of
N + H, channel. Dissociative recombination of ljitind NH  potential energy surfaces has to be considered. The branching
is important as a potential source of some neutral molecufesctions for NH were calculated using a theory derived by
found in the interstellar clouds (NKINH,, and NH) and the Bates|(1991), which assumes that the dissociation that requires
measured branching fractions have important implications fibre least number of valence bonds to be rearranged is favored,
modeling the chemistry of these clouds. We report also on thed were also calculated by a statistical theory of Herbst (1978).
relative dissociative recombination cross sections foifNtid There are no calculations for the branching fractions fogfNH
NH; for collision energies below 60 eV. Experimental data are needed as guidance for the theory. Adams
et al. [1991) have obtained data related to the branching frac-
Key words: ISM: molecules — ISM: clouds — molecular protions in DR of NH;, while to the best of our knowledge no

cesses experimental data are reported for the branching fractions in
DR of NH; .
For the NH/ ion, three DR channels (with branching frac-
1. Introduction tionsnq, na, ng) are energetically allowed at 0 eV energy:
More than 100 molecules have been identified in interstellar N+Hy+86eV  (n1)
clouds [(Dalgarno & Lepp 1996. Roueff 1997), and about on&1] +e — NH+ H + 7.4eV  (ng)
tenth of them are ions. Neutral molecules and molecular ions are N+H+H + 44eV (n3) 1)

formed in chains of formation and destruction reactions. In at-
tempts to understand why the molecules and molecular ions areFor the N"!f ion five channels (with branching fractions,
presentin the various regions in the observed amounts, comm@xn3, ny, ng) are open at 0 eV energy:

models have been constructed containing thousands of chemical NHatH + 4.8V ( / )
reactions, most of them dealing with gas-phase processes (Dal- 3 ‘ !
garno & Black 1976, Prasad & Huntress 1979, van Dishoeck & NH; +Hy +4.6eV (ny)
Black 1986, van Dishoeck 1988, Millar et al. 1991, SternbemH+ +e— NHy+H+H+0.1eV (ny)
& Dalgarno 1995). Molecular ions are hard to observe, since /
their densities are low as they are subject to the very efficient NH +H +Hp+ 0.6eV (ny)
process of dissociative recombination (DR), in which ions re- N +2Hy+1.8eV ( ;)

(2)
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The given values for the kinetic energy release correspa
to having the fragmentation products in their ground state
This paper reports on complete branching fractions at0eV &
2 meV collision energy for the NHion, and at OeV for the
NH; ion.

Concerning the DR cross section for NiHthe cross section
was measured by DuBois et &l._{1978) in the collision ener
range from 0.065 to 2 eV, using the ion-trap technique. In t
review paper, Mitchell{1990) presented the unpublished rest
of P.M. Mul for the DR cross sections for both frand NH; .

In the present work, we report on relative dissociative recom|

7
. . . . . \
nation cross sections for NHand NHj for collision energies N

below 60 eV.

7’\

Fig. 1. View of heavy-ion storage ring CRYRING at the Manne Sieg-
2. Experiment bahn Laboratory at Stockholm University. lons stored in the ring inter-
act with electrons in the electron-cooler section and neutral products
The experiment illustrated in Figl 1 was performed at the heaane detected at the @etector.
ion storage ring CRYRING at the Manne Siegbahn Laboratory

in Stockholm, Sweden. Only a brief description of the expefianching fractions and 6 s for the DR rate measurement, which

ment is given here, and more details can be found in the pagerang that NE may have been partly vibrationally excited in
of Stdmholm et al.[(1996). The NHand NHj ions were ,ase measurements.

created in a conventional hot filament ion source (MINIS). Af- a1 the cooling, the longitudinal electron velocity is tuned

ter extraction from the source, the ions were mass selectg\g,ay from the velocity-matched condition. The detuning ve-
injected into the storage ring, and accelerated to an energy vy ., is the difference between the ion and electron veloc-

6.1 MeV and 5.4MeV for NI;‘ and NHJ, respectively. In ities, and it defines the center-of-mass enefgyyat least for
the section of the storage ring labeled as electron cooler, 5@e> kT, ), the effective collision energy

ion beam was merged with a velocity-matched electron beam.

