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Abstract

The possibility of forming organic molecules, such as the amino acid, glycine, from interstellar species through the ion—molecule reactic
of ionized amine fragment compounds with neutral carboxylic acid and ester species has been investigated in a selected ion flow tube (SIFT
298 K. An earlier study showed that reactions of neutral amine species with ionized carboxylic acid or ester fragments does not result in the des
combination of groups but instead results in the fragmentation of the amines [D.M. Jackson, N.J. Stibrich, N.G. Adams, L.M. Babcock, Int.
Mass Spectrom. 243 (2005) 115-120]. In the present study, the ion product distributions and reaction rate coefficients of the gas phase reactio
HCOOH, CHCOOH, and CHOCHO with the ions Af, N,*, NH,*, NH3*, and HCNH have been determined. The ions"Aand N* fragment
the neutral species in dissociative charge transfer, and the reactions,bN8HHCNH with the neutrals result in dissociative proton transfer.
NH3* reacts with all three species to form hHoy H atom abstraction. The reaction rate coefficients were on average within experimental error
of the gas kinetic rate and were on the order ofldn® s,
© 2005 Elsevier B.V. All rights reserved.

Keywords: SIFT; lon—-molecule reaction; Rate coefficient; Interstellar medium; Amino acids

1. Introduction ion fragments and neutral carboxylic acids or esters is explored.
The predecessor of this study has already refuted one possible
Astrochemical models and laboratory measurements haveathway to molecules of this type involving the reactions of
aided the understanding of the formation of organic matter imeutral amines and ionized carbonyl containing spddies
interstellar clouds where planetary systems f¢2i3]. If com- The present study has been conducted in a selected ion flow
plex organic compounds can be formed in the interstellar regionwibe (SIFT) at 298 K concerning the reactions of the positively
by gas phase reactions or reactions catalyzed by dust grains, itétharged ammonia and amine ion fragments,NHNH3*, and
possible that comets and meteors could collect and deposit theBkCNH*, and the ions At and Nb* with the neutrals HCOOH,
species onto planets providing the nutrients for [4e7]. In CH3COOH, and CHOCHO. These neutrals as well as pH
fact, meteorites impacting Earth have been shown to carry margnd HCNH™ are known to exist in interstellar cloud$2,13]
amino acidg8]. Indeed, it has been reported that the amino aciHCNH* has been shown to be a primary fragmentation product
glycine may have been detected in the gas phase in the intesf the reactions of several ions with the aminessCH>NH.
stellar mediuni9], but this report has been recently contestedand CHNH> [1], the latter of which has been detected in the
[10]. One possible ion—molecule reaction pathway to interstellainterstellar mediunfil 3], and HCNH is also believed to play an
amino acid synthesis has already been propfk&dbut com-  important role in the atmosphere of Titfi¥,15] The general
petitive routes also may exist. In this paper, the possibility of ebehavior of the reactions of gaseous HCOOHzCBOH, and
gas phase ion—molecule pathway to amino acids involving amin€H3OCHO was determined through preliminary studies with
Ar* and Nb*. The reactions of the neutrals with NH NH3*,
and HCNH were then analyzed. Several previously unknown
* Corresponding author. Tel.: +1 706 542 3722; fax: +1 706 542 9454. ion product distributions and rate coefficients were determined
E-mail address: adams@chem.uga.edu (N.G. Adams). in this study.
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2. Experimental reactant gas mixtures were determined by measuring the pres-
sure drop across, and pressure in, a calibrated capillary under
The selected ion flow tube technique has been used to intrasdscous flow conditions using the Poiseuille equation. The He
duce a single primary ion species into a flowing He carrier gasused for the dilutions and as the carrier gas was pre-purified in
The SIFT technique has been described previoslyl7]and  molecular sieve cooled by liquid nitrogen. All measurements
will not be described in detail here. A microwave cavity (MC) were carried out at room temperature (298 K), and the rate coef-
ionization source of the type used in Flowing Afterglow studiesficients and product ion distributions were determined in the
[17] was used to create all primary ions. This source was sepisual way{16,17,21]accounting for the dilution of the reactant
arated from the upstream quadrupole region by a 1 mm orificaeutral. Note that it is necessary to use the viscosity of He when
disk as in the previous stud{]. The ions Af and Nb* were  calculating the rate coefficients instead of the gas phase viscos-
produced from their respective neutral gasespNehd NHs* ity of the liquids when a diluted mixture of this type is used as a
were produced from ammonia, and HCNtas produced from  reactant gas. Rate coefficients are accurae3@% and product
trimethylamine. Attempts were made to produce HCNI&ing  ions to+£5%.
methylamine and ethylamine, but these gases when introduced
into the MC quickly deposited a carbon layer on the inner surfacg§  gesults
of the pyrex tube of the MC.

