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Abstract

We explored a possibility of using atmospheric pressure ionization techniques like corona discharge chemical ionization and surface thermoion-
ization for distinguishing the chiral chemical compounds in sifu. In both cases of ionization techniques we used home built ion sources coupled
with non-modified ThermoFinnigan interfaces. For the proof-of-principle demonstration of recognition of molecule chirality in situ we used
dimethyltartrate as a model chiral substance. We demonstrated that both ionization methods produce dimers and trimers of the dimethyltartrate
molecules with pronounced chiral discrimination effects. In the case of corona discharge ionization we detected H;O* and H,O* based dimers and
trimers. K* based dimers and trimers dominated the mass spectra in the case of thermoionization. Homochiral domination in the potassiumated
dimers and H,O" based dimers can be attributed to inherited chirality effect from the trimers. We showed that addition of the water molecules to
dimers strongly influenced the effect of chirality on dimer stability by making heterochiral dimer more stable than homochiral in case of addition
of one water molecule and removing the influence of chirality on dimers stability by addition of two or more water molecules. The experimental
observations agree well with the results of the quantum chemical calculation obtained for dimers containing different number of water molecules.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction to solve even some practical problems of controlling chiral
purity of drugs [3]. One of the most intriguing and challeng-

Feasibility of recognition of the molecular chirality by mass i problems for chiral recognition is the detection of the chiral
spectrometry has been demonstrated by many groups [1]. In  agymmetry in extraterrestrial conditions to answer the ques-
the combination with “kinetic method” [2] it has been applied  ion of the origin of homochirality on Earth. There were a
lot of discussions about a possibility to detect chiral polar-

Abbreviations: DMT, dimethyltartrate; CI, chemical ionization; ESI, elec- ization of molecular sediments on the surface of the Saturn’s

trospray ionization; MALDI, matrix-assisted laser desorbtion/ionization; AP, satellite—Titan [4]. Successful Cassini-Huygens mission to
atmospheric pressure; APCI, atmospheric pressure chemical ionization; CID, Titan has increased the interest to this subject and further inves-
collision induced dissociation tigations will be undertaken including analyses of the chirality
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presence of chiral polarization. Harsh conditions on the Titan’s
surface put strong limitations on the choice of the methodology
for in situ analyses of the chirality of the organic compounds.
Earlier we have already discussed the potential strategies for
recognition of chirality of the organic compounds on the Titan’s
surface [5]. We made a conclusion, that the mass spectrome-
try is the most adequate technique for this purpose because of
its high sensitivity and a possibility for direct identification of
the analyzed molecules. Another important practical application
of such technique of chiral recognition would be analysis of the
chiral purity of the drugs. The possibility of performing analyses
under the atmospheric pressure makes this approach especially
attractive.

Intrinsically, mass spectrometry provides achiral property
of an ion—that is mass to charge ratio. However, the analy-
sis of the molecular chirality becomes possible by analyzing
ion—molecular complexes. Homochiral and heterochiral com-
plex usually have different stability. This property allows to
distinguish those complexes and to determine their relative abun-
dances. Ion—molecular complexes can be formed by a number
of ionization techniques including CI, MALDI and ESI. Those
three methods can be used at the near atmospheric pressure,
so that only ionized part of the analyte is introduced into the
analyzer and they need only low pumping capacity of mass spec-
trometer vacuum system. Among those three methods, the CI
is the most simple and robust. The most simple implementa-
tion of CI is atmospheric pressure CI (APCI) caused by corona
discharge. It is quite possible to monitor ion—-molecular com-
plexes in APCI conditions. For example in water containing
atmosphere water clusters H* (H,0),, with n up to 50 dominates
mass spectrum at room temperature (see below).

