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This paper reports crossed laser-molecular beam scattering experiments measuring the
photofragment velocities and product branching in the photodissociation of trimethylamine
(N(CHs)3) at 193 nm. We have observed two primary N—iénd fission channels that ultimately
produce different nitrogen-containing species, ;&M (CHg), (X ?B;); CH;+N(CHg)%—CH;,
+CH,NCHz+H. The data also indicate that a third minor channel may contribute to the dissociation
dynamics, CI—3|+N(CH3)£—>CH3+NC2H4+ H,. The experiments show that ground state€CN,),

radicals are formed in the photodissociation, in sharp contrast to the exclusive production of
NH, (A 2A,) in a similar molecule, methylamine. We discuss how this results from the differing
dynamics through thé&;—S; conical intersection in the exit channel in these two dissociating
amines. We also use the photodissociation results to calibrate the mass spectrometric sensitivity at
them/e= 15 daughter ion for methyl radicals v§GH;), and CHNCH; products. This provides the

only necessary calibration to determine an absolute branching ratio in any system producing a
methyl radical in one reaction channel andQMi),(X?B;) or CH,NCH; in other reaction
channels. ©1999 American Institute of Physids$S0021-960629)01734-1

I. INTRODUCTION tween theS; surface and the ground state of ammonia is
larger. Because of this, dissociative trajectories sampling
These experiments on trimethylamine serve two purdargely bent geometries dissociate adiabatically on $he
poses. First, trimethylamine (BHy)s) provides a model potential energy surface and form MHadicals in theA
system to test how the nuclear dynamics influences whethgfa Thus, by preparing an amine in sstate and deter-
a reaction proceeds adiabatically or whether electronicallymning the branching ratio into formation of ground and
nonadiabatic effects alter the branching between produd{jectronically excited NRradicals, one can study the nona-
channels. Second, the photodissociation t€N(CHy); al-  giapatic effects brought about by a conical intersection.
lows us to calibrate the relative sensitivity of mass spectro- Experiments on the photodissociation of ammonia

metric detection of these polyatomic radicals, species imporeNH,) accessing the first excited singlet state showed the
tant in combustion and other processes. This calibratiopoduction of ground-state amidogen radicals,

allows us to determine absolute branching ratios in any uni-
molecular or bimolecular reaction that forms Ckh one NH3+hv(n—3s)—NH, (X ?B;)+H,

product channel and (€Hs), in another, without having to

resort to unreliable semiempirical estimates of the ionizatiof® Pe the dominant dissociation chgnhél(EIectrorgicaIly .
cross sections of the radicals nor to prohibitively difficult €Xcited amidogen was found to contribute from 10% to 30%

measurements of their daughter ion cracking patterns. to the N—H bond fission PathW&W'epe”d'”Q on the amount
Ammonid-2 and its methyl-substituted derivativesave ~©Of €xcess energy following N-H bond fissipfpon substi-
been studied as examples of molecules containing a coniciftion of @ methyl group for one hydrogen to give methy-
intersection along the dissociation reaction coordinate. ThiMine (CHNH,), excited state amidogen radicals were
first singlet excited state of ammoniaccessed via am ormed exclusively,
—3s Rydberg transition is predissociated by an—o*
state, leading to fission of the N—H bond. In this exit chan-
nel, the wave function encounters a conical intersectionand no evidence of ground state MNkadicals was found.
which influences whether ground or excited state,lkbd-  We explain these results below, and then detail how the elec-
ucts will be formed. In planar geometries along the N—Htronic adiabaticity in the photodissociation of trimethylamine
bond fission coordinate, thd state of NH touches the is influenced by the nuclear dynamics in the region of a
ground state potential energy surface, so molecules dissodtonical intersection.
ating with near-planar geometries can form ground statg NH ~ Our previous experiments on methylamine excited to its
radical products via an electronically nonadiabatic transitiorS; surface demonstrated the influence of Niagging mo-
to the ground state potential energy surface near the conicéibn in the excited state on the dissociation to )Nl ?A,)
intersection. In bent geometries, however, the splitting beradicals® In amines, the equilibrium geometry of the ground

