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Protonation of caffeine was examined by ion mobility spectrometry equipped with two ionization
sources, corona discharge (CD) and UV photoionization. Three peaks were observed in ion mobility spec-
trum by simultaneously running the two ionization sources. Experimental and theoretical evidence was
collected to link the observed peaks to caffeine related ionic species. One peak was attributed to the M+

ion while the other two were assigned to different protonated isomers of caffeine. In the case of CD ion-
ization source, it was observed that different sites of caffeine compete for protonation and their relative
intensities, depends on the sample concentration as well as the nature of the reactant ions. The new con-
cept of ‘‘internal proton affinity’’ (IPA) was defined to express the tendency of holding the added proton for
each atom in a molecule.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

The detection and measurement of caffeine (CAF) or trimethyl-
xanthine (M = 194), as a central nervous system and metabolic
stimulant [1], have attracted the attention of many researchers.
Chromatography and mass spectrometry with different ionization
sources have been widely used in the study of caffeine. Electro-
spray ionization mass spectrometric analysis of caffeine showed
only one major peak at m/z 195, corresponding to non-fragmented
protonated caffeine, MH+ [2–4]. Atmospheric pressure photoioni-
zation (APPI), using a dopant, also exhibited only one major peak
for caffeine at m/z 195 [5]. In addition, mass spectrum of caffeine
with a nickel-63 ionization source showed two peaks for caffeine,
corresponding to M+ and MH+ [6], while with corona discharge ion-
ization source, only one peak at m/z 195 was shown [7]. Further-
more, determination of caffeine by means of LC–MS/MS with
electrospray ionization in human plasma [8] and breast milk [9]
showed only the protonated form of caffeine as non-fragmented
product ion.

In addition to the above techniques, ion mobility spectrometry
(IMS) has been used to measure caffeine in dietary supplement
[10] and chewing gum [11]. Ion mobility spectrum of caffeine with
electrospray ionization source showed only one product ion peak
[12,13]. Distributed plasma ionization source (DPIS) for ion mobil-
ity spectrometry also led to one product ion peak for caffeine [14].
An old IMS–MS study of caffeine with radioactive ionization source
at room temperature reviled four peaks, mainly nitrogen clusters of
MH+ and Mþ

2 and an unknown ion at m/z = 252 [15].
Proton affinity (PA) is one of the most important thermody-
namic quantities that link the thermochemistry of ions to that of
the neutral molecules. The importance of proton transfer reactions
in chemistry and biochemistry made the researchers to be increas-
ingly involved in theoretical calculation and experimental mea-
surement of proton affinities and gas phase basicities (GB). There
are several experimental techniques, based on either chemical
equilibrium or kinetic measurements, for determining the relative
proton affinities. The techniques, including high-pressure mass
spectrometry [16,17], fast atom bombardment mass spectrometry
[18,19], Fourier-transform mass spectrometry [20], selected ion
flow tube [21,22] and ion mobility spectrometry [23], can be used
for proton affinity determination.

In the case of multifunctional molecules, such as caffeine
(Fig. 1), there may be several sites for protonation. Experimental
methods explore only the most stable protonated structures corre-
sponding to the most basic sites in the molecule such that the top-
ical proton affinities of less basic sites are missing in the
experimental studies. Therefore, most experimental measure-
ments of proton affinities should basically be supported by theo-
retical calculations [24–28]. The effect of molecular structure on
proton affinity has been investigated in several papers [27,29,30].
For example, Wolken and Turecek [31] reported 25 theoretical pro-
ton affinities for uracil tautomers. The proton affinity of uracil ob-
tained from the ab initio calculations for the most basic site was in
good agreement with that derived from experimental
measurements.

Here, we report a joint theoretical and experimental investiga-
tion of proton affinities of CAF as a test compound. In this study, we
used an ion mobility spectrometer (IMS) for experimental mea-
surements. The advantage of IMS is that unlike mass spectrometer,
different protonated molecules with similar masses may be
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Fig. 1. Molecular structure of caffeine.

Table 1
The optimized experimental conditions.

Parameter Setting

Length of drift tube 11 (cm)
Drift field 466 (V/cm)
Flow rate of drift gas (N2) 800 (mL/min)
Flow rate of carrier gas (N2) 300 (mL/min)
Flow rate of dopant (toluene) 300 (lL/min)
Injection port temperature 220 (�C)
IMS cell temperature 200 (�C)
Polarity Positive
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separated in IMS [32,33] because the size and the shape of the ion
is also important in IMS.