To our knowledge surface thermoionization being one of the
oldest and well characterized techniques of positive and neg-
ative ion production in high vacuum has never been used as
a method of ionization at atmospheric pressure. In this paper
we characterized APCI by corona discharge and AP surface
thermoionization as methods for in sifu determination of enan-
tiomeric composition by direct probing of the analyte vapors.
As a model substance we used dimethyltartrate. This substance
has two chiral centers. It is solid at room temperature and has
vapor pressure of about 10~ Torr. It has strong effect of chiral-
ity in the formation of protonated dimers and trimers. Also the
thermodynamics and kinetics of their cluster formation is well
characterized [6-9]. To distinguish between left and right forms
of DMT molecules we labeled left form of the DMT by sub-
stituting both methyl groups with deuterated ones. It has been
shown before that this substitution does not affect the stability
of the protonated DMT cluster.

2. Instruments

For the detection of the corona discharge ionization source
products we used ThermoFinnigan SSQ 710C single quadrupole
and ThermoFinnigan LCQ DECA-XP ion trap mass spectrom-
eters. For detection of the surface thermoionization products
we used Only ThermoFinnigan LCQ DECA-XP. In the case of
liquid samples it is possible to do both ESI and APCI with-

out modification of the standard ThermoFinnigan ion sources.
For API of gas samples we introduce a simple modification by
adding a corona discharge needle on one holder and heated wire
of NiCr alloy on the other. The corona discharge was ignited by
high voltage from the standard API ion source.

2.1. lonization source

2.1.1. Corona discharge source

The home built corona discharge API source is shown on
Fig. 1. Itis similar to what was described earlier [10]. The source
consists of a tungsten wire tip approximately 10 wm in diame-
ter, producing a discharge in a point-to-plane geometry with the
500 wmi.d. stainless steel heated inlet capillary of the mass spec-
trometer. The corona discharge is located in a volume between
the tip and capillary inlet. The tip-to-capillary distance can be
varied and was chosen to support stable corona. Voltages ranging
from 2 to 4kV were applied to the tip using a ThermoFinnigan
(formerly Finnigan MAT, San Jose, CA) electrospray ionization
power supply through a 1 G2 (Caddock Electronics, Riverside,
CA) resistor placed in series with the tip that acts to limit and sta-
bilize the discharge current. A point-to-plane corona discharge
is used to produce primary ions, which ionize the trace organic
vapors through a series of ion—molecule reactions. It is well
known that in the corona discharge source working in positive
ion mode a rapid sequence of ion—molecule reactions occurs
to form a series of protonated water molecular clusters of the
type (H,0),H* [11]. Fig. 2 shows a typical example of a mass
spectrum of laboratory air. It was measured at room tempera-
ture of desolvating capillary using ThermoFinnigan SSQ 710C
single quadrupole mass spectrometer. As we can see corona
discharge ionization method gives mass spectra, which are sen-
sitive not only to proton affinities in the positive ionization mode
and electron affinity in the negative mode, but also sensitive to
thermo-chemistry of complex formation. Peak H*(H,0);; in
water cluster series corresponding to the structure of enhanced
stability dominates in the mass spectrum. These protonated clus-
ters are formed in the chain of ion molecular reactions started
from Np* and O™ ions, formed in corona discharge, which then
were converted into HyO" giving H3O", the last two ions serve
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Fig. 1. Corona discharge source setup.
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Fig. 2. Corona discharge ionization mass spectrum from air at room temperature.

as a primary reagent ions for ionization of the trace components
of the gas mixture. The weakly bound (by hydrogen bonds)
clusters can be easily declustered in the heated capillary or by
the use of collision induced dissociation (CID) at an interme-
diate pressure (~1 Torr). [11,12]. With ThermoFinnigan LCQ
DECA we did not see such a long series of water clusters.
Usually the number of water molecules in the cluster did not
exceed 10.

