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Carta del editor

Editor’s letter

El tercer numero del volumen 45 del aflo 2016 de la Revista
Colombiana de Quimica cuenta con la participacion de distintos
autores nacionales e internacionales. Las contribuciones provienen de
autores de Indonesia e Iraq; Manizales, Cali y Cartagena (Colombia).
A continuacion se presenta el contenido del numero.

La seccion de Quimica Orgéanica y Bioquimica cuenta con un
articulo en el que se utilizaron nanoparticulas de dioxido de silicio
para reducir la actividad enzimatica de la pepsina, una de las causas
principales del reflujo gastroesofagico (GERD). Se encontré que con
el uso de estas nanoparticulas sumado a cierta fuerza iodnica, la
actividad enzimatica se reduce significativamente.

La seccion de Quimica Aplicada y Analitica cuenta con dos
articulos. En el primero de ellos, se utilizaron dos metodologias
distintas para la obtencion de volatiles a partir de la pulpa de Iulo
(Solanum quitoense), por un lado, extraccion y destilacion simultanea
(SDE) y por el otro, microextraccion en fase sélida con espacio de
cabeza (HS-SPME). Se encontr6 que las dos metodologias se
complementan, pues arrojan informacion diferente sobre la
composicion de volatiles. En el segundo articulo se validé la técnica
de cromatografia de gases con detector de ionizacién de llama para
analizar hidrocarburos ligeros de manera simultanea. Se encontré que
dicha metodologia es exacta y precisa, ya que separaron dichos
analitos de manera confiable de acuerdo a los estandares de la ISO/
IEC 17025.

La seccion de Fisicoquimica y Quimica Inorgénica cuenta con
tres articulos. El primero de ellos es un estudio computacional basado
en la teoria del funcional de densidad (DFT), enel cual se evalia la
geometria molecular de un derivado de hidrazona [(E)-4-
dimetilaminoN'-[(piridin-2-il)metilideno-kN]benzohidrazida]
formando complejos con diversos cationes divalentes. Se encontrd
que los calculos realizados concuerdan con los datos cristalograficos
reportados, la formacion mas favorable del complejo ocurre con
Mn?*, mientras que con Ca*" y Cu®*" es menos favorable.

El segundo articulo de esta seccion trata de la sintesis y
caracterizacion de hidrocalcitas a base de Cu-Zn-Al y sus derivados
calcinados, ambos moléculas de interés por sus propiedades
cataliticas. Los resultados sefialan que un alto contenido de cobre
induce a la formacion de hidroxido, que limita la formacion de
estructuras tipo hidrocalcitas laminares y disminuye su estabilidad
térmica. De igual modo, en todos los solidos sintetizados se
produjeron 6xidos metéalicos y descomposicion de carbonatos.

Finalmente, el ultimo articulo describe un estudio cinético y
termodinamico de la formacion de determinadas especies derivadas
de acil-hidrazonas y aldehidos mediante librerias combinatorias
dinamicas (DLC) en reacciones evaluadas por medio de 'H-RMN.
Logroé encontrarse cual es el producto cinético y termodinamico bajo
las condiciones de estudio, de igual modo logrd establecerse como
amplificar los productos de interés mediante el uso de luz UV o de
iones metalicos.

The third issue of volume 45 of 2016 of Revista Colombiana de
Quimica counts with the participation of different national and
international authors. Contributions come from the authors of
Indonesia and Iraq; Manizales, Cali, and Cartagena (Colombia). Here
are the contents of the issue, published according to their subject.

The section of Organic Chemistry and Biochemistry has an
article in which silicon dioxide nanoparticles were used to reduce the
enzymatic activity of pepsin, a major cause of gastroesophageal
reflux (GERD). By using these nanoparticles, at a certain ionic
strength, the enzymatic activity was significantly reduced.

The section of Applied and Analytical Chemistry has two articles.
In the first one two different extraction techniques were used to
obtain volatile compounds from lulo (Solanum quitoense) pulp: on
the one hand, simultaneous extraction and distillation (SDE) and on
the other hand, solid phase microextraction with head space (HS-
SPME). It was found that the two methodologies complement each
other, since they yielded different data in the extraction process. In
the second article gas chromatography with flame ionization detector
was validated to simultaneously analyze light hydrocarbons. The
methodology was accurate and precise, since the analytes were well
separated according to the standards of ISO/IEC 17025.

The section of Physical Chemistry and Inorganic Chemistry has
three articles. The first of these is a computational study based on
density functional theory (DFT), in which the molecular geometry of
a hydrazone derivative [(E) -4-dimethylamino-N '- [(pyridine -2-yl)
methylidene-kN] benzohydrazide] forming complexes with various
divalent cations wasstudied. It was found that calculations correspond
well with the previously reported crystallographic data, the most
favorable formation of the complex occurs with Mn**, whereas with
Ca’ and Cu™ is less favorable.

The second article of this section studies the synthesis and
characterization of Cu-Zn-Albased hydrocalcites and their calcined
derivatives, both of which are of interest because of their catalytic
properties. Results indicate that a high copper content induces a
hydroxide formation, which limits the formation of lamellar
hydrocalcite type structures and decreases the thermal stability of the
products. Likewise, in all synthesized solids, metal oxides and
carbonate decomposition were produced.

Finally, the last article describes a kinetic and thermodynamic
study on the formation of derivative species of acylhydrazones and
aldehydes by using dynamic combinatorial libraries (DLC) in
reactions evaluated by means of 'H-NMR. The kinetic and
thermodynamic product was found under the studied conditions, as
well as how to amplify the products of interest by using UV light or
metal ions.

Rev. Colomb. Quim. 2016, 45 (3).
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Abstract

Resumen

Resumo

SiO,NPs as an inhibitor of pepsin enzyme for
treatment of gastro-esophageal reflux disecase
(GERD) were investigated. Silicon dioxide
nanoparticles (pepsin coated SiO,NPs) are
among the safest nanoparticles that can be
used inside the human body. The activity of
pepsin before and after the addition of certain
amounts of the NPs to the reaction mixture
was measured spectrophotometrically.
Furthermore, these experiments were repeated
at different temperatures, different weights of
NPs, and different ionic strengths. The kinetic
parameters (K, & V,_,) of the pepsin-
catalyzed reactions were calculated from the
Lineweaver-Burk plots. The results showed
that there is a significant reduction of pepsin
activity by SiO,NPs (V.. of free pepsin =
4.82 U and V,,, of the immobilized pepsin =
2.90 U). The results also indicated that the
presence of ionic strength causes remarkable
reduction of pepsin activity. It can be
concluded the best condition for inhibition of
pepsin activity is by using a combinationof
SiO,NPs and high concentration NaCl at 37 °©
C.

Se usaron nanoparticulas de dioxido de
silicio como inhibidores de la pepsina para
el tratamiento del reflujo gastroesofagico
(GERD). Estas nanoparticulas (SiO,NPs
recubiertas de pepsina) son unas de las mas
seguras y pueden usarse en el cuerpo
humano. Se midi6 a través de
espectrofotometria la actividad de Ila
pepsina antes y después de afiadir cierta
cantidad de NPs a la mezcla reactante.
Adicionalmente, se repitieron estas pruebas
a diferentes temperaturas, variando el peso
de las NPs y la fuerza iénica. Se calcularon
los parametros cinéticos (K., y V) de las
reacciones catalizadas con pepsina a través
de las graficas de Lineweaver-Burk. Los
resultados mostraron que, usando SiO,NPs
(Vmax de pepsina libre = 4.82 Uy V.. de
pepsina inmovilizada = 2.90 U) y a través
de la presencia de fuerza idnica, la
actividad enzimatica se  reduce
significativamente. Se concluye que la
mejor condiciéon para inhibir la actividad
enzimatica es usando una combinacién de
SiO,NPs y una alta concentracion de NaCl
a37°C.

Foram usadas nanoparticulas de didoxido de
silicio como inibidores da pepsina para o
tratamento do refluxo  gastroesofagico
(GERD). Estas nanoparticulas (SiO,NPs
cobertas de pepsina) sdo uma das mais
seguras e podem usar-se no corpo humano.
Foi medida a atividade da pepsina mediante
espectrofotometria antes e depois de agregar
certa quantidade de NPs a mistura de reagéo.
Adicionalmente, repetiram-se estas provas a
diferentes temperaturas, variando o peso das
NPs e a for¢a i6nica. Foram calculados os
parametros cinéticos (K., € V..«) das reagdes
catalisadas com pepsina a través das graficas
de  Lineweaver-Burk. Os  resultados
mostraram que, usando SiO,NPs (V. de
pepsina livre = 4.82 U e V_,, de pepsina
imobilizada = 2.90 U) e a través da presenga
de forga idnica, a atividade enzimatica se
reduze significativamente. Foi concluido que
a melhor condi¢do para inibir a atividade
enzimatica é usando uma combinag¢do de
SiO,NPs e uma alta concentragdo de NaCl a
37°C.

Keywords: GERD, SiO, nanoparticles,
pepsin, enzyme inhibition.

Palabras clave:GERD, nanoparticulas de
Si0,, pepsina, inhibicién enzimatica.

Palavras-Chave: GERD, nanoparticulas de
Si02, pepsina, inibi¢do enzimatica.
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Al-Hakeim, H. K.; Jasem, K.M.; Moustafa, S. R.

Introduction

Gastro-esophageal reflux disease (GERD) evolves when reflux of
stomach contents causes complications into the esophagus (7).
GERD is a popular disease with a prevalence of 10% - 20% in the
western countries (2) and some researchers reported up to 35.9% (3),
but its risk factors and causes are not clearly known (4). The disease
causes various symptoms, among which are heartburn and
regurgitation, which affect up to 30% of the population and continue
to increase (5-7). Pepsin, which is the most important substance in
the gastric contents for the necrosis of the mucosal tissues, plays the
main role in the formation of GERD and associated diseases ().

Although proton-pump inhibitors are known to alleviate
symptoms in most patients, a significant portion of patients continue
to present GERD (9). There is a wide range of specific inhibitors that
can bind to the active site and effectively remove the activity of
pepsin, one of the best known ones is pepstatin, a specific pepsin
inhibitor, which at acidic pH, tightly binds to the catalytic site of
both pepsin and its precursor pepsinogen (/0). The best way to
determine K, (the concentration of substrate at V,,/2) and V.
(Maximum velocity of an enzyme-catalyzed reaction at definite
conditions) values of the basic Michaelis-Menten equation is by
taking the reciprocal of both sides of equation to give the double
reciprocal equation or Lineweaver-Burk's equation.

Where V), represents the initial velocity or the activity of the
enzyme-catalyzed reaction. A plot of 1/V, versus 1/[S] yields a
straight line with an intercept of 1/V,,,, and a slope of K,./V ..., (1]).

Use of NPs to inhibit the activity of papsin in vitro as a model
for the treatment of GERD was performed and published previously
(12). Silicon dioxide nanoparticles (SiO,NPs), also known as silica
NPs or nanosilica, are the basis for a great deal of biomedical
research due to their stability, low toxicity, and ability to be
functionalized with a range of molecules and polymers (/3).
SiO,NPs have received an intensive attention by scientific
community due to its broad applications in biomedical and
biotechnological fields such as drug delivery, gene therapy and
molecular imaging, cancer therapy, and enzyme immobilization (/4).
In addition, it is widely used in cosmetics, food, varnishes,
papermaking, and drugs (/5). Fruijtier-Polloth et al. (16) evaluated
the toxic effects and safety of SiO,NPs and concluded that they are
as safe as conventional SiO,. Amorphous SiO,NPs are widely used
in food products, for example, as thickeners, anticaking agents,
carriers of fragrances and flavors, and additives (/7). The aim of the
present study is to optimize the process of pepsin inhibition by
SiO,NPs as a possible new treatment for GERD.

Materials and methods

Reagents

Pepsin (EC 3.4.23.1), MWt = 36,450 D, 99.5% purity, was supplied
from BDH, England. Spherical Silicon dioxide nanoparticles
(SiO,NPs), particle diameter = 39.644 nm, 99.5% purity, was
supplied from Nanjing nanotechnology, China. Lyophilized
Hemoglobin (human red blood cells), 96% purity, was supplied from
Lee Biosolutions, Missouri, USA. Trichloroacetic acid (TCA), 98%
purity from Alpha Chemika, India. Hydrochloric acid (HCI,
Analytical Grade, 35.4%) was supplied from Central Drug House,
New Delhi, India.

Characterization of NPs

The SiO,NPs used in the present study were visualized using SEM
and TEM techniques to further confirmation for their shape and size.
The TEM studies were performed by using a JEM-2010 instrument
working with an acceleration voltage of 200 kV. SEM images were
arried out by using a Hitachi S-4800 SEM at 20 kV.

Estimation of pepsin activity

The enzyme activity was determined by a kinetic method (/8). The
principle depends on the fact that pepsin cleaves peptides from
hemoglobin which are soluble in trichloroacetic acid (TCA). The
tyrosine and tryptophan content of these TCA-soluble peptides is
determined by the measurement of the extinction at 280 nm. Briefly,
pepsin is dissolved in 0.01 N HCI to obtain a concentration of 0.5 mg/
mL. Just prior to assay there is another dilution in 0.01 N HCl to a
concentration of 5-20pg/mL.

The steps of the method were as follows: 1 mL of hemoglobin
substrate was pipetted into test tubes containing 0.2 mL of the diluted
pepsin at 37 °C. After 10 min, the reaction was stopped by adding 2
mL of 5% TCA. The tubes containing the reaction mixture were
removed from water bath after 5 min and clarified (filtrates should be
clear).

E280 nm was read of filtrate and subtract E280 nm of the
appropriate blank using spectrophotometer (Model 721-Taiwan) set at
280 nm and 37 °C. The method of estimation of pepsin activity was
repeated at different temperatures (22, 27, 32 and 42 °C). A unit of
pepsin enzyme was defined as an amount of enzyme which renders
TCA soluble 0.001 E280 nm per minute at 37 °C, using a denatured
hemoglobin substrate.

Inhibition of pepsin activity by SiO,NPs

To study the inhibition of pepsin by SiO,NPs, a weight of 19.8 mg of
SiO,NPs was weighed by Sartorius balance (Model A200) dissolved
in 10 mL of 0.01N HCI, and agitated by ultrasonic water bath
(IsoLab, Germany) at 37 °C for 20 min. Five mg of pepsin were
added to the SiO,NPs-containing tubes and incubated at 37 °C for 30
min. These amounts of pepsin and NPs were calculated to produce
pepsin monolayer on the SiO,NPs. SiO,NPs and pepsin surface areas
were calculated in order to estimate theoretically the enough number
of pepsin to cover the surface of one spherical SiO,NP in one layer
manner.

Rev. Colomb. Quim. 2016, 45 (3), 5-11.




