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In this study, we explained the influence of the stepwise protonation of two antihistaminic drugs on their
experimental absorption spectra. We demonstrated the capability of the TD-CAM-B3LYP method, com-
bined with a polarizable continuum model, to produce good performance for the calculated spectra. The
lowest energy transitions and the molecular orbital plots were analyzed in detail. The calculated UV spectra
are proposed as potential alternatives to initialize the well-known MCR–ALS algorithm, especially when the
spectra of the pure analytes are not available. Moreover, it can be a useful strategy for planning an exper-
imental methodology oriented to multiway analysis when the drug species exhibit acid–base properties.

� 2013 Elsevier B.V. All rights reserved.
Introduction
Nowadays, the use of second-order data for the determination
of pharmaceuticals in complex matrices (e.g. wastewater, drinking
water, plasma, urine, fish oil, etc.) is a common practice in analyt-
ical chemistry laboratories [1]. This kind of data can be generated
from hyphenated techniques (i.e. combination of chromatographic
and spectral methods) [2] or excitation-emission matrices [3] and
pH or kinetically modulated spectral information [4] coupled to
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Fig. 1. Structures of loratadine (Lor) and desloratadine (Des).
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multivariate calibration algorithms. The use of second-order
instrumental data allows analyzing any sample containing unex-
pected components (interferents) in addition to the analyte of
interest [5].

A common way to obtain second-order data is by implementa-
tion of a chemical reaction which involves the participation of the
analyte and is monitored spectrophotometrically (i.e. reaction-
based data) [6]. Another interesting methodology is to exploit
the differences between the acid–base and spectral features of
the drug species by means of a pH-gradient flow-injection system
using a diode array spectrophotometric detector [7]. To facilitate
the interpretation of the spectra, e.g. by the multivariate curve res-
olution–alternating least squares (MCR–ALS) method [8], addi-
tional information and/or constraints are necessary. Several
methods to estimate such extra information exist, e.g. principal
component analysis (PCA) [9], singular value decomposition
(SVD) [10], SIMPLISMA (simple interactive self-modeling mixture
analysis) [11] and EFA (evolving factor analysis) [12].

On the other hand, with the use of computational chemistry it is
possible to simulate the UV spectra of the analytes. In this sense,
methods based on time-dependent density functional theory
(TD-DFT) [13] have been shown to provide sufficiently accurate re-
sults [14]. Therefore, we consider the use of a TD-DFT methodology
as a potential alternative to initialize the MCR–ALS procedure. This
alternative can be seen as a useful tool in modeling with MCR, par-
ticularly in those kinetics reactions proceeding via intermediate
species which cannot be identified or isolated. We hope to apply
this new concept in the near future to evaluate complex reactions
Fig. 2. B3LYP/TZVP optimized geometries of non-protonated and protonated form
of the type A + B ? C; A + C ? D or A ? B ? C by means of UV
spectroscopy or drug species that display acid–base properties.

As an example for this proposed methodology here we describe
the calculation of the electronic properties of two drugs, namely
loratadine and its metabolite desloratadine, with acid–base
character.

Loratadine is a potent tricyclic antihistaminic compound that
exhibits long-lasting effects [15]. After undergoing first-pass metab-
olism, it is hydrolyzed to its active metabolite (desloratadine). Lorat-
adine and desloratadine (Fig. 1) are effective in the treatment of
seasonal allergic rhinitis [16] and skin disorders (e.g. chronic urti-
caria) [17] showing satisfactory pharmacological profiles [18].

Recently, Popovic et al. determined the pKa values of loratadine
(pKa = 5.25) and desloratadine (pKa = 4.41 and pKa = 9.97 for depro-
tonation of the pyridinium and piperidinium rings, respectively) by
means of UV–vis spectrophotometry, showing how the absorption
spectrum of both drugs is modified by changing the pH of the med-
ia [19]. As a complement to this experimental investigation here
we used quantum chemical methods in order to analyze the influ-
ence of the acid–base properties of these two important antihista-
minic drugs on their absorption spectra.

With the goal of explaining this behavior we analyzed in detail
the spectroscopic properties of both drugs in neutral and proton-
ated forms. In order to facilitate the comparison of the computed
electronic transitions with the experimental absorption bands,
we recorded the UV–vis spectrum of the title compounds in water
at different pH conditions.
Computational details and methodology

The geometry of both drugs was optimized in gas-phase at
B3LYP/TZVP level of theory (Fig. 2) and verified as true minima
by frequency calculations. Rotations around the NAC bond of the
carbamate moiety in Lor as well as the axial and equatorial orien-
tation of the H atom at the piperidine nitrogen in Des were consid-
ered. The equatorial position of the H atom in Des is more stable
and only this conformation was considered for the further study.

