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ABSTRACT: The analysis of UV-spectrophotometric data with second-order chemometrics tech-
niques, including multivariate curve resolution with alternating least-squares (MCR-ALS) and
hybrid hard- and soft MCR (HS-MCR), was examined as an alternative tool for studying the
kinetics of drug degradation under stress conditions, employing valsartan (VAL) as a model
drug. Despite small structural and spectroscopic differences between VAL and its degrada-
tion products, MCR-ALS and HS-MCR were able to detect the generation of two photoneutral
degradation products (DP-1 and DP-2) and a single acid hydrolysis product (DP-3), providing
good approximations to their pure spectra and concentration profiles, from which estimations
of the kinetic profiles and rate constants were obtained. Kinetic models based on first-order re-
actions explained the degradation processes. MCR-ALS and HS-MCR analyses yielded similar
rate constants; however, the latter was capable of more properly fitting the experimental data
to a kinetic model in the case of drug photolysis. The results were confirmed by comparison
with data obtained by HPLC analysis of the degraded samples. C© 2013 Wiley Periodicals, Inc.
Int J Chem Kinet 45: 734–743, 2013

INTRODUCTION

Spectrophotometric techniques are largely used in the
field of analytical chemistry because of the ease of
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spectral data acquisition, handling, and interpretation.
In addition, they are highly sensitive and very suitable
for studying chemical reactions in a solution. Most
conventional spectrophotometric methods are able to
furnish results employing a discrete number of wave-
lengths; however, these are not enough by themselves
to uncover the information required to solve systems
with severe spectral overlapping.
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Scheme 1 Degradation of VAL under photolytic (DP-1 and DP-2) and acid (DP-3) conditions.

In recent years, chemometric approaches have been
proposed as an useful strategy for the extraction of ana-
lytical information from multivariate data [1,2]. These
methods advantageously exploit full spectral informa-
tion, by using simultaneously all measured analytical
signals. Multivariate curve resolution (MCR) methods
are second-order chemometric tools suitable for the
analysis of the dynamics of complex systems, due to
their ability to provide detailed information concerning
the spectra of the involved components together with
their concentration profiles [3,4].

Drug degradation represents a serious problem,
which relates to loss of the pharmacological activity
and the possibility of production of adverse effects
induced by the resulting degradation impurities [5].
Accordingly, the International Conference on Harmo-
nization (ICH) guidelines require to carry out stress
tests on drug substances and drug products to acquire a
better understanding of the intrinsic stability of drugs,
as well as knowledge on the nature of the degrada-
tion products and the operating degradation mecha-
nisms [6]. These tests also generate useful information
to improve manufacturing processes and to select the
proper packaging [7].

Valsartan (VAL, Scheme 1) is a synthetic nonpep-
tidic compound with angiotensin receptor blocking ac-
tivity, which binds selectively and noncompetitively
to the type-1 angiotensin II receptors, preventing the

action of angiotensin II. The drug is widely used for
treatment of hypertension [8].

Stress tests demonstrated that VAL suffers rel-
evant degradation when exposed to photolytic and
acidic conditions [9–12]. The outcome of the pho-
todegradation is often influenced by the source of
light and its intensity, as well as the reaction sol-
vent and the extent of the exposure. Under our ex-
perimental conditions, the photoneutral degradation
products were identified as N-[2′-(1H-tetrazol-5-yl)-
biphenyl-4-ylmethyl]-N-isobutylpentanamide (DP-1)
and N-(diazirino[1,3-f]phenanthridin-4-ylmethyl)-N-
isobutylpentanamide (DP-2) [13]. The latter are
structurally related to those found by the group
of Singh [12], and their structures have been un-
equivocally determined after exhaustive analyses
of their NMR spectra and other analytical meth-
ods [13]. On the other hand, the structure of
the acid degradation product (DP-3) has been elu-
cidated as (S)-2-{N-(2′-(1H-tetrazol-5-yl)biphenyl-4-
yl)methyl}-3-methylbutanoic acid (Fig. 1) [14], which
results from the hydrolytic cleavage of the amide bond.
The pathways of formation of the impurities have been
discussed elsewhere [13].