Anti-pepsin activity of silicon dioxide nanoparticles

The calculations describe the pepsin and SiO,NPs properties
(radius, density, mass of one NP, and the volume of one NP) to
calculate the surface areas of pepsin and SiO,NPs which were 1.50 x
103 cm? and 4.94 x 10! cm? respectively. The number of pepsin
molecules that can cover one SiO,NP in a monolayer manner was
obtained from the division of one SiO,NPs surface area on one pepsin
surface area ~ 329 molecules of pepsin per SiO,NP. This means that a
5 mg of pepsin were required to cover 19.8 mg of SiO,NPs to obtain
a monolayer of the adsorbed pepsin.

The method of pepsin activity estimation was repeated and the
activity of the immobilized pepsin was estimated. To study the effect
of weight on the pepsin activity the same method was repeated using
different weights of SiO,NPs (39.6 mg, 59.4 mg, 79.2 mg and 99.0

mg).

Effect of temperature on the inhibition of pepsin
activity by SiO,NPs

To study the temperature effect in the presence of SiO,NPs, 19.8 mg
of SiO,NPs was dissolved in 10 mL of 0.01 N HCI, and agitated by
ultrasonic water bath at different temperatures (22, 27, 32, 37 and 42
°C) for 20 min. Five milligrams of pepsin were added to each tube
and incubated at 42 °C for 30 min. The method of estimation of
pepsin activity was repeated and the pepsin activity was estimated
after adding the SiO,NPs.

Effect of a combination of ionic strength and SiO,NPs
on the inhibition of pepsin activity

To study the effect of the ionic strength in the presence of SiO,NPs,
15 mg of SiO,NPs and 1.3 mg of NaCl were dissolved in 10 mL of
0.01 N HCI, and agitated by ultrasonic water bath at 37 °C for 20
min. Five mg of pepsin were added to the tubes and incubated at 37 °©
C for 30 min. The method of estimation of pepsin activity was
repeated and the pepsin activity was calculated. The protocol of the
research is presented in Figure 1.

Free Pepsin | =) Vmu & :Km
SiO,NPs
9
Pepsin coated SiO,NPs
Different Temp. Different NPs Wt. Different Ionic strength
(Ko & Vi) (Ko & Vinay) (Ko & Vinax)

Figure 1. Workflow of the protocol of the research.

Rev. Colomb. Quim. 2016, 45 (3), 5-11.

Results and discussion

The images of SiO,NPs taken by SEM and TEM are presented in
Figure 2. It is clear that the shape of SiO,NPs is spherical with a
particle size around 39 nm.

Figure 2. SEM (left) and TEM (right) images of the SiO,NPs.

Effect of SiO,NPs weight on the pepsin catalyzed
reaction

The activity of the enzyme was measured by using seven different
concentrations of hemoglobin (3.01, 6.21, 9.31, 12.41, 15.52, 18.62,
and 21.72*15M) and five different weights of added SiO,NPs (19.8,
39.6, 59.4, 79.2 and 99 mg) to the 10 mL of the 0.01 N HCI to
prepare SiO,NPs solution. These experiments were used to examine
the effect of SiO,NPs weights on the activity of pepsin catalyzed
reaction. The Lineweaver-Burk plots of the five experiments, were
plotted in Figure 3.

52 X 19.8mg
¢ 396mg
48 B 59.4mg
79.2mg
44 X 99mg

y=0,1248x +0,5709

y=0,0835x +0,5427

y=0,055x+0,4813
| ]
y=0,0433x +0,3963

v=004031+0,3444

T |
30 35

5
(1/(s])*10° M

Figure 3. Lineweaver-Burke lines of pepsin catalyzed reaction after adding different amounts of
SiO,NPs.
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The results in Figure 3 revealed that the presence of SiO,NPs
causes reduction in the V,, of pepsin catalyzed reaction. The values
of V,.x and K, are shown in Table 1.

Table 1. Effect of weight of SiO,NPs at 37 °C on the activity of pepsin coated SiO,NPs.

Wt. of SiO2NPs (mg) | Slope | Intercept | Vmax (U) | Kmx 10-5 (M)
0 0.034 0.208 4.82 19.210
19.8 0.040 0.344 2.90 11.702
39.6 0.040 0.396 2.52 10.177
59.4 0.055 0.481 2.08 11.427
79.2 0.083 0.543 1.84 15.202
99.0 0.125 0.571 1.75 21.860

The data in Table 1 demonstrate the effect of weight of SiO,NPs
on pepsin activity. These weights were selected from the calculations
of the amount of SiO,NPs needed to be coated with a monolayer of
pepsin molecules. The first weight (19.8 mg) of SiO,NPs in the
reaction mixture represents a NPs coated with a monolayer of pepsin
molecules. The results showed that V,,, of free pepsin (4.82 U)
decreases to 2.90 U when the enzyme was immobilized on the
surface of SiO,NPs. The activity continued to decrease as the weight
of the added NPs increases until becoming 1.75 U when the weight
added is 99 mg. It is clear that the SiO,NPs has remarkable
inhibitory effect on pepsin activity. Most of the reduction in the
pepsin enzyme activity is due to the change in the secondary
structures of the whole enzyme and particularly in the active site
structure. These changes are caused by the adsorption forces between
the surface of the NPs and various chemical groups of the pepsin
molecules. The attractive forces are strong enough to hold molecules
on the NPs surface and modify the H-bonding that constitute the
secondary structure of the pepsin molecules. Therefore, the change in
the secondary structure is the most probable cause for the decrease in
the activity of the immobilized forces.

Studies indicate that the activity of lysozyme adsorbed onto
SiO,NPs is lower than that of the free protein, and the fraction of
activity lost correlates well with the decrease in o-helix content (/9).
Binding of proteins on planar surfaces often induces significant
changes in the secondary structure (20). However, a study of a
variety of nanoparticle surfaces and proteins indicates that
perturbation of protein structure still occurs to varying extents. The
proteins show a rapid conformational change at both secondary and
tertiary structure levels (20, 27). Numerous studies have found that
activity reduction is related to the loss of a-helical content when
proteins are adsorbed onto NPs regardless of an increase in the B-
sheet (20). Binding of proteins to planar surfaces often induces
significant changes in secondary structure; the high curvature of NPs
can help proteins to retain their original structure (22). Several in
vivo and in vitro studies of the toxicity of SiO,NPs have been
performed and found that they are safe and can be employed in food
production (23). These findings and the findings of the present
research encourages the use of SiO,NPs as an inhibitor of pepsin for
the treatment of GERD in vivo.

Effect of temperature on the interaction of SiO,NPs
with pepsin

The activity of the immobilized enzyme was measured at different
temperatures (22, 27, 32, 37, and 42 °C) by using 19.8 mg of
SiO,NPs and the same concentrations of hemoglobin. These
experiments were used to examine the effect of temperature on the
activity of pepsin catalyzed reaction in the presence of SiO,NPs. The
Lineweaver-Burk lines of the immobilized pepsin activity at five
different temperatures are presented in Figure 4.
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Figure 4. Lineweaver-Burk lines of the SiO,-immobilized pepsin catalyzed reaction at (22, 27,
32,37, and 42 °Q).

The values of V, and K, of the pepsin catalyzed reaction at
different temperatures in the presence of SiO,NPs are listed in Table
2. The results revealed that the V,,, at 37 °C is 2.91 U and then is
reduced as temperature decreases. Whereas the K, at 37 °C equal to
11.72 x 10> M then increases as temperature decreases. It means that
the change in temperature may cause a change in the form of active
site and thus change V-

Table 2. Maximum velocities and Michaelis constants of the SiO,NPs-immobilized pepsin at
different temperatures.

Temp. (°C) Equation Vmax (U) Knx105M)
22 y=0.162x +0.755 1.33 21.40
27 y=0.128x + 0.620 1.62 20.63
32 y =0.089x + 0.560 1.79 15.80
37 y =0.040x + 0.344 291 11.72
42 y=0.115x +0.380 2.65 30.54
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The results in Table 2 revealed that K, and V,,,, change when the
temperature changes. V,,,, increases as the temperature increases until
reaching the optimum temperature and then tends to decrease when
the temperature reaches 42 °C, while K, decreases as temperature
increases. However, at 42 °C, the K, increases again indicating that
there are conformational changes in the immobilized pepsin or
changes in the interaction between the pepsin molecules and the
SiO,NPs.

In a previous study, it is found that the interaction between
SiO,NPs and three different enzymes are dependent on the functional
groups on the surface of NPs (24). These findings indicated the
presence of weak electrostatic interactions between the protein
molecules and the surface of NPs. When nanomaterials are in contact
with a biological environment, the proteins can immediately bind to
the surface of the NPs, which creates protein coronas (25).

The bio-distribution of the nanomaterial is affected by this protein
coating, which aids in understanding the mechanisms of protein
coronas formations on nanomaterial surfaces including the effect of
the nanomaterial surface properties (26). Weak protein-NPs
interactions were studied previously in a low binding regime as a
model for the soft protein corona around NPs in complex biological
fluids. Noncovalent and reversible interactions between protein and
SiO,NPs showed significant alteration in conformation and enzymatic
activity in a NP-size dependent manner. These facts indicated the
presence of very weak interactions between protein and SiO,NPs
(27). Changes of environment temperature can alter the
intramolecular attractive forces (hydrogen bonding, dipole-dipole
interaction, hydrophobic interaction etc.) of the protein (e.g. enzyme).
This can alter the active site of the enzyme rendering it inactive (26).

Effect of SiO,NPs and ionic strength

The pepsin activity was measured at various conditions, i.e., free
pepsin, in the presence of 130 mg of NaCl, immobilized pepsin on
SiO,NPs, and immobilized pepsin in the presence of 130 mg NaCl.
All experiments were carried out at 37 °C. These experiments were
carried out to explore the effect of the combination of ionic strength
and SiO,NPs on the activity of pepsin. The Lineweaver-Burk plots of
the four experiments were plotted in Figure 5.
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Figure 5. Lineweaver-Burke lines of pepsin catalyzed reaction at 37 °C after adding 130 mg
NaCl, 19.8 mg SiO,NPs and in the presence of both (130 mg NaCl and 19.8 mg SiO,NPs).
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Table 3. Comparison of free pepsin, pepsin with 130 mg NaCl, 19.8 mg SiO,NPs, and both
(19.8 mg SiO,NPs + 130 mg NaCl).

Wt (mg) Slope | Intercept | Vmax (U) | Kmx 105 (M)
Free 0.040 0.208 4.82 19.21
19.8 mg SiO2NPs 0.035 0.399 2.50 8.76
130 mg NaCl 0.030 1.093 0.92 2.76
19.8mg SiO>+130 mg NaCl | 0.065 1.177 0.85 5.52

In Table 3, the comparison of free pepsin activity, immobilized
pepsin on SiO,NPs, and immobilized pepsin in the presence of 130
mg NaCl is shown. The results showed the V,,,, of free enzyme equal
to 4.82 U and then became 2.50 U when 19.8 gm of SiO,NPs were
added. Then V,,, decreased and became 0.92 U when 130 mg of
NaCl were added to the enzyme reaction mixture, and then it became
equal to 0.85 U when NaCl and SiO,NPs were added together to the
reaction mixture. It can be easily noticed that the effect of the
combination of the ionic strength and SiO,NPs causes high reduction
of pepsin activity.

Most of the reduction in the enzyme activity is due to the changes
in the secondary structures of the whole enzyme and particularly in
the three dimensional structure of the active site, as previously
mentioned in the Effect of SiO,NPs weight on the pepsin catalyzed
reaction section. Furthermore, a study by Wu et al. (20) showed that
both B-lactoglobulin and lysozyme unfolded to a greater extent at
lower surface concentration on SiO,NPs. The proteolytic activity of
pepsin is affected by the conditions of the dissolution medium. There
is a significant reduction in the activity of pepsin after adding
different concentrations of surfactants salts (29). Salts can form weak
bonds with the charged functional groups on the protein surface.

Depending on the nature of ions, the balance among the forces
are changed. However, higher concentration of salt can lead to salting
out effect or decreased solubility of protein (30). There have been
many interesting studies done about the inhibition of various enzyme
activities upon adsorption on the surface of different nanoparticles
(31, 32). Using advanced techniques such as circular dichroism and
fluoroscopy, it is found that the most affective factors responsible for
the reduction in the enzyme activity, after adsorption on the
nanoparticle .surface, is the change in the secondary and tertiary
structures of the enzyme especially around 18 the active site (32, 33).
The same explanation can be generalized for the pepsin-SiO,NPs
system and it can be concluded that the reduction in the pepsin
activity is due to the perturbation in the secondary and tertiary protein
structures.

Conclusions

The results of the present study revealed that the SiO,NPs has an
ability to inhibit the pepsin activity. The results also indicates that the
presence of high ionic strength causes remarkable reduction of pepsin
activity. The increase in the amount of SiO,NPs in the reaction
medium leads to more reduction in the pepsin activity. Furthermore,
the optimum temperature for the NPs to inhibit the reaction is 37 °C.
Therefore, the best conditions of inhibition of pepsin enzyme is by
using higher amounts of SiO,NPs in the presence of NaCl at 37 °C.
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extraction methods to
obtain volatiles from
lulo (Solanum
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Abstract

Resumen

Resumo

Simultaneous Distillation-Solvent Extraction
(SDE) and Headspace Solid Phase Micro-
extraction (HS-SPME), coupled to Gas
Chromatography-Mass Spectrometry (GC-
MS), for recovery of volatiles from lulo pulp
(Solanum  quitoense) were compared. A
completely randomized SDE/GC-MS design
was applied to establish differences between
the areas obtained with different solvents,
whereas a two-way HS-SPME/GC-MS
indicated the most appropriate extraction
conditions of volatiles, having the type of
fiber and the adsorption temperature as
factors. SDE/GC-MS mainly promoted the
extraction of hydrocarbons, aldehydes, and
esters; whereas esters and aldehydes had
higher areas wusing HS-SPME/GC-MS.
Furthermore, the variance analysis showed a
significant interaction among the type of fiber,
the adsorption temperature, and the functional
groups.

Se compararon los métodos de extraccion y

destilacion simultanea (SDE) y
microextraccion en fase solida con espacio de
cabeza (HS-SPME), acoplados a

cromatografia de gases con detector de
espectrometria de masas (GC-MS), para la
recuperacion de volatiles a partir de pulpa de
Iulo (Solanum quitoense). Se realizd un disefio
completamente al azar aplicado al tipo de
solvente para SDE/GC-MS, mientras que para
HS-SPME/GC-MS se ejecut6 un disefio a dos
vias, teniendo como factores el tipo de fibra y
la temperatura de adsorcion. En el primer caso
se obtuvieron principalmente hidrocarburos,
aldehidos y ésteres; en el segundo, se
recuperaron ésteres y aldehidos. El analisis de
varianza mostr6é una interaccion significativa
entre el tipo de fibra, la temperatura de
adsorcion y los grupos funcionales.