CH;3NH,+ hv(n—3s)—NH, (A 2A;) +CH;,
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state is nonplanar about the nitrogen, whereas it is planar ian n—3p Rydberg transition $,), and a higher lying va-
the S; state. The Franck—Condon transition thus inducedencen— o™ transition. Then— o™ state predissociates the
NH, wagging motion(or NR; umbrella motion on the ex- S; state along the dissociation coordinate. While these as-
cited state surface, resulting in a large amplitude of the scasignments are in accord with the observed ammonia absorp-
tering wave function at highly nonplanar geometries. Heretion spectrum and have been successfully used for many
we see that these nuclear dynamics prevent the wave fungears to explain experimental results from other amines, re-
tion from being “funneled down” to the ground state sur- cent calculations by Tayloet al. show that the electronic
face, by avoiding near-planar geometries where nonadiabatharacter, energetic spacing, and number of these electronic
dynamics caused by the conical intersection are important. Istates changes upon alkyl substitutfoBignificant Rydberg
methylamine, the NElwagging motion is evident both in the character on the carbon atoms contributes to several low-
n—3s Rydberg absorption band and in resonance Ramalying states. These calculations have identified three domi-
experiments exciting into this— 3s transition® (In ammo-  nant transitions that contribute in the spectral region of inter-
nia, although NH umbrella motion also occurs, the high est. They are all Rydberg in character, and are labeled by
velocity along the N—H bond fission coordinate presumablyTaylor et al? as 3-b, 3s-d, and P (where all transitions
allows the dynamics to traverse the conical intersection diagriginate from the nonbonding orbital on nitrogen @neind
batically, thus accessing the ground state potential sujfaced represent “bonding” and “dissociative” in his notatipn
Studying the photodissociation dynamics of trimethyl- Excitation of trimethylamine at 193 nm likely excites the
amine (NCHjz)3) offers a key opportunity to probe how the 3s—d state in the Franck—Condon region, thestate. Inter-
nuclear dynamics influence whether or not a conical intersetal conversion to th&,(3s—b) potential energy surface then
tion is traversed adiabatically. In methylamine, the Ntthg  occurs before dissociation, as indicated in other work de-
is observed to dominate the dynamics of the molecule as thecribed below.
C—N bond breaks, decreasing the amplitude of the scattering Many experiments have examined tBe state of tri-
wave function near planar geometries, where it could nonamethylamine, the state accessed by 193 nm excitation. Ex-
diabatically hop to the ground state potential to produceyeriments by Kawasaki and co-workers detected fluores-
NH, (X ?B,). In trimethylamine, the density of vibrational cence from trimethylamine around 300 nm following
states is much higher, so intramolecular vibrational energgexcitation of the molecule at 193 ninThis fluorescence
redistribution(IVR) of population out of the KCHs); um-  spectrum is very similar to that obtained following direct
brella motion could allow the scattering wave function to excitation of trimethylamine to its lowest— 3s Rydberg
access geometries near the conical intersection and result $tate §,),*° and was therefore assigned to fluorescence from
an increased fraction of NRX?B;) products compared S;—S,. Thus, the dissociation of trimethylamine excited at
with that observed in methylamine. 193 nm proceeds by fast internal conversion from 8e
The photodissociation of trimethylamine at 193 nm wasstate to theS; state, with subsequent dynamics occurring
previously investigated by Kawasaki and co-workefihey  from theS, surface. Two studies have observed fluorescence
fit their data to one N—Cklbond fission channel, in which from S; to Sy following excitation to theS; state and at
only 13% of the available energy following N—C bond fis- excitation energies where th&, and S; absorptions
sion is partitioned to relative translation. This amount is faroverlap®!! The authors of these papers reach different con-
less than that observed following ammonia excitafian,  clusions about the distribution of population in vibrational
spite of the much larger excess energy available for partitionlevels of theS,; state, but in spite of these conflicting inter-
ing in the former moleculé73.5 kcal/mol in trimethylamine pretations, both studies concur that rapid internal conversion
vs 39.5 kcal/mol in ammonjaSuch small amounts of trans- from the S, to the S; state occurs. Because of the similarity
lational energy following trimethylamine photodissociation of fluorescence spectra over the range of excitation wave-
mean formation of products with high internal energy, per-lengths, it seems reasonable to assume thabtheS, inter-
haps NCHy), (A 2A;), although Kawasakét al. considered — nal conversion is occurring near the Franck—Condon region.
the quantum yield of this channel to be very small. We origi- Thus, the molecules, whether accessingShstate optically
nally undertook the present study as a means of determinin@f Via internal conversion from th8, surface, begin their
an absolute branching ratio for the dissociation channels iflissociation dynamics in the quasi-bound region of $e
N,N-dimethylformamidé® our results on trimethylamine Ppotential. ThisS, surface is the analog of the state accessed
photodissociation were, however, so different than those obh the 222 nm excitation of methylamine discussed above.
tained by Kawasakét al. that we report them here. This study focuses on the photodissociation dynamics of
We now review recent work on the absorption and f|uo-trimethylamine following 193 nm excitation. In particular,
rescence spectra of the alkylated amines to help clarify what/e wish to test the influence of the conical intersection men-
states are accessed at each wavelength and subsequent intined above on the photodissociation dynamics of this mol-
nal conversion processes. Traditionally, the absorption spe@cule. The experiments thus determine the amount of
tra of substituted amines have been discussed by comparisdi{CHy), (X ?B,) formed after internal conversion to ti8
with ammonia’® but recent work shows that the transitions surface. The experiments also calibrate the relative sensitiv-
have not been accurately assigfidgly analogy with ammo- ity to the N(CHy), products and their momentum-matched
nia, the singlet states in the Franck—Condon region wer€H; partners at CEl in our mass spectrometer. We show
assigned as arising from am—3s Rydberg transition %), how this calibration allows us to determine absolute branch-
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ing ratios for forming these products in competing reactionssignal to noise ratio. The strong natural backgroundég

in other systems. =28 (caused by CO) prevented collection of data at this
mass. Quadrupole resolution was adjusted to roughly 1.0
Il. EXPERIMENT AND CALCULATION METHODS amu FWHM for all masses.

A Lumonics PM-848 excimer laser filled with ArF pro-

In these experiments, we photodissociate trimethylamine : . . .
molecules with unpolarized 193 nm light and detect the re_duced the 193 nm light used to photodissociate the trimethyl-

sulting neutral photofragment recoil distributions with g @mine molecules. The laser beam was focussed to give an

crossed laser-molecular beam apparafubhe dissociation attenuate_d Iaser_energy of 4 mJ/puls@i6 mnf spot size in
products are detected following electron bombardment ion'Ehe Crossing region W_'th the molecula_r beam. .

ization (at several possible parent and daughter ion frag- We also include in this paper, with permission of our
ments as a function of their times of arrival with respect to cgllaborators, one TOF spectrulT recorded at the Advanced
the dissociating laser pulse. We could not probe any possiblleIght S.OWC(.%(ALS) n Eerkeley. .Our study there of the
contributions from C—H bond fission in these experiments aghotodssomanon of trimethylamine at 193 nm employed

the heavy CHN(CHs), product would be energetically con- photoionization in the detection, rather than 200 eV electron

strained to have a small recoil velocity, so is only detectabléjombardment lonization. The "."b"'.ty o tune the photons to
very close to the molecular beam axis just above threshold for ionization greatly reduces the

A 5% mixture of trimethylamine in helium was obtained amount of dissociative i_onizatio(cracking in the ionizer.
from Matheson Gas Products. The mixture was expande;!i-hIS enableo_l us _to obtain a mu_ch cleaner TOF spec;rum at
through a 0.12 mm diameter nozzle heated to approximatel /e=15 by |9n|2|r1tg me_tlrylbradmgls at .10'5 e\/f. ?ﬁta'ls. of
200 °C, with a stagnation pressure of 300 Torr. The low per- ese fexpl(::;rlme_n s wil be given in a forthcoming
centage mixture and high nozzle temperature were require%u.bl'cat'lon’ we .'SCI.Ude t?|s spgctrurgi helre bec%gse |thcon—
to prevent formation of trimethylamine clustei@ problem tains only contributions from Cglradicals, avoiding the

well-addressed in the literatyr2®® The high nozzle tem- cracking tom/e=15 from heavier species.
perature also reduced clogging of the nozzle orifice. We To determine the character of the excited state accessed

measured the temperature using a chromel alumel therm&y 193 nm, we ran a configuration interaction with single

couple, calibrated using a helium beam time of flight. Togxg'ﬁtgfsb(qs) C?IC;"T'O”. W'tE.S%J?i'ANH 94t usmlg: ak
measure the velocity of the parent molecular baarsitu, ) asis set ot atomic orbitals. The Rartree—-roc

we rotated the molecular beam source to point into the de(-)pt'm'zed geometry used for these calculations was taken

tector and raised a chopper wheel into the beam. The mee{ﬁom a paper .by Tayloet al,’ who used a DZP _baS|s set
peak beam velocity was 1.%3L0° cm/s with a full width at a_ugmented with 8 Rydberg (or 3p Rydberg orbitals on
half-maximum(FWHM) of 17%. nitrogen and carbon atoms.