In the Supplementary information file the coordinates for the
optimized geometries (using SVP and TZVP basis sets) are given.
The triple-zeta basis set optimized geometries were used thereafter
s of loratadine (Lor and LorH+) and desloratadine (Des, DesH+ and DesH2þ
2 ).



Fig. 3. Electronic spectra for non-protonated loratadine (Lor). Solvation model:
CPCM (top) and COSMO (bottom).

Fig. 4. Electronic spectra for protonated loratadine (LorH+). Solvation model: CPCM
(top) and COSMO (bottom).

Fig. 5. Electronic spectra for non-protonated (continuous line) and protonated
loratadine (dotted line). The simulations were done in water with CAM-B3LYP/
TZVP.
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and the data generated with the SVP geometries were only used for
doing specific comparisons.

In order to have a good description of the UV properties of the
compounds, we tested the performance of TD-DFT using different
types of functionals (i.e. hybrid GGA, hybrid with improved long
range properties and hybrid meta-GGA functionals). The following
functionals were used with the TZVP [20] basis set: B3LYP [21],
PBE0 [22], CAM-B3LYP [23] and M06-2X [24].

TD-DFT with the standard B3LYP and/or PBE0 is one of the most
widely used methods to study UV absorption properties of organic
compounds. Recently, problems in the description of Rydberg
states, large p-systems and charge-transfer excited states were
pointed out in conventional TD-DFT [25]. Particularly in those
cases in which large-size molecules are involved, the errors regard-
ing the vertical excitation energies and ordering of the electronic
states became noticeable.

Therefore, in order to improve the behavior of the hybrid B3LYP
in the asymptotic region by increasing the fraction of exact ex-
change, the long-range corrected (LC) functional namely CAM-
B3LYP was introduced [23].

In general, LC TD-DFT methods provide an adequate description
of the excited state properties of a variety of organic compounds
[26].

On the other hand, Truhlar et al. recommended the use of the
M11 and M06 family of density functionals for general spectro-
scopic applications due to the good description of ground-state
properties as well as excitation energies [27].



Fig. 6. Electronic spectra for non-protonated (continuous line), mono-protonated
(dashed-dotted line) and di-protonated (dotted line) desloratadine. The simulations
were done in water with CAM-B3LYP/TZVP.
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In a very recent publication Jacquemin et al. simulated the UV
spectra of twenty conjugated molecules [28]. Different effects were
evaluated such as basis set, integration grid, temperature and cav-
ities in the Polarizable Continuum Model scheme. It was shown
that the functionals B3LYP, PBE0, M06, M06-2X and CAM-B3LYP
provided satisfying spectra with respect to experiments.

Hence we chose besides the conventional density functionals
(B3LYP, PBE0) CAM-B3LYP and M062-X.

For the organic molecules presented here the static method
(TD-CAM-B3LYP/TZVP) produced results that should be good en-
ough to make it useful in analytical chemistry applications. Never-
theless, in the cases in which static calculations are insufficient to
Table 1
Calculated absorption wavelengths (kcalc), excitation energies (E), oscillator strengths (f), l

ET kcalc (nm) E (eV) f

S0 ? S6 222 5.57 0.086
(State 6) 225 5.50 0.207
S0 ? S5 225 5.50 0.120
(State 5) 227 5.50 0.046
S0 ? S4 231 5.36 0.287
(State 4) 234 5.30 0.057
S0 ? S3 237 5.22 0.006
(State 3) 242 5.13 0.012
S0 ? S2 246 5.04 0.102
(State 2) 264 4.69 0.185
S0 ? S1 249 4.97 0.181
(State 1) 282 4.39 0.219

a H stands for the highest occupied molecular orbital (HOMO) and L for the lowest un
percentage contribution of each excitation to a particular state.
reproduce the experimental UV spectra, the use of molecular dy-
namic (MD) methods is recommended [14b,29]. This kind of simu-
lations are often required for systems in which the flexibility of the
molecules is an important factor (e.g. azo dyes) and therefore, the
experimental UV spectra cannot be explained taking into account
only electronic effects.