Therefore, herein we examine the suitability of
multivariate curve resolution with alternating least-
squares (MCR-ALS) and the hybrid hard–soft multi-
variate curve resolution (HS-MCR) modeling method,

International Journal of Chemical Kinetics DOI 10.1002/kin.20808



736 BIANCHINI AND KAUFMAN

for studying the kinetics of the acid and photoneutral
degradation of VAL bulk drug by analysis of UV spec-
trophotometric data. Comparison with an independent
HPLC procedure allowed assessment of the results pro-
vided by the chemometrics methods.

EXPERIMENTAL

Instrumentation, Chemicals, and Materials

Light exposure was performed in a 55 cm × 45 cm ×
30 cm photostability chamber fitted with a 400 W
metal halide lamp (Philips Lighting, Turnhout, Bel-
gium) emitting light mainly between 320 and 400 nm
(radiation flux at 1.00 m = 1000 μW/cm2). The UV
spectra were acquired using a Shimadzu 1650PC dou-
ble beam spectrophotometer driven by UV-Probe v.1.1
software. For acquisition of the spectra, the samples
were continuously withdrawn from the reaction ves-
sels by means of a Gilson Minipuls 3 peristaltic pump,
passed through an 80-μL flow cell (Hellma, 10 mm
optical path) and returned to the vessels.

The reaction vessel was thermostated to ±0.2°C
employing a Thermolyne constant temperature bath.
Inner-vessel temperatures were determined with a
DigiSense digital thermometer, fitted with a J-type
thermocouple.

The HPLC analyses were carried out with a
Varian Prostar 210 liquid chromatograph (Varian,
Walnut Creek, CA) equipped with two isocratic pumps,
a Rheodyne injector fitted with a 20-μL loop, a
250 mm × 4.6 mm cyano column (Luna, 5 μm par-
ticle size), a temperature controller set at 30°C, and
Varian Prostar 325 variable dual-wavelength UV–vis
detector set at 226 nm. Elution was performed with a
40:60 (v/v) mixture of acetonitrile (ACN) and potas-
sium phosphate solution (20 mm, pH 3.0), pumped at a
flow rate of 1.0 mL min−1. Solvents were degassed with
a Branson 1200 ultrasonic cleaner. The chromatograms
were recorded and analyzed employing Varian Galaxie
v.6.0 software.

The chemometrics computations were performed
in Matlab v.7.4 (Mathworks, Natwick, MA) employing
the MCR-ALS user-friendly interface tool [15]. Graph-
ics were processed with Origin Pro v.8.0 (OriginLab,
Northampton, MA).

The experiments were performed with pharmaceu-
tically certified VAL and analytical-grade reagents
(Merck, Darmstadt, Germany). Aqueous solutions
were prepared employing double distilled water.
HPLC-grade solvents (J. T. Baker, Mexico City, Mex-
ico) were employed for the chromatographic analy-
ses and for sample preparation. A stock solution of

VAL (0.532 mg mL−1) was prepared in water:tBuOH
(4:1, v/v) by dissolution of an accurately weighed
amount of the drug in tBuOH, completing to the mark
with water. Phosphate solutions and standardized HCl
solutions were prepared according to USP 32 [16]. Liq-
uids were filtered through 0.45 μm nylon membranes
before use.

Degradation under Photolytic Conditions

An aliquot of the stock solution of VAL was di-
luted with degassed water to a final concentration of
0.063 mg mL−1. The solution was transferred to a re-
action cell, placed at 15 cm from the source, and irra-
diated at 25°C. UV spectra were recorded between 230
and 300 nm, every 4 min.

For the comparative HPLC study, a solution of VAL
(0.089 mg mL−1) was similarly irradiated. Samples
(0.5 mL) were periodically withdrawn and injected in
the chromatograph [11] without further treatment.

Degradation under Acid Conditions

The experiments were performed according to ICH
recommendations for drug stability tests [7]. Aliquots
(2.0 mL) of the stock solution of VAL were diluted with
1.88 N HCl (samples A and C) and with 0.73 N HCl
(sample B) to a final concentration of 0.035 mg mL−1.
Samples A and B were treated at 85.0°C (358 K),
whereas sample C was degraded at 65.0°C (338 K).
UV spectra were recorded between 220 and 260 nm at
1.0 min intervals during 3 h for samples A and C and
for 4 h for sample B.

For the comparative HPLC analyses, solutions of
VAL (4.00 mg mL−1) in 0.4942 N HCl were heated at
42 and 100°C (315 and 373 K) and a solution of VAL
(4.00 mg mL−1) in 0.1050 HCl was treated at 100°C.
Aliquots (0.5 mL) were periodically withdrawn, care-
fully neutralized with 0.1 N NaOH, diluted to 5.0 mL
with the mobile phase, and injected in the chromato-
graph [11].