Foram comparados os métodos de extragdo e
destilagdo simultanea (SDE) e microextragdo
em fase so6lida com espago de cabega (HS-
SPME), acopladas & cromatografia gasosa-
espectrometria de massa (GC-MS), para a
recuperagdo de volateis a partir da polpa de
Iulo (Solanum quitoense). Foi realizado um
delineamento  completamente  casualizado
aplicado ao tipo de solvente para a SDE/GC-
MS, enquanto a HS-SPME/GC-MS foi
executado um desenho de duas vias, tendo
como fatores o tipo de fibra e a temperatura
de adsorgdo. No primeiro caso foram obtidos
sobretudo hidrocarbonetos, aldeidos e ésteres;
no segundo foram obtidos ésteres e aldeidos.
A analise de variancia mostrou uma interagdo
significativa entre o tipo de fibra, a
temperatura de adsor¢do e o0s grupos
funcionais.

Keywords: Chemical analysis, Solanum
quitoense, metabolite profile, HS-SPME, SDE,
volatile organic compounds.
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Comparison between extraction methods to obtain volatiles from lulo (Solanum quitoense) pulp

Introduction

Volatile organic compounds (VOC) are responsible for the distinctive
flavor in each fruit, even though some of these components are not
able to interact with the human olfactory receptors for triggering the
subsequent sensory impact (/). Obtaining a complete volatile profile
from a ripe fruit constitutes a relevant evidence regarding its
sensorial quality features (2). A predominance of esters, alcohols,
and aldehydes has been denoted in several types of fruit, mostly
climacteric (3-7). On the contrary, in other climacteric fruits the
hydrocarbons were the outstanding group (8- 10).

The diverse chemical nature of volatile compounds arises due to
the different metabolic pathways that exist in fruits (/Z, 72). The
metabolites obtained depend on the extraction method employed.
The Simultaneous Distillation-Solvent Extraction (SDE) method,
based on the recovery of compounds by polar affinity to a
simultaneously distilled organic solvent, promotes the extraction of
diverse chemical classes (/3). Nevertheless, SDE is a sensitive
method for obtaining compounds at trace concentrations (/4). It
requires great amount of sample, has a prolonged extraction time (2),
and promotes the loss of highly volatile metabolites (/5). On the
other hand, Solid Phase Micro-extraction (SPME), supported on the
partition equilibrium of the metabolites between both fiber and
matrix analyzed (/6) is fast, easy, sensitive, solventless, and avoids
loss of volatiles with low boiling point (17, 18).

Previous studies have demonstrated the complementarity between
SDE and HS-SPME to obtain more complete volatile profiles in
several fruits (15, 17, 19, 20). The increase in the compounds using
SDE and HS-SPME methods occurs due to the affinity of each
method for compounds with a specific polarity and molecular
weight. The extracts from SDE contain high molecular weight
compounds and are poor in highly volatile metabolites (27), but
using HS-SPME the obtaining of heavy volatile compounds is lower
(2). In addition, each fruit has a volatile profile with different
characteristics, which justifies in some cases the extraction with
nonpolar solvents such as diethyl ether (I, 22, 23), or solvents of
intermediate polarity such as dichloromethane (17, 18, 22, 24, 25). In
addition to SDE, the extraction with HS-SPME has been carried out
in several fruits using fibers with a specific polarity (2, 15, 18, 20),
after the selection of this as the higher performance fiber in the
extraction of volatile metabolites.

Lulo (Solanum quitoense Lam.) is a Solanaceae species native

to South America, whose pulp has potential for both processing and
marketing at industrial scale (26). A comparative referent between
the volatile profiles of frozen lulo pulp cultivated in Colombia and
Costa Rica, obtained by extraction with pentane and ether (2:1),
showed differences attributed to the different environmental
conditions in each country (27). Moreover, supercritical CO, enabled
to recover the volatile profiling from the lulo pulp and to identify 52
compounds, mainly alcohols and esters (among which, decane,
methyl benzoate, acetic acid, hexadecane, and methyl hexanoate had
the highest concentrations (28)).
In addition, 65 compounds from S. vestissimum, another lulo species,
were identified with SDE/GC-MS, using diethyl ether and pentane
(1:1). Among the volatiles obtained, those of highest concentration
were methyl propionate, methyl butanoate, butyl acetate, 3-
methylbutyl acetate, methyl hexanoate, methyl (E)-2-methyl-2-
butenoate, (Z)-3-hexenylacetate, methyl benzoate, (Z)-3-hexenol,
linalool, a-terpineol, and geraniol (29).

Rev. Colomb. Quim. 2016, 45 (3), 12-21.

This study aimed to obtain volatile profiles from Iulo pulp, using
two extraction methods: SDE with solvents of different polarity and
HS-SPME by using several fibers. The extracts were analyzed by
GC-MS. In both experiments, the comparison of total volatile areas
and those of the functional groups allowed to establish which
treatment was the most efficient for the extraction of volatiles from
lulo pulp.

Materials and methods

Fruit selection

Lulo fruit, harvested in stage five (30), came from seedlings which
were generated through in vitro propagation by the company Agro
in-vitro S.A.S. (Manizales, Colombia) and harvested at the Villa
Malicia farm, placed at 1 km from Manizales. In addition, the fruit
grew from a developed crop in controlled conditions with Green Seal
fungicides and had the following features as a selection criteria:
diameter of 5-6 cm, orange skin, and brix degrees of 10.3 £ 0.2 (30).
Moreover, fruit with spoilage signs, triggered by insects or molds,
was discarded.

Reagents and materials

Sodium chloride was acquired from Carlo Erba Reagents®
(Barcelone, Spain). The solvents hexane, dichloromethane, and ethyl
acetate were provided by Sigma-Aldrich® (Saint Louis, USA). The
SPME holder and the fibers used in the adsorption of volatile
metabolites were obtained from Supelco® (Bellenfonte, PA, USA).
Four fibers for were employed: polydimethysiloxane (PDMS, 100
um), carboxen/polydimethylsiloxane (CAR/PDMS, 75 pum),
polydimethylsiloxane/divinylbenzene  (PDMS/DVB, 65 um),
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS,
50/30 pm), which were conditioned prior to their use as indicated by
the manufacturer. The alkane standard solution C7-C40 was
provided by Sigma—Aldrich Chemical S.A.

SDE procedure

The fruit was washed with distilled water for 20 s and cut for
separating the peel and obtaining the pulp. 200 g of pulp were
weighed in a sample flask with 500 mL capacity. The extraction was
conducted in a modified Likens-Nickerson apparatus. In the first one
side, the flask containing the sample was adapted, and in the second
one, another flask with 50 mL of the respective solvent was
installed. The flasks underwent the boiling temperature of each
solvent and SDE extraction was carried out for 1 h. Thereafter, an
extracted volume of approximately 20 mL was collected and
completed to a fixed volume of 50 mL with each solvent.
Subsequently, 1 mL of this sample was added on a vial with capacity
of 2 mL. Finally, 1 pL of extract was inserted to desorb in the
injection port of the gas chromatograph.
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HS-SPME procedure

Each fruit was washed with distilled water for 20 s and 10 g of the
pulp were added into a vial with 20 mL of capacity. Subsequently,
the vial was closed with a rubber cap and placed on a water bath.
Thereafter, the respective SPME fiber was manually inserted into the
headspace (HS) of the pulp and exposed at temperature of 40 or 60
°C for 30 min, according to the experimental design proposed. After
removing, the fiber was inserted into the injection port of the gas
chromatograph to desorb the extracted compounds at 230 °C in
splitless mode for 2 min.

Analysis of volatile compounds

In order to analyze the volatile compounds from lulo pulp, a gas
chromatograph Shimadzu GCMS-QP2010 Plus coupled to a mass
spectrometry detector was used. Regarding the samples extracted by
HS-SPME, a liner of 0.75 mm LD. (Supelco, Bellefonte, PA) was
used to conduct the metabolites to the column, whereas for the
extracts obtained by SDE, a 3.4 mm L.D. liner (Shimadzu) was used.
As a carrier gas, helium at a constant flow rate of 4 mL/min was
used. A Shimadzu 5% polysiloxane (30 m x 0.25 mm ID x 1.4 um
DF) semi-polar analytical column with a temperature range of -40 °C
to 260 °C was used. Flow control worked at a linear velocity of 36
cm/s, the pressure was 55.2 kPa and the column flow was 0.98 mL/
min. The temperature ramp program was as follows: one min at 50
°C, increasing at 2.5 °C/min up to 150 °C, in which remained for
seven min; subsequently, it was increased at 15 °C/min up to 220 °C,
remaining in this state for three min; and finally, the temperature was
increased at 15 °C/min up to 230 °C and maintained for two min.

On the other side, the mass spectrometer was operated with
ionization energy (IE) 70 eV, ion source temperature 235 °C, time of
solvent cut-off 3 min, threshold of 1000, and mass range between
33-350 Da. The detector operated was operated at 1.0 kV and the
mass spectrum had a scan speed of 666 Hz. The analyses of volatiles
from extractions by HS-SPME were carried out for 50 min, whereas
each assay of the SDE treatments lasted 60 min. The identification of
each peak was based on the comparison between the mass spectrum
of each compound and generated compounds from the NIST library
version 8, having as an identification criteria a concordance equal or
superior to 93%. In addition, a verification of the Kovats retention
index was made from the analysis of a mixture of alkanes (C7-C24)
under the same conditions used with the samples.

Statistical analysis

In relation to SDE experiments, a completely randomized design was
performed having the type of solvent with three treatments (hexane,
dichloromethane, and ethyl acetate) as a factor, and the total area of
volatiles and functional groups areas as a response variable. Six
replicates per treatment were carried out. After evaluating the
statistical assumptions, an analysis of variance (ANOVA) was
performed to establish differences between treatments and the Tukey
test to define for which of the treatments there were differences.
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Regarding the SPME fiber treatments, a two-way design was
performed: the first factor was the type of fiber with four levels
(PDMS, CAR/PDMS, PDMS/DVB, and DVB/CAR/PDMS), and the
second factor was the adsorption temperature with two levels (40 °C
and 60 °C). The response variable was the total area of volatile
compounds. Five repetitions were carried out for each treatment.
Moreover, the areas of the functional groups in each treatment were
analyzed.

Volatiles data were submitted to an ANOVA to establish
differences between both the total areas and the functional groups
areas. The relative standard deviation (RSD) of the functional groups
areas was lower than 12% in all experiments. Finally, a t-test for the
areas of the functional groups of the most efficient treatments from
each experiment was made. Using the SPSS software version 22, the
obtained data from the treatments were analyzed.

Results and discussion

Volatile compounds from lulo pulp by SDE/GC-MS
using different solvents

Total area

Through SDE/GC-MS, 47 volatile compounds with molecular
weights ranging from 60 to 282 Da were obtained, mainly
hydrocarbons (42.55%), followed by aldehydes (17.02%), esters
(17.02%), alcohols (10.63%), ketones (6.38%), and acids (4.25%).
Furthermore, 34 of these compounds were identified as well. In
addition, there was a higher percentage of the area obtained from
compounds such as decanal, furfural, benzeneacetaldehyde,
methylbutanoate, (Z)-3-hexen-1-ol acetate, and hexadecane (Table
1).

The assumptions of normality were confirmed through the
Shapiro-Wilk from the SDE data with the solvents hexane (P =
0.369), dichloromethane (P = 0.496), and ethyl acetate (P = 0.914),
as well as through the homogeneity of the variances of these datasets
from Levene test statistic (P = 0.566).

Firstly, a lower total area of volatiles was presented from the
hexane extraction, whereas ethyl acetate enabled to recover a mean
area higher than that obtained with the other solvents. Secondly, the
ANOVA showed statistically significant differences among the
treatments considering the type of solvent (P = 0.00), whereas the
Tukey test showed that extraction using hexane (mean area: 2.2 x
10%) was less effective than those obtained with dichloromethane
(mean area: 3.7 x 10%) and ethyl acetate (mean area: 1.12 x 10°).
However, there were no statistical differences between the mean
areas using the last two mentioned solvents.

Area of the functional groups

When comparing the areas, a predominance of hydrocarbons in the
treatments using hexane and dichloromethane was observed, but
through ethyl acetate the aldehydes predominated and the
hydrocarbons were not recovered due to its nonpolar nature (Figure

).
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Table 1. Volatile compounds obtained by SDE/GC-MS from lulo pulp with different solvents.

Name of the compound Hexane Dichloromethane Ethyl acetate
MA %MA |RSD MA % MA | RSD MA % MA | RSD
Acetic acid, 1-methylethyl ester - - - - - - 8349569 0.7 9.1
Acetic acid - - - - - - 711173709 63.5 12.2
n-Propyl acetate - - - - - - 3325308 0.3 10.7
Butanoic acid methyl ester 13700138 | 6.2 | 12.3| 30231061 8.0 9.2 12751611 1.1 7.6
2,3-Pentanedione - - - - - - 3560892 0.3 11.7
(E)-2-Pentenal - - - 3211431 0.9 8.1 - - -
(E)-2-Butenoic acid methyl ester - - - 1977985 0.5 15.5 3319264 0.3 12.3
2,4-Dimethyl-1-heptene 8830760 40 | 8.8 | 8535166 23 |10.1 - - -
Butanoic acid - - - 2350855 06 |11.5 9328692 0.8 13.1
(Z)-3-Hexen-1-ol - - - - - - 9680148 0.9 10.8
Furfural - - - 12087306 3.2 9.0 100354393 9.0 12.2
(E)-2-Hexenal - - - 4522348 1.2 | 129 6357839 0.6 10.9
2,4-Hexadiene-1-ol - - - - - - 4760558 0.4 8.8
Hexanoic acid methyl ester - - - 12840318 34 133 - - -
5-Methyl-2(3H)-furanone - - - - - - 8646088 0.8 9.2
Decane 8592208 39 [12.6| 7840464 2.1 12.7 - - -
Octanal 8700512 39 | 11.2| 8467739 22 |10.1 - - -
Undecane - - - 4170176 1.1 6.2 - - -
Unidentified 1 3313142 1.5 | 7.0 | 3818386 1.0 6.1 - - -
(Z)-3-Hexen-1-ol acetate - - - - - - 44026559 3.9 10.2
Acetic acid hexil ester - - - - - - 16183208 1.4 10.3
Unidentified 2 8977702 40 [123] 7430529 2.0 7.8 - - -
Unidentified 3 9002962 40 [10.7] 8388167 22 112 - - -
5-Methyl-2-furancarboxaldehyde - - - - - - 7957055 0.7 9.1
Benzeneacetaldehyde 9221058 41 [13.8] 2726208 0.7 9.8 74545677 6.7 12.7
3,7-Dimethyl-1,6-octadien-3-ol - - - - - - 7697874 0.7 12.4
Methyl benzoate - - - 7296803 1.9 | 113 - - -
Nonanal 1628773 0.7 | 83 | 48365026 | 12.8 |11.9 - - -
Unidentified 4 - - - 3709879 1.0 | 125 - - -
4,6-Dimethyl-undecane 6087865 2.7 | 9.1 | 7167158 1.9 11.8 - - -
Unidentified 5 - - - - - - 3567490 0.3 9.9
Unidentified 6 6544510 29 | 11.7] 4775928 1.3 122 - - -
3-Cyclohexene-1-methanol - - - - - - 6984032 0.6 10.9
Unidentified 7 2993714 1.3 | 9.8 | 3582355 1.0 | 10.7 - - -
Decanal 25733315 | 11.6 | 9.3 | 37443212 9.9 9.2 - - -
4,6-Dimethyl-dodecane 13243309 | 6.0 |11.4| 17255615 46 |139 - - -
Hexadecane 19228523 | 8.6 |12.2] 27105021 7.2 110.0 - - -
Heptadecane 13375019 | 6.0 8.0 | 18284273 4.9 8.7 - - -
2-Methoxy-4-vinylphenol - - - - - - 78240184 7.0 13.2
Octadecane 6573614 3.0 |12.8| 8604822 23 | 115 - - -
Eicosane 5020961 23 | 12.9] 8283655 2.2 12.9 - - -
Unidentified 8 7562784 34 | 83 | 7906485 2.1 10.7 - - -
Unidentified 9 11795471 | 53 [10.2]| 8948913 24 |11.0 - - -
Unidentified 10 11519071 | 5.2 | 5.6 | 14333226 3.8 110.2 - - -
Unidentified 11 13065763 | 5.9 | 8.6 | 11436293 3.0 1109 - - -
Unidentified 12 7662815 34 [10.6| 14376827 3.8 110.6 - - -
Unidentified 13 - - - 9024703 2.4 9.0 - - -

MA: Mean Area; %MA: Percentage Mean Area; RSD: Relative Standard Deviation.
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Figure 1. Lineweaver-Burk lines of the SiO,-immobilized pepsin catalyzed reaction at (22, 27,
32,37,and 42 °C).