All mass spectrometric studies at elevated temperatures, using
corona discharge or electrospray ionization sources, revealed that
the m/z 195, corresponding to MH+ ion, appears in mass spectra.
However, we observed two distinct peaks in ion mobility spectrum
of CAF. The main objective of this work is to assign these two peaks
to different isomers of MH+ with the aid of calculated gas-phase
thermochemical properties of CAF ion and its protonated cations.
Additional experimental observations, obtained by using UV
source and ion molecule reactions, are used to support the assign-
ment and confirm the theoretical calculations.
2. Experimental

2.1. Instrument

All experiments were performed with an ion mobility spec-
trometer, constructed in our laboratory at Isfahan University of
Technology [34]. To summarize, a continuous current of ions is
pulsed by a shutter grid. The ion packet drifts under a constant
electric field at atmospheric pressure. Ions are then separated in
the drift region, based on their mobility, which depends on their
mass, charge and size. The IMS instrument used in this study
was equipped with two ionization sources: corona discharge (CD)
and UV photoionization. The details of the UV ionization source
and the geometry of the two sources as well as the experimental
method have been given in Refs. [35,36]. For photoionization, a
UV lamp was mounted parallel to the axis of the ion mobility cell.
The corona discharge electrode was mounted perpendicular to the
UV radiation. The design allows one to observe peaks from either
the corona discharge or photoionization both individually and
simultaneously. Thus, it is possible to compare accurately the
peaks in the ion mobility spectra of each individual source.

The optimized experimental conditions are given in Table 1.
2.2. Sample preparation

Caffeine was purchased from Merck and used without further
purification. Standard solutions of caffeine in water were prepared
and working solutions in the range of 5–200 ppm were prepared
by consecutive dilution. 2 lL of the working solution was loaded
into the injection port and the solvent was allowed to evaporate.
Analytical grade toluene in vapor form was used as the dopant in
the case of UV photoionization. Ammonia, in gas phase, was pre-
pared through head space released from solid ammonium carbon-
ate. A syringe pump (New Era Pump System Inc. USA) was used to
inject headspace vapor of toluene or ammonia into the ionization
region at a flow rate of 300 and 400 lL/min, respectively.

2.3. Computational details

The theoretical calculations have been carried out with the
quantum computational GAUSSIAN 09 package [37]. All of the cal-
culations have been performed at two different levels of theory
including Hartree–Fock (HF) and density functional theory (DFT).
The geometry of the neutral, cation and different protonated CAF
isomers was optimized at B3LYP, CAM-B3LYP and wB97X levels
of theory using 6-311++G⁄⁄ basis set separately. The frequency cal-
culations were performed on the optimized structures to search for
the negative frequency and obtain the thermodynamic values such
as enthalpy, Gibbs free and internal energy of the considered spe-
cies. In addition, the volumes of the ions were calculated using the
structures optimized at HF/aug-cc-pvdz and B3LYP/6-311++G⁄⁄

levels of theory.

3. Results and discussion

3.1. Thermodynamic stability of isomers and proton affinity

Fig. 1 shows the molecular structure of CAF. As can be seen,
there are several sites including the oxygen of carbonyl groups
and the nitrogen of imine group (N8) for protonation.

To find the most stable protonated isomer of CAF, the neutral
molecule was protonated from different sites (all nitrogen and oxy-
gen). The geometry of the protonated isomers was optimized to se-
lect the most stable structures. The results of the geometry
optimization for the most three stable isomers, relative electronic
and Gibbs free energy, are reported in Table 2. The structure, pro-
tonated from the N8 site, MH+(N8), is the most stable one among
the ions. The next stable isomers, MH+(O11) and MH+(O12), are
about 5 kcal/mol less stable than the N8 protonated CAF. It should
be noticed that the difference in the stability of the two oxygen
protonated isomers is small, which is related to similar chemical
environment around the oxygen atoms in the two isomers. The
optimized structures of the protonated isomers reported in Table 2
were used for further theoretical studies.

The proton affinity (PA) of a molecule M is the negative of the
enthalpy change of the protonation reaction:

MðgÞ þHþðgÞ !MHþðgÞ � DH ¼ PAðMÞ ðR1Þ

The calculated enthalpies of the components contributing in
reaction R1 were used to obtain the PA of CAF. Frequency calcula-
tions were performed on each component at 473 K, the tempera-
ture at which the ion mobility spectra were recorded. The
enthalpy of proton at 473 K (2.331 kcal/mol) was taken from Ref.
[38]. Table 3 reports the PA of the CAF when it is protonated from



Table 2
Relative electronic and Gibbs free energies at 473 K (in kcal/mol) of protonated
caffeine isomers at different levels of theory.