After photodissociation with a pulsed excimer laser, neu-
tral dissociation products scatter from the crossing point of
the laser and the molecular beam with velocities determined|!- RESULTS AND ANALYSIS
by the vector sum of the molecular beam velocity and the
recoil velocity imparted during dissociation. Fragments scat-

tered into tZe 1'5,0 a}cciptt)ance anglelof the bdetegto:j trav ?me-of-flight (TOF) data of photofragments detected at vari-
44.4 cm and are ionized by 200 eV electron bombardmen us mass/charge ratios to translational energy distributions.

After mass selection with a quadrupole mass filter, the ion%ecause of extensive fragmentation in our electron-
are counted W'th_a Daly detector 'an.d recordpd with a multl’bombardment ionizer, it is possible to see different daughter
channel scaler with respect to their time-of-fligiifOF) from ions arising from the same neutral photofragment. By
the interaction region after the dissociating laser pulse. Forr'nomentum-matching signal from heavy and light neutral

ward convolution fitting of the TOF spectrufitaking into o yner fragmentsat parent masses and at their possible
account the ion flight timedetermines the distribution of daughter ionsand forward convolution fitting of our data,
energies released to relative product translation in the diss%e are able to fit our data to three N—GHond fission

ciation. The plane defined by the molecular beam and they,,nnels. These are identified by the differing behavior of
detector axis is perpendicular to the direction of laser propag, o primary NCHs), product as

gation, and molecular beam source angles are given here
with respect to the detector axis. N(CHg)3+ 193 nm— CHy+ N(CHy), (X ?B;) (en]
A signal was observed at various angles for several par-

To determine the competing bond fission channels in the
hotodissociation of trimethylamine at 193 nm, we fit the

ent and daughter ions of the primary, neutral photoproducts; —CHg+ N(CHy);

at m/e=59 (6°, 1 M laser shots, for clusters onjy58 (6°, — CHa+ H,C—=NCH,+H )
500 K shots, clusters only43 (10°, 1 M shots; 15°, 1 M

shotg, 42 (10°, 500 K shots; 15°, 300 K shotsand 15(10°, —CHs+ N(CH3);

1.5 M shots; 15°3 M shots; 20°, 1.5 M shotsNo discern- — CHy+ NCyHy+ Hy. 3)

ible signal was observed at/e=16 (10°, 250 K shotg 29
(10°, 250 K shotgsor 44 (10°, 250 K shots A small amount  Whether these three pathways originate from the same pri-
of signal was observed at/e=41 (10°, 250 K shotsand at mary N(CHy), product or from distinct dissociation dynam-
m/e=30 (10°, 250 K shotsbut was not fit due to the poor ics will be discussed later in this paper.
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s oaF FIG. 2. Translational energy distributior3(E+)’s used to fit the nitrogen—
& [ R 6 o methyl bond dissociation pathways. The faster distribution is assigned to
3 @ ~
£ 0.2 o oo © O formation of CH+N(CH,), (X 2B;). The slower distribution is assigned to
= [ ] m%i’ 0 Qg0 dissociation to ChH+unstable NCHy)} radicals, which have enough inter-
or Y m:? EREN) %’%g%é%; 5050, ] nal energy to undergo secondary bond dissociation to giveNCHH;+H.
a 00%%00,5% oo 0% ° :O @@Qio Of [The slowest of these (€H,)5 radicals, containing the greatest amount of
-0.2 1 o o °© o ° oo internal energy, may dissociate instead by, Hlimination, giving
AP PR SRR B 1 e g NC,H,+H,.] See the results and analysis section for a discussion of these
0 100 200 300 400 500 600 assignments. The fast edge of the f&tE;) is determined clearly by
Time of flight, t (us) momentum-matching the GHTOF signal to NCH,), signal atm/e=42

(Fig. 4), and the slow edge of the slo(Ey) is reasonably well-determined
by fitting the slow edge of the Chsignal in Fig. 5. The division of the
FIG. 1. Experimental TOF spectra for the photodissociation of trimethyl-overall P(E;) determined from the CHTOF spectra into contributions
amine, taken atn/e=43, at a 10° source angléop) and at a 15° source from stable and unstable(8H,), is more ambiguous because of the time-
angle(bottom). Each spectrum represents data collected over 1 million laseof-flight broadening affects from secondary dissociation dCNs), to
shots. Open circles represent experimental data points; the total fit to thes@H,NCH; and possibly NGH,, as discussed in the text.
spectra(shown in a bold lingis a sum of contributions from channels
shown in dashed lines. The majority of signal at this mass/charge ratio is
attributed to only one nitrogen—methyl bond fission channel, fit by the
slower P(E;) in Fig. 2. [For illustrative purposes, a 7% contribution from Of fitting the TOF signal observed at/e=42 (see Fig. 4
the fasterP(Ey) in Fig. 2 is included. This is the maximum allowable Neither the fast edge nor the slow edge of this signal is fit by

cqntribution of_ the fa;t_ distribution at this mass/charge ratio; scaling itthe same distribution as appearsnae=43. A similar pre-
higher results in overfitting the fast edge of the TOF speftra. dicament arises in theve=15 data: the use of only the
slower P(E+) to fit the observed TOF spectra in Fig. 3 un-
derfits the spectra both at the fast edge of the; @idak and
at the fast and slow edges of the heavier cofragment peak. To

Figure 1 shows TOF spectra recordednate=43, at fit the faster edge of the observed signatrde=42, we have
source angles of 10° and 15° with respect to the detectomdded an additional distribution corresponding to primary
axis. We determined the photofragment translational energi—CH; bond fission, shown as the fast distribution in Fig. 2,
distribution (P(E+)) used to fit these data by forward con- peaking near 45 kcal/mol in translational energy. The assign-
volution fitting of the time-of-flight signal. The ment of this distribution to N—Cklbond fission is confirmed
CH3z—N(CHsy), bond fission channel giving the signal at massby the presence of momentum-matched methyl radicals ob-
43 was fit with the total recoil kinetic energy distribution served at early arrival times in the TOF spectranae= 15
shown in Fig. 2 that peaks near 20 kcal/mol. We assign thigFig. 3).
signal to N—CH bond fission because of the presence of the  Figure 5 shows a TOF spectrum recorded at the Ad-
momentum-matched methyl fragment in the signal observeslanced Light SourcéALS), at m/e=15, at a 50° source
at m/e=15 (see Fig. 3 Only the fast componenibetween angle, and using 10.5 eV photons to ionize the ;CH
60 and 150us flight time of the signal observed an/e  radicalst* In this TOF spectrum, the contributions of the
=15 arises from primary methyl fragments from N—£H heavier dissociation products have been essentially elimi-
bond fission; the slower component arises from cracking ohated, making determination of the neutral LHOF distri-
the heavier dissociation partners to daughter ionsmgé  bution unambiguous. The fast edge of this TOF spectrum is
=15 in the ionizer. Signals due to N—GHond fission ap- well fit by the fastP(E+) (Fig. 2), and the slow edge is in
pears at a third ion; an/e=42 (see Fig. 4. excellent agreement with the slow edge of thee=43 sig-