2.1.2. Thermoionization ion source

The home built AP thermoionization source is shown on
Fig. 3. NiCr alloy wire of 0.2mm in the diameter was used
as a surface thermoionization ion source. The wire-to-capillary
distance is variable and was chosen to produce maximal signal.
The wire was heated by current from Russian made power sup-
ply supporting up to 3 A. Current ranging from 1.5 to 2 A was

1 atm
Heated
 a— capillary
To DC power |
supply % | |:> ToMS

Sample in solid
or liquid phase

Atmospheric interface
Sample holder

Fig. 3. Thermoionization source setup.

used to produce primary ions, mainly alkali metal cations when
redheated, which cationize the analyte vapors (trace organic)
through a series of ion—molecule reactions. These cations are
captured by an airflow and sucked into the 500 pwm i.d. stainless
steel heated inlet capillary of the mass spectrometer. Samples
with sufficiently high vapor pressure were placed in front of
capillary. Nonvolatile samples were placed as a solution or as
small crystals directly onto the heating wire. In both cases of ion-
ization (corona and thermoionization) we used manufacturer’s
non-modified ion optics, which consists of a heated inlet cap-
illary for ions desolvation as they enter the vacuum system, a
tube lens for ion focusing at high pressure in to the aperture
of a skimmer, followed by an rf-only octopole ion guide. Ions
traversing the ion guide pass another aperture and enter the ana-
lytical quadrupole or ion trap. Detection of the ion signal is
performed using an off-axis conversion dynode/multiplier com-
bination. Instrument control and data acquisition in the case of
corona discharge instrument is done by Finnigan ICIS software
running on a Digital Unix workstation. In the case of surface ion-
ization experiments we used standard LCQ PC based Windows
software.

3. Results and discussion

3.1. In situ recognition of DMT chirality in vapor using
corona discharge ion source

To recognize the chirality of the vaporized DMT molecules,
which penetrate into the corona discharge region we deposited
isotopically labeled L-DMT samples on the surface of heated
capillary of the ESI source (see Fig. 1). This labeled sample pro-
duces protonated monomers, dimers and trimers in API mass
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Fig. 4. DMT vapors in laboratory air at 90 °C: L + Leg. Where L is left DMT molecule and Lgq is isotopically labeled L-DMT molecule, in which two CH3 groups
are substituted by CD3 groups (Leg notation is used on following figures as well, for right DMT molecules we are using notation D).

spectra when the temperature of the capillary is higher then
70°C. At the temperatures around 70 °C the spectra is domi-
nated by hydrated DMT clusters. At the temperatures higher than
100 °C, pure DMT cluster and DMT decomposition products
dominate. When non-labeled L-DMT samples are approaching
coronaregion we observe mixed (deuterated and non deuterated)
dimers and trimers formation. Fig. 4 shows the part of mass spec-
trum obtained using corona discharge ionization of non-labeled
and labeled DMT molecules mixture measured at 90C. Inten-

sity distribution inside dimer group is statistical (binomial) as it
was anticipated in the case of absence of isotopic effect. How-
ever, we observe strong discrimination of heterochiral dimers
when we introduce D-DMT sample vapors into the corona region
(Fig. 5). This behavior has already been observed in CI equilib-
rium and ESI experiments [13,14]. Because labeled reference
DMT sample is positioned directly on the desolvating capillary
the relative intensity of the homochiral D-dimers and heterochi-
ral dimers depends on the distance between the sample holder
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Fig. 5. DMT vapors in laboratory air at 80 °C: D + Legg.
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Fig. 6. Protonated DMT dimers from molecules of the same (left) and different (right) chirality.

and the corona discharge region. By adjusting this distance we
made the intensities of those dimers comparable. Detectable sig-
nal is observed at distance of around 1 cm. In another experiment
when both reference (deuterated L-DMT) sample and analyzed
sample were positioned in the same sample holder as a mix-
ture of two enantiomers the relative intensities of homochiral
L-containing and D-containing dimers were independent of the
distance and depended only on the relative concentrations of
enantiomers in the mixture. Fig. 6 shows the cases, when the
dimers presented as a mixture of the molecules of the same (left)
and different chirality (right). In both cases, besides protonated
dimers we also observed water containing dimers. As we can see
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homochiral species were dominated by protonated dimers while
the heterochiral species were dominated by hydrated dimers.
Heterodimer domination was first observed by Nikolaev and
McMahon during studies of ion—molecular reactions in left and
right DMT molecules mixture by FT-ICR mass spectrometer
with high pressure ion source [15].