Reference
compound

B3LYP/
6-311++G⁄⁄

CAM-B3LYP/
6-311++G⁄⁄

wB97X/
6-311++G⁄⁄

Eele G Eele G Eele G

MH+(N8) 0 0 0 0 0 0
MH+(O11) 5.0586 3.9665 5.6438 4.5620 6.0519 3.8855
MH+(O12) 5.9718 4.9573 6.1587 5.0960 6.3061 4.9040

Table 3
The absolute proton affinities of caffeine for the three most favored protonation sites
as well as water and ammonia at 473 K (in kcal/mol) using different levels of theory.

Compound B3LYP/
6-311++G⁄⁄

CAM-B3LYP/
6-311++G⁄⁄

wB97X6-311++G⁄⁄

MH+(N8) 218.728 217.011 219.374
MH+(O11) 213.061 210.788 212.762
MH+(O12) 212.087 210.190 212.459
H2O 165.033 164.294 166.446
NH3 204.658 203.569 206.196

Table 4
The internal proton affinities, defined in R2 for the three most stable isomers of
protonated caffeine at 473 K (in kcal/mol) using different levels of theory.

Reference
compound

B3LYP/
6-311++G⁄⁄

CAM-B3LYP/
6-311++G⁄⁄

wB97X/
6-311++G⁄⁄

MH+(N8) 0 0 0
MH+(O11) �5.667 �6.223 �6.612
MH+(O12) �6.641 �6.821 �6.915

Fig. 2. Ion mobility spectra of caffeine recorded with; (a) corona discharge, (b) UV
ionization, (c) dopant enhanced UV ionization and (d) simultaneous operation of
the two sources with dopant. The ringing effect causes the response to drop below
the baseline in the case of sharp peaks.
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three different sites (N8, O11 and O12) at different levels of theory.
Again, the protonation is more in favor of the N8 site. All proton
affinities of CAF, given in Table 3, are higher than that of water;
hence, the three forms of CAF.H+ may be formed in IMS when the
reactant ion is H3O+.

3.2. Internal proton affinity

For multifunctional compounds, there may be several possibil-
ities for protonation. Among these, one protonated site is the most
stable one and there is a possibility for converting the different
protonated isomers to each other. Here, we define the ‘‘Internal
Proton Affinity’’ (IPA) for MH+ as the enthalpy change of the follow-
ing hypothetical reaction.

MHþðgÞ $MHþðmsÞðgÞ DH ¼ IPA ðR2Þ

where MHþðmsÞ is the most stable form of the protonated mole-
cule. The internal proton affinity is a measure of the desire for pro-
ton attraction among the different sites of the molecule. It reflects
the internal competition for holding the proton. Unlike PA, which is
defined for molecules, the IPA is only defined for protonated ions.
The IPA for the MHþðmsÞ is zero and since it is a relative quantity, its
values are negative for the rest of isomer ions. The calculated val-
ues of IPA’s for different forms of protonated CAF are given in
Table 4.

In Reaction 2, the protonated ion is rearranged and the reaction
may be called an ‘‘internal proton transfer reaction’’. The reaction,
i.e., transferring proton, may happen quantum mechanically. In
this reaction, the rate depends on the activation energy as well
as the distance between the two sites involved in the exchange
[39]. The reaction may also take place through a third body, capa-
ble of exchanging proton.

MHþðgÞ þ NðgÞ $ NHþðgÞ þMðgÞ $MHþðmsÞðgÞ þ NðgÞ ðR3Þ

This different from the third body collision in the formal sense.
Here the third body means a species that takes the proton from one
body and donates to a second body. In fact, it acts as a species that
catalyzes the reaction.