Theoretical Background

Boldface capital letters are used for matrices, boldface
lowercase characters are employed for vectors, and
lowercase italics are used for scalars. A transposed
matrix is indicated by a superscript “T,” and ‖ X ‖
stands for the norm of matrix X.
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MCR-ALS

When a degradation process is monitored by UV spec-
troscopy, a series of spectra are collected as a func-
tion of time, containing the contributions from the n
components acquired at the different wavelengths. The
spectral changes that take place during the studied pro-
cess can be used by MCR-ALS or HS-MCR to extract
the analytical information required to solve the system,
including the spectra of the individual components and
their concentration profiles.

To that end, these spectroscopic measurements
should be ordered in a data matrix D(r × c), whose rows
contain the spectra acquired at different times (r) and
whose columns are the process signals (absorbances)
at different wavelengths (c). Assuming an additive lin-
ear model, the MCR-ALS algorithm seeks the optimal
decomposition of the data matrix D(r × c) into the prod-
uct of matrices C and ST according to Eq. (1) [17,18],
from initial estimates of either one of them. Matrix
C contains concentration information of the n sample
components of the system, S is the matrix of their pure
spectra, and E contains the model error:

D(r×c) = C(r×n)ST
(n×c) + E(r×c) (1)

In the MCR-based methods, the first step is the es-
timation of the number of components (n) involved,
which can be initially obtained by application of the
singular value decomposition [19]. MCR-ALS also
needs a preliminary estimation of ST or C, which is
provided either by evolving factor analysis [20], by
selection of the pure variables [21], or by any previ-
ous estimation of them. The spectra of standards of
the components, when available, are also suitable to
preliminary estimate ST.

Given the initial estimates of matrices C or ST,
the ALS algorithm executes a constrained optimiza-
tion process [22]. It carries out the decomposition of
matrix D, given in Eq. (1), to iteratively try to find a
model able to minimize the residual sum of squares
(rss), employed as an error criterion Eq. (2).

To that end, ALS iteratively solves two alternating
least-squares problems, the minimization of rss over C
for a fixed S and the minimization of rss over S for a
fixed C (Eqs. (3) and (4)), calculating new estimations
of ST and C at the end of each cycle [23]. It does so
until rss reaches a minimum value. Because of rota-
tional ambiguities, constraints must be added to ensure
that the mathematical solutions found by the iteration
process are also chemically sound [24]:

rss = ‖E‖ = ∥∥D − CST
∥∥ (2)

Min (C)
∥∥D − CST

∥∥ → C = DS
(
STS

)
(3)

Min
(
ST

) ∥∥D − CST
∥∥ → S = DTC

(
CTC

)−1
(4)

The iteration procedure ends after completion of
a preselected number of cycles or when the percent-
age of lack of fit (%LOF) does not change signifi-
cantly between consecutive iterations and convergence
is achieved. The explained variance (r2) is indicative
of the quality of MCR-ALS modeling results [25].

Hard–Soft Multivariate Curve Resolution

The hard–soft multivariate curve resolution (HS-MCR)
procedure introduces a previously selected kinetic
model as a new constraint. In addition to spectral and
concentration profiles, this method yields rate con-
stants information [26].

By constraining the system with a preselected ki-
netic model, the HS-MCR algorithm is able to over-
come some of the limitations of pure hard and pure
soft modeling of dynamic processes. Particularly,
HS-MCR is able to minimize the rotational ambiguity
associated with the estimation of the concentration pro-
files when only nonnegativity and closure constraints
are used [23], allowing a better estimation of the kinetic
constants associated with the postulated model.

RESULTS AND DISCUSSION

Chemometrics Exploration of the
Photodegradation of VAL

Figure 1 exhibits the spectral data acquired during the
photodegradation of VAL. When the data matrix was

Figure 1 UV spectra of the photodegradation of VAL
(0.063 mg mL−1) at room temperature.