The reactant gases HCOOH and {LHOOH have low vapor The experimental reaction rate coefficietttsy, are given in

pressurefl8] and are notably “sticky” organic liquids that read- rapje 1al0ng with the theoretical collisional rate coefficients,

ily dimerize, and for this reason samples of these liquids anq,theor’ calculated using Variational Transition State Thei@3]

the higher vapor pressure liquid GACHO were prepared by anq comparative literature valuds,, are included where avail-

evaporating the pure quuid; ir_1to an evacgated vessel_ to a tOtﬁbIe[23—251 The decay of the primary ion versus the flow of
pressure of 10Torr and diluting to 1% in He. At this pres-pne ra| gas in a typical reaction is showrfiig. 1. The reaction
sure, which is less than the saturated vapor pressure of gl N+ yith O,, a well-established reaction, was performed at

the liquids, the compound will be predominantly in the gase (ime of this study to confirm the performance of our SIFT
phase. However, there will still be a degree of dimerization

within the vapors of HCOOH and GG€OOH and this degree

of dimerization can be calculated from the measured literatur . - . o
ilibrium constant{slg 20] (no such dimerization ocecurs for xperimental rate coefficientsyp, for the gas phase reactions of a series of ions

equi . PRIV . e (indicated) with HCOOH, CHICOOH, and CHOCHO are listed followed by

CH3OCHO so this complication is not present with this higherheoretical collisional rate coefficientsseo, determined using Variational Tran-

vapor pressure liquid). When the vapors are introduced into thsition State Theorf22] with polarizabilities and dipole moments from literature

flow tube, the equilibrium is such that a negligible amount of[27] and literature rate coefficient, are given where availab@3-25]

able 1

dimer will be present if there is sufficient time for equilib- primary ion kexp Kiheor ki Efficiency
rium to be approached. That sufficient time is available can (10 %cm?s™1) (10 %cmPsY) (10 %cmPsY)
be shown by comparing the reduction in dimer concentratioQ)2a
due to monomerization in collision with the He carrier gas with 0.553 0.937 0.581 0.59
that due to the reaction with the primary ions. For these Cases. 1o
d[D])/dr equals—kz[D][He] and —kp[D][+], respectively, where Ar* 19 168 _ 113
ka and ky are the rate coefficients of the respective reactions n,* 2.05 1.87 4.6 1.1
and [D], [He], and [+] represent the concentrations of dimer, NH" 253 2.26 2.9 1.12
He carrier gas, and primary ion, respectively. Use of reasonableNHs" ~ 1.06 2.21 0.9 0.48
values for the parameters in these equations shows that the forHENH 1.05 1.87 14 0.56
mer d[D]/c is considerably greater than the latter, showing thatHsCOOH
the presence of dimer in the flow tube is negligible. Thus, the A" L1.76 1.98 - 0.89
X . N 2.86 2.22 - 1.29
flow of monomer into the flow tube can be determined from NH,* o 273 _ 088
the overall flow rate of the mixtures and the total fraction of np,* 1.98 267 _ 0.74
HCOOH and CHCOOH in the mixture, whether in monomer  HCNH* 2.56 2.19 - 1.17
or dimer form. Note that as the gas mixture is consumed ang, ocHo
the pressure reduces, the amount of dimer will decrease rel-ar* 252 2.09 - 1.21
ative to the monomer but the total fractions of HCOOH and N2* 3.12 2.35 - 133
CH3COOH will remain constant. The purities of the liquids as  NH2’ 3.76 2.89 - 13
quoted by the manufacturers were as follows: HCOOH, 99%; SCH:?\IH" g?i ggg _ (1):82

CH3COOH, 99.99%; CHOCHO, 99%. The samples of the lig-
uids once attached to the system were additionally purified byhe reaction eff_iciencygexp/kme(ir, is also included. All rate coefficients are
freeze-pump-thaw cycles to remove dissolved gases before dil§xPressed in units of Wene's. . o .