It is clearly seen that the translational energy distributionnal (Fig. 1.
used to fit the signal ah/e=43 does not do an adequate job The energy available for translation and internal modes

A. Primary N-CH ; bond fission
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! 2
z 08 :-CH +NcH,), F N(CH,), (X*B,) + CH, FIG. 4. Experimental TOF spectra for the photodissociation of trimethyl-
S — al2 Y cH.NG H+ CH amine, collected an/e=42, at a 10° source angle and over 500 000 laser
5 0.6 b, CH,NCH, +H + CH, shots(top) and at a 15° source angle and over 300 000 laser $botom).
= ) f Open circles represent experimental data points; the total fit to these spectra
: 0.4f (shown in a bold lingis a sum of contributions from channels shown in
% I dashed lines. As was found in tiné’e= 15 spectrgFig. 3), use of the two
0.2 N—CH, bond fissionP(E+)’s from Fig. 2 leaves the slowest signal underfit.
[ In the Results and Analysis section of the paper, we tentatively attribute this
or o5 slowest signal for secondary dissociation of the slowd§Hy), radicals to
ab g . )
[ 8o H,+NC,H,. Because of the undetermined broadening of theHJCTOF
PR S S W T T ST N N TN TR TN W U AN NN TN SN N TN S NN NN )2 Y T N H ; B ; H H
signal relative to its primar H arent(due to the recoil velocity of
0 100 200 300 400 500 600 g primary ICH); parent( vy

NC,H, and H,)), we leave this slowest portion of the signal unfit.
Time of flight, t (us)

FIG. 3. Experimental TOF spectra for the photodissociation of trimethyI-The value we have leSEd f@, is & bond_ dissociation en-
amine, collected an/e=15, at a 10° source angle and over 1.5 million laser thalpy, calculated using heat_s of formation at 298[Kl-
shots(top), at a 15° source angle and over 3 million laser siotgldle,  though there are widely varying values for the heat of for-
and at a 20° source angle and over 1.5 million laser stimitom). Open mation of the dimethylamidogen radical,((I&H3)2 in the
circles represent experimental data points; the total fit to these spectr, .
(shown in a bold lingis a sum of contributions from channels shown in ﬁterature, the eXpenmental value of 33:8 kcal/m0| we
dashed lines. The fast peak arises froms@Foducts, while the slow peakis Nave chosen comes from a more recent review artfcle.
fit with contributions of heavier dissociation partnef8l(CHs), and  Note, however, that the published values fArH(f) of
CH,NCH;], which crack to give daughter ion signal mfe=15 following N(CHs), and bond enthalpies in Ref. 16 are in error by 0.9
200 eV electron impact ionization. The slowest signal is somewhatunderfitkcallm0|17 so we have made the appropriate corrections
indicating that the contributor to the slow, unfit signahate=42 in Fig. 4 ! . . p.p . P
may also crack to give signal at/e= 15. here] The correction from bond dissociation enthalpy to en-
ergy (and from 298 K to 0 K amounts to roughly 2-3
kcal/mol?8 thus increasing by approximately 3 kcal/mol the
amount of energy available for partitioning to relative prod-
of the products can be calculated from the amount of energyct translation and internal energies. As this value is just an
put into the molecule by subtracting the amount of energyestimate, we leave the values as stated above with this note
required to break the bond, as to their accuracy at temperatures closer to QwKich
E,,=hv—Dy(bond better represent the conditions in a molecular beam

1. Fastest products: N (CHs), (X?B1)+ CHj

The fastest recoiling products have been fit with(& 1)
~73.4+ 3.0 kcal/mol. that extends to roughly 65 kcal/mdee Fig. 2. Because this

~148.0- (74.6* 3.0) kcal/mol
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120 chr dissociation to CENCHz+H. (The lack of any signal at
b mle=15 5(3,0 m/e=16 rules out the possibility of a molecular channel,
[ leading to primary CkhH-CH,NCH; products) Thermo-
i H 16,17,19
@ o8f CH, + N(CH,), (X°B,) dynamically,
= [ -}
= [
Py 0.6 - CH, + CH,NCH, + H N(CH3),—CH,NCH;+H AH=29.3+ 3.6 kcal/mol.
f 0.4f If there is no exit barrier along the dissociation coordinate
s 0.2 ] (i.e., no barrier beyond that from the endoergigitis im-
“r plies that NCH3), must have 29 kcal/mol of internal energy
oF chgmenetm® ‘- — - — — to undergo this secondary H-atom loss. This limit of internal
! energy is almost identical to that calculated for the fastest-
g T 5'0 1;0 """ 50 recoiling products of the slowd?(E+) distribution. Any exit

barrier to H-atom loss must therefore be small; this exit bar-
rier from N(CHg), is unknown, but note that the barrier to
FIG. 5. Experimental TOF spectra for the photodissociation of trimethyl-loss of a hydrogen atom in the reaction oHg

amine, collected amn/e=15, at a 50° source angle in collaborative experi- —H,C—CH,+H is onIy on the order of a couple of
ments at the Advanced Light Source in Berkeley, Califor(fRef. 14. kca|/2m0|20'212

Photoionization at 10.5 eV was used to detect the; @tdducts, virtually . .
eliminating signal from dissociative ionization of the heavier nitrogen- The CHNCH; secondary products arising from this
containing species. Open circles represent experimental data points; the toghannel contribute to the signal mife= 43, 42, and 15 fol-

fit to this spectrum{shown in a bold lingis a sum of contributions from the Iowing our 200 eV electron impact ionization. The corre-
two channels shown in dashed lines. A least-squares fitting procedure was dinaP(E-) has b det ined atle=43 ' .
used to determine the relative weightings of the f\(&)’s used to fit this sponding ( T) as been determine =43, assuming