International Journal of Chemical Kinetics DOI 10.1002/kin.20808
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Figure 2 Resolved kinetic profiles (left) and pure spectra (right) of VAL (—), DP-1 (– –), and DP-2 (–·–) from the photodegra-
dation of VAL. Top: MCR-ALS; bottom: HS-MCR.

processed by the MCR-ALS algorithms using nonneg-
ativity (concentrations and spectra of the components
must be positive) and closure (mass balance should be
maintained during the kinetic process) constraints [27],
the presence of three species (%LOF = 3.88%) was un-
covered. From the resulting spectral and concentration
profiles, it was deduced that the initial formation of
an intermediate takes place, concomitant with decreas-
ing absorbance of the solution; in turn, this is further
degraded into a second product.

Figure 2 shows their calculated concentration pro-
files and relative pure spectra. Previous knowledge
of the system allowed the assignment of structures
DP-1 and DP-2 to the initial intermediate and the sec-
ond product, respectively, as shown in Scheme 1.

Interestingly, despite exhibiting some imprecision
in estimation of the concentrations of the degrada-
tion products during the first part of the experiment,
MCR-ALS was capable of distinguishing the presence
of intermediate DP-1, which spectral shape is not too
different from that of VAL.

The evolution of the concentration profiles of VAL
and both degradation products was in agreement with
a kinetic model involving two consecutive first-order
reactions, where k1 and k2 are their corresponding rate
constants (Scheme 1). This was confirmed by the use
of the HS-MCR technique, which adjusted the data to

Eqs. (5) and (6) [28]. Both MCR-ALS and HS-MCR
yielded similar t1/2 values for the degradation of VAL;
however, calculation of k2 by MCR-ALS was trouble-
some, whereas HS-MCR provided comparatively less
noisy models:

[DP − 1]t = [VAL]0

1 − k2/k1
∗ (

e−k2t − e−k1t
)

(5)

[DP − 2]t = [VAL]0 ∗ (
1 − e−k1t

) − [VAL]0

1 − k2/k1

∗ (
e−k2t − e−k1t

)
(6)

The rate constants, half-lives, and fitted parameters
obtained for the photodegradation process are summa-
rized in Table I.

MCR-ALS Analysis of the Degradation of
VAL in Acid Medium

Figure 3 shows the overlain spectra obtained from the
degradation of VAL, between 220 and 260 nm, when
the drug was exposed to different temperatures and
acid concentrations. The spectral profiles observed in
the three cases are barely different, exhibiting a slight
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Table I Kinetic Parameters of the Photodegradation of VALa

Method k1 (min/min−1) t1/2
(min) k2 (min−1) LOF (%) r2

MCR-ALS 0.042 (1) 16.7 b 3.88 0.9985
HS-MCR 0.044 (2) 15.8 0.015 (5) 5.38 0.9971
HPLC 0.045 (2) 15.5 0.022 (5) 0.9981 (k1)

0.9859 (k2)

aNumbers in parentheses indicate the standard deviations of the determinations at the last significant digits level.
bDetermination of k2 employing this method was troublesome, yielding unreliable results.

Figure 3 Acid degradation experiments of VAL (0.035 mg mL−1). (A) In 1.88 N HCl at 85°C; (B) In 0.73 N HCl at 85 °C;
(C) In 1.88 N HCl at 65°C. Left: UV spectra between 220 and 280 nm. Center: MCR-ALS resolved kinetic profiles of VAL (—)
and DP-3 (– –) obtained in the acid degradation experiments of samples of VAL (0.035 mg mL−1). Right: MCR-ALS resolved
spectral profiles of VAL (—) and DP-3 (– –).

decrease of absorbance during the reaction course. In
addition and not unexpectedly, it was observed that
increasing acid concentration and/or the temperature
accelerated the hydrolytic process.

When the experimental data were processed by the
MCR-ALS procedure employing nonnegativity and
concentration closure constraints, only two species
were found, to which the identities of VAL and
DP-3 were assigned, based on previous experience
(Scheme 1) [11,13]. Their calculated concentration

profiles and relative pure spectra are shown in
Fig. 3.