Alternatively, simulations based on Boltzmann averaging can be
also performed in order to produce sufficiently accurate UV–vis
and CD spectra when different set of conformers are present in a
molecule [30].

In the present study, the use of MD or Boltzmann-weighting
simulations is not required due to the good agreement between
the static results (especially the ones obtained using the SVP opti-
mized geometries) and the experimental ones. Moreover, it would
be impractical due to the enormous computational cost associated
with these kind of calculations.

Calculations of vertical excitations were carried out at the
ground-state SVP and TZVP-optimized geometries using an impli-
cit solvation model. The Conductor-like Screening Model (COSMO)
[31] and the Conductor-like Polarizable Continuum Model (CPCM)
[32] were selected to emulate water media. The calculated elec-
tronic transitions correspond to the first 20 excitations.

Quantum chemical calculations were performed with the pro-
grams ORCA [33], Gaussian 09 [34] and GAMESS [35]. Absorption
spectra were generated invoking the orca_asa program [36] using
the Simple Model. For all the transitions, convolution of absorption
spectra were performed by Gaussian lineshapes with a specific
broadening to mimic the experimental absorption spectra.

In order to make clear comparisons, the intensities of the simu-
lated spectra were scaled to fit those of the experimental ones.

The lambda parameter (K) [37], which was used as an indicator
of the degree of spatial overlap between the occupied and unoccu-
pied orbitals involved in each excitation, was computed using the
program GAMESS.
Experimental details

Loratadine and desloratadine were kindly provided by Química
Montpellier S.A. (Buenos Aires, Argentina). Solutions of each drug
(1 ppm) were prepared in MilliQ water, hydrochloric acid and so-
dium hydroxide.

Absorption spectra were recorded with a Perkin Elmer Lambda
20 spectrophotometer (Waltham, Massachusetts, USA), using
quartz cells with 1.00 cm path length. The spectra were recorded
in the wavelength range 220–650 nm with a scan rate of
2880 nm min�1. Each data point was acquired every 2 nm.
ambda parameters and assignment of the electronic transitions (ET) for loratadine.

K Assignmenta

0.606 H � 1 ? L (25%), H ? L + 3 (14%) Lor
0.496 H ? L + 1 (39%), H � 3 ? L + 1 (25%) LorH+

0.535 H � 4 ? L + 1 (26%), H � 1 ? L + 1 (15%) Lor
0.390 H � 2 ? L (43%), H ? L + 1 (20%) LorH+

0.576 H ? L + 1 (28%), H � 1 ? L (16%) Lor
0.436 H � 1 ? L (34%), H � 3 ? L (32%) LorH+

0.612 H � 1 ? L + 2 (27%), H � 1 ? L + 1 (18%) Lor
0.434 H � 2 ? L (37%), H ? L + 3 (16%) LorH+

0.554 H � 4 ? L (34%), H � 1 ? L (26%) Lor
0.350 H � 1 ? L (43%), H ? L (34%) LorH+

0.588 H ? L (58%) Lor
0.396 H ? L (48%), H � 3 ? L (36%) LorH+

occupied molecular orbital (LUMO). The numbers in parentheses correspond to the
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Results and discussion

Choice of a suitable TD-DFT method

For the case of loratadine we checked the performance of TD-
DFT calculations with five functionals and we chose the approxi-
mation that gave the best fitting with the UV experiments. In all
the cases, a Gaussian lineshape with r = 1600 cm�1 was used.

In Figs. 3 and 4 the simulated UV spectra for the neutral and
protonated forms of loratadine are shown (in Fig. 1S the analogous
spectra using the SVP-optimized geometries are depicted). It can
be seen that the PBE0/TZVP method (COSMO model) can reproduce
fairly well the spectral position of absorption maxima of loratadine
Fig. 7. Molecular orbitals involved in the lowest energy tra
(i.e. 246 nm). On the other hand, CAM-B3LYP/TZVP and M06-2X
methods (CPCM model) give a good shape of the spectrum, which
is blue-shifted relative to the experiment (Fig. 3).

For the case of the protonated compound (Fig. 4), two function-
als are capable of reproducing the experimental spectrum in an
acceptable way (i.e. CAM-B3LYP and M06-2X).

The good results obtained with both functionals are attributed
to the inclusion of a high percentage of Hartree–Fock exchange
(i.e. 19% HF at short-range and 65% HF at long-range for CAM-
B3LYP and 54% for the hybrid meta GGA functional) [23,24].