spectrum, giving a ratio of 0.27:0.73 fast:slow. this to be the only channel appearingvdie= 43, and assum-
ing that loss of a hydrogen atom has no effect on the velocity
of CH,NCHjs relative to its NCH3), parent. The slow edge
distribution extends close to the limit of available energyf this signal and the slow edge of the Cidignal(best seen
(73.4=3.0kcal/mo), we assign this fast channel to forma- i, Fig. 5 are both well fit by thisP(E+), determined from
tion of ground state KCHy), and CH products. These the m/e=43 TOF spectrum. As mentioned in the previous
ground state KCHs), (X ?B;) radicals do not have enough subsection, the possibility of a very minor contribution to the
internal energy to undergo secondary dissociatiahEr  fast edge from ground state(GH,), radicals cannot be ex-
=44 kcal/mol) and so they arrive intact at the detector. Folcluded. The inclusion of this fast distribution would intro-
lowing 200 eV ionization, they crack to give daughter ionduce some uncertainty into the fast edge of the slower
signal atm/e=42 and 15 but do not appear at parem/¢  P(E;), so the upper limit to this distribution should not be
=44). [There could be a slight contribution from taken too quantitatively.
N(CH3)2(3( 2[31) at m/e=43, but it must be very minor in This experiment cannot determine the electronic state of
order to avoid overfitting the fast edge of thée=43 TOF  the N(CHy), radical before it underwent H-atom loss. The
spectral This cracking pattern following 200 eV electron CH,NCH; molecules resulting from secondary decomposi-
impact ionization is in agreement with the cracking patterndion of unstable NCHy); radicals exhibit the same cracking
observed from ground state(8H,), radicals produced by pattern as primary {CHj), radicals with a similar distribu-
the photodissociation of dimethylformamide at 193 fim.  tion of internal energy, observed following photodissociation
recent experiments at the Al$we photodissociated trim- of dimethylformamide at 193 nfhThus, it is likely that in
ethylamine at 193 nm, but used softer photoionization in théhe studies of dimethylformamide, the species assigned to
detection scheme. Even by ionizing close to threshold, werimary formation of NCHs), (A ?A;) and said to arrive at
were unable to observe signalrate=44, implying that the the detector as intact (8Hs),, underwent H-atom loss to
N(CHy), ion is unstable and promptly dissociates. Recengive CH,NCH,;. The compelling electronic arguments in
calculations have shown the dissociation ofOM5), to  Ref. 6 for this channel to arise from primary
NC,H, to be exothermic by 50 kcal/mol showing how the N(CH,), (A 2A,) radicals lead us to consider whether this
N(CHy), can easily dissociatively ionize to give signal at could be the case in trimethylamine. We analyze the relevant

Time of flight, t (us)

m/e=42 energetics in the next paragraph.

The slower translational energy distribution extends
2. Middle translational energies: from 0 to 45 kcal/moksee Fig. 2 This means that the total
N(CH3)5 + CH3— H;C=NCHs+ H+ CH, internal energy of all of the {CHs), and CH dissociation

The slower recoil kinetic energy channel in Fig. 2 has affagments from this channel is at least 7346
P(E+) which extends from 0 to 45 kcal/mol and peaks near~29 kcal/mol. The NCHy), radical has a low-lying elec-
20 kcal/mol. Our collaborative studies at the ALS have re-tronic state, NCHs), (A 2A;), which has been calculated to
vealed that the signal am/e=43 arises from the ionization have an adiabatic excited state energy of 1.59e87 kcal/
of neutral CHNCHz.'* Thus, the primary KCHs), products  mol), determined using theHV (third orde) ab initio
formed from this slower distributiowhoseP(E+) has been method®?2 This value for the energy does not include zero-
determined from the signal at/e=43] undergo secondary point energy contributions and was calculated at globally
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optimized geometries obtained at a lower level of theorycomponent to the signal an/e=42 not fit by the two
Thus, it should be taken as a rough estimate of the adiabatie(E+)’s shown in Fig. 22* Thus, this unfit slower edge can-
(minimum) energy separation between tKeandA states of ~ not be attributed to contributions from higher-order clusters
N(CH,),. For an experimental estimate of the adiabatic enin the molecular beam.

ergy separation, we use the value of NHE i (A—X)) Another possibility for the slow-arriving signal arises
which is 1.38 eV(=31.8 kcal/mo).2 This value corresponds fom primary C—H bond fission in trimethylamine,
reasonably well with the limit of available energy calculated N(CHa)3+ 193 nm—H+CH,N(CHj),. (4

for this middle channel, where a minimum of roughly 29W ded a TOE atle—58 6°
kcal/mol is partitioned to internal energy of the recoiling ''¢ écorded a spectrum aye=>53, at a 6° source

photofragments. It is thus possible that the species that lose3{9l€, in order to look for slow-arriving contributi_ons at the
H-atom in secondary dissociation are excited statdarent mass/charge ratio of GMCHs),. The only signal we

~ . . . . observed was fit by the same velocity distribution as the
e et o e Fsignlcbserved ane~ 50 and atirafed o cstr ot
' < 2 dissociation. There was no evidence for relatively faster sig-
vored over fluorescence to ground statéCNg); (X“B1),  naj that would also contribute to the fit of the slower edge of
since there is no evidence for contributions from a seconghe TOF spectrum an/e=42. The lack of signal that can
source of NCHjy), radicals in any of the experimental data. conclusively be assigned to primary C—H bond fission does
[The Ehort quBrescence lifetime of the electronically similar,o¢ rule out this pathway as a contributor to the dissociation
NH, (A?A;—X?B;) (Ref. 4 implies that H-atom loss from dynamics. Assuming that half of the available energy follow-
N(CHs), (A 2A,) to form the closed-shell species @#CH;  ing C—H bond fission goes into relative product translatimn
would be efficient} Alternatively, the CHNCH; could arise  relatively high fraction, signal corresponding to the slowly

from secondary dissociation of highly internally excited recoiling CHN(CHjy), products could be observed at a maxi-
N(CHa), (X ?B,). With the P(Et)’'s shown in Fig. 2, this mum laboratory source angle of 8&°There could be con-
seems less likely, given the strong overlap between the tw#ibutions from this channel buried under the cluster signal at
distributions. One expects less energetic overlap betweef/€=58, but it is not possible to separate the two channels
formation of intact radical§assigned to the fastd?(E;)]  With these experimental data. Additionally, in the experi-
and those undergoing secondary H-atom [@ssigned to the ments at the ALS, we saw no evidence for primagyetimi-
slower P(E7)]. While the overlap between these distribu- nation, as the TOF spectrumrmate=>57 at a 5° source angle
tions seems necessary to fit the daten&e= 15, note that the  was flat.