As shown on Fig. 7 trimers were presented by both homochi-
ral and heterochiral mixtures. The interference between the
protonated and hydrated trimers does not obscure the fact that
in the hetero mixture there is a discrimination of homotrimer
among the protonated trimers and even stronger discrimination
among the hydrated trimers. Occasionally we were observing
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300000 Legbpalea
250000
200000
150000
100000
50000

O 4
530 535 540 545 550 555 560 565 570 575 580
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Fig. 7. Protonated DMT trimers from molecules of different chirality.
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Fig. 8. Protonated DMT dimers from molecules of different chirality: Leg + D.

not only protonated dimers and trimers but also HyO* based
cluster series. Fig. 8 shows the dimer for hetero mixture of the
DMT molecules with H;O"(DMT), group. It is evident that the
intensity distribution for this group is closer to statistical, in
contrast to proton containing dimers. Fig. 9 shows the high m/z
part of spectrum presented on Fig. 5. We identified a series of
H*(DMT), (H,0), clusters. The detectable end of this series
is shown on Fig. 10. As we can see starting from two water
molecules inside the cluster there is no discrimination between
homo- and heterochiral clusters. The relative intensities of the
dimers follow the binomial distribution.
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3.2. In situ recognition of DMT vapor chirality using AP
thermoionization ion source

AP thermoionization of laboratory atmosphere air generates
both positive and negative ions with the total ion current lower
by about one order of magnitude compared to corona discharge
ionization. We did not specially treat the surface of heated wire
to increase the emission of alkali ions. The observed current
originated from the impurities. We observed ions with masses
up to 2000 Da in positive mode and up to 4000 Da in negative
mode. This observation is difficult to explain and requires further

H*(DMT), (H,0)
f_%

400 410 420 430 440
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Fig. 9. Water containing protonated dimers H*(DMT), (H,0),,.
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Fig. 10. Water containing protonated dimers H*(DMT), (H,0),, (higher n).

investigation using a high-resolution mass spectrometer. Fig. 11
shows an example of a positive ions mass spectrum obtained
for background air. Signal intensities were highly sensitive to
the presence of different organic substances in the atmosphere
and on the heated capillary. We tested AP thermoionization at the
surface as a method for in situ analysis of the enantiomeric com-
position by direct probing of the analyte vapors. Fig. 12 shows
an example of mass spectrum of thermoionization of dimethyl-
tartrate vapors. As in the case of corona discharge experiments
to distinguish between left and right forms of DMT molecules
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we labeled L-form by substituting both methyl groups with deu-
teriorated methyl group. We found a strong influence of chirality
on formation of cation-based dimers and trimers supporting of
the results from earlier experiments using CI. In the case of
thermoionization we saw only Na* and K* based dimers and
trimers. The extent of chiral discrimination is comparable with
what we saw before on the protonated DMT dimers and trimers
in case of corona discharge ionization. It is known from ion
molecular reaction of ligand exchange equilibrium that chiral
discrimination of DMT does not exist in alkali ion-based dimers
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Fig. 11. Atmospheric pressure thermoinization mass spectrum of laboratory air.
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Fig. 12. Atmospheric pressure thermoinization mass spectrum of DMT wapors:
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[16]. Observed chiral discrimination in alkali ions based dimers
can be explained by formation of those dimers from trimers
through the dissociation of trimers within the ion transporta-
tion system. Homochiral combinations strongly dominate the
trimer complexes. After trimer decompositions the dimer prod-
ucts inherit! homodomination and showing chirality effect in
intensity distribution. We have repeated corona discharge CI
using the same setup as in the thermoionization experiments (on
LCQDECA-XP). Using the ion trap we saw only small intensity
peaks of protonated dimers in the case of corona discharge ion-
ization (Fig. 13). The intensity distribution inside this peak group
demonstrates complete elimination of protonated heterochiral
dimer in these conditions. H,O" based dimers and trimers dom-
inated in the spectrum. Within dimer and trimer groups spectra
were dominated by the homochiral species. The strong differ-
ence in the relative intensities of the peaks, corresponding to
protonated and HyO" dimers (Figs. 8 and 13) can be explained
by the differences in humidity and DMT vapor concentration.
Proton transfer from H3O" to DMT monomers produces pro-
tonated DMT monomers, followed by formation of protonated
dimers. At low humidity and high DMT partial pressure, the
DMT molecules interacting with HyO* before these ions get
converted into H3O™". This mechanism is supported by the kinet-
ics of changing of relative intensities of HyO" based monomer
complexes to H3O" based monomer complexes (Fig. 14). This
kinetics was measured when DMT sample was extracted from
the reaction region. From our observations it follows that the
value of chiral discrimination in the case of HoO" based dimers
strongly depends on the experimental conditions. The R ratio