Taking into consideration that CAM-B3LYP/TZVP is less time-
consuming than M06-2X/TZVP, the former approximation was
chosen for the further computations. Therefore, all the discussions
nsitions of Lor and LorH+. Isosurface value = 0.035 a.u.



Table 2
Calculated absorption wavelengths (kcalc), excitation energies (E), oscillator strengths (f), lambda parameters and assignment of the electronic transitions (ET) for desloratadine.

ET kcalc (nm) E (eV) f K Assignmenta

S0 ? S6 222 5.57 0.098 0.587 H � 2 ? L (22%), H ? L + 3 (15%) Des
(State 6) 222 5.57 0.172 0.545 H � 3 ? L + 1 (27%), H � 3 ? L (16%) DesH+

218 5.70 0.142 0.670 H � 2 ? L + 1 (42%), H � 3 ? L (35%) DesH2þ
2

S0 ? S5 226 5.49 0.075 0.528 H � 4 ? L + 1 (30%), H � 2 ? L + 1 (16%) Des
(State 5) 223 5.55 0.074 0.645 H � 1 ? L + 1 (26%), H � 1 ? L (21%) DesH+

225 5.51 0.034 0.491 H? L + 1 (32%), H ? L + 3 (24%) DesH2þ
2

S0 ? S4 232 5.35 0.257 0.533 H ? L + 1 (30%), H � 2 ? L (15%) Des
(State 4) 230 5.38 0.232 0.624 H ? L + 2 (36%), H � 3 ? L + 1 (23%) DesH+

229 5.40 0.014 0.412 H ? L + 1 (36%), H � 1 ? L (33%) DesH2þ
2

S0 ? S3 238 5.22 0.007 0.606 H � 2 ? L + 2 (26%), H � 2 ? L + 1 (17%) Des
(State 3) 238 5.12 0.003 0.601 H � 1 ? L + 2 (18%), H � 2 ? L (17%) DesH+

243 5.09 0.012 0.435 H � 1 ? L (44%), H ? L + 3 (14%) DesH2þ
2

S0 ? S2 246 5.04 0.075 0.551 H � 4 ? L (41%), H � 2 ? L (25%) Des
(State 2) 245 5.06 0.158 0.600 H � 1 ? L (45%), H ? L + 3 (14%) DesH+

264 4.70 0.187 0.549 H � 2 ? L (80%), H � 3 ? L (24%) DesH2þ
2

S0 ? S1 250 4.96 0.177 0.548 H ? L (57%), H � 4 ? L (14%) Des
(State 1) 248 5.00 0.121 0.615 H ? L (39%), H � 3 ? L (28%) DesH+

268 4.63 0.195 0.342 H ? L (77%), H � 2 ? L (10%) DesH2þ
2

a H stands for the highest occupied molecular orbital (HOMO) and L for the lowest unoccupied molecular orbital (LUMO). The numbers in parentheses correspond to the
percentage contribution of each excitation to a particular state.
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hereafter refer to the results obtained with the CAM-B3LYP
method.

In order to improve the agreement between simulated and
experimental spectra, different Gaussian broadenings were used
for the following spectra convolution (i.e. values in the range
1300–2200 cm�1). We observed a good fitting of the simulated
spectra (Figs. 5 and 6) when using r = 1500 cm�1 for Lor, Des and
DesH+, whereas 2200 cm�1 and 2000 cm�1 were used for LorH+

and DesH2þ
2 , respectively.

Analysis of the main transitions

Lor and LorH+

In Table 1 and Fig. 2S, the excitations in the UV region with sig-
nificant oscillator strengths are shown. The main change upon pro-
tonation can be clearly seen for the states 6, 4, 2 and 1. For the
protonated form the oscillator strength for state 4 is lower and that
of states 6 and 2 is higher than in the case of the neutral form.
Moreover, the position of the first excited states is substantially
shifted to lower energy (i.e. state 1: E = 4.97 eV vs. E = 4.39 and
state 2: E = 5.04 eV vs. E = 4.69).

The experimental observations upon protonation of Lor to LorH+

in the absorption spectra (Fig. 5) can be explained on the basis of
the previous analysis. The shoulder at �276 nm becomes a peak
and a decrease in the intensity of the peak at 246 nm is observed.
This behavior can be attributed to the changes in the oscillator
strengths upon protonation (for example, state 4: f = 0.287 vs.
f = 0.057, see Table 1) and to the shift of the first transitions (i.e.
state 1 and 2) to a longer wavelength.