Furthermore, a higher area of esters, alcohols, and aldehydes
was observed when increasing the polarity of the solvent. However,
when hexane was used, neither alcohols nor ketones were extracted.
The compounds of higher area extracted with ethyl acetate were
furfural and benzeneacetaldehyde. Nonanal had the highest
extraction with dichloromethane, followed by decanal, which was
the compound with the highest mean area using hexane.

The ANOVA indicated statistical differences among the areas of
the functional groups obtained with different extraction solvents (P =
0.00), whereas the Tukey multiple comparison test showed that
esters (mean area: 8.7 x 107), alcohols (mean area: 3.7 x 107),
aldehydes (mean area: 1.8 x 10%), ketones (mean area: 1.8 x 107), and
acids (mean area: 7.2 x 10®) extracted with ethyl acetate belong to a
different subset with means statistically higher than those obtained
with dichloromethane and hexane. Besides, the hydrocarbons
recovered with dichloromethane belong to a different subset of
higher area (mean area: 2.0 x 10%) in relation to the areas obtained
using other solvents.

Volatile compounds from lulo pulp by
HS-SPME/GC-MS

Total area

A number of 63 volatiles were obtained and 55 were identified,
among them, 28.8% were esters and 23.1% were aldehydes. The
identified metabolites had molecular weights ranging from 60 to198
Da (C; to C,,). Moreover, by using the fiber CAR/PDMS, a larger
number of compounds (42 at both temperatures) was obtained,
whereas with the fiber of PDMS less than 15 compounds were
recovered. The compounds with the highest abundance were (Z)-3-
hexen-1-ol acetate, (Z)-3-hexen-1-o0l, and (E)-2-hexenal (Table 2).

In order to establish differences among the areas of volatiles,
the data normality of the total areas from different fibers was verified
through Shapiro-Wilk test (P = 0.243), the homogeneity of variances
via the Levene statistic (P = 0.082), and the absence of correlation
among the residuals of the data by the Durbin-Watson test (P =
0.141). When performing the ANOVA from the total areas, an
interaction between the type of fiber and the adsorption temperature
(P = 0.00) was found. Using the fiber coated of CAR/PDMS, a
higher total area of volatiles at 40 °C and 60 °C was obtained, as
compared to those produced by PDMS/DVB and CAR/PDMS/DVB
fibers; nevertheless, the last two mentioned fibers promoted higher
total areas at 40 °C than at 60 °C, in contrast to the fiber coated with
CAR/PDMS, which was more efficient at 60 °C.

Area of the functional groups

The ANOVA applied to the areas of the functional groups showed a
significant interaction among the factors: type of fiber, adsorption
temperature, and functional groups (P = 0.00). At 40 °C, the fiber
made of CAR/PDMS had greater affinity than the other fibers for the
extraction of alcohols (mean area: 1.3 x 10%), esters (mean area: 1.3 x
10%), and aldehydes (mean area: 8.7 x 107). The fiber coated of CAR/
PDMS/DVB yielded the second highest level of extraction, having a
higher area of alcohols (mean area: 6.6 x 107) and aldehydes (mean
area: 5.0 x 107), and a lower area of esters (mean area: 1.0 x 10%) as
compared to the fiber coated with PDMS/DVB (Figure 2).

Moreover, the groups of ketones, hydrocarbons, and acids
behaved similarly in terms of extraction using different fibers at 40
°C. The extraction at 60 °C also showed a better performance with
the fiber made of CAR/PDMS for the alcohols extraction (mean
area: 1.8 x 10%), esters (mean area: 1.5 x 10%), and aldehydes (mean
area: 1.1 x 10%). Finally, in both temperatures the fiber coated with
PDMS showed the lowest extraction to the different functional
groups.

Comparison between SDE/GC-MS and HS-SPME/GC-MS

A t-test to establish differences between the means of the functional
groups obtained with the most efficient treatments of HS-SPME
(CAR/PDMS) and SDE (ethyl acetate) was performed (Table 3).

Differences between the mean area (P = 0.00) of the functional
groups acids, aldehydes, and ketones were found by SDE/GC-MS.
For the areas of the esters, alcohols, and hydrocarbons, statistical
differences were obtained, suggesting higher extraction by HS-
SPME/GC-MS.

The current study constitutes not only the first comparative
antecedent among SPME fibers to obtain volatile compounds from
lulo, but it is also the first work in which SDE/GC-MS and HS-
SPME/GC-MS are contrasted in this fruit. Regarding the HS-SPME
method, the denoted differences are attributable to the polarity and
molecular weight of the volatiles in each fruit. The fibers CAR/
PDMS, PDMS/DVB, and DVB/CAR/PDMS have affinity for low
molecular weight volatile (C;-C,,), polar and nonpolar, whereas the
fiber coated of PDMS mainly promotes the recovery of nonpolar
volatile compounds. In regard to the SDE method, the polarity of the
solvent used influences the extraction of volatile compounds.

16

Rev. Colomb. Quim. 2016, 45 (3), 12-21.




Comparison between extraction methods to obtain volatiles from lulo (Solanum quitoense) pulp

Table 2. Volatile compounds obtained by HS-SPME/GC-MS from lulo pulp with different fibers.

CAR/PDMS DVB/CAR/PDMS PDMS/DVB PDMS
Compound Name 30°C 60°C 20°C 50°C 20°C 60°C 20°C 50°C
RS RS RS RS RS RS
MA  |RsD | MA [RsD| MA |1 oma [ RS oma [ oma | R oma [ RS oM | B
‘Acctic acid methyl cster 14654011 | 9.3 | 8439839 | 5.7 | 2680994 | 115 | 1740335 | 9.3 | 370398 | 133 | - ~ | 43164 | 116 32337 | 105
2-Methyl propanal 113237 9.3 - - - - - - - - - - - - - -
Ethyl acetate 3483665 | 84 | 2213864 | 80 | 230605 | 122 | 147980 | 138 | 131318 | 119| - - - - : -
Methyl propionate 937759 9.7 565121 4.6 210817 | 12.1 - - - - - - - - - -
Unidentified 1 772475 | 7.6 | 1310856 | 12.0 | 974278 | 9.5 | 1354106 | 11.9 | 34639 | 10.6 | 1094440 | 11.7] - : : :
Acetic acid methylethyl ester 392981 9.1 162496 12.9 - - - - - - - - - - - -
Acctic acid 341335 | 125 | 284000 | 12.1 : T 123695 | 123 - : : : : : : :
(E)-2-butenal 203031 | 54 - T | 191814 | 84 | 134018 | 11.1| - : - - - - - -
I-Penten-3-ol 1779914 | 1.1 | 1427206 | 5.6 | 247712 | 11.9 | 113388 | 12.1| 177441 | 139 | - : : : : :
I-Penten-3-onc 418922 | 9.0 | 452101 | 11.6 | 124701 | 9.0 | 56551 | 7.5 - - - - : - - -
3-Pentanol 133130 15.0 - - - - - - - - - - - - - -
Pentanal 710511 | 67 | 552868 | 5.7 | 120465 | 46 ; : : : : : : : : :
Butanoic acid methyl ester 3199820 | 12.8 | 3043884 | 34 | 614693 | 8.7 | 269839 | 11.0 | 494419 | 124 | - - - : : :
Propanoic acid 2-methyl-2-propenyl ester - - 177414 11.3 - - - - - - - - 15213 | 11.7 - -
Toluene 3300707 | 64 | 7328125 | 111 | 1444063 | 108 | 442537 | 102 | 861033 | 115| - T 20644 | 82| - :
2-Butenoic acid methyl ester 1414531 | 8.0 | 1689797 | 13.7 | 688254 | 11.6| 772184 | 7.6 | 123761 | 132| - : : - : :
Acetic acid 2-methylpropyl ester 472544 142 | 361165 8.6 148490 7.9 - - 76260 13.7 - - - - - -
(E)-2-Pentenal 712128 | 92 | 904742 | 7.8 | 236984 | 12.0 | 201748 | 102] - ; ; } } } } ;
(Z)2-Penten-1-0l 1039871 | 12.6 | 1319366 | 5.9 | 182524 | 13.1] - - - - - - - - - -
2-Methyl-1-penten-1-onc 538814 | 11.8 | 864111 | 7.0 | 345539 | 10.4 | 164207 | 10.5 | 156315 | 7.8 } } ; ; } ;
Hexanal 8501900 | 7.5 | 9478684 | 5.0 | 3271647 | 14.6 | 1034491 | 54 | 1871099 | 10.7 | 917465 | 7.5 | 56450 | 7.9 | 31605 | 13.7
o-Xylene 557634 12.7 - - - - - - - - - - - - - -
(E)-3-Hexon-1-0l 1397845 | 10.0 | 1759317 | 9.5 | 451444 | 13.2 | 278086 | 8.7 | 391627 | 13.6] 206856 | 11.0] - - - -
(2)-3-Hexen-1-0l 81002246 | 52 109362606 62 38651;282 39 | 2PT8% 0o 292‘9‘282 1.0 180;8'0 103 | 902630 | 8.1 | 780396 | 123
-Hexanol 45799929 | 6.7 6073846 82 242; 181 g | 101356 ] g5 1962528 93 | 179 108 | 639148 | 81 | 385630 | 85
(E)-2-Hexenal 72391001 | 5.0 966?3'7 56 4272000 102 321‘1‘509 47 1655239 102]! 13‘;3 41 96 | 707404 | 143 | 610967 | 8.0
(2)-2-Penten-1-ol acctate 1557557 | 98 | 1912917 | 104 | 1147564 | 13.7 | 477474 | 92 | 1154536 | 8.6 | 319905 | 108 | - : : :
Acetic acid pentyl ester 250300 13.4 | 291244 11.8 - - - - 144714 | 11.3 - - - - - -
Unidentified 2 } - } T 166055 | 113 - } } } } } } } } }
Unidentificd 3 304190 | 93 | 279861 | 1035 : : : - : - : : : : : -
Decane 297568 | 49 | 683908 | 11.9 | 177368 | 86 - - - - - - - - - -
(E,E)-2,4-Hexadienal 1582804 | 11.8 | 2378771 | 144 | 270957 | 7.9 | 478276 | 13.7] - - - - - - - -
I-Octen-3-ol 255063 | 87 - ~ | 281234 | 87 - - : : : : ; : : :
-Octen-3-onc 30436 | 124 : ~ [ 640250 | 14.1| 302217 | 11.6| 424617 | 7.6 | 395507 | 64 | - - : :
(2)-2-Heptenal 1642947 | 9.4 | 1494823 | 117 | 1474597 | 8.0 | 678900 | 12.7 | 1058918 | 112 | - } } } ; ;
(2)-3-Hexen-1-ol acetate 82733792 | 4.4 106289693 43 7892395 so | 4 72198 12,0 873‘3‘5'2 8.0 3603'98 1.7 50’2506 85 18707 R RTR
Acetic acid hexyl ester 20892974 | 83 2722049 8.1 '79235(’ 7.8 | 9846636 | 82 185§669 7.7 | 7677780 | 6.9 | 942637 | 10.1 | 236380 | 10.6
Octanal 576087 | 124 | 418084 | 11.6 | 395528 | 12.0 | 192202 | 11.3 | 403631 | 104 | 137240 | 57 | - : : :
Hexanoic acid 1-methylethyl ester - - 259301 9.0 - - - - - - 75541 8.8 - - - -
3-Hidroxibutanal - - - - 110932 | 11.0 - - - - - - - - - -
Hexanoic acid 225356 | 9.1 | 869046 | 69 | 326937 | 12.7| 629298 | 10.1| 263959 | 108 | 630122 | 78 | - : : :
2,2,6-Trimethylcyclohexanone 237697 11.6 | 321977 9.3 292571 | 15.5 | 208627 8.4 161823 | 11.0 | 174454 | 9.7 - - - -
(E)-3-hexenoic acid 289986 | 11.0 | 891388 | 6.6 | 386548 | 12.7| 795329 | 8.6 | 329803 | 12.6| 702755 | 7.8 | - : : :
(E)-2-hexenoic acid 2200808 | 7.8 | 6883908 | 13.8 | 2018504 | 6.8 | 6218748 | 11.2 | 2121006 | 8.0 | 3199198 | 45 | - - B :
Unidentificd 4 - - - ; - - - - - - - ~ | 43608 | 13.6 | 193210 | 134
3,7-Dimethyl-1,6-octadien-3-ol 1146909 | 95 | 6150670 | 6.8 | 1905467 | 9.6 | 8028817 | 5.7 | 1560545 | 5.1 | 8345835 | 7.8 | - ; ; -
‘Acetophenone 597398 | 6.7 | 532770 | 43 | 371239 | 89 | 431733 | 0.1 | 283239 | 10.3 | 480243 | 72 | - } } }
Nonanal 588674 | 8.8 | 1258515 | 5.8 | 742400 | 12.0 | 861734 | 13.5| 798200 | 11.7] 1190221 | 86 | - } ; :
Undecane 310760 | 7.0 | 1317128 | 7.9 | 386640 | 11.8 | 369052 | 11.5| 294210 | 93 | 1112521 | 133 | - - - -
Hexanoic acid 2-methylpropyl ester - - 421035 11.5 | 391327 | 12.4 | 272051 | 11.1 | 351609 | 9.0 142626 | 12.6 - - - -
Butanoic acid (Z)-3-hexen-1-yl ester - - 279709 9.5 232273 | 8.9 | 227936 | 8.4 | 281197 | 9.3 | 301900 | 13.2 - - - -
5-Ethyldihydro-2 (3H)-furanone - - - - - - 114257 7.0 - - - - - - - -
"7'7"""“’"‘”"""3';;" (2.111-heptan-2-1 5400627 | 142 | 1260762 | 12.3 | 3274923 | 7.6 | 3065696 | 8.7 | 3224477 | 8.6 | 3854460 | 7.2 | 322760 | 10.1 | 131619 | 10.1
Unidentificd 5 : : - [ 395433 | 89 | 895256 | 9.9 | 369424 | 10.6| 1034065 | 92 | - - - -
3-Cyclohexene-1-methanol - = | rrase0 | 110 | - ~ 1367938 | 106 | - ~ | 1ss0328 | 130 - - } ;
Decanal 280553 | 88 | 611634 | 12.7 | 312411 | 65.0 | 390081 | 7.4 } T 120809 | 88| - ; } }
Octanoic acid : [ 233713 | 96 : T 226751 | 106 - : : : : : : :
Unidentified 6 265004 | 103 ; ; ; ; : ; ; ; ; } ; ; ; }
2,6,6-Trimethyl-1-cyclohexen-1- - - | 435940 | 6.1 | 339083 | 17.7 | 552066 | 8.9 | 308982 | 14.8 | 614935 | 13.7 - - - -
carboxaldehyde
Unidentified 7 : - - : : : : : : [ 1506662 | 89 | - : : :
4-Heptanone 545535 | 7.0 | 1394436 | 9.7 | 687303 | 13.4 | 1774030 | 104 | 618478 | 10.3 | 2189027 | 82 | 140597 | 86 | 87399 | 86
Unidentificd 8 : T | 254164 | 118 - ~ [ 222611 | 96 | 310671 | 154 - : - : : :
6,7-Dodecancdione 352556 | 9.9 | 1051135 | 11.8 | 536742 | 10.0 | 1286235 | 13.1| 473859 | 838 - | 138865 | 12.7 | 108807 | 126

MA: Mean Area; RSD: Relative Standard Deviation

Rev. Colomb. Quim. 2016, 45 (3), 12-21.