The electrons in the cooler section have a small thermal en-  m.v3 4
ergy spread. Their velocity distribution can be described by ah™ 92 (4)
anisotropic Maxwell-Boltzmann distribution, since the velocity Following the electron cooler, the ions are bent by a dipole

sApr((ajad IS d'geéem alfggothe beam andinthe transverse directioh et and continue to circulate in the ring, while the neutral
(Andersen & Bolko ) products from the DR process as well as those produced in
m < m ) 1/2 collisions with the rest gas follow a straight line and hit an ion-

flve) = S kT S i T implanted surface barrier detector, located approximately 4 m
Thfel \ 2MitLey from the cooler. The diameter of the detector used in this mea-
mev? mevf surementwas abogt4 cm. The pulse heightofthe signalfromthe
Xexp TOTL, 2k, | (3)  detector is proportional to the total deposited energy. The spec-
¢ “l tra were recorded using a multichannel analyzer (MCA). All the
The corresponding longitudinal and transverse temperatufiegments hit the detector at practically the same time, and the
arerespectively) andl’; . Inthe presentexperimehtl) ~ 0.1 DR signal appears in the spectrum as a peak at the total beam
meV andkT; = 1 meV. For every injection cycle and beforeenergy, regardless of the DR channel it originates from. Neutral
starting the data acquisition procedure, ions were stored in tlissociation products from iefrest gas collisional excitation
ring for a certain ‘cooling’ time. The electrons move with th@ppear as a peak at a fraction of the total energy, proportional to
same average velocity as the ions, and during this time the rére ratio of their mass to the total ion mass. The intensity of the
dom thermal motion of the ions is reduced in many collisiongeak in the spectrum is proportional to the number of events in
with electrons. As a consequence, the ion beam shrinks in lie corresponding process. The H angddiksociation products
ameter. The extent of this translational cooling depends on tan have a large kinetic energy of release and may come out
charge-to-mass ratio of the ions. Another cooling process tlatelatively large angles. The diameter of the detector was not
can occur during this time is the relaxation of ions througharge enough, and thus some part of the energetic H atoms from
infrared emission to the ground vibrational state, but only f@R of NH; missed the detector. We made corrections for this
infrared-active vibrational modes. For NHhe ‘cooling’ time  particle loss in the data evaluation for both cross section and
of 4.6 s was enough for complete vibrational relaxation. ThHeanching fractions of NE.
NH; ion is a symmetric molecule having two infrared-inactive  In order to determine the branching fractions, a grid with a
vibrational modes, and cooling for tens of seconds would be néaiown transmission was inserted in front of the detector. The
essary for decay to the ground vibrational state (see e.g.] 19T@)nsmission of the grid has been measured to be Gt31P16
However, the ‘cooling time’ was only 2 s for the measurement ([Datz et al. 1995). The probability that neutral fragments will
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Fig. 2. MCA spectra of neutral fragments in dissociative recombin&J9- 3. MCA spectra of neutral fragments in dissociative recombina-
tion of NH;” measured by the surface barrier detector. On the top th@" of NH;” measured by the surface barrier detector. On the top the
spectrum af = 0 eV with a distinct dissociative recombination peak i§Pectrum at =0 eV is shown. Besides the distinct dissociative recom-
shown (markedsN + 2H, mass = 16). On the bottom the backgroun@ination peak (markedsaN + 4H, mass = 18), there are considerable

spectrum measured with the electron cooler turned off is shown. Rignals in the N+3H and N+2H peaks due to light particles missing
background signal appears at full beam energy. the detector. On the bottom a background spectrum measuigd at

2.5eV (explanation given in the text) is shown.

pass the hole is equal o, the transmission of the grid, and the

probability that they will be stopped is equal to- T'. Parti-
. . . eak, markedsN + 4H(mass = 18 product), that includes prod-
cles stopped by the grid do not contribute to the signal frOHE:ts of all energetically allowed DR channels: NH H: NH,

the detector, and the DR signal splits over a series of peaks. ﬂﬁ NHy + H + H: NH + H + Hy: N + 2H,. The background
2; 2 2, 2.