detailed shape of the slowB(E+) in Fig. 2 and the fit to the As does NCHy), from the fastest channel, this slow
data depend on the assumption that H-atom loss imparts riyoduct contributes to signal only at/e=42 and 15. Al-
velocity kick to the CHNCH; products[one of the assump- though the cracking patterns of the heavy dissociation part-
tions in determining this sloweP(E;) from the m/e=43  ners are similar between this slowest channel and the fast
datd. If this assumption is not valid, then in Fig. 2 tR¢E) pathway, under softer ionization conditions, the two exhibit
peaking near 20 kcal/mol for primary dissociation to distinct ionization onset¥ The highest mass/charge ratio at
CHs+N(CHs), should be narrowed to obtain the true pri- Which we have observed this signalmge=42. This corre-
mary P(E1). Without more evidence, at present we label assponds to the parent ion signal of a radical of formula,Ng
N(CHy)5 those primary products that go on to lose a hydro-Which could arise from secondary dissociation of a primary
gen atom, by the asterisk implying that these have a higN(CHs), product. We tentatively assign it to formation of
degree of internal energy, but that we cannot definitivelyN(CHa), that undergoes subsequent loss of molecular hydro-

determine whether or not it is electronic. gen, leading to a radical of formula NB,. Again, it is not
possible to assign the primary(GH;), radical from this dis-

3. Slowest translational energies: A possible tribution as formed initially in its first electronically excited

N(CHs)}+ CH3— NC,H,+ H,+ CHy channel state or in its ground state, and we hence label it bgzmg);

both to distinguish it from the {CHy)5 radical formed in the
middle distribution, as well as to indicate its high degree of
internal energy. This minor channel is discussed more thor-
oughly in Ref. 14, where it is better characterized.

As seen in Fig. 4, the slowest portion of the signal at
m/e=42 is not fit by theP(E+)’s used to fit the CH signal
atm/e=15. The use of just these tw(E+)’s also unsatis-
factorily fits the slow edge of the slow signalmfe=15 in
Fig. 3. We have considered various sources of this signa
which we discuss in the following paragraphs.

One possibility for slow-arriving signal comes from pho-
todissociation of higher-order clusters to parent, with subse- Determining a branching ratio between dissociation
guent cracking of the parent ion in the detector. We recordedhannels involving polyatomic radicals can be a daunting
a TOF spectrum an/e=59 (N(CH,)3), at a source angle of task, due to the many possible daughter ions that can result
6°. We observed a weak signal, but it is too slow to fit thefrom cracking of each polyatomic parent in the electron
slow edge of the TOF spectra mfe=42. Additionally, we  bombardment ionizer and the difficulty of determining the
took mass spectra in the experiments at the AL.8nd saw ionization cross section of polyatomic radicals. One ap-
no ion signal at mass/charge ratios higher than parent. In theroach involves collecting data at each and every possible
TOF spectra recorded at the ALS, there is also a slowedaughter ion and summing the contributions of all ionic spe-

[
B. Calculating the relative detection efficiency of CH 3
and N(CHs), radicals
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cies, correcting for quadrupole transmission at each mass The TOF spectra an/e=15 (Fig. 3) are fit by relative ex-
possible, then dividing by an estimated ionization cross segerimental weightings of 0.18:0.2/N(CHs), (7( 2B,): its
tion, to deduce the total amount of neutral parent prior tomomentum matched G} and 0.42:0.73{CH,NCH,: the
ionization. This is a tedious and often impractical method,CH; momentum-matched to unstable(QHg)5}. (As dis-
especially when there are many possible daughter ions arglissed in the previous section, in fitting this signal, we as-
when some of these occur at mass/charge ratios with a higfumed that CENCH; has the same velocity as the unstable
natural backgroun¢e.g., at CO). It further relies on having CH3;NCH; radicals before they l@esa H atom). The correc-

a value of the total ionization cross section, a value that fotion factors to obtain the relative amount of neutral pre-
polyatomic radicals is rarely experimentally determined anccursor from the experimentally observed ion signgl,s

so is typically estimated with one of two semiempirical are thus NCHs)x(X ?B;)neu=N(CHz)2 (X ?B1) obs at mass 15

method&>#°that are untestetand give differing resultsfor % 0.27/0.18= N(CHz)»(X?B1) ote at mace 15 1.5: and
polyatomic radicals. Following the method of Kitchen N(CH,)%, ..=CH;NCH; gps at mass 25 0.73/0.42
etal,?” we use the fact that 6CHy), and its momentum- = CH,NCH; oy atmass 25 1.7. These are the calibration fac-

matched CH partner are produced in a one-to-one ratio intors that determine the relative detection efficiencymae
the initial photodissociation proce%%We can then calibrate =15 of these polyatomic nitrogen-containing species.
the relative detection efficiency of GHand NCHs), (or its The 1 pops of the two P(Ey)’s used to fit the slower
secondary producksat their various daughter ions without portion of the signal atn/e=15 following 200 eV electron
explicity measuring the daughter ion cracking patterns ombombardment ionizatioFig. 3) were determined by an it-
empirically estimating the total ionization cross sections. erative procedure, varying the relative contributions of the
The dissociation channels we have observed in trimethytwo distributions in order to obtain the “best fit” to the data.
lamine produce methyl radicals in their ground electronicThe error in these values can be estimated by fitting the data
state. Assuming that these are formed with similar distribu-at m/e= 15 (in Fig. 3), varying ther s of the P(Ey)’s, in
tions of internal energy, the methyl radicals will give signal order to determine what probability weightings neither obvi-
at m/e=15 with similar efficiencies[Note that the same ously overfit nor underfit particular parts of the TOF spectra.
relative weightings fit both the ALS data with 10.5 eV photo- Similarly, the error in the branching ratio determination can
ionization (Fig. 5 and our 200 eV electron bombardment be estimated by varying the,,s of the P(Ey)’s in the
ionization TOF spectréFig. 3), so, in this system, the inter- methyl portion of the TOF spectra at/e=15 in Fig. 3,
nal energy of the Ckiradicals does not strongly influence again to find the ranges af,o,s that give “acceptable”
their ionization cross secticthWe can thus use the relative fits. We thus obtain a relative branching into the
weightings € pron'S) Of the signal assigned to Giproducts at ~ channels producing (€Hs), (X ?By): unstable NCHy); of
m/e=15 to obtain the branching into the two major disso-0.27+0.09:0.73-0.09 and calibration factors
ciation channels in trimethylamingln calculating these of N(CHg), (X ?B1)neu=N(CHz)2 (X ?B1) obs at mass 15 1.5
r'orobS: the usual correction for kinematic factors and transit+0.3; and NCHy)3 o, =CH;NCHa, ops at mass 15 1.7+0.3.
time through the electron bombardment ionizer are in- We can now use the calibrated mass spectrometric sen-
cluded) In Figs. 3 and 5, the methyl contributions in the sitivity to CH;, N(CHs),, and CHNCH; to determine the
m/e=15 TOF spectra are fit by a ratio of 0.27: O[fa@ster  absolute branching between any channel that produces CH
P(Er): slowerP(E7) in Fig. 2]. These values for the,,,s  radicals and any channel that produce€N3), radicals(or
were determined by a least-squares procedure, using tieH,NCH; molecules. One example, which uses this to
cleanerm/e=15 data recorded at the ALSSee Fig. 5 and calibrate the absolute branching ratio between the
Ref. 14) The TOF spectrum shown in Fig. 5 was obtainedCHs+HCONCH; channel and the HCON(CHj), channels
with an ionization energy of 10.5 eV, above the ionizationfrom the photodissociation of dimethylformamide, is pre-
potential of CH, but much lower than the onset of dissocia- sented in the discussion.
tive ionization of NCH,;), (or CH,NCH; or NC,H,) to
m/e=15. It thus does not include any contributions from the
heavier partners and gives a cleaner peak from which to de. Assignment of trimethylamine electronic states