In Fig. 7 the molecular orbitals (MOs) that contribute to the
lowest energy transitions of both forms of loratadine are depicted.
For the neutral form, the MOs involved in the observed transitions
are mainly of the p–p⁄ type. As expected, the oscillator strength for
the n ? p⁄ transition (state 2: HOMO-4 ? LUMO and state 5:
HOMO-4 ? LUMO + 1) is low for loratadine.

On the other hand, for the protonated form LorH+, all the ob-
served transitions have a p–p⁄ character. In this case, transitions
to the pyridinium or benzene ring take part. For some states a CT
character is observed (as e.g. in S1 from HOMO, located almost
exclusively at the benzene moiety, to LUMO on the pyridinium ring
– K = 0.396).
On protonation, the main change of the HOMO is observed
when comparing the pyridine and pyridinium rings. The delo-
calization on the pyridine ring is lost upon protonation (i.e.
there is no distribution over the pyridinium for the protonated
form).

The main change of the LUMO is observed when comparing the
benzene rings. In this case, the delocalization on the benzene moi-
ety disappeared upon protonation.

The main difference between the occupied orbitals of both
forms is that for LorH+ in most of the cases there is electron distri-
bution over the piperidine ring with contributions from the ester
group. As expected, the lone-pair orbital on the nitrogen atom of
the pyridine is only observed for the neutral compound and is part
of the HOMO-4.

In the case of the unoccupied orbitals, in general the electronic
charge is extended all over the fused tricyclic system for loratadine.
On the other hand, for the protonated compound the MO delocal-
ization is restricted either to the benzene ring or the pyridinium
moiety. For example, the LUMO of LorH+ is mainly localized on
the pyridinium ring whereas in Lor it is distributed on the C@C
fragment and on the pyridine and benzene rings as well.

Due to the protonation, all MOs are shifted to lower energies
and the HOMO–LUMO gap is also diminished (from 7.81 eV to
6.77 eV).

In order to quantify the CT character of the transitions, the
lambda parameter was computed at CAM-B3LYP/TZVP in water
(Tables 1 and 2). An excitation with K = 0 corresponds to no spatial
overlap (i.e. high CT character) and K = 1 corresponds to a local va-
lence excitation [37]. Therefore, the lambda parameter can be used
as a simple tool for measuring the CT character of the electronic
transitions in the occupied-virtual orbital overlap.

The six excitations for the protonated form of loratadine exhibit
smaller K values (i.e. 0.35–0.50) than in the case of the states of the
neutral form (i.e. 0.53–0.61). This indicates that the spatial overlap
between the orbitals involved in the main transitions of loratadine
is higher than for protonated loratadine, in agreement with the
previous discussion on the MOs. This is exemplified in Fig. 4S, in
which two representative transitions for Lor (state 1) and LorH+

(state 2) are shown. The different behavior of the excitations in
terms of orbital overlap is evident.



Fig. 8. Molecular orbitals involved in the lowest energy transitions of Des, DesH+ and DesH2þ
2 . Isosurface value = 0.035 a.u.
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Des, DesH+ and DesH2þ
2

In Table 2 and Fig. 3S, the excitations in the UV region with large
oscillator strengths are shown. The main change upon di-proton-
ation can be clearly seen for the states 1, 2, 4 and 6. For the double
protonated form the oscillator strength for state 4 is negligible and
those of states 2 and 6 are higher than in the case of the neutral
form. Also, the position of the first excited states is substantially
shifted to lower energy (i.e. state 1: E = 4.96 eV vs. E = 4.63 and
state 2: E = 5.04 eV vs. E = 4.70).

The experimental observations in the absorption spectra upon
protonation (Fig. 6) can be explained on the basis of the previous
analysis. Upon protonation at the piperidine ring almost no shift
in the position of the main transitions can be seen. In contrast, a
shift in the peak positions of �18 nm is observed for the states 1
and 2 upon double protonation (Table 2) and changes in the oscil-
lator strengths are noticeable for state 2, 4 and 6.