The %LOF values of the deconvolutions were below
1.1% in all cases, and the resulting spectral shapes of
the samples’ components, which were in good agree-
ment with those of authentic samples [13], did not
show significant differences among the experiments.
In addition, the evolution of the concentration pro-
file plots was in agreement with a first-order kinetic
model (Eq. (7), where [VAL]0 and [VAL]t are the

International Journal of Chemical Kinetics DOI 10.1002/kin.20808
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Table II MCR-ALS and HS-MCR Derived Parameters, Characterizing the Acid-Catalyzed Degradation Kinetics of VAL
under Different Conditionsa

Condition MCR-ALS HS-MCR

HCl (N) T (°C) k (min−1) t1/2
(min) LOF (%) r2 k (min −1) t1/2

(min) LOF (%) r2

1.88 85.0 0.0297 (2) 23.3 0.19 0.9964 0.0240 (2) 28.9 1.08 0.9999
1.88 65.0 0.0127 (1) 54.6 0.11 0.9948 0.01000 (5) 69.3 0.19 0.9999
0.73 85.0 0.01065 (4) 65.1 0.24 0.9988 0.00966 (7) 71.7 1.08 0.9999
Ea 10.2 kcal mol−1 10.4 kcal mol−1

aNumbers in parentheses indicate the standard deviations of the determinations at the last significant digits level.

concentrations of VAL at the beginning of the exper-
iment and at time t, respectively. The rate constants
(k) and half-lives (t1/2

) of the process (Eq. (8), cor-
responding to the amide bond cleavage with the loss
of the pentanoyl side chain (Scheme 1), are shown in
Table II:

ln [VAL]t = ln [VAL]0 − k.t (7)

t1/2
= 0.693

/
k (8)

ln (kT 1/kT 2) = (E a/R) ∗ (1/T2 − 1/T1) (9)

The application of the Arrhenius equation (Eq. (9)),
where T1 and T2 are the absolute reaction temperatures,
kT1 and kT2 are the corresponding rate constants, and
R is the universal gas constant, computed an activation
energy (Ea) of 10.2 kcal mol−1 for the acid degradation
process.

HS-MCR Analysis of the Degradation
of VAL in Acid Medium

The HS-MCR algorithm was applied to constrain the
shape of the concentration profiles obtained by MCR-
ALS analysis to fit a first -order kinetic model. This
furnished new sets of kinetic profiles and pure spectra
of the resolved components (Fig. 4).

Only two components were detected in the degra-
dation samples, the pure spectra of which were similar
to those previously estimated by MCR-ALS; however,
the concentration profiles obtained by introducing the
kinetic model as a third constraint were sharper and free
of instrumental noise, resulting in a better agreement
with the proposed first-order degradation pathway, as
shown by the r2 values of the fit, nearing unity. The
kinetic rate constants for the acid hydrolysis process

of the studied samples under the different conditions,
as well as their %LOF and r2 values, are listed in
Table II.

Notably, despite the high similarity between the UV
spectra of VAL and DP-3, which resulted in only slight
reduction of the recorded absorbances during the hy-
drolysis, the chemometrics methods were capable of
detecting only one acid hydrolysis degradation prod-
uct. In addition, both suggested a rapid hydrolytic pro-
cess under the applied stress conditions.

HPLC Study of the Hydrolytic and
Photolytic Degradation of VAL

For the sake of comparison, the photodegradation of
VAL was monitored by HPLC, which confirmed the
formation of two impurities. The chromatograms re-
vealed the time-dependent decrease of the peak area
corresponding to VAL with a concomitant increase in
the peak response of DP-2. In addition, the peak area
of the intermediate DP-1 increased up to a maximum
and then decreased as a result of its conversion into
DP-2.

The HPLC results of the photolyzed samples con-
firmed that the photodegradation of VAL followed
a sequential first-order kinetics, being interpreted by
Eq. (7). The slope of the curve of the semilogarithmic
plot of the concentration of VAL against time furnished
a rate constant (k1) for its photodegradation [0.045 (±
0.002) min−1], from which the half-life time (t1/2

) of
the process could be estimated as 15.5 ± 0.8 min, us-
ing Eq. (8). These values were in good agreement with
those obtained employing the chemometrics method-
ologies (Table I).

In addition, adjustment of the profile of DP-2 to
Eq. (6) yielded k2 = 0.022 ± 0.005 min−1 (r2 =
0.9859), in reasonable agreement with the result pro-
vided by HS-MCR (Table I). Overall comparison of
the chemometrics and chromatographic approaches
signaled HS-MCR as the superior alternative, be-
cause it solved this kinetic system with a single
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Figure 4 HS-MCR–resolved kinetic profiles and pure spectra obtained in the analysis of individual acid degradation experi-
ments of samples of VAL (0.035 mg mL−1). Left: Concentration profiles of VAL (—) and the degradation product DP-3 (– –).
Right: Estimated spectral profiles of VAL (—) and the degradation product DP-3 (– –). (A) In 1.88 N HCl at 85°C. B) In 0.73
N HCl at 85°C. C) In 1.88 N HCl at 65°C.

experiment, being devoid of the rotational ambiguity
problem observed in MCR-ALS, which hindered cal-
culation of k2.