. . . Used as a standard reaction for comparison with literature to confirm the
tion. The reactant gas mixtures were added downstream in the, 1, mance of the University of Georgia SIFT apparatus.

flow through a ring type injector facing upstream into a carrier b an average of five SIFT literature valuf23].

gas of pure He at a total pressure-00.5 Torr. Flows of the ¢ Previous data obtained using a [24,25]
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N,*+ CH,COOH apparatus. As can be seenTiable 1 our measurement of the
100000 rate coefficient with this reaction is in close agreement with liter-
N ature[23]. The standard reaction was then performed again with
10000 ¥ a 1% dilution of Q in He, and the rate coefficient obtained was
2 ¢ CH,CO* unchanged confirming the proper working order of the method
3 1000 1— %~ CH;C(OH)," of dilution. The reaction efficienciegexy/ktheor are given in
g ¥ COOH’ Table 1as well to demonstrate the correlation of the theoret-
2 ) ical and experimental rate coefficients. The experimental rate
100 T coefficients are on average within experimental error of those
/ calculated theoretically.
10 . : . ; : lonic products, suggested neutral products, ion product per-
0 5 10 15 20 25 30

centages, and enthalpies of reactiaxH,, of each reaction
deduced using thermodynamic data obtained from literature
Fig. 1. Decay of N* in a typical charge transfer reaction with @EOOH is [18,26—29]are included irTable 2along with the very limited
shown above. Note the linear decay of the reactant ion over approximately 1 Bterature datg23—25] The rapid NH* and HCNH reactions
orders of magnitude and that the secondary reaction of COGth the neutral each resultin proton transfer from the primary jon to the neutral.
produces protonated GEOOH. The ions A and No* fragmented the neutrals by dissociative
charge transfer into the products showitaile 2 NH3* reacted
with each of the neutrals via H atom abstraction to formsNH

in a manner, which has been reported for the reaction of this ion

Flow CH; COOH 1% in He (Torr L sec)

Table 2

Product distributions (%) for the reactions of HCOOH, {HDOH, and CHOCHO with the ions indicated are listed along with literature product ion percentages
where availabl¢24,25]

rmary ion on pro uct eutral pro ucts (] iterature AH,
Pri i | d N | prod % Li
HCOOH
Ar* HCO* OH + Ar 70 - —275.4
COOH H+Ar 30 - —326.9
No* HCOo* OH +N, 85 100 —258.3
COOH H+N, 15 0 —309.7
NHo* HCO(OH)Y* NH 100 - —102.8
NHz* NH,* COOH 100 - —109.4
HCNH* HCO(OH)Y* HCN 100 100 —136
CHsCOOH
Ar* CHsCO* OH +Ar 55 - —385.2
COOH CHg +Ar 45 - —344.9
No* CHsCO* OH +N; 57 - —368
COOH* CHz + Ny 43 - —327.7
NH,* CH3CO(OHY* NH 100 - —141.1
NHz* NH,* CH,COOH 100 - —103.6
HCNH* CH3CO(OH)* HCNP 100 - —174.2
CH3OCHO
Ar* CHs* HCOC + Ar 17 - —228.5
HCo* H3CO +Ar 26 - —262.7
HsCO* HCO +Ar 57 - —-71.9
No* CHs* HCOCGF +N; 15 - —211.3
HCO* H3CO +N, 25 - —2455
HsCO* HCO+N, 60 - —54.73
NH,* HC(OH)OCH* NH 100 - —139.9
NH3* NH4* CHz0C? 100 - —125.3
HCNH* HC(OH)OCH;* HCNd 100 - —173

Reaction enthalpiegyHy, in kJ mol~! are also listed showing each proposed product channel is exothermic. Thermochemical data were obtained from the literatu
[18,26-29]

2 Reaction may also form radical via extraction of the carboxylic H although these are reported to be less thermodynamically and structuja8lyddfable

b Itis also energetically possible to proton transfer from the C forming HNC.