3.3. Ion mobility spectra

Tracing a and b, Fig. 2, show the recorded ion mobility spectra of
CAF with corona discharge and UV ionization sources, respectively.
In the case of UV photoionization, dopant was added to enhance
the ionization efficiency (trace c). As it is evident, the patterns of
the spectra are different, depending on the kind of ionization
source. The spectrum, which was recorded using CD, has two dis-
tinct peaks for CAF in the region of 8–9 ms, while the spectrum
using UV source shows only one small peak in the corresponding
region. In addition, in the presence of dopant, two separate peaks
are observed in the UV ion mobility spectrum of CAF. The position
of the peaks in the UV and CD spectra slightly differs. To ensure
that the slight difference in position is not due to experimental er-
ror, the spectrum was recorded with simultaneous running of the
two sources, trace d. Comparison of the trace d with that of a
and b shows that the peak 1 is absent in CD spectrum and peak
2 is absent in UV spectrum. Hence, peak 1 originates from the
UV and peak 2 comes from the CD ionization source. In addition,
a new peak in trace d appears at about 6.4 ms, which is absence
in other traces. This peak corresponds to the protonated toluene
(Tol.H+) which is due to the presence of toluene in CD described
in Ref. 36



Fig. 3. Ion mobility spectrum of caffeine with CD ionization source for three
different concentrations; (a) 5 ppm, (b) 20 ppm and (c) 70 ppm.
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3.4. Peaks assignment

The exact assignment of the peaks in ion mobility spectra needs
a mass spectrometer coupled to the IMS. However, based on some
evidence and experimental observation, some speculations may be
given. The ionization energy of CAF (7.95 or 8.50 eV [40]) is lower
than the UV photon energy (10 and 10.6 eV). Hence, CAF is ex-
pected to be directly photoionized by the UV source. The UV spec-
trum shows only one peak, which can be attributed to the M+ ions
(peak 1). By adding toluene as dopant to the ionization source, the
tol+ peak appears (trace c). In addition, the intensity of the M+ peak
is increased and a second peak appears. In the presence of dopant,
the M+ ion originates through indirect ionization via charge trans-
fer between dopant photoion and CAF. The new small peak could
be assigned to MH+ formed via proton abruption from the dopant
photoion, which is less probable than the charge transfer [41].
The whole mechanism may be written as;

htþ D! Dþ þ e� ðR4Þ

Dþ þM!Mþ þ D ðR5Þ

Dþ þM!MHþ þ D�H ðR6Þ

In the case of CD ionization, the major mechanism is proton
transfer reaction from the reactant ion, (H2O)nH+, to the analyte.

H3Oþ þM!MHþ þH2O ðR7Þ

Based on the UV observations, the peak 3 in CD spectrum is as-
signed to MH+. However, the assignment of the peak 2 is a chal-
lenge. One may refer to a fragment ion due to dissociation of
protonated CAF. However, mass spectrometry studies show that
CAF do not dissociate in CD ionization [7]. In addition, if the peak
2 originated from a CAF fragment, it would be appear before the
M+ peak, which is not true.

IMS-Mass studies of CAF show the only the m/z 195 as the major
ion [14]. Hence, the peaks 2 may be assigned to different forms of
protonated CAF other than that corresponding to peak 3. This
assumption is supported by theoretical calculations presented in
Section 3.1, which gives three stable forms for protonated CAF.

MþH3Oþ ! H2OþMHþðN8Þ ðR8Þ

! H2OþMHþðO11Þ ðR9Þ

! H2OþMHþðO12Þ ðR10Þ

The question now is which peak belongs to what stable isomer.
This is discussed in detail in the next sections based on some addi-
tional experiments.

3.4.1. The effect of concentration
The relative intensity of peaks 2 and 3 depends on the amount

of CAF injected to the IMS ionization region. Fig. 3 shows the ion
mobility spectra of caffeine at three different concentrations with
CD as the ionization source. At low concentrations, the peak 2 is
more intense than the peak 3, but the relative intensities are
swapped at high concentrations. At very high concentration of
CAF, the peak 2 disappeared (not shown).

The change in the relative intensities with concentration can be
explained by the concept of IPA, described earlier. The analyte itself
can play the role of the third body in Reaction 3. i.e.

MHþðgÞ þMðgÞ $MHþðmsÞðgÞ þMðgÞ ðR11Þ

Increasing the concentration of M pushes forward the reaction
to the most stable isomer ion. Table 2 shows that the most stable
form of CAF.H+ is the MH+(N8). Peak 3 is attributed to the most sta-
ble isomer, MH+(N8), since at high concentration, thermodynamics
is governing the reaction and only peak 3 exists.

At low concentrations, the proton transfer reaction from the
reactant ion to the analyte is kinetic control and the ratio of the
products in parallel reactions of (R6–8) is mainly governed by
the probability for protonation of the sites. Hence, all three forms
of MH+ are produced. The two forms of MH+(O11 and O12) are sim-
ilar in terms of energy and structure. They are expected to appear
at the same drift time, boosting the total intensity higher than that
of the MH+(N8). As a conclusion, the peak 2 and 3 are assigned to
MH+(O) and MH+(N8), respectively.