e e oo or 10 s appear ot lower e 3 at i1 N+ 2
i . k /18 N + H at15/18, N at 14/18, 3H at 3/18, and 2H at 2/18 of
culate the branching fractions. : :

the total ion energy. In this case, not even the 2H peak could be

resolved from the electronic noise. The spectrum is also taken at
3. Data analysis 2.5eV as shown at the bottom of Fig. 3. We used this spectrum
as a background spectrum, instead of the spectrum taken with
the electron beam turned off. This was done because, due to the
The complete data analysis procedure is described in the pdpss of the particles from the detector, the background spectrum
of Stromholm et al.[(1996), and only the main features will bezas not the same with and without electron beam. The energy
given here. In Fig.2 a typical MCA spectrum for jHtaken at of 2.5eV was chosen because the DR rate has a minimum at
0 eV collision energy is shown. The energies of the DR produdtss energy, where it is six orders of magnitude less than at 0 eV,
and ion-rest gas collisions products are related to the total masd it is also below the threshold for the process of dissociative
of the products, and peaks are marked with the symbols for #ecitation, which could contribute to the background peaks. The
particles they contain. The peak at total ion energy is the OBR data for NH™ were also corrected for the small contribu-
peak, marked 2N + 2H (mass = 16 product), that includegion of the electron capture from the rest-gas particles to the full
products of all DR channelfN + Hy; NH + H, and N + H + energy peak.
H. The small peaks at the lower energies are the backgroundFor both NH and NH/, the energy spectra were fitted
from the ion-rest gas collisionsN + H at15/16, N at 14/16, assuming Gaussian profiles for the peaks. Then the integrated
and 2H at 2/16 of the total energy. The peak from H couliimber of countsVpy in the respective DR peaks were deter-
not be resolved from the electronic noise. On the bottom wiined along with the integrated coumigy in the respective
Fig.2 is shown the spectrum with the background only, takéackground N peaks. Since the background is proportional to
with the electron beam turned off. The maximum-energy pe#ie rest-gas pressure, which remained constant during the ex-
practically disappeared, which means that the contribution périment, the relative DR rate coefficieat vo >,.; is pro-
electron capture from the rest-gas particles to the DR signapisrtional to the ratiadVpr/Ny. The brackets indicate that the
very small. Still, at higher energies (above 1 eV) where the Débtained DR rate is an average value, because of the above men-
cross section is small, the capture signal is not negligible, atimhed electron-velocity spread EQl (3). The values for the DR
the data were corrected for this small effect. rate coefficients thus obtained were divided by the correspond-

In Fig.[3 an MCA spectrum of NH, taken at 0 eV collision ing center-of-mass velocity, that is the detuning velogjtyto

energy is given. The peak at total ion energy in Eig. 3 is the Ddbtain cross sections. For collision energies lower than 1 meV

3.1. Dissociative recombination cross section
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(the maximum energy spread in this experiment) a Fourier traesery DR channel, the number of counts that come to a certain
form technigue (Mowat et al. 1995; 8tnholm et al. 1996) was peak are also proportional to the total number of DR events for
used to get the cross section from the measured rate coefficiémt channel. A set of linear equations connecting the number
by deconvolution of rate coefficient for the electron velocityf events in the different channels to the measured number of
with the assumption of the anisotropic electron velocity distréounts in the different peaks can then be set up. For NtH

bution defined in EqL{3). can be written as:
We made corrections for a few more effects. The first wa Ny om T2 T2 T3
an electron energy correction for the electron space char eNN+H 0 T(1—T) 2T%(1 - T)
(Kilgus et al. 199R2), including its partial neutralization by pos Ny = T(1-T) 0 T(1-T)>
itive ions, formed from electron impact ionization of residual Noy T(1-T) 0 T2(1-T)
gas and trapped by the electron beam space charge (see, e.g.,
Gao 1996). Also, the DR rate was corrected for the contribution M
from the so-called toroidal regions at the ends of the electron Na (5)
cooler, where the relative velocity between the ions and the elec- N3

trons (and the effective collision energy) is different from that Qfhere Ny, 57, Ny 11, Ny, andN,; are the number of counts
the straight section. An iterative procedure for this correctionijgthe corresponding peaks and, N, andN; are the number
described by Lampert et al. (1896). Further, at higher energiggevents in the different DR channels. The branching fractions
the process of dissociative excitation starts to contribute to the ,,, andn are obtained after normalizatien = N; /(N1 +
background peaks. We measured the rate for this process and, y.) i =1, 2, 3.
corrected the DR rate accordingly. For NH; the set of equations can be written as:

For NH}', we had to estimate the portion of the counts from
the DR process that appears in the background peaks becauge 8ty | 47
the H and H particles that missed the detector. In the first ste ,NJ’\,+3H
the integrated number of countgy in the respective DR peak, NJ/V+2H B
and the integrated number of coum&ysm, Nxtom, VNN, NZ/\H-H -
and Ny in the respective N+3H, N+2H, N+H, and N back N,
ground peaks were determined for every collision energy. Than,
the ratioSNN4+3u/NN, Nxton/Nx and Nyoy /Ny were de- 3

2 2 3 3 3
termined at the energlf = 2.5eV, where the DR rate is very T T T T T

low, and its contribution to the background peaks due to mi L(1-T) 0 272(1 - T2) Tz(l -T) ) 0
ing particles is negligible. The contribution of counts from th 0 TA-T7) TA-T)" T°(1- Tg 2I°(1=1)
DR process to the N background peak can be excluded in the 0 0 T(1-T) 0

0 0 0 0 T(1-T)?

entire range of collision energies, since for a contribution thefe

two hydrogen molecules would have to miss the detector (also,

the kinetic energy release is only 1.8 eV, see Eq. (2)). By m 'Ni
tiplying, for every collision energy, the respectitg; with the N,
ratiosNy 31 /Nn, Nx42n /Ny andNy 41 /Ny determined for N;,
the energy = 2.5 eV, the number of pure background count N
in the Ny s, Nnaion, and Ny, g peaks were obtained. The 4

surplus of counts in the background peaks must have originated °

from the DR process, and be due to the missing of particles Rpere N’ N, N, N N. andN... are
N+4H' “"N+3H' “"N+2H' “*"N+H®' “'N? 3H

the detector. We found that 0.28 of the DR peak was lost: O%Ge number of counts  in the corresponding peaksHéd

tothe N + 3?2?‘":;@ %Oztto &N + 2Hpeak. All the data N,, N3, N,, andN; are the number of events in the different

were corrected for this efiect. DR channels. The branching fractions, n,, ns, n,, andng
are obtained after normalization, exg,,= N, /(N; + Ny +

3.2. Dissociative recombination branching fractions Ng + Nzi + Né), i=1,2,3,4,5.

As mentioned above, inserting the grid in front of the detector The first three linear equations in the matrix, which

splits the DR signal over a series of peaks. For example"? WdeNy 41, Ny 55 NANy 154, Were corrected for the

NH and H fragments from the DR of NiH (with branching missing of particles by the detector, using the values for the

fraction np) are impinging on the grid, the probability that bot hoét::?gsc;fsfzgtigr? dca?[;na:f]arrlzisseqrﬁg ;Z?n%itfg;%s sctc')rﬂﬁttsi;?]_
fragments will pass and appear in the DR peal’?s The ysIS.

probability that NH will pass and Hwill be stoppediigl — T), not be found explicitly from the spectra obtained by using the

and these DR events will contribute toeth + H peak. The grid, because it splits over the DR and the background peaks.

probability is the same for H to pass and NH to be Stoppe'&]erefore, its implicit value is used:

but in this case the DR counts will appear in the H peak. Far, . — N, + N, + N:; + N, + Né_ (6)

0 T(1-T) T?(1-T) T(1-T)% 2T(1 —T)?
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Fig. 4. Relative cross section for dissociative recombination off{NHFig. 5. Relative cross section for dissociative recombination offNH

as a function of collision energy. Solid squares show cross secti@ssa function of collision energy. Solid squares show cross sections
obtained by dividing measured rate coefficient by the electron velocitptained dividing measured rate coefficient by the electron velocity.
The solid line is a cross section deconvoluted with the assumptionTdfe solid line is a cross section deconvoluted with assumption of an
an anisotropic Maxwell-Boltzmann electron velocity distribution andnisotropic Maxwell-Boltzman electron velocity distribution, and us-
using a Fourier transform technique. ing a Fourier transform technique.