termine ther,,»s for the Chy contributions. With the as- As discussed in the Introduction, there have been vary-

sumption of similar relative methyl ionization efficiency 10 j 4 assignments made of the transitions accessed in the ul-
give signal atm/e= 15, this gives the relative branching into ;.o\ iolet region of the trimethylamine spectrum. We per-

these two N-CH bond fission channels as 27% formed some basic ClSab initio calculations on

N(CHa),(X?B;) and 73% unstable (CHy)5 radicals that  trimethylamine at the minimum energy geometry determined
undergo secondary dissociation to SHCH;+H. by Taylor et al. in their recent study of this molecufeAl-
Under 200 eV electron impact ionization(GH;), and  though their calculations were performed at a higher level of
CH,NCH; dissociatively ionize(“crack” ) to give daughter theory than ours, we found our results to give interesting
ion signal atm/e=15. The observed signal at/e=15 insight into the character of these transitions.
arises from a ratio of 1:1 ({CH,),:CH; (or CH,NCHj5:CHy) The S; state is Rydberg in nature, containing dominantly
neutral products, but it is fit by a different relative probability s character on nitrogen with considerable density on the car-
weighting depending on the relative cracking efficiency ofbon atoms. The transition to this state is weakly allowed in
N(CHs),, CH,NCH,, and CH to m/e=15 (CH; or NH*).  the Franck—Condon region, with an oscillator strength of
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0.014 in our calculations. Th&,—S, transition has tradition- observed recoil kinetic energy distributions or the maximum
ally been assigned as an+3p Rydberg transition, in keep- allowed recoil velocities in trimethylamine and methylamine
ing with the assignments of ammonia states. As mentioned idissociatior?®) We thus consider the vibrational dynamics at
the introduction, however, this state has been reassigned hige conical intersection to understand the differing branching
Tayloret al.to be 3 in character. Our low-level calculations in these molecules.

show this state to be composed of an admixturs abitals, Molecules encountering the conical intersection near
delocalized about the nitrogen and carbon atémssn theS;,  planar geometries experience only a weak coupling between
statg. We have found this state to be the brightest one in thehe diabatic reactant and product electronic configurations.
Franck—Condon region, with an oscillator strength of 0.138[At planar geometries, symmetry dictates that trajectories
This explains the strong intensity of this second transition iffynnel down to produce only NRX 2B,) radicals, the di-
the ultraviolet absorption spectrum. There is additionally agpatic productg.However, molecules that have considerable
doubly-degeneratéat C5, geometriesstate in this energetic - energy in the NCH,); umbrella motion(or for methylamine,
region. Tayloret al. assign this state as one opRydberg  NH, wag motion traverse the avoided crossing at bent ge-
character; however, our lower level calculations show thissmetries, where there is a large energetic splitting between
state to contain only a tiny admixture pftype character on  the adiabaticS, and S, potential energy surface€This en-

the nitrogen. The dominant Rydberg character of this state igrgetic splitting arises from a correspondingly large off-
found on the methyl groupwith no 3s Rydberg character giagonal potential coupling between the diabatic surfaces
on the nitrogen This state lies higher in energy than 8¢ that mix and split to form theS, and S, adiabats. These
state, both at the Cl&his work and CAS-MP2(work by atter molecules thus remain on the upper adiabat during dis-
Tayloret al) levels of calculations, and has a weak oscillatorggiation, giving excited state NRproducts. Clearly the
strength(0.012. The large oscillator strength of the transi- method of preparing trimethylamirier methylamingon the

tion to the S, state is convincing evidence that the 5 surface can affect whether energy is localized in the
S; (3s-type) state is accessed in the experiments on tri\(CH,), umbrella motion(or the NH, wag motion, inhibit-
methylamine at 193 nm, not th&; (doubly-degeneraje ng formation of ground state products. The experiments on

state. methylamine excited the molecule directly to t8gsurface
using 222 nm light. These experiments on trimethylamine,
IV. DISCUSSION on the other hand, initially excite the molecule to tBg
] o . surface and populate th®, surface indirectly via internal
A. Dissociation dynamics and the effect of the conversion. As discussed in the introduction, this coupling

conical intersection betweenS, andS; likely occurs in the neighborhood of the

Following internal conversion to th&, surface, trim-  Franck—Condon region, such tiis populated in the qua-
ethylamine dissociates to for{ state NCHa), products Sibound region of the potential. Nonetheless, the time re-

[possibly also NCHa), (A 2A,)]. Unlike in methylamine dis- quired for internal conversion allows significant intramolecu-
sociation at 222 nrz 2wherelo|:1Iy NIA 2A,) is produced, a lar vibrational redistribution to occur. The IVR is further
considerable fraction of the dissociating trimethylamine mol-facilitated by the higher density of vibrational states in tri-
ecules hop from the upp&; surface to the lowes, surface, methylamine, allowing energy to flow out of the Franck—

resulting in the observed ground state products. Clearly thgondon excited umbrella motion into degrees of freedom

dynamics through the conical intersection are playing an im¥hich give the scattering wave function more amplitude at

portant role. There are two dominant factors that can influpl"’mar gepmetries. Thus, the scattering wave function in tri-
ence whether an amine starting on Sesurface is funneled methylamine can sample near-planar geometries, where the

to the ground state via electronically nonadiabatic transition?r(l)babl'“ty ofa nodnaqllabatlc ho?_ to tl?e ground statz p(itetn-
S . o ~ ial is larger, producing proportionally more ground state
near the conical intersection, giving N °B;) products, ger. p g prop y g

H X 2
or whether it instead remains on ti$g surface, producing N(CHy), radicals than NBI(X“B,) observed from the

=2 . . . smaller methylamine molecule.
NRZ (A%A,) radicals. One_ of these 1S the velocity of the_ A comment should be made about the vast difference
trajectory through the avoided crossing that forms the coniz .
. . . ; between the results of our study and those of Kawasaki
cal intersection at planar geometries. The other is the geom-, 5 . . .
? : - et al”> While we have found evidence for three competing
etry of the molecule as it traverses the avoided crossin