On the other hand, the acid-catalyzed degradation
of VAL was also monitored by HPLC (Fig. 5), where
the chromatograms exhibited the formation of a sin-
gle degradation product [11,13]. The semilogarithmic
fits of the concentration of VAL against degradation
time confirmed a pseudo–first-order degradation ki-
netics of the hydrolysis, where the evolution of the
concentration of VAL at a given time ([VAL]t) could
be expressed through Eq. (7). The slopes of the curves
obtained by linear regression analysis made possible
the calculation of the rate constants (k), and Eq. (8)
was used to compute the half-life time (t1/2

). The ap-
plication of the Arrhenius equation (Eq. (9)) yielded
Ea = 8.8 kcal mol−1, confirming the sensitivity of
VAL to hydrolysis under acid conditions. The results
are given in Table III.

Interestingly, the errors in the determination of the
kinetic parameters by the MCR-based determinations
were of the same order of magnitude or lower than
those obtained by analysis of the HPLC data. This also
underscores the advantage of the proposed chemomet-

rics methods over HPLC, since elaboration of a kinet-
ics profile with the latter methodology also requires a
much laborious and time-consuming procedure.

The values of Ea suggest that VAL is a moderately
acid stable amide; these are similar to those reported for
the degradation of polyacrylamide-based systems [29]
and amic acid [30], where neighboring groups assist
the acid hydrolysis [31]. Thus, it could be inferred
that protonation of the neighboring tetrazole moiety of
VAL may assist anchimerically the acid hydrolysis of
the drug [32]. Interestingly enough, the group of Singh
has recently reported that under stress condition VAL
hydrolyzes to DP-3 even under neutral conditions [12].

The decomposition of VAL, a polar organic mi-
cropollutant, in environmental matrices such as surface
waters and urban wastewaters is of high interest [33].
Being a ubiquitous, persistent, and biologically active
substance, the presence of VAL in sludge and effluents
has provoked recently increasing concern, particularly
as there are few or none legal requirements set for its
discharge into surface water bodies. In this context, the
activation energy and rate constants associated with
the degradation of VAL are characteristic parameters
that may be useful to better understand the fate of the

International Journal of Chemical Kinetics DOI 10.1002/kin.20808
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Figure 5 Top: Photodegradation of VAL. (A) Typical chromatogram of VAL and impurities DP-1 and DP-2. (B) Profiles
of VAL (�), DP-1 (•), and DP-2 (�) during the photodegradation of VAL. Bottom: Degradation of VAL in acid medium.
(C) Typical HPLC run of the separation of DP-3 and VAL. (D) Semilogarithmic plots of the degradation of VAL, when exposed
to 0.49 N HCl at 42°C (�) and 100°C (�) and when treated with 0.11 N HCl at 100°C (•).

Table III HPLC-Derived Parameters, Characterizing
the Acid Degradation Kinetics of VALa

HCl (N) Temperature (°C [K]) k (min−1) t1/2
(min)

0.49 100.0 [373] 0.016 (1) 43 (3)
0.49 42.0 [315] 0.0018 (7) 385 (15)
0.11 100.0 [373] 0.0082 (3) 85 (3)

aNumbers in parentheses indicate the standard deviations of the
determinations at the last significant digits level.

drug in the environment [34]. In addition, the proposed
chemometrics approach may be employed as an advan-
tageous alternative for characterizing the degradation
of VAL under different conditions.

CONCLUSIONS

This work demonstrated the suitability of hard and soft
modeling multivariate curve resolution methods for the
study of a drug degradation process under stress con-
ditions. The application of MCR-ALS and HS-MCR
methodologies furnished detailed descriptions of the
kinetics of the acid and photoneutral degradation of

VAL, making it possible to estimate the pure spectra
of the degradation products and, at the same time, to
determine their concentration profiles and the degra-
dation rate constants of the drug under the different
conditions. In the photodegradation scenario, the HS-
MCR modeling exhibited superior performance than
the MCR-ALS algorithm, providing better adjustment
of the data to the proposed kinetic models. The qual-
ity of the results was confirmed by independent HPLC
analysis of degraded samples.
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