Corpas, E. J.; Taborda, G.; Tapasco, O. A.; Ortiz, A.

2,08 Functional groups
Esters
: w— Alcohols
1,5E8
Aldchydes
= Ketones

1,0E8- § Hydrocarbons
a L — Acids
= -
e e
s 5,0E7 &
F g._
‘;2_, 0,0E0 -]
= -
S 2,0E8 ]
- =
4 3
N
] 7 R =
- 1,5E8 E
et -
- ES ®

1,0E8— p

5.0E7

0,0E0 .

T T T T
CAR/PDMS DVB/CARPDMS PDMS/DVB PDMS 100 um
75 pm 50030 pm 65 um

Type of SPME fiber

Figure 2. Areas of the functional groups from lulo pulp by GC/MS using different HS-SPME fibers and adsorption temperatures.

Table 3. T test of mean comparison for independent samples applied to the areas of functional groups obtained by HS-SPME/GC-MS and SDE/GC-MS.

Levene test
quality of T test for equality of means
variances
Difference of | 95% confidence interval of
Sig.  |Difference of | standard the difference
F Sig. t gl |(bilateral) means error Inferior Upper
Equal variances are assumed 6.085 10.036 | -24.46 | 9 0.000 94264792 | 3852873 -1.030E8 | -85548986
[Esters Equal variances are not assumed -26.32 [ 6.76 0.000 -94264792 3581263 -1.028E8 -85737039
Equal variances are assumed 0.802 10394 [ -37.75 | 9 0.000 -1.248E8 3306690 -1.323E8 -1.173E8
Alcohols Equal variances are not assumed 3881 (894 | 0000 | -1.248E8 | 3216035 | -1.321E8 | -L.I75E8
Equal variances are assumed 4946 (0.053 | 1093 | 9 0.000 74997733 6858963 59481680 | 90513785
Aldehydes  [Equal variances are not assumed 1193 [5.80 | 0.000 | 74997733 | 6283756 | 59493714 | 90501751
Equal variances are assumed 15.568 (0.003 | -21.75 | 9 0.000 9863187 453486 -10889044 | -8837330
[Hydrocarbons  [Equal variances are not assumed -19.63 [4.00 | 0.000 9863187 502382 | -11258024 | -8468350
Equal variances are assumed 14.901 (0.004 | 4.65 9 0.001 13428672 2884563 6903336 19954008
Ketones Equal variances are not assumed 514 1502 | 0.004 13428672 2610189 6728241 20129103
Equal variances are assumed 11.228 (0.009 | 33.74 | 9 0.000 | 710703624 | 21061589 | 663058998 | 758348250
IAcids Equal variances are not assumed 37.30 {5.00 | 0.000 | 710703624 | 19052916 | 661745002 | 759662247
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Comparison between extraction methods to obtain volatiles from lulo (Solanum quitoense) pulp

Comparison between volatile compounds obtained by HS-SPME
with other extraction methods

Considering that HS-SPME is a modern method, Table 4 shows the
volatile compounds extracted by HS-SPME in the current study,
which have previously been reported using other extraction methods
from the lulo species S. quitoense (27, 28, 31, 32) and .
vestissimum (33). Fourteen out of the 28 volatile compounds
previously reported belong to the esters and alcohols, for instance:
acetic acid ethyl ester, 3-hexen-1-ol acetate, butanoic acid methyl
ester, (E)-2-butenoic acid methyl ester, acetic acid, hexanal, (E)-2-
hexenal, and (Z)-3-hexen-1-ol. On the contrary, some volatile
compounds obtained by HS-SPME were not previously identified
when analyzing the species of the fruit through the traditional
methods such as: (Z)-2-penten-1-ol acetate, pentanal, acetic acid
pentyl ester, butanoic acid (Z)-3-hexen-1-yl ester, 1-penten-3-one, 4-
heptanone, and 6,7-dodecanodione. These compounds had lower
areas than most of the other volatiles obtained from the same
analysis, thus its difficulty of recovering using traditional methods,
where there are higher losses compared to HS-SPME, could be
related to the low sensitivity of these methods. As a matter of fact,
the thermal degradation of these compounds during the conventional
extraction should not be discarded.

Sensorial relevance of some of the compounds obtained

In regard to the HS-SPME method, there are referents on the
extraction and analysis of odor active volatiles from dried lulo solids
using the CAR/PDMS/DVB fiber. Among the compounds identified
in the current study, hexanal, (E)-2-hexenal, and (Z)-3-hexen-1-ol
were described as green odor volatiles. In addition, the compounds
methyl butanoate, methyl hexanoate, and methyl benzoate had a
fruity odor; whereas acetic acid, and benzoic acid were associated
with descriptors of vinegar and rancid, respectively (37). The
compounds (Z)-3-hexen-1-0l, hexyl acetate, and (Z)-3-hexenyl
acetate have also been considered as relevant volatiles for curuba
(Passiflora mollissima (Kunth) L. H. Bailey) (34), whereas hexanal
showed a grassy flavor in pink Colombian guavas (Psidium guajava
L.) (39).

Conclusions

This study allowed to select the most efficient HS-SPME fiber for
the extraction of volatile compounds for the first time in lulo pulp, as
well as to compare the extracted volatiles with those recovered by a
traditional method such as SDE. Among the tested solvents, ethyl
acetate was the most appropriate solvent for the extraction using
SDE/GC-MS; statistically higher areas for esters, alcohols,
aldehydes, ketones, and acids were obtained. Also SPME fibers
coated with CAR/PDMS promoted a higher efficiency in the
extraction; with esters as were the main group of compounds. The
differences between the mean areas of acids, aldehydes, and ketones
by using SDE/GC-MS and the higher abundances of esters, alcohols,
and  hydrocarbons  through  HS-SPME/GC-MS indicated
complementarity between these extraction methods. Finally, by using
HS-SPME/GC-MS, the compounds (Z)-2-penten-1-ol acetate,
pentanal, acetic acid pentyl ester, butanoic acid (Z)-3-hexen-1-yl
ester, 1-penten-3-one, 4-heptanone, and 6,7-dodecanodione were
obtained, which were not identified in previous studies by traditional
extraction methods.
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Table 4. Volatile compounds obtained by HS-SPME/GC-MS that have previously been reported in lulo pulp using other different extraction methods.

S. quitoense®
Colombia _|Costa Rica

Volatile compounds

S. quitoense®

S. vestissimum®

Acetic acid methyl ester

Acetic acid ethyl ester

+

+

Acetic acid hexyl ester

+

3-Hexen-1-ol acetate

Acetophenone

++ [+ ]+ ]+
+ [+ [+ [+ [+

Acetic acid

Hexanoic acid

+
+

(E)-3-hexenoic acid

+

(E)-2-hexenoic acid

+

Octanoic acid

Butanoic acid methyl ester

(E)-2-Butenoic acid methyl ester

Decane

3,7-dimethyl-1,6-octadien-3-ol

(E)-2-Hexenal

|||

(E)-3-Hexen-1-ol

(E,E)-2,4-hexadienal

Hexanal

1-Hexanol

o-xylene

3-Pentanol

+

1-Penten-3-ol

Methyl propionate

Toluene

Undecane

+

(Z2)-3-Hexen-1-o0l

+ |+ |+ [+

(Z)-2-heptenal

(Z)-2-penten-1-ol

a= Extraction with solvent, pentane/ether [2:1] (12). b= Extraction with

with solvent,

[1:11(32). e= SDE, with pentane/diethyl ether [1:1] (33).
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Analytical method
validation of GC-FID
for the simultaneous
measurement of
hydrocarbons (C,-C,)
in their gas mixture

Validacion de un
método analitico
GC-FID para la medida
simultanea de
hidrocarburos (C,-C,)
en una mezcla gaseosa

Validacao de uma
metodologia analitica
GC-FID para a medida
simultanea de
hidrocarbonetos
(C,-C,) emuma
mistura gasosa

Abstract

Resumen

Resumo

An accurate gas chromatography coupled to a
flame ionization detector (GC-FID) method
was validated for the simultaneous analysis of
light hydrocarbons (C,-C,) in their gas
mixture. The validation parameters were

evaluated based on the ISO/IEC 17025
definition including method selectivity,
repeatability, accuracy, linearity, limit of

detection (LOD), limit of quantitation (LOQ),
and ruggedness. Under the optimum analytical
conditions, the analysis of a gas mixture
revealed that each target component was well-
separated with high selectivity property. The
method was also found to be precise and
accurate. The method linearity was found to
be high with good correlation coefficient
values (R* > 0.999) for all target components.
It can be concluded that the GC-FID
developed method is reliable and suitable for
determination of light C,-C, hydrocarbons in
their gas mixture. The validated method was
successfully applied to the estimation of light
C,-C, hydrocarbons in natural gas samples,
showing high performance repeatability with
relative standard deviation (RSD) less than
1.0% and good selectivity with no
interference from other possible components.

Se validoé una cromatrografia de gases precisa,
acoplada con un detector de ionizacion de
llama (GC-FID) para el analisis simultaneo de
hidrocarburos ligeros (C,-C,) en su mezcla
gaseosa. Los parametros de validacion se
evaluaron con base en la definicion de la ISO/
IEC 17025, que incluye selectividad del
método, precision y repetibilidad, exactitud,
linealidad, limite de deteccion (LOD), limite
de cuantificacion (LOQ) y robustez. Bajo las
condiciones analiticas Optimas, el analisis de
la mezcla gaseosa mostré que cada analito de
interés fue separado adecuadamente con alta
selectividad. Se encontré también que el
método fue preciso y exacto; la linealidad fue
alta y con buen coeficiente de correlacion
lineal (R* > 0.999) para todos los analitos. Se
puede concluir que el método GC-FID es
confiable y apropiado para la determinacion
de hidrocarburos ligeros C,-C 4 en una mezcla
gaseosa. El método validado ha sido
exitosamente aplicado a la valoracion de
hidrocarburos ligeros C,-C, en muestras de
gas natural, mostrando alta repetibilidad con
desviacion estandar relativa (RDS) menor al
1% y buena selectividad sin interferencias de
otros posibles componentes.

Foi avaliada uma cromatografia gasosa
precisa, equipada com um detector de
ionizagdo de chama (CG-FID) para a analise
simultaneo de hidrocarbonetos ligeiros (C,-C,)
em uma mistura gasosa. Os pardmetros de
validagdo foram avaliados baseados na
definicdo da ISO/IEC 17025, que inclui
seletividade do método, precisio e
repetibilidade, exatiddo, linearidade, limite de
detec¢do (LOD), limite de quantificagdo
(LOQ) e robustez. Baixo as condigdes
analiticas Otimas, a analise da mistura gasosa
mostrou que cada analito foi separado
adequadamente com alta seletividade.
Também foi encontrado que o método foi
preciso e exato; a linearidade foi alta e com
bom coeficiente de correlagio linear (R*
>0.999) para todos os analitos. Pode-se
concluir que o método GC-FID ¢ confiavel e
apropriado para a determinagdo de
hidrocarbonetos ligeiros C,-C, em uma
mistura gasosa. O método avaliado tém sido
exitosamente aplicado a valoragdo de
hidrocarbonetos ligeiros C,-C, em amostras de
gas natural mostrando alta repetibilidade com
desvio-padrao relativo menor funcionais. ao
1% e boa seletividade sem interferéncias de
outros possiveis componentes.

Keywords: method validation, hydrocarbons,
GC-FID, ISO/IEC 17025.
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Palabras clave: validacion de método
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Analytical method validation of GC-FID for the simultaneous measurement of hydrocarbons (C,-C,) in their gas mixture

Introduction

Non-methane hydrocarbons (NMHCs in short) are typically low
molecular weight (C,-C,,) species in the hydrocarbon chain. The
NMHCs have become important in industry and environment. In
chemical industries, some natural sources of NMHCs (such as
methane, propane, and butane) have more popular feedstock and
their trading supply are highly demanded (7). Furthermore, NMHCs,
generated by anthropogenic activities, (fuel and biomass burning,
vehicles, solvent usage, and oil refineries) have been detected in the
atmosphere and they have grown environmental and public health
concern (2, 3). Regardless of their importance, it is necessary to re-
assess measurement practice in order to provide accurate and reliable
data of the NMHCs concentration. This necessity is related to the
fact that accurate and reliable data are used as the basis for decision
making related to both for market price in industrial purpose and
regulatory enforcement for the environmental monitoring program.

According to ISO/IEC 17025, a reliable and accurate result can
only be obtained by using a validated method. In any testing
laboratory, method validation is a part of quality assurances to
declare that a high quality of analytical result is provided (4). In
general, method validation refers to a documented procedure used by
a laboratory to assure that the method performance for the
determination of a particular analyte meets the required criteria (5-7).
This paper presents results on the validation of a GC-FID method for
the measurement of five components of light hydrocarbons (C,-C,)
including ethylene, propane, propylene, isobutane, and n-butane in
their gas mixture. The evaluation was based on the ISO/IEC 17025
definition (8, 9) and it was emphasized on the following validation
parameters: method selectivity, repeatability, accuracy, linearity, limit
of detection (LOD), limit of quantification (LOQ), and ruggedness.
The validated method was successfully employed in the assay of
light C,-C, hydrocarbons in natural gas samples.