! This effect has a kinetic character. In equilibrium, if there is no thermody-
namic preference for one of the forms (homo or hetero) dimers intensity has
statistical (binomial) distribution. During the formation in ESI process some of
them are formed as result of trimer decomposition in ion transport system or
inside ICR cell. So if trimer intensity distribution is not statistical dimers will not
be as well. If for instance in trimer group homochiral trimers dominate we will
have mainly homochiral dimers, because heterochiral dimers could be formed
only from heterochiral trimers.
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Fig. 13. Atmospheric pressure corona discharge chemical ionization mass spec-
trum of DMT vapors: D + Lgg.

of abundances (sum of the intensities of homochiral dimers to
intensity of heterochiral) of homochiral to heterochiral dimers
is changing from statistical R =1 (absence of chiral discrimina-
tion) to up to R = 3 (strong chiral discrimination). It is reasonable
to suggest that the chirality effect observed for this dimer group
has a similar nature to what we saw for alkali metal-based dimer
and determined by the inheritance from the trimers. This method
of chirality recognition may not be applied to any chemical com-
pound. The compound should be volatile enough to form dimers
by APCI and AP thermoionization. Moreover, the chirality must
have an affect on the stability of dimers or trimers. A chiral drug
albicar is an example of a compound with high enough volatility
but no chiral discrimination in the dimer stability. L-albicar was
labeled with six deuterium atoms. We saw very intense peaks
of albicar dimers both in AP CI and AP thermoionization mass
spectra. Figs. 15 and 16 show the comparison of the spectra
obtained by corona discharge CI and thermoionization. From
these figures it becomes evident that albicar molecules form
complexes according to statistical distribution without reveal-
ing any significant chirality effects in stability of both dimer and
trimer groups.

3.3. Influence of hydration on chiral discrimination in
DMT dimer formation

The results on Figs. 9 and 10 showing that attaching more
than one water molecule destroys the bonds between the tar-
trate molecules responsible for chiral discrimination in dimer
formation process. It means that in the bulk phase we should
not see such discrimination. To investigate this effect further
we calculated the potential surface fragments for homo- and
heterochiral DMT dimers containing zero, one or two water
molecules. All calculations were performed at the density func-
tional B3LYP level of theory [17,18]. Optimized geometry
parameters and frequencies of normal vibrational modes for
the studied molecular systems were computed using the 6-
31 G* atomic basis sets [19]. Single points on the potential
energy surface were calculated having regard to the 6-311++
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Fig. 14. (a) Kinetics of transformation of HyO* DMT based monomer complexes into H3O* based monomer complexes after removal of DMT sample from corona
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G** polarization and diffusion functions [20]. The calculations
were performed with the use of the GAUSSIAN-98 program [21]
on a CRAY J90 supercomputer in the National Energy Research
Supercomputer Center (Oakland, California, USA) and on an
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Fig. 15. Atmospheric pressure corona discharge chemical ionization of albicar
vapors: D+ Lgg.