3.4.2. Ammonium reactant ion
Addition of ammonia to the ionization source lowers the proton

transfer ionization efficiency of less-basic compounds. Due to the
high PA, ammonia reacts with hydronium ions to form ammonium
reactant ions,

H3Oþ þ NH3 ! NHþ4 þH2O ðR12Þ

The effect of the addition of ammonia on CAF spectrum is
shown in Fig. 4.

In ion mobility spectra of CAF with H3O+ reactant ion, the peak 2
is bigger than the peak 3, while introducing ammonia annihilates
the H3O+ peak and swaps the order of intensities for the peaks 2
and 3. The change in intensities is probably due to the fact that
the N8 site, rather than the O11 or O12 site, more favors taking
the proton from NHþ4 . In other words, the IPA of the N8 protonated
isomer is higher than that of the carbonyl oxygens. It is note-wor-
thy that although the relative intensity of the peaks was changed,
none of the CAF peaks was eliminated. This is because of higher



Fig. 4. Ion mobility spectrum of caffeine using CD ionization source with hydro-
nium reactant ion (bottom) in comparison with ammonium reactant ions (above).
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proton affinity of CAF in all three forms, as compared with that of
ammonia. Calculated proton affinities, presented in Table 3,
support this assumption.
3.5. The peak positions

As shown in Fig. 2, the three peaks observed for CAF are denoted
by 1, 2 and 3 in the ion mobility spectrum with two ionization
sources. Peak 1 was attributed to the M+ ion while peak 2 and
3,with higher drift times, were assigned to MH+(O) and MH+(N8),
respectively. One may question the separation of these very similar
ions in IMS, mainly because of low resolution of the technique. It
should be mentioned that the separation of isomers has often been
observed in IMS [32,33]. Unlike mass spectrometry, separation of
Table 5
The calculated average volumes of most stable structures of caffeine and its related ions a
model.

Compound HF/aug-cc-pvdz

Va (cm3/mol) V (A3) [a] SA (A

Caffeine (M) 135.1 ± 6.3 194.217 216.
M+ 127.5 ± 5.5 194.797 217.
M(N8)-H+ 128.2 ± 5.5 196.743 219.
M(O11)-H+ 127.7 ± 5.6 195.902 218.
M(O12)-H+ 129.9 ± 5.3 196.437 218.

[a]Calculated by PCM model.
ions in IMS depends not only on mass, but also on size and shape.
Revercomb and Mason [42] have derived the general theory for the
mobility of ions as;

K ¼ 3
16

q
N

1
m
þ 1

M

� �1=2 2p
kT

� �1=2 1
XD

ðE1Þ

where K is ion mobility, q is the ion charge, N is the number
density of the drift gas, m and M are the masses of the ion and
the buffer gas, k is the Boltzmann constant, T is the temperature
in Kelvin, and OD is the ion–neutral collision cross section. The ion’s
structural features are represented by collision cross section. In
fact, the term OD provides information about the three dimensional
structures of ions and electronic factors related to the ion–neutral
interaction forces [43]. We used the calculated volume and surface
area as a shape indicator and dipole moment of caffeine related
ions as well as the charge distribution as an indicator for electronic
factor to exhibit a rational explanation for CAF peaks separation in
IMS. All calculations were performed at two levels of theory, HF/
aug-cc-pVDZ and B3LYP/6-311++G⁄⁄.

3.5.1. Volume and surface area calculations
The three-dimensional structure of ion has an important role in

the collision cross section and therefore, in ion mobility, which
determines the drift time. To obtain an indicator for the size,
molecular volume of neutral caffeine and its related ions were cal-
culated using the keyword ‘‘Volume’’ in Gaussian software. Esti-
mating the molecular volumes is based on the numerical Monte
Carlo integration, which has a large degree of error, to reduce the
random error, the keyword SCF = Tight Volume = Tight (as in Par-
sons and Ninham [44]) was used and the volume calculations were
repeated 10 times for each species. The ab initio average volumes
for CAF and its related ions are along with standard deviation tab-
ulated in Table 5.

As another shape indicator, we use the cavity volume and sur-
face area from PCM (Polarizable Continuum Model) for comparison
of the shapes [45]. PCM is one of the most frequently used contin-
uum solvation methods for calculating molecular free energy in
solution. The calculation, initiated by defining a cavity through
interlocking van der Waals-spheres, is centered at atomic
positions.