Materials and methods

Materials

Certified gas standards for C,-C, hydrocarbon mixture (GS-1 in
short) were purchased from Mesa Specialty Gases and Equipment
(CA, USA). A series of GS-1 (denoted as GS-1a to GS-1d), having
concentration as listed in Table 1, was used as test standard in all
experimental runs. Another GS (denoted as GS-2) was only used for
method accuracy assessment. Both certified GS-1 and GS-2 with
relative uncertainty T2% are traceable to National Institute of
Standards and Technology (NIST), USA.

Instrumentation

Separation of C,-C, hydrocarbons from their mixture was performed
on a packed-column (Coated GC Packing 23% SP-1700, 80/100
Chromosorb PAW, 30 ft x 1/8 inch SS from Supelco) installed on a
GC system Model 6890 (Hewlett Packard Agilent, CA, USA),
equipped with a flame ionization detector (FID). The optimized
analytical conditions for the GC-FID method are tabulated (Table 2).
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Table 1. Typical concentration (%mol/mol) of C,-C, hydrocarbon in N, matrix.

Certified Gas Standard (GS)
Gas components
GS-1
GS-2
GS-la | GS-1b | GS-lc | GS-1d
Ethylene 0.38 0.48 0.59 1.00 0.49
Propane 3.05 3.8 4.65 8.05 3.88
Propylene 13.11 16.6 20.64 37.04 16.97
Isobutane 5.42 6.78 8.36 14.97 6.93
n-butane 1.56 1.95 2.39 3.97 1.99
Nitrogen matrix | matrix | matrix | matrix | matrix

Table 2. Optimized analytical conditions of the GC-FID.

Apparatus Agilent 6890 GC System
Sample loop 2 mL, stainless steel
Valve box temperature 100 °C

Oven/Column temperature | 55 °C

Running time 60 min

Gas carrier Helium ultra-high purity grade (99.999%)

Carrier gas flow rate 207 kPa (7.0 mL/min)

Detector temperature: 165 °C
H> flow 40 mL/min
Air flow 400 mL/min

Gas chromatography analysis

A certain volume of gas standard was injected into a GC system
under optimized analytical conditions (Table 2). The output signal
was monitored using GC ChemStation version Rev. A.10.02 (1757),
which was installed on a LG personal computer (Processor AMD
Richland A4-7300-HD 8470D, LG International Corp.). The data
was estimated by automated integration of the area under the
resolved chromatographic profile.



Zuas, O.; Mulyana, M. R.; Budiman, H.

Procedure for method validation

All data obtained from the GC-FID measurement were used for the
method validation. The assessment parameters (selectivity,
repeatability, linearity, LOD, LOQ, and ruggedness) were calculated
by adopting some procedures, as they can be found everywhere in
published literature (4, 5, 10-16). In a typical experiment, the
calculation procedure is described as follows: selectivity of the
method was determined by injecting the gas standard (GS-1) and it
was evaluated in term of retention time (#;) and selectivity factor (a);
repeatability was established by measuring the response of the GS-1
standard and expressed as percentage relative standard deviation (%
RSD) of seven replications injection under the same operating
condition over a short time interval (in the same day); accuracy was
evaluated by comparing the concentration of GS-1 standard against
another independent gas standard (GS-2).

Furthermore, to investigate the linearity, a series of GS-1
standard (GS-la to GS-1d as listed in Table 1) was used. The
injection of each gas standard was conducted in seven replications
and then the linearity was estimated from the calibration curve. The
calibration curve was constructed by plotting peak area of each
component in the GS-1 standard (GS-1a to GS-1d) as a function of
their concentration. The LOD and LOQ were established at a signal-
to-noise ratio (S/N) of 3 and 10, respectively, of the chromatogram at
the lowest concentration point of each component. Ruggedness was
evaluated by small changing in flow rate of carrier gas during
analysis (from 6.5 to 7.5 mL/min with 0.5 mL/min flow rate different
as listed in Table 7).

Selectivity, repeatability, accuracy, linearity, LOD and LOQ,
and ruggedness were defined as follows:

Selectivity

The selectivity refers to the capability of GC method to discriminate
and quantify the response of target component in the presence of
other components as interference (5, 10). The selectivity is the
relative retention of two adjacent peaks; hence, it is highly dependent
on the change of the #; values of the two corresponding target gas
components.

Repeatability

The repeatability precision of method refers to the closeness between
measured values resulting from an independent measurement using
the same equipment, under the same analytical condition, by the
same operator and within short intervals of time (5, 10).
Theoretically, the determination of the repeatability was conducted
by the prediction of relative standard deviation (%RSD) of precision
using Horwitz function [1] (14):

CV — Horwitz (%) = 2(1-05logc) (]

where C is the concentration of gas component stated in decimal
fraction. The requirement of %RSD for repeatability is between 0.5
and 0.75 of a theoretical value determined by Horwitz function. In a
word, the repeatability of the method is categorized acceptable when
the %RSD is less than 0.67 of the %CV- Horwitz (0.67CV-Horwitz)

).
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Accuracy

Method accuracy refers to the closeness of agreement between
measured and accepted (true) concentration of target component. The
accuracy value is dependent on two factors i.e., the bias and
precision. The bias of a method is the difference between the
measured value and the value from certificate of reference standard,
which was calculated using an expression below [2] (4, 6, 7):

CA=X—-Y [2]

where X is the average of measured reference standard value, and
Y is value from certificate of reference standard. For assessing the
method accuracy, precision of an analytical method (o) from
repeatability and reproducibility is included. In addition, the
uncertainty value from certificate of reference standard is also
included for estimating the ¢ value. Thus, the value of o is obtained
by combining those three components by using the following
expression [3] (6, 7):

Vs2 4 5
o =NSj + 5+ i [3]

where S, is the standard deviation from reproducibility (inter
day precision); S,, is the standard deviation from repeatability (intra
day precision), and ugy is the uncertainty of standard GS-2 as stated
in the certificate. The acceptance criteria is set according to the ISO
Guide 33:2000 (/5). In such ISO Guide, no bias is found if the
observed bias (CA) value falls within £ 2 ¢ at confidence level 95%

[4]:
—20 <CA <20 [4]

Linearity

Method linearity is defined as the ability of the method to
demonstrate that the test results are proportional to the concentration
of sample (5, 7, 10). Investigation of method linearity for C,-C,
measurement was conducted by generating a calibration curve using
different concentration levels of C,-C, gas standards. Each
concentration level was analyzed using GC-FID in six replications (n
=0).

LOD and LOQ

LOD of an analytical method refers to the lowest amount of analyte
that can be detected which is not necessarily quantified as an exact
value. Meanwhile, LOQ is the lowest concentration of an analyte
that can be quantitatively determined with appropriate precision (35,
10). In a GC measurement, both LOD and LOQ are important. The
LOD and LOQ were calculated based on signal to noise ratio, which
are 3:1 and 10:1, respectively.

Ruggedness

The ruggedness of an analytical method is the method capacity to
generate some results which remains unaffected by minor changes of
the experimental conditions during analysis (5, 10). In this study, the
ruggedness of the method was assessed by investigating the effect of
small change on the flow rate of the carrier gas used as the mobile
phase for gas component separation in the column of GC-FID
system.

Rev. Colomb. Quim. 2016, 45 (3), 22-27.
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Assay of hydrocarbon in natural gas samples

Table 3. Retention time and selectivity factor.

Two natural gas samples were obtained commercially from
Indonesian State Oil and Natural Gas Mining Company
(PERTAMINA) located in North of Jakarta. The natural gas samples
were analyzed by the validated method without any special
treatment.

Results and discussion

Practically, in every method validation process for a GC technique,
performing development of the method is the initial step, which can
be carried out by optimizing the conditions of the GC for the
measurement of the target component. Figure 1 depicts a typical
chromatogram of C,-C, gas component obtained under optimum
analytical conditions of the GC-FID instrument (Table 2). As can be
seen from Figure 1, all gas components were well separated with
their retention times (#z) as listed in Table 3. No other interference
peaks could be found, indicating that the development of the GC
method was achieved successfully (/2). Thus, the method validation

Hydrocarbon components Parameter
(C2-Cy) Retention time (z, min) Selectivity factor (o)

Cy-Ethylene 9.71

2.55
Cs-Propane 14.14

1.29
C3-Propylene 16.22

1.42
Cy-Isobutane 20.14

1.44
C4-N-Butane 25.96

Table 4. %RSD and CV-Horwitz.

process could be conducted. Gas Component Concentration | Repeatability CV- 0.67 x CV-
(% mol/mol) | %RSD (n=6) | Horwitz Horwitz
C,-Ethylene 0.49 0.13 445 2.98
2 E+04 C3-Propane 3.88 0.13 3.26 2.19
G;-propylene C5-Propylene 1697 0.14 261 175
S 2E+04 1
= C4-Isobutane 6.93 0.13 2.99 2.00
%
 1LE+04 | Ce-sobutane Cy-n-butane 1.99 0.14 361 242
;5_ C;-propane
£ 5E+03 4
A C,-ethylene L C.-n-butane Accuracy
0.E+00 " A /\

10 15 20 25
Retention time (min)

(=]
wn

Figure 1. A typical chromatogram of C,-C,under optimized analytical conditions, showing a
good separation property.

Selectivity

As discussed above, no interfering peak of one gas component
relative to others could be observed (Figure 1), resulting in excellent
selectivity factor (o) (Table 3) with a values larger than 1.0 (13).

Repeatability

From the calculation result, the % of CV- Horwitz for each
individual gas component as found to be less than 0.67 CV-Horwitz
as listed in Table 4, indicating that the method is repeatable.
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From the Table 5, it can be observed that the measured values of all
C,-C, hydrocarbons fall within + 2c; thus, it can be concluded that
no evidence of bias can be found in the analytical method used under
this study.

Table 5. Accuracy data of the GC-FID for the measurement of C,-C, in their mixture.

Parameters Ethylene | Propane | Propylene | Isobutane | n-butane
Bias (% mol/mol) -0.002 | -0.020 -0.098 -0.039 -0.014
Precision of method,

0.010 0.015 0.058 0.024 0.013
6 (% mol/mol)
+ 26 (% mol/mol) 0.019 0.030 0.117 0.048 0.026
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Linearity

The linearity data of the method are listed in Table 6. As it can be
seen from Table 6, excellent linearity was obtained for all gas
components with correlation coefficient values (R?) equal or greater
than 0.999. Thus, the method may fit for purpose for the
determination of C,-C4 gas in their mixture.

Table 6. Data indicating linearity of the method for all gas component and their LOD and
LOQ values (n = 6).

Gas Linear range LOD LOQ
component Slope Intercept (% mol/mol) R? (umol/mol) (umol/mol)
Ethylene | 5.77E+04 4231.30 | 0.38-1.00 0.999 270 910
Propane 443E+04 | 21468.00 | 3.05-8.05 1.000 500 1660
Propylene | 4.55E+04 | 103553.00 | 13.11-37.04 0.999 770 2560
Isobutane | 6.17E+04 | 48379.00 | 5.42-14.97 1.000 520 1720
N-Butane | 5.89E+04 11574.00 | 1.56-3.97 1.000 450 1490

LOD and LOQ

For any quantification process producing a value below the LOD and
LOQ level may lead to yield in a high measurement uncertainty; thus
an unreliable measurement would occur. In addition, practically, the
LOD and LOQ assessment are equally important in comparison to
other method validation parameters. At a LOD level, only qualitative
analysis is possible to be evaluated, while at a LOQ level, both
quantitative and qualitative analysis are possible. However, at the
LOQ level, the quantitative analysis performed may produce
inaccuracy and imprecise result, leading to a high uncertainty
contribution on the final analytical results (4). Table 6 tabulates the
LOD and LOQ values for all gas components. As it can be seen in
Table 6, the lowest LOD value was found to be 270 pmol/mol for
ethylene, and the highest LOD values was found to be 770 pmol/mol
for propylene. Correspondingly, the LOQ of ethylene (910 pmol/
mol) and propylene (2560 umol/mol) were found to have the same
trend as the lowest and the highest LOQ value, respectively.

Table 7. Results of the ruggedness study.

This is a reasonably accepted finding because the concentration
of ethylene (0.38 % mol/mol) and propylene (13.11 % mol/mol), as
the lowest and the highest concentration among all other components
(Table 6), respectively, were used as the basis for calculating the
LOD/LOQ. Since the value of LOD/LOQ obtained from an
analytical measurement is generally concentration dependent;
therefore, the value of LOD/LOQ could be decreased by decreasing
the concentration of the component used for LOD/LOQ calculation.

Ruggedness

As can be seen in Table 7, in all flow rate levels, both retention time
and percentage peak area were found to be within acceptable limit
with very low standard deviation (SD). Thus, small changes on the
GC-FID experimental conditions in term of flow rate variation did
not have any effect on the results of analytical measurement.
Although, a massive change on the flow rate level of carrier gas has
been reported to significantly affect theresults of a GC measurement

(16).

Assay of natural gas samples

The validated method was applied for the analysis of light
hydrocarbons (C,-C4) in two natural gas samples. The primary
analysis results indicated that the concentration of the target
components (C,-C4) in the natural gas sample was higher than the
linear concentration range of the standard gas mixture (Table 6). This
implies that a dilution step is required. Therefore, the natural gas
samples were then properly diluted by using ultra high pure helium
(99.999% purity) with a dilution factor of 6, and the final
concentration is shown in Table 8. It can be seen from Table 8 that
all the target components (C,-Cy4) in the natural gas samples were
detected and found at high concentration, except for propylene.
Propylene may also exist in the natural gas sample but it cannot be
detected by the GC-FID system under the experimental condition of
this study. In addition, Figure 2 displays a typical chromatogram of a
natural gas sample after the analysis using the validated method.
Chromatogram in Figure 2 indicates that the method was selective
for the analysis of C,-Cy4, and no interference from other components
could be observed.