SC760-D mini-supercomputer in the A.N. Nesmeyanov Institute
of Organoelement Compounds (Moscow, Russian Federation).
Calculated values of total (E, a.u.) and relative (AE, kcal/mol)
energies of LL and LD forms of charged complexes H* (DMT),
(H0), (n=0, 1, 2) for three basis sets 6-31 G*, 6-311 G**,
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Fig. 16. Atmospheric pressure thermoionization mass spectrum of albicar
wapors: D +Legg.
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Table 1

Calculated values of total (E, a.u.) and relative (AE, kcal/mol) energies of LL and LD forms of charged complexes H* (DMT), (H,0), (n=0, 1, 2) for three basis

sets 6-31 G*, 6-311 G**, 6-311++G**

System 6-31 G* 6-311 G** 6-311++ G**

—E AE —E AE —E AE
LL H* (DMT), 1372.3636 0.0 1372.7762 0.0 1372.8066 0.0
LD H* (DMT), 1372.3599 2.3 1372.7725 2.3 1372.8033 2.0
LL H* (DMT); H,O 1448.7993 4.0 1449.2499 3.6 1449.2834 3.2
LD H* (DMT), H,O 1448.8056 0.0 1449.2556 0.0 1449.2886 0.0
LL H* (DMT), (H,0), 1525.2425 0.8 1525.7302 0.6 1525.7657 1.3
LD H* (DMT), (H,0), 1525.2438 0.0 1525.7311 0.0 1525.7677 0.0

LD -1.8kcal/mole LL
—_—

-0.5 kcallmole [
s f l,:( LD
-

AAG=-2.3kcal/mol

-7.3kcal/mole

J 5 kcal/mole

LL

Fig. 17. H*(DMT), (H,O) group. Ab initio Becke, Lee, Yang, Parr Method in 6-311 G* bases.

6-311++ G** are presented in Table 1. Fig. 17 shows the
minimum energy structures and transitions energies for one
water molecule containing DMT homo- and heterodimers. In
the upper part of the figure we show structures with proto-
nated water molecule. In the lower part we show the structures
where proton is located on the DMT molecule and unpro-
tonated water interacting with the DMT molecule through a
hydrogen bond. It is evident that configuration of homochiral
dimer with protonated water molecule has the lowest energy.
The energy of the heterochiral dimer with protonated water
molecule is higher by 1.8 kcal/mole. This is in agreement with
experimental observations, where homochiral dimer was more
stable than heterochiral. For the conformations with protonated
DMT molecule the difference in formation energy is much
higher—7.3 kcal/mole. Fig. 18 shows the minimum energy
structures for tartrates homo- and heterodimers containing two
water molecules. It is evident that proton is located on one of
the water molecules and the other water molecule forms hydro-
gen bonds between the DMT molecules. The energy difference
indicates that the heterochiral structure is more stable than the
homochiral as we observed in the experiments. Table 2 presents
the calculated values of hydrogen bond distances (R(O-H)) and
charges on H- and O-atoms forming H-bonds (qH, qO) for LL
and LD forms of complexes H* (DMT); (H,0),, (n=0, 1, 2) (6-

311++ G** basis set). We would like to note, that from the data
(Table 2) for all three considered systems H*(DMT), (H,0),
(n=0, 1, 2) the transition from LL to LD form is not accompa-
nied by the variation in the number of hydrogen bonds, but only
quantitative characteristics of hydrogen bonds. By the quanti-
tative characteristics we mean the lengths of hydrogen bonds
and effective charges on atoms of hydrogen and oxygen. For
example in more stable LL-form H*(DMT), the length of the
shortest hydrogen bond is less, than in the LD-form. The shortest
hydrogen bond in the LD-form of the dimer with one molecule