In the first equation O.ZBIDR,is multiplied by the transmis-  p-15 ¢4, 0.08< E < 0.24eV, and
sion function7 and added tdVy, , , ;. In the second equation
0.26Npg is multiplied by the transmission functi@i? and sub-
tracted fromN]’VHH. Finally, in the third equation 0.0 b is
myltiplied by the transmission functi@?¥ and subtracted from E-

E=33 for0.36 < E < 2.8¢V. (8)

In the first energy interval, the cross section follows the
'dependence. The obtained energy dependence in the sec-

Nniom- ond and the third energy range agree very well with the energy
dependence data obtained by DuBois etlal. (1978) in the same
4. Results and discussion energy rangesE— 14 and E—34, respectively. It is important

to note that in the measurement of DuBois et [al. (1978) the
storage time was 90 min, enough for decay of all four vibra-

The relative DR cross sections for §Hand NH;, measured tional modes, and in the present measurement it was only 3s.
in the collision energy interval from 0.001 to 65eV for §iH However, the obtained energy dependence does not reflect any
and from 0.001 to 33eV for NH, are shown in Fidgl4 and difference due to possible vibrational excitation of the ;NH
Fig.[5, respectively. The solid lines are the cross sections @1 in the present measurement. The broad peak in the cross
convoluted as described above. The error bars in the graphssg@tion at 11 eV could be from the capture to the Rydberg states
purely statistical at the one sigma level. The energy depende@ggociated with the ionic core which dissociates to;NHH*.

of the cross section is important for our understanding of the

dynamics of the DR process. We have found that the eneigy pissociative recombination branching fractions
dependence of the DR cross section forjNid

4.1. Dissociative recombination cross section

The spectrum of neutral fragments from DR of the Nion,
E~%? inthe energy range.001eV < E < 0.025eV, obtained with a grid in front of the detector, is shown in Fig. 6.
E~'* for0.028eV < E < 0.1eV,and The spectrum ak’ = 0 is given on the top, and the background
13 spectrum measured with electron cooler turned off on the bot-
E for0.1eV < B < leV. ) tom. After the background subtraction from the top spectrum,
In the first energy interval the cross section approximate®d solving the set of equations E(. (5) that connects the number
follows the E—! dependencé (Wigner 1948), typical of the diof events in the different peaks to the number of events in the
rect DR mechanism. The obtained energy dependence in @iféerent DR channels, we obtained the branching fractions in
interval 0.028 e\« E < 0.1eV agrees with the value given byDR for NH;
Mitchell (1990): £ —1-35 for E > 0.05eV. The broad peak at
7 eV could be from the capture to the Rydberg states associdted= 0-00 = 0.01; n2 = 0.34 £0.02;
with the ionic core that dissociates to NH +H nz = 0.66 +0.01. 9)
For the energy dependence of the DR cross section fgf NH

we obtained The obtained branching fractions are similar to those ob-

tained for CH (Larson et al. 1998), which is also dominated
E997 inthe energy range 0.00& E < 0.05 eV, by the three-bog C + H + H channel (0.63).
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RS The same procedure with the data taken at 2 meV energy resulted
1400 1 NH, +e ; in the following branching fractions:
12000 E=gev;gridi
n - ,grna in ’ ’
£ 1000 - ny = 0.67 £ 0.03; ny = 0.09 £ 0.02;
> 800 ’ ’
8 s00 L\ E ng = 0.24 £0.03; ny, = 0.00 £0.01;
S 400 F and n5 = 0.00 + 0.01. (11)
& 200 F
IS ok The uncertainties in the branching fractions were calculated
g - i ' 2' ' é ' A'l taking into account the uncertainties of fitting the peaks, the
z 3or electrons off uncertainties in the estimation of number of particles missed
200 = grid in by the detector, the uncertainty of the grid transmission and the
100 = h uncertainty corresponding to the background substraction. The
oF N 1 uncertainties are added in quadrature. There is no difference
0 1 2 3 4 5 6 between the obtained branching fractions for,;Nat 0 eV and
Energy of neutral fragments [MeV] at 2 meV within the uncertainties.