Carrier Ethylene Propane Propylene Isobutane n-butane
gas

flow Level ¢ Peak ¢ Peak ¢ Peak ¢ Peak ¢ Peak
rate * area N area % area * area ® area
(mL/mm) (mln) (%) (mln) (%) (mln) (%) (mm) (%) (mm) (%)
6.5 -0.5 9.888 1.882 14.452 | 11.456 | 16.694 | 50.843 | 20.586 2824 | 26.459 | 7.603
7 0 9.736 1.882 14.232 | 11.452 | 16.438 | 50.821 | 20.27 28.239 | 26.054 | 7.601
7.5 0.5 9.472 1.883 13.887 | 11.46 | 16.054 | 50.815 | 19.816 28.227 | 25.494 | 7.596
Mean 6.699 1.822 £ | 14.190 | 11.546 | 16.395 | 50.826 | 20.224 + | 28.235 | 26.002 | 7.600
+ SD +0.21 | 0.001 +0.29 | £0.01 | £032 | £0.02 | 0.39 +0.01 | £0.49 | £0.01

Note: The GS-2 was used for producing the data with concentration as listed in Table 1.
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Table 8. The final concentration (% mol/mol) of C,-Cy in natural gas samples

References

Sample # | Ethylene | Propane | Propylene | Isobutane | n-butane

. 0.033* | 23.236° D 49470 | 17.997%
0.03)° | (0.42)° (0.12)° (0.09)
5 0.049* | 14.210° ND 0.591 9.516°
.01 | (0.11) (0.72)° (0.09)°
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Figure 2. Chromatogram of natural gas samples analyzed using the developed and validated
method, showing the presence of C,-C, gas components: (a) ethylene, (b) propane,
(c) propylene, (d) isobutane, and (e) n-butane

Conclusions

In this study, the developed GC-FID method for the analysis of the
C,-C4 hydrocarbons (including ethylene, propane, propylene,
isobutane, and n-butane) provides good selectivity toward separation
of individual gas components from their mixture. Moreover, the
results of each validation parameter, based on the ISO/IEC 17025,
indicated that the validated method provides a sufficient evidence for
proving a reliable GC-FID method for the measurement of C,-C4
hydrocarbon in their gas mixture. The developed and validated
method could also be extended to the analysis of real natural gas
samples. Hence, the use of such validated method may keep the
degree of user confidence regarding their analytical data.
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A DFT study on Dichloro
{(E)-4-dimethylamino-
N'-[(pyridin-2-yl)
methylidene-xN]
benzohydrazide-xO}M?*
(M = Zn, Cu, Ni, Fe, Mn,
Ca and Co) complexes:
Effect of the metal over
association energy and
complex geometry

Un estudio DFT en
complejos Dicloro
{(E)-4-dimetilamino-N'"-
[(piridin-2-il) metilideno-
kN] benzohidrazida-xO0}
M?* (M = Zn, Cu, Ni, Fe,
Mn, Ca y Co): efecto del
metal sobre la energia
de asociacion y la
geometria del complejo

Um estudo DFT nos
complexos Dicloro
{(E)-4-dimetilamino-N'-
[(piridin-2-il) metilideno
-kN] benzohidrazida-xO}
M2* (M = Zn, Cu, Ni, Fe,
Mn, Ca y Co): efeito do
metal sobre a energia de
associacao e a geometria
do complexo

Abstract

The molecular geometry of (E)-4-
dimethylamino-N'-[(pyridin-2yl)methylidene-
kN]benzohydrazide (C;sH;(N4O) complexed
with M?* (M=Zn, Cu, Ni, Fe, Mn, Ca and Co)
ions was calculated, using density functional
theory (B3LYP) with 6-31G(d, p) basis set.
Vibrational frequencies were computed in
order to verify the absence of imaginary
vibrational frequencies, fact that confirms the
global minimum in geometry optimization.
Molecular geometry parameters (bond lengths
and angles) for Cu?* and Zn>* complexes were
compared  with  crystallographic  data

previously  reported, showing  good
correlation. Binding energies for all
complexes  were computed at the

B3LYP/6-31G++(d, p) level of theory. These
calculations indicate that Cu-L is the lowest
favorable complex, Cu®" corresponds to the
smallest cation on the present study. On the
other hand, Ca-L, one of the less favorable
complex, corresponds to the largest cation
analyzed in the present study. Molecular
orbital analysis was carried out showing
variations in AEpomo-Lumo Vvalues as a
function of the metallic ion employed.

Resumen

La geometria molecular de la (E)-4-
dimetilamino-N'-[(piridin-2-il) ~ metilideno-
KN] benzohidrazida (CsH,N,4O)

acomplejada con iones M?* (M=Zn, Cu, Ni,
Fe, Mn, Ca y Co) se calcul6 usando la teoria
funcional de densidad (B3LYP) empleando un
conjunto de bases 6-31G(d, p). Las
frecuencias vibracionales fueron calculadas
con el propdsito de comprobar la ausencia de
frecuencias vibracionales imaginarias, hecho
que confirma el minimo global en Ia
optimizacion de la geometria. Los parametros
de la geometria molecular (longitudes de
enlace y angulos) para los complejos de Cu®*
y Zn®** fueron comparados con datos
cristalograficos  previamente  reportados,
mostrando una buena correlacion. Las
energias de asociacion para todos los
complejos fueron determinadas a un nivel de
teoria B3LYP/6-31G++(d, p) mostrando que
el complejo menos favorable es Cu-L,
correspondiente al cation mas pequeflo del
estudio. Por otro lado Ca-L, uno de los menos
estables, corresponde al cation mas grande
analizado. Se llevé a cabo un andlisis de
orbitales moleculares en el cual los complejos
exhibieron diferentes valores de AEyomo
_Lumo en funcion del metal empleado.

Resumo

A geometria  molecular da  (E)-4-
dimetilamino-N'-[(piridin-2-il) ~ metilideno-
KN] benzohidrazida (Ci5sHgN,O)

acomplexada com fons M?* (M=Zn, Cu, Ni,
Fe, Mn, Ca y Co) foi calculada usando a
teoria funcional da densidade (B3LYP)
utilizando um conjunto de bases 6-31G(d, p).
As frequéncias vibracionais foram calculadas
com o objetivo de comprovar a auséncia de
frequéncias vibracionais imaginarias, fato que
confirma o minimo global na otimizagdo da
geometria. Os pardmetros da geometria
molecular (longitudes de enlace e angulos)
para os complexos de Cu®*" y Zn?' foram
comparados com dados cristalograficos
previamente reportados e mostraram boa
correlacdo. As energias de associagdo para
todos os complexos foram determinadas ao
nivel de teoria B3LYP/6-31G++(d, p)
mostrando que o complexo menos favoravel é
Cu-L, correspondente ao cation mais pequeno
do estudo. Por outro lado Ca-L, um dos
menos estaveis, corresponde ao cation mais
grande analisado. Foi feita uma analise de
orbitais moleculares no qual os complexos
exibiram diferentes valores de AEyomo-Lumo
em fungdo do metal utilizado.

Keywords: Hydrazones, Binding energies,
Single-Point, DFT, complexes.
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A DFT study on Dichloro{(E)-4-dimethylamino-N’-[(pyridin-2-yl)methylidene-xN]benzohydrazide-xO} M?2* (M = Zn, Cu, Ni, Fe, Mn, Ca and Co) complexes

Introduction

Hydrazones are compounds with interesting properties in various
research fields such as pharmacology (/-3) antibiotics (4), analytical
purposes (5) among others (6-7). In this particular case, the interest is
specially focused on the multiple hydrazones dynamics that are
important features to the configurational dynamics (imine bond) and
the ability to coordinate (terpyridine-like). These characteristics
confer applicability in the development of molecular machines and
systems for information storage (8-9). Pyridine-2-carboxaldehyde,
aroyl or acyl hydrazone derivatives exhibit thermal or photo-induced
reversible E/Z isomerization where the Z-isomer is in a
thermodynamic metastable state stabilized by an intramolecular
hydrogen bond (/0-12). Additionally, the terpyridine-like framework
of most hydrazones allows them to coordinate metal centers (9, 13).
Induced isomerization and metal coordination constitute
configurational changes in the short term. Reversible chemical
identity modifications are available as well and represent
constitutional dynamics, which are especially useful for long-term
information storage applications (/4).

Density Functional Theory (DFT) methods have been widely
used for calculating molecular optimized geometries and spectral
properties, for instance NMR (15), UV (16), IR (/7) and Raman
(18), with good correlations with those obtained experimentally. In
this sense, one of the most widely used method in computational
chemistry is the Becke's three-parameter hybrid (/9) and Lee, Yang
and Parr correlation functional (B3LYP ) (20). This method has
proven to be an especially useful approach in the computational
study of inorganic (27) and organometallic complexes (22), as well
as organic compounds. For instance, in a previous work it was found
good correlation between the experimental data of a 2-
pyridinecarboxaldehyde derivative and its computed results at two
levels of theory (72).

Typically, DFT studies may or may not use diffuse s and p
functions for non-hydrogen (6-31G+) atoms and also hydrogen
atoms (6-31G++), but the use of d-polarization functions at least for
non-hydrogen atoms (6-31G (d)) (23) in organic systems seems
mandatory in order to obtain reasonable accuracy; the use of basis
that employ polarization functions for all atoms (6-31G (d, p)) is
common (24, 25).

Furthermore, Sangeetha et al. (26) reported the crystal structure
and other spectral properties of (E)-4-dimethylamino-N'-[(pyridin-2-
yl)methylidene]benzohydrazide copper (II) complex. Previously, the
crystal structure of the same ligand participating in a Zn (II) complex
was reported by this research group (27). Nevertheless, as far as it is
known, there are no theoretical studies for the titled complexes
reported in literature. In that way, in order to understand the effect of
metallic ion over complex properties, the full-optimized geometric
parameters of the titled ligand (C;5H;¢N4O) uncomplexed and
associated with four transition metallic ions in the ground state,
association energies, and Highest Occupied- and Lowest Unoccupied
Molecular Orbitals (HOMO-LUMO) energy gaps were calculated. In
this order of ideas, improving the comprehension about complex
formation may lead to the development of coordination brakes
capable of performing a controlled movement or result in the rational
use of certain metal ions in dynamic combinatorial chemistry.
Therefore, these results may show the possible use of this kind of
complexes in supramolecular structures with specific applications
among them in metalo-supramolecular chemistry, coordination
polymers based on hydrazones and molecular machines.
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Calculations

Molecular geometries of the free ligand and its M*™ (M = Zn, Cu, Ni,
Fe, Mn, Ca and Co) complexes in the ground state were optimized
by DFT:B3LYP method with 6-31G (d, p) basis set. Theoretical IR
spectra were computed at the same level of theory to confirm the
absence of imaginary frequencies, and single-point energy
calculations were performed using B3LYP/6-31G++ (d, p)
employing Gauss View 5 as a graphic interface (28) and Gaussian
09W64 (29) for running the calculations. Binding energies were
calculated as described by Lee (30) using equation [1].

AE = Ecomplex - (EM2+ + EC15H16N40) [1]

where Ecomplex is the single-point energy (SPE) of the
complex, Epf*" is the computed SPE for the chloride salt of each
metal and EC15H16N4O is the ligand SPE.

Results and discussion

The crystal morphology of 2-pyridine—carboxaldehyde-4-
dimethylaminobenzoylhydrazone is monoclinic with space group
P21/c and it is presented as an ethanolic solvate with cell dimensions
a=6.670 (4) A, b=29.778 (3) A, ¢ =8.010 (2) A and V = 1575.96
A3 (31). The optimized geometry was calculated at the DFT:
B3LYP / 6-31G (d, p) level of theory with a good theoretical-
experimental correlation, the relative error was lower than 2.7% for
both, bond lengths and angles.

On the one hand, the crystal structure of the copper complex is
monoclinic with an space group C/2c¢ and cell dimensions a = 19.849
B) A, b=17.675@2) A, c=11.876 (2) A and V = 3386.91 A3 (26).
Likewise, the zinc complex exhibits a monoclinic geometric
structure with an space group P21/c and cell dimensions a = 19.849
(3) A, b=13.586 (5) A, c = 7.598 (9) A and V = 1670.36 A3 (27).
Since there are no crystallographic reports for the aforementioned
ligand complexed with more metals than copper and zinc,
theoretical-experimental correlation is only possible for the
mentioned metals; correlation graphs of selected geometrical
parameters are shown in Figure 1.

Accordingly, linear regression is an useful tool in comparative
studies of two set of data where the slope is a proportion between
response variation and input variables, thus, a perfect correlation
would have a slope equal to one. Higher or lower values represent
over or underestimation of the calculated values regarding the
experimental data, respectively. The intercept is, by definition, the
value of the response variable when the input is equal to zero, hence,
negative or positive intercept values represent quantitatively the
over- or underestimation of calculations.
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Finally, R? values provide the percentage of response variability
that is explained by the variation of the independent variable, thus,
the difference between R? value and one represents an indirect
measure of random error (32). In that way, the calculations in this
research are slightly overestimated for bond angles and bond lengths
in the zinc complex and underestimated in the copper complex. The
latter showed the higher random error.

The biggest discrepancies for both complexes are related with
the angle and length of the chlorine-metal bond. This error is
explained by the high influence of intermolecular interactions in
solid phase, neglected in these computational calculations, which
assume an isolated molecule in the gas phase; N—H---Cl along
[001] direction stacking.
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Figure 1. Theoretical (y-axis) - Experimental (x-axis) correlation graphs of selected molecular
geometric parameters: A. Zinc complex bond lengths. B. Zinc complex bond angles. C. Copper
complex bond lengths. D. Copper complex bond angles.

Therefore, we excluded the aforementioned bonds in error rate
calculations. On the one hand, copper complex showed acceptable
average errors of 1.12 and 1.46% for bond lengths and angles
respectively. On the other hand, zinc complex report 0.83 and 0.66%
for bond lengths and angles, respectively.

Results from SPE calculations were performed at DFT:
B3LYP/6-31G++(d, p) level of theory for the full-optimized
geometries of the titled ligand, the ligand complexed with zinc,
copper, nickel, manganese, iron, calcium and cobalt, and the chloride
of each metal without restrictions, as well as metallic center
geometry parameters are presented below in Table 1. The optimized
structure of each complex along with the ORTEP representation of
the zinc complex’s structure is shown in Figure 2.

f*} P 2

Figure 2. Fully optimized structures of A. Zinc, B. Copper, C. Calcium, D. Manganese
complexes and at the center, the ORTEP representation of the zinc complex's structure.

Table 1. Metallic center geometry parameters and association energy values Cu?* and Zn?* bond angle and length data/error percentage respect to crystallographic results.

30

Distance (A)
Bond Ni?* Cu? Zn** Co* Fe?* Mn?* Ca?*
Ni-M 1.886 2.053/0.39 2.254/2.208 1.908 1.935 1.985 2.627
N2-M 1.841 2.187/10.33 2.2/4.00 1.862 1.789 1.820 2.603
01-M 1.920 2.192/5.89 2.252/2.22 1.971 2.021 2.045 2.457
Cli-M 2.469 | 2.256/11.39 2.244/0.67 2.327 2.243 2.223 2.628
Cl-M 2.201 2.222/0.765 | 2.225/0.135 | 2.237 2.233 2.227 2.623
Angle (°)
Atom set Ni?* Cu? Zn** Co? Fe?* Mn?* Ca?*
Ni-N2-O1* | 99.39 103.92 110.06 101.09 | 104.23 | 105.43 114.23
Ni-M-Oi 162.13 | 146.85/4.94 | 141.84/2.93 | 162.84 | 164.62 | 162.68 122.30
Ni-M-N2 82.77 75.58/4.26 72/2.22 82.06 82.68 81.56 61.81
N2-M-O1 81.87 71.77/8.12 70.86/2.31 81.07 81.95 81.12 62.22
CI-M-Cl 112.08 | 141.66/26.94 | 131.49/10.72 | 124.01 | 143.38 | 143.67 133.81
I"ni(*"'/{;‘dio 0.77 0.570 0.610 081 | 078 | 083 1.16
Association
(kz';f/rfl-‘(/)l) -44.9 -25.8 262 618 | -550 | -748 | -31.06
*Ligand showed 124.68°
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Association energy results showed that the most favorable
complex formation is the one formed between the ligand and
manganese (II) (-74.8 kcal/mol) while the less favorable complexes
are those formed with Copper and Zinc 2+ ions (-25.8 and -26.2
kcal/mol, respectively). Noteworthily, figures 2A and 2B show that
although Cu®" and Zn*" ions are capable of fitting in the N-N-O
pocket of the ligand, the small size of these ions results in longer
distances between the metal cations and atoms, from the ligand,
participating in the coordination framework.