LL LD

AAG= 0.23 keal/mole

\y

Fig. 18. H*(DMT), (H,0), group. Ab initio Becke, Lee, Yang, Parr Method in
6-311 G* bases.
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Calculated values of hydrogen bond distances (R(O-H)) and charges on H- and O-atoms forming H-bonds (qH, qO) for LL and LD forms of charged complexes H*

(DMT), (H20), (n=0, 1, 2) (6-311++ G** basis set)

System

R(O-H)

LL H* (DMT),

LD H* (DMT),

LL H* (DMT), H,O

LD H* (DMT); H,0

LL H* (DMT), (H,0),

LD H* (DMT), (H,0),

H(17)-0(30)=1.7206
H(18)-0(24)=2.4144

H(17)-0(30) = 1.7328
H(23)-0(24) =2.0430

H(23)-0(1)=1.5889
H@47)-0(9)=1.6416
H(48)-0(24) =1.6046

H(23)-0(24) = 1.5256
H(47)-0(9) = 1.6679
H(48)-0(30) = 1.7253

H(48)-0(32)=1.6297
H(23)-0(49)=1.4533
H(50)-0(24)=1.9880
H(51)-0(1)=1.8701
H@47)-0(9)=1.5740

H(48)-0(30)=1.7230
H(23)-0(49)=1.5194
H(50)-0(10)=2.0150
H(51)-0(24)=2.1137
H@47)-0(1)=1.6763

qH q0

0.4951 —0.2345
0.4359 —0.2637
0.5270 —0.2258
0.4644 —0.2491
0.2724 —0.2936
0.4438 —0.2880
0.4628 —0.3472
0.4023 —0.2971
0.4598 —0.2487
0.3229 —0.1561
0.4555 —0.2003
0.3256 —0.4592
0.2534 —0.3342
0.4015 —0.2938
0.3803 —0.2329
0.3970 —0.1543
0.3829 —0.4376
0.2580 —0.1488
03172 —0.3736
0.4311 —0.3107

of water is equal to 1.52 and, which is less than in the LL-form
(1.59 A). Analyses of the structure of dimers containing two
water molecules shows that the water molecules interact with
the DMT molecules in such a way that their chirality do not
affect the dimer stability.

4. Conclusions

Using simple experimental setup we demonstrated a pos-
sibility of chiral analyses of a mixture of enantiomeres by
direct probing the vapors of analyte at the atmospheric pres-
sure conditions. A couple of atmospheric pressure ionization
techniques were tested as potential methods for in situ recogni-
tion of molecular chirality at the atmospheric pressure, such as
corona discharge chemical ionization and surface thermoioniza-
tion. We showed that both methods produce dimers and trimers
of dimethyltartrate molecules with pronounced effects of chi-
ral discrimination. In the case of corona discharge ionization
we detected both H3O% and H,O" based dimers and trimers of
the DMT molecules. K* based dimers and trimers dominate the
mass spectra produced by the thermoionization technique. We
observed homochiral domination in potassiumated dimers and
H,O" based dimers and attributed this fact to inherited chirality
effect from the trimers. We also showed that addition of water
molecules to dimers strongly influences on the effect of chirality
on dimer stability making heterochiral dimer more stable than
homochiral in the case of addition of one water molecule and
removing the influence of chirality on dimers stability by addi-
tion of more than one water molecules. Results of the quantum
chemical calculation for dimers containing different number of
water molecules agree well with the experimental data. They

explain the observed effect of dimer hydration on the stability
difference between homo- and heterodimers by redistribution of
hydrogen bonds between water and DMT molecules.
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