In Fig. 8 the MOs that contribute to the lowest energy transi-
tions are depicted. For the neutral form, the MOs involved in the
observed transitions are mainly of the p–p⁄ type. For some
states a CT character is observed (e.g. the HOMO ? LUMO tran-
sition has some intramolecular CT character from the piperidine
ring to the fused tricyclic system – K = 0.548). As expected, the
oscillator strength for the n ? p⁄ transition (states 2 and 6) is
small.
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For the mono-protonated form, the oscillator strengths and
positions of the peaks are very similar to the case of desloratadine
because the MO distribution involved in the main transitions is not
substantially modified upon mono-protonation at the piperidine
moiety.

The occupied molecular orbitals are much more affected upon
mono-protonation than in the case of the unoccupied orbitals.
For example, upon protonation some orbitals changed their levels
because the HOMO on the piperidine nitrogen disappeared (i.e.
HOMO-4 in the neutral Des became the HOMO-3 in the protonated
form and HOMO-3 in Des became the HOMO-2 in DesH+). More-
over, the delocalization observed for the HOMO-1 in the neutral
form is absent in the case of DesH+.

It can be clearly seen that the LUMO delocalization is not prom-
inent over the piperidine ring of Des and when this ring is proton-
ated, the distribution on this part of the molecule remains
unchanged.

Naturally, the characteristic lone-pair orbital on the nitrogen
atom of the pyridine is absent when this ring is protonated. The
pyridine lone pair is part of the lower occupied orbitals as can be
seen in the HOMO-4 of Des and HOMO-3 of DesH+.

For the di-protonated form, all the observed transitions have a
p–p⁄ character. Some transitions exhibit a remarkable CT character
(one example is the transition from the HOMO, located almost
exclusively at the benzene moiety, to the LUMO, on the pyridinium
ring – K = 0.342).

The unoccupied orbitals are greatly affected by di-protonation.
The main change of the LUMO is observed in the benzene rings.
The delocalization on the benzene moiety completely disappeared
upon double protonation whereas it is not affected in the first pro-
tonation step.

The protonation of the pyridine ring increases greatly its elec-
tron attracting effect, hence the LUMO is mainly localized there
and its energy drops significantly.

Upon protonation, all the MOs are shifted to lower energies.
Moreover, the HOMO–LUMO gap is diminished for the double pro-
tonated form (7.78 eV for Des and 6.79 eV for DesH2þ

2 ).
The six excitations for the neutral and mono-protonated form of

desloratadine exhibit similar K values (i.e. 0.53–0.61 for Des and
0.54–0.64 for DesH+). In those cases, the spatial overlap between
the orbitals involved in the main transitions is high. Regarding
the di-protonated form, the range for lambda is 0.34–0.67, indicat-
ing a CT character for states 1, 3 and 4.
Conclusions

The main electronic transitions for loratadine and desloratadine
(neutral and protonated forms) were satisfactorily analyzed using
time-dependent density functional theory. For the neutral forms,
the bands are mainly of the p–p⁄ type, and the n ? p⁄ transition
was also identified. For the protonated forms, especially for the
fully protonated desloratadine, a remarkable CT character was ob-
served after analyzing the lambda parameter and the MO
distribution.

The computed spectra, which were generated by continuous
lines approximated with Gaussian functions with adequate band
shape broadening, are in accordance with the experimental results.
The spectroscopic behavior that is observed upon protonation is
attributed to the changes in the oscillator strengths of the main
transitions and to the shift of the first transitions to longer
wavelengths.

The absorption spectrum of both drugs is very similar due to the
fact that the ester fragment is not involved in the main transitions.
The same happened for the fully protonated compounds.
The methodology described here consists of the following steps:
(a) optimization of the geometry of the drugs in gas phase; (b) SP
TD-DFT computations of the vertical excitations using a proper sol-
vation model and a suitable functional; and (c) simulation of the
absorption spectra using a proper line broadening. We expect that
this procedure can be extended to other pharmaceutical systems
for the rational design of analytical methods, especially those that
make use of the differences between the acid–base and spectral
features of the drugs.

Moreover, this protocol should be extremely interesting in
modeling with the well-known MCR–ALS algorithm due to the fact
that the calculated UV spectra can be used to initialize the algo-
rithm in a novel way, especially when the spectra of the pure ana-
lytes are not available. In a next publication we will show some
results concerning the concrete application of the simulated spec-
tra to the MCR–ALS initialization step in order to evaluate whether
the theoretical data can be used instead of the experimental one
and how well the agreement between both spectra should be.

Finally, it should be noted that the simulated UV spectra using
geometries optimized with the less-demanding SVP basis set are
comparable to the results from TZVP-geometries (Fig. 1S).
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