Bates[(1991) presented NHlata of Adams et al[(1991),

Fig. 6. MCA spectrum of neutral fragments in dissociative recombina . . . . .
tion of NH; detected with a grid in front of the detector. On the tog)?gEggobgsucsfnﬁgtgfngomggjg?ﬁ;gfl?;vcttiizgmque' in the form

the spectrum akl = 0 is shown. On the bottom background spectrurﬂ

measured with the electron cooler turned off is shown. n’l + 2n§3 — 1.08 and

1800 —————7—— ny —nj = —0.08. (12)

1600 | i i

C + These are in very good agreement with our results

1400 [ NH, +e y9 g
g 1200 F E=0eV;gridin nj +2n5 = 1.11 £0.07,and
§ 1338 F nh —nj = —0.11 £ 0.04. (13)
S5 600 o Comparing with the theoretical data, there is no agreement
5 400 | with the obtained experimental results. Herbst (1978) obtained
£ 200 ® at a temperature of 10K that the fraction of the ammonia-

0E . X ) o .

2 200 L " ] forming channel (with branching fractiony in Eg. (2)), is only

—
L b\le =5 evz; grid in ° 0.24. On the opposite extreme, Bates (1991) predicted that all
100 | DR proceeds through the ammonia-forming channel.
0 AT . Our results show that two body ammonia-channel is dom-
0 1 2 3 4 5 inated in DR of NH with n}= 0.69. Among the polyatomic
Energy of neutral fragments [MeV] _mole(_:ular ions experimentally investiga_ted SO far,_this is the
ion with the least degree of fragmentation. Thus, in the stor-
Fig. 7.MCA spectrum of neutral fragments in dissociative recombinage ring measurement of DR foB* Vejby-Christensen et
tion of NH;™ detected with a grid in front of the detector. On the top thgj (1997) obtained 0.33 for the,® + H channel. In a flow-
spectrum a#y = 0 is shown. On the bottom the background spectruffq afterglow measurement Williams et al. (1996) obtained only
measured at energy = 5€eV is shown. 0.05 for the same channel. Semaniak efal. (1998) obtained also
only 0.05 for the CH + H channel in DR for le',j. Herbst
and Lee[(1997) suggested that the dominance of the three body

The energy spectrum of neutral fragments from DR of tid1annels could be explained by secondary fragmentation of vi-
NH;" ion, detected with a grid in front of the detector, is showhrationally or electronically excited molecular products of the
in Fig.[Z. On the top the spectrum &t= 0 is shown, and on two body channels. The energy release in DR of thg Goh
the bottom the background spectrum as measured at eRergy for the three-body Cki+ H + H channel is 3.51 eV, the energy
5eV. The spectrum taken at 5 eV could be used as a backgrollgase in DR of the fD ion for the three-body & + H + H
spectrum, as the DR rate is small at this energy, and meas@annel is 1.3 eV, and in DR of the NHhe three-body Nbi+
ment with the grid was not done at 2.5 eV. After the backgroutiéi+ H channel is very close to thermoneutral, with the energy
subtraction from the peaks on the top spectrum, and solving tgtease 0.1 eV (Bates 1991). The importance of the three-body
set of equations for NE Eq @), we obtained the branchind;hann6| in DR seems to depend on this SUrpIUS energy: the ob-

fractions in DR for NH at 0eV: tained DR fractions for the three-body channels are 0.70 for
CH:, 0.48 for H;O*, and 0.21 for NH . One may conjecture
ny = 0.69 £ 0.03; n} = 0.10 = 0.02; from these values that the vibrational energy in the molecular

; o . products caused the secondary fragmentation.
”? =0.21+0.03; ny=0.00+0.01; It is interesting to note the similarity of the breakup of
and ng = 0.00£0.01. (10) the NH, molecule in DR of NH and the photodissociation
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