¢ The less stable radical must be formed in this reaction although this radical has been reported to break up under single collision8bhditions

d Abstraction may likely also occur from H-GBXCHO. However, no thermodynamic data is available for this species.
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with several other species containing hydrogenincludip@®  the carbonyl which, in the case of the HCOOH, is the only ener-

and CHOH [30]. getic possibility, and in the case of GEOOH, is favored by
>100 kJmot?® over CH*. Fragmentation of CEDCHO gives

4. Discussion three products presumably due to the placement of the second
C—O bond. An attack to the C#D—CHO bond can give either

4.1. Kinetics HCO" and CHO or CH;O* and HCO, and it is also possi-

ble to attack the CE-OCHO bond, which appears to result in
The rate coefficientseyp, obtained for many of the reactions CHz™ and the formyloxyl radical, HCOO. This neutral species
in this study are near thg,eorvalues calculated with Variational has not been studied to a large degree, but it has been reported
Transition State Theorj22]. A comparison to the available lit- to be unstable, decaying to H and €@ experiments run under
erature also shows general agreement with our experimentaingle collision condition$31]. The instability of this species
values. The only experiments of the types of reactions invesmay account for why it does not readily ionize like the hydro-
tigated in this study that were performed previously were FAcarboxyl radical, COOH, whose ionic form is a product in the
studies involving formic acif4,25]. In each case fakji; values  reactions of the carboxylic acids, and the producgCl4 seen
above the gas kinetic ratlsyp is also abovéineor, likewise for  instead.
kiit values belowineor, kexp iS belowkiheorindicating agreement With respect to the disagreement of the product distribution
between the current measurements and literature. The agreemehtthe Nb* and HCOOH reaction iTable 2with the litera-
of the kexp andkj in the standard reaction of Nand @ noted  ture value which does not report the product COQH may
in Section3 attests to the proper functioning of the apparatusbe noted that these old FA measurements can be expected to
Note the efficiencies of the reactions are within experimentabe relatively accurate concerning rate coefficients but not as
error equal to the gas kinetic rate. accurate concerning products. Unwanted ions may be produced
Some of the differences betweésyp and kineor may be  along with the primary ion of interest that may obscure prod-
attributed to errors associated with the dilution technique andicts. Also, neutral source gases had to be added to the flow
the complications due to carboxylic acid dimerization. If dimer-tube to produce these ions, which complicated product analy-
ization problems and the equilibrium calculations were a majosis. Electron—ion recombination can also occur further distorting
source of error in the experiment, then the rate coefficients athe product distributions of FA experiments. Thus, the current
the reactions of CEDCHO, for which dimerization need not SIFT measurements of product distributions are more accurate
be considered, should be closeritgeor It is observed, how- than previous FA measurements, and the ion products for the
ever, that they are not relatively closer to 100% efficiency thameactions of Af and Nb* are very consistent as expected for
the rate coefficients of the reactions carboxylic acids. Thus, itissociative charge transfer from species with similar recombi-
is likely that the tendency of the organic liquids to adhere tonation energies. Because of the above complications, the older
surfaces of the system condensing on and evaporating from tH&\ experiments were often not able to report ion product distri-
walls is a significant additional source of error in the experimenbutions; thus several reactions for whigh values are given in
even though equilibration time was given for the pressures ifTable 1have no corresponding literature products reported.
the dilution chamber to stabilize in the production of the reac-
tant mixtures before pressures were recorded and the flows df2.2. HCNH*
the reactants into the flow tube were given sufficient time forthe Each neutral reacted via exothermic proton transfer with the
reactant concentrations to stabilize as indicated by the constaneynine fragment HCNH Proton transfer from the C of HCNH
of the ion count rates. It may be noted that some differencetd HCOOH is an endothermic reactiond; = ~27 kJ mot1)
betweenkexp andkineor also may be due to limitations of the- and prevents the formation of HNC, but for @BOOH and
ory to describe the interactions of ions with complex moleculesCH;OCHO proton transfer from the C of HCNHforming
containing more than one major functional group and not jusHNC is energetically possible withH, values of—11.4 and

due to error associated with the experiment. —10.2 kI mot1, respectively. Thus, reaction pathways leading
to HCN are favored energetically, but it is expected that HNC