(since the geometry determines the off-diagonal potentia%rlmary N—CH bond fission channels following 193 nm ex-

coupling, which may be influenced by how the molecule is citation of trimethylamine, Kawasalét al. fit their data to
ping, y yhn only one translational energy distribution, which bears little
prepared on theS; surface (whether direct or accessed

through internal conversion While the larger velocity resemblance to those found in this study. Additionally, they

through the crossing in ammonia photodissociation tfound an average of 13% of available energy following
9 9 P 0N—CH3 bond fission partitioned to relative product transla-

NH2+~H may partly contribute to the Idomlnance of the tion, while the 29 kcal/mol average translational energy de-
NH, (X ?B4) product channel, a comparison of the Velocity eymined from the ChHl TOF spectra in our studies corre-

through the crossing in trimethylamine and methylaminesyongs to 39% of available energy partitioned to product
dissociation cannot explain why the latter producesiecoil. The most likely reason for these differing results is
only NR,(A2A;) while the former gives considerable the different beam conditions used in the two studies. While
NR, (X 2B,). (This is the case whether one considers theours have utilized a 5% mixture of trimethylamine seeded in
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helium, Kawasakiet al. used a neat sample of trimethy- N,N-dimethylformamid€. Here we use our final values for
lamine. Recent studies have shown that clustering of aminehese calibration factors and discuss in the context of the
in supersonic expansions can be significafitlt is likely  trimethylamine experiments the means by which such a cali-
that the spectrum observed by Kawasekial. arises from  bration technique can be applied to other systems. Following
dissociation of clusters in the beam and that monomer dissd93 nm excitation, dimethylformamide was found to disso-
ciation contributes much less significantly to their results. Inciate along three primary bond fission pathways,

order to rule out the possibility of multiphoton effects con-

tributin_g to our data, we perfor_med a power study_ on theHCON(CH3)2+193 nm—HCO (X 2A") +N(CHy), (X 2B,)

TOF signal atm/e=42. We confirmed that the experiments (5
were conducted below saturation intensity, by ensuring that
the integrated signal area varied linearly with laser power

Y 2A7 A2
under the conditions of this study. —HCO(XA) +N(CHy)2 (AA)

(6)

B. The calibration of detection efficiency to obtain —HCONCH;+CHa. )
branching ratios

As mentioned earlier, obtaining branching ratios pe-All three c_:hannels produce_rad_ica!s c_ontainin_g thfa methyl
tween dissociation channels producing polyatomic radicals i§70UP, Which all crack following ionization to give signal at
a task fraught with difficulties. The method of detection uti- ™/&=15. The branching among these channels can thus be
lized in these experiments, which involves ionizing the neuCalibrated if ~we know the relative amount of
tral reaction products, results in the appearance of signal &(CHz)2(X?B1), N(CHy),(A?A,), and CH which give
various daughter ions of the precursor. No mass spectral dafig€ to the observed fragment signalrate=15. Although
is available for the vast majority of radical neutral poly- the secondary decomposition of (BHg),(A%A;) to
atomic molecules, necessitating estimates of the ionizatio@H,NCH;+H was not assigned in Ref. 6, from the results
cross section, daughter ion cracking patterns, etc. When orteere and the similarities in internal energy and cracking pat-
wishes to calibrate the branching ratio between energeticallyterns of the neutral species, it is obvious that the species
allowed product channels in a quantitative manner, e.g., fogiving rise to signal am/e=43, 42, and 15 is the same in
the purposes of modeling combustion reactions from elemerboth studies. The experiments on trimethylamine have pro-
tary reactions, the errors introduced in such estimates cavided these calibration factors, as they have been performed
result in large uncertainties in the relative importance of vari-under identical detection conditions. To determine the rela-
ous reaction channels. tive branching among these channels, we simply multiply the

In the case of trimethylamine dissociation, we calibratedrelative  probability ~weightings of [CHs), (X ’By),
the relative detection efficiency of the polyatomic products ailCH,NCH, (possibly arising from the primary product
m/e=15, as they all fragment to give signal at this MAaSS.\(CHs), (A 2A,) and CH; atm/e= 15 in dimethylformamide

Because each N-Gfbond fission channel produces €H |y ihe calibration factors determined in this paper. The TOF
and NCHg), radicals in a one-to-one ratio, one can calibrategpecra am/e= 15 in Ref. 6 were fit using a relative branch-

the relative detection efficiency of(8H,), (or its secondary ing among NCH,) (;( 2B,): CH,NCH,:CH
3/2 1)- 2 3 3

_product$ at m/e=15 W|thoufc having (o measure daughter =0.15:0.38:0.46. Using the calibration factors fofQ¥,),
ion cracking patterns or estimate total ionization cross S€C; 4 CHNCH,, relative to CH, determined in this paper, the
tions. Using this method, we have determined the correctio > § Paper,

n ; . .

, ) . - branching of reaction$5):(6):(7)=0.17:0.49:0.34. The cali-
factqrs.(by which relative 3'9”‘?" '.e"e!s an/e=15 mgst be bration factors determined in this paper vary slightly from
multiplied to correct for total ionization cross sections and

daughter ion cracking probabilitiesto be 1.5-0.3 for those preliminary ones given in Ref. 6, but they fall well

< 2 within the limits of error placed on this method.
N(CHy), (X “B;); and 1.7-0.2 for unstable KCH5)5 under-

) X Y k This method of calibrating branching ratios and detec-
g_Olngl Tecolndary dissociation to GlNCHj,, relative to CH  ion efficiency is not restricted to experiments using electron
signal level.

) ] ] ) bombardment ionization for product detection or to photodis-
These calibration factors from the trimethylamine dataggciation reactions. A calibrant molecul&B) that dissoci-

can give corrections for the relative sensitivity of our MaSSates to formA+B (in a one-to-one ratipcan be used to
spectrometric  detection to each  species, 3CH cqjiprate the signal intensity # andB (at any convenient
N(CHjy), (X ?B;), and CHNCH;, at any required daughter parent or daughter ions in a mass spectrometric experiment
ion. Thus, if another reactive process of interest has tw@r pair of ions in an experiment using photoionization detec-
competing product channels, one that produces methyl radiion). This can then be used to determine the branching ratio
cals and another that produce§d¥,), (X °B;) radicals, we  between formation oA andB products in a separate reaction
can calibrate the branching ratios between these produce.g., the branching betweehB+ CD—A+BCD and AB
channels using the relative sensitivities from our trimethy-+CD—B+ ACD). We hope the experiments here illustrate
lamine data, and we need only take data at one daughter idhe advantages of using such a calibration method, and also
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