As shown in Table 5, The N8 protonated isomer shows a greater
volume and surface area than oxygen protonated isomers. On the
other hand, the M+ ion has the lowest Volume. However, the differ-
ence in volume is not considerable and in the case of gas phase, it is
less than the standard deviation; hence the volume, by itself, is not
the dominant factor to govern the peak positions. Other factors
such as dipole moment and charge distribution may be more influ-
enced by the drift times.

3.5.2. Charge distribution and dipole moments
Neutral molecules including the buffer gas molecule and trace

amount of water molecules are polarized by the field created by
t HF/aug-cc-PVDZ and B3LYP/6-311++G⁄⁄ level of theory in gas phase as well as PCM

B3LYP/6-311++G⁄⁄

2)[a] Va (cm3/mol) V (A3) SA (A2)

824 138.6 ± 5.3 195.705 218.369
379 131.3 ± 3.6 196.096 218.855
361 133.4 ± 5.7 198.227 220.934
007 132.7 ± 5.4 197.537 219.789
450 136.1 ± 4.6 198.119 220.260



Table 6
Dipole moments (in Debye) for caffeine and its related ions as well as the local charge
on the added proton for protonated caffeine isomers.

Compound B3LYP/6-311++G⁄⁄ wB97X/6-311++G⁄⁄

Dipole
moment

Proton
Charge

Dipole
moment

Proton
Charge

Caffeine
(M)

4.0180 - 4.0539 -

M+ 4.4916 - 4.6681 -
M(N8)-H+ 9.7276 0.3888 10.0456 0.4097
M(O11)-H+ 5.4189 0.3281 5.6353 0.3352
M(O12)-H+ 2.8028 0.3526 3.0385 0.3584
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the dipole moment and the charge of the ion. Greater dipole mo-
ment results in stronger ion–neutral interaction, which leads to
less mobility and longer drift time. In addition, localizing the ion
charge on a specific atom creates a strong field which attracts
the neutral molecules. If the charge is focused on the added proton,
it attracts water molecules to form hydrated ion via hydrogen
bonding. This leads to a considerable change in the size and as a
consequence, the drift time. Table 6 shows the dipole moment of
CAF and its related ions at two levels of theory.

The results show that the N8 protonated isomer has a signifi-
cantly higher dipole moment when compared with those of oxygen
protonated isomers. This observation indicates that MH+(N8) iso-
mer has more interaction with neutral gasses in the drift tube
and therefore, higher drift time. In addition, the charge density
on the proton in the N8 isomer is higher than that in other isomers.
This leads to higher hydration tendency, which causes a longer
drift time. It should be mentioned that based on calculation, the
M+ ion is not hydrated while all protonated forms show a consid-
erable tendency for hydration. This is the reason for separation of
M+ ion from MH+ ion, despite a minor difference in mass and
volume.

4. Conclusions

The experimental and theoretical results show that caffeine is
ionized to M+ with the UV ionization source, while it is protonated
in the corona discharge without fragmentation. In spite of no frag-
mentation, the corona discharge ion mobility spectrum of caffeine
has two distinct peaks. The peaks, which are well separated, were
attributed to different protonated isomers. The separation of iso-
mers is mostly due to the difference in their interaction with buffer
gas and trace water molecules. Calculation showed that the most
stable protonated isomer is the one in which proton is attached
to the (imine nitrogen) N8 atom. Through the study of concentra-
tion effect and the role of reactant ion in the relative intensities,
the most stable isomer was identified to be the one with the lon-
gest drift time. This assumption was confirmed with further calcu-
lations on volume, charge density and dipole moment. The N8
protonated isomer has the largest dipole moment and bigger vol-
ume and more localized charge on the added proton, all together
resulting in strong interaction with buffer gas, which, in turn, leads
to the longest drift time with respect to other isomers.

Finally, the concept of ‘‘internal proton affinity’’ (IPA) which re-
flects the internal competition for proton exchange among the dif-
ferent atoms in multifunctional molecules, was introduced. Like
proton affinity values, the new quantity helps to find out the pos-
sible protonated forms of a given molecule other than the most sta-
ble one. In IMS, if the DPA is larger than the IPA, where DPA is the
difference in proton affinities between the analyte and water (or
ammonia), the corresponding protonated isomer has the chance
to be formed in the ionization region.
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