4.2. Products could play arole in the reactions of GOOH and CHOCHO
with HCNH*. The product channels, which lead to HCN rather

4.2.1. Art and N>* than HNC are more exothermic, and thé/, values given in

The ion product distributions for the reactant ions And  Table 2correspond to the HCN product channels.
N,* indicate dissociative charge transfer fragmentation for each
neutral based on the position of attack. The acids, HCOOH and 2.3. NH>" and NH;*
CH3COOH, fragment solely into two products based on this The neutrals react in a different manner, although consis-
principle. An attack claiming an electron from the carboxyltently, with NH* than with NH* and still differently than
group of the molecules leads to a cleavage of the ROB  with NH4™. It has been previously determined that ;NHeacts
bond resulting in the ionized product RE@nd the OH rad- by rapid association reactions with molecules of the type in
ical. Alternatively, an attack to the-RCOOH bond results in  this study[32]. This was briefly examined for each neutral in
COOH' and a neutral R. In the case of fragmentation of these¢he present study, and the same association as previously was
species, the positive charge resides on the fragment containirfigund to occur for the reaction of Nfi with each neutral. An
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association reaction of either NHor NHyx* with CH3COOH  but the abstraction reaction that forms this radical is likely also
could lead to the formation the amino acid glycine or one ofexothermic.

its isomeric forms upon electron—ion recombination. However,

association does not occur for either species, bus™Ntdacts
instead via proton transfer with each neutral andsNkeacts
via H atom abstraction. Proton transfer is quite exothermic for
the reactions of NK" with all three species but is endother-
mic for the corresponding N¢¥ reactions having\H; values

5. Conclusions

This study has shown the reaction tendencies of a class of
reactions involving positively charged ions, including ionized

- amine fragments, and neutral carboxylic acids and esters. This
0f49.2,11.2, and 12.2kJ mo for proton transfer to HCOOH, ' gy,qy and previous literature indicate that the fragment ions of

CHsCOOH, and CHOCHO, respectively. Thus, the reactions gmines and NIt type ions do not react with either class of neu-

. .
of NHz™ and the neutrals cannot proceed via proton transfefys o form G-N bonds. lons of high recombination energy and
and proceed instead by H atom abstraction. This sort of H atorjy H atoms. such as Amnd No* fragment the neutrals based

abstraction reaction has been reported to occur at the gas kinefi, ihe position of the attack. The carboxylic acids, RCOOH
rate for the reactions of N¢T with several species, such asED fragment cleaving the RCOOH bond or the RC&)H’ bond. '
and CHOH but to be much slower in reaction with2f80]. For - \jethyi formate indicates the fragmentation pattern of formyl

species with no H atoms to abstract, such as{?ﬁn CO, N0 ggters of the form ROC(O)H, yielding R@s the major prod-
reaction occurs at all with Nt (k < 5(-13) cn?s™%) [30]. The it " with a significant contribution from HCQand R as a
reactions of NH" with the neutrals via H atom extraction are pinor product. The ions of the form GN* (n=1-5) will

exothermic, and Nbt" is known to undergo this sort of reaction likely proton transfer as will the ion Nyt depending on relative
as aminor product channelin reactions wih3®0 and CHOH 1440 affinities. NH* reacts with many species including the

[30], but there is no evidence in the data obtained in this studyeciesin this experiment via H atom abstraction forming NH
to indicate that this occurs for the reactions of NHwith the  |1'is obvious that the types of gas phase ion-molecule reac-

neutrals in the present study. tions described in this study do not produce interstellar amino

The neutral products of the abstraction reaction are worth f“récids, but it is possible that the radicals generated by thg"NH

therconsiderati_on becaqse itis possi_blethattheygre radicglst m abstraction reactions could play a role in forming these
have been studied very little. Repeating the experiments with th§pecies.

deuterated species could identify which H atom is abstracted

preferentially, but these compounds are available either with

high impurity or very high expense; thus, the ability to posi- Acknowledgements
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