Ca®" is the largest ion under the present study and, as observed
in figure 2C, is too voluminous fit in the N-N-O pocket inducing
again longer distances, decreasing the efectiveness of interaction and
therefore the complex stability in both cases. Nickel (II) complex
showed a particular behavior since exhibits the less N{-N,-O; angle
while N|-MO; angle and the N{-M, O;-M and N,-M distances are
comparable to other complexes (Co, Fe or Mn, i. e.) indicating an
especial structural modification of the ligand closing the N;-O
distance, probably to promoting the interaction ligand-metal.

Since HOMO-LUMO is mainly a mathematical model that
represents electronic density around atoms and not directly
experimentally observable parameters, usually they are physically
explained as the ionization potential and electron affinity,
respectively. However, HOMO-LUMO energy gap and other
interactions between both molecular orbitals studied in Frontier
Molecular Orbitals Theory (FMOT) are important for chemical
reactivity of molecular systems. As observed in figure 3 the ligand
and the zinc complex HOMO-LUMO transitions are characterized
by a subtle electronic displacement from the phenyl-hydrazone
moiety to the pyridine ring. In contrast, other complexes have the
HOMO localized at the metallic center and their HOMO-LUMO
transitions are characterized by an electronic displacement towards
the phenyl-hydrazone and pyridine ring moieties, this is specially
observed for the copper complex.
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Figure 3. Selected complexes HOMO-LUMO energy gap. AE values are presented in eV.

Conclusions

Optimized geometries of the titled ligand and their respective
complexes of seven metallic 2+ ions (Zn, Cu, Ni, Mn, Fe, Ca
and Co) were calculated and compared with crystallographic
reports for the ligand, zinc and copper complexes with good
theoretical-experimental correlation.

Rev. Colomb. Quim. 2016, 45 (3), 28-32.

The main discrepancy between crystal and calculated
structures was found in the chloride-metal-chloride geometry
due to computed geometries that were carry out in gas phase for
an isolated molecule, approach that neglects intermolecular
interactions observed in the solid state structure (N—H---Cl
along [001] direction stacking, i. e.). Association energy
calculations showed that the most favorable complex formation
occurs in presence of Mn?" while Zn?*, Ca*" and Cu®" are the
less favorable complexes.
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Resumen

Abstract

Resumo

Las hidrotalcitas pueden ser usadas en areas
como catalisis, medicina, quimica ambiental,
entre otras. Dependiendo de los metales
presentes, los solidos derivados de la
calcinacion de hidrotalcitas también son
usados debido a su caracter basico, efecto de
memoria y alta area superficial especifica. En
este  estudio se  describen  algunas
caracteristicas de hidrotalcitas a base de Cu-
Zn-Al. Los analisis se realizaron usando AAS,
DRX, FTIR, TGA y DSC. En el espectro
FTIR se observd que, en los solidos con
mayor cantidad de cobre, la banda del
estiramiento OeH (Me+OH, HeOH) se
desplazd a valores mas bajos de niimero de
onda, debido a que la densidad electronica de
los grupos OH se orienta hacia el centro
metalico de cobre. En todos los solidos se
observo la formacion de la fase hidrotalcita, y
de la fase Cu(OH); en los s6lidos con mayor
contenido de cobre, lo que puede ser atribuido
al efecto Jahn-Teller. Los resultados
mostraron que los solidos con mayor
contenidode cobre colapsan en temperaturas
menores. En todas las muestras se observaron
eventos como:descomposicion de la estructura
HTLc, formacion de oOxidos metalicos y
descomposicion decarbonatos que quedaron
ocluidos en los poros de los solidos debido al
colapso de la estructuralaminar.

Hydrotalcite-like compounds have been used
in catalysis, medicine, environmental
chemistry, and other applications. Depending
on the metals present, the solids obtained by
calcination can be used due to their basicity,
memory effect, and high specific surface
area.  This  study  describes  some
characteristics of hydrotalcites based on Cu-
Zn-Al. The solids were characterized by
AAS, XRD, FTIR, DSC and TGA. In the
FTIR spectra it was observed that in the
solids with higher copper contents the band
signed to O<*H stretching (M*«OH, He*OH)
was moved to lower wave number values,
because electron density of hydroxide groups
orients toward the metallic copper center. In
all materials hydrotalcite phase formation
was observed and the Cu(OH), phase in
solids with higher copper content was
detected, fact attributed to the Jahn-Teller
effect. Results indicate that the collapse of
the structure occurs at lower temperatures in
the case of solids with higher copper content.
In all the tested materials the decomposition
of the HTLc structure and the formation
ofmetal oxides was observed, as well as
decomposition of carbonate ions occluded in
the solid dueto the collapse of the lamellar
structure.

Os compostos do tipo hidrotalcita podem ser
usados nas areas de catalise, medicina,
quimica ambiental, entre outras. Dependendo
dos metais presentes, os solidos obtidos pela
calcinag@o de hidrotalcitas também podem ser
usados devido a propriedades tais como:
carater basico, efeito de memoria e elevada
area superficial especifica. Neste estudo
descrevem-se algumas caracteristicas das
hidrotalcitas baseadas em Cu-Zn-Al. Na
caracterizagdo dos sOlidos usaram-se as
técnicas AAS, DRX, FTIR, TGA e DSC.
Observou-se nos solidos com maior conteudo
de cobre que o estiramento OssH (M<*OH,
HeOH) se desloca a valores menores de
numero de onda, devido a que a densidade
eletronica dos grupos hidréxido se orienta em
diregdo ao centro metalico de cobre. Em
todos os materiais observou-se a fase
hidrotalcita e nos s6lidos com maior conteudo
de cobre foi detectada a fase Cu(OH),, fato
atribuido ao efeito Jahn-Teller. Os resultados
indicam que o colapso da estrutura acontece
em temperaturas menores no caso dos soélidos
com maior conteido de cobre. Em todos os
materiais observaram-se decomposicdo da
estrutura HTLc, formagao de
oxidos4metalicos, e a decomposi¢ao dos ions
carbonato que ficaram ocluidos nos solidos
devido ao colapsoda estrutura lamelar.

Palabras clave: hidrotalcitas, cobre,
colapso de estructura.

Palabras clave: Hydrotalcite, copper,
collapse of structure.

Palavras-Chave: hidrotalcitas, cobre,
colapso da estrutura.
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Introduccion

Los hidréxidos dobles laminares (HDLs) o compuestos del tipo
hidrotalcita (HTLc) pertenecen al tipo de arcillas anidnicas que
poseen una estructura representada por la siguiente formula:

[M(ID) xM(I)x(OH), J(A™yn)*mH,0

Donde M(II) y M(III) corresponden a metales con cargas 2+ y
3+, respectivamente; el término Anx/n corresponde a la presencia de
un aniéon que estabiliza la carga positiva, generada por la
incorporacion del metal en estado de oxidacion 3+ en la red de un
hidroxido de un metal divalente (Z, 2).

El término hidrotalcita (HTLc) corresponde al compuesto con
la formula general MggAH(OH)4CO3°H,0, donde la fraccion
atomica del AI>* corresponde a 0,25 y la del Mg2+ a 0,75 de los
metales presentes (/). La estructura de las hidrotalcitas se
fundamenta en la brucita [Mg(OH),] que posee una geometria
laminar de alta simetria, donde el catién Mg2+ estd situado en el
centro de un octaedro y coordinado a seis grupos OH. En este
compuesto los octaedros comparten los lados formando laminas
planas e infinitas que se apilan unas sobre otras y que se mantienen
unidas a través de interacciones de tipo puente de hidrogeno (2, 3).

Cuando en la estructura de la brucita los iones Mg2+ son
sustituidos por iones trivalentes con radios atomicos similares al del
magnesio, se generan cargas positivas a lo largo de las laminas, las
cuales deben ser compensadas con la presencia de aniones que se
incorporan en los espacios existentes entre una lamina y otra. Sin
embargo, debido a que los aniones no ocupan todo el espacio entre
las laminas, quedan espacios libres en los que se depositan moléculas
de agua (4, 5).

Los cationes M>" mas estudiados en la literatura son Mg2+,
Fe?', NiZ', Co**, Zn*" y Cu®', mientras que los cationes M>" mas
comunes son AI*Y, Cr** y Fe3*, pudiendo ser usados todos los
cationescon radios iénicos entre 0,5 e 0,8 A (/, 5). Las hidrotalcitas
no se limitan a poseer en su estructura solo un cation divalente y otro
trivalente, ya que estas cantidades pueden variar siempre y cuando la
suma de los iones divalentes y trivalentes esté en el limite de los
valores de x necesarios para que ocurra la formacion de la estructura.
En este contexto se han sintetizado hidrotalcitas que contienen cobre
y zinc (6, 7), cobre y cobalto (8), niquel y zinc (7) y otras
combinaciones (/).

Las hidrotalcitas estdn constituidas por celdas unitarias
ortorrombicas con una simetria R-3m y un valor del parametro ¢, que
es tres veces la distancia entre dos laminas sucesivas. El parametro
de celda ¢ es determinado por el tamafio y por la cantidad de aniones
presentes entre las laminas, mientras que el parametro de celda a,
depende del tipo y de la cantidad de los cationes presentes (2). En
cuanto a los aniones, el mas estudiado es el carbonato, debido a su
estabilidad y a que se descompone en didxido de carbono por efecto
de la temperatura. Otros aniones empleados en la sintesis de
hidrotalcita son: F°, CI', Br', I', (ClOy4)", (NO3)", (ClO3)", (103),, OH",
(CrO4)2' (1, 2), asi como polioxometalatos y aniones organicos (9).
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Debido a las propiedades quimicas de las hidrotalcitas, estas
pueden dar origen a una gran variedad de productos a través de
tratamientos térmicos que permiten obtener 6xidos mixtos o mezclas
de oxidos con propiedades que permiten diferentes propdsitos:
elevada area superficial especifica, buena estabilidad térmica, alta
dispersion y caracter basico. Estas propiedades han conducido a que
dichos materiales hayan recibido mucha atencion y aplicacion en
diversas areas. En medicina, por ejemplo, las hidrotalcitas pueden ser
utilizadas como agentes en el tratamiento de ulceras pépticas a través
de la adsorcion de la pepsina cargada negativamente dentro de las
superficies cargadas positivamente. A nivel industrial se usan como
componentes en los materiales de PVC, lo que permite que se
conserve la fuerza y blancura del PVC durante mas tiempo (70).

Las hidrotalcitas también son potencialmente utiles como
catalizadores o precursores de catalizadores, ya que se pueden usar
para formar 6xidos metalicos mixtos con altas areas superficiales y
con un caracter basico que las hace utiles en varias reacciones.
Algunos ejemplos del uso de hidrotalcitas del tipo Mg-Al para la
generacion de catalizadores activos y selectivos son la hidrogenacion
de metil-benzoato a benzaldehido, la reducciéon de aldehidos a
alcoholes y la fotodegradacion de compuestos fendlicos por medio
de alquilaciones de fenol con 1-propanol y 2-propano. Del mismo
modo, se han utilizado catalizadores a base de niquel y cobre,
obtenidos apartir de precursores del tipo hidrotalcita en reacciones de
reforma de metano y de alcoholes (6, 1/-13) y reaccion de
desplazamiento de vapor de agua (7, 14), entre otras.

Este estudio se centra en las caracteristicas de hidrotalcitas a
base de cobre, zinc y aluminio en la obtencion de catalizadores para
reacciones de purificacion y aumento de la producciéon de hidrogeno,
a través de la reaccion WGS (7) y reforma de metanol (/5). Los
resultados revelaron la formacion de la estructura del tipo
hidrotalcita en todos los materiales. También se observd que la
composicion de los materiales puede contribuir con la estabilidad
térmica y con la formacién de una o dos fases en los soélidos,
notandose que en los materiales con mayor contenido de cobre
elefecto Jahn-Teller conduce a la formacién de particulas de
hidréxido de cobre (II).

Materiales y métodos

Preparacion de los materiales

Se prepararon los precursores de los catalizadores con estructura del
tipo hidrotalcita (HTLc) por el método sal-base a pH constante (/).
Para la sintesis de los precursores se mezcld una solucion salina que
contenia nitrato de cobre (Cu(NOj3),*6H,0) de grado analitico
(marca Merck), nitrato de zinc (Zn(NO3),*6H,0) de grado analitico
(marca Merck) y nitrato de aluminio (AI(NO3)3*9H,0) de grado
analitico (marca Merck) con una segunda solucién que contenia
hidroxido de potasio (KOH) de grado analitico (marca Vetec) y
carbonato de potasio (K,CO3) de grado analitico (marca Vetec),
manteniendo el pH a 8,3 y bajo agitacion durante 2 h a 65 °C. El
solido formado se separd por filtracion al vacio y se lavé con agua
desionizada hasta la eliminacion total de la especie nitrato; el
material resultante se sec6 a 60 °C durante 24 h. Las muestras
obtenidas fueron codificadas deacuerdo al nimero de moles de los
metales presentes en cada solido presentados en la Tabla 1.
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Tabla 1. Relacion molar Cu/Zn y Cu/Al'y parametros de celda calculados por difraccion de rayos X. Dp: Didmetro de Particula;

TC: Temperatura de colapso de la estructura HTLc.

Muestra Relacion | Relacion | Pardmetro | Pardmetro | Dp* | TC
Cu/Zn Cu/Al c(A) a(A) (nm) | (°C)
Cuo.s0Zno2sAloos | 2,10 2,10 21,76 3,06 8,5 139
Cuo37Znoz7Aloos | 1,00 1,54 22,48 3,07 9,6 158
CuoaaZnonAloss | 2,10 1,40 21,81 3,03 8,5 163
Cuo33Zno33Aloss | 1,00 1,00 22,63 3,07 216 | 166
*Calculado por la Ecuacion de Scherrer usando el plano (0 0 3) (12).
Caracterizacion de los materiales = 2
Los so6lidos sintetizados fueron caracterizados usando espectroscopia ; e f a s
de absorcion atomica (AAS), espectroscopia en la region del = < = =
infrarrojo medio con transformada de Fourier (FTIR), anélisis r 5 L
termogravimétrico (TGA), calorimetria diferencial de barrido (DSC) d 5 i = E
y difraccion de rayos X (DRX). La determinacion del contenido de % i v
los metales por (AAS) en los solidos sintetizados se realizd en un § ; M:
equipo Unicam Modelo Solaar 969, previa disolucion de los so6lidos g
en medio 4cido. = it
Los DRX de los so6lidos del tipo hidrotalcita fueron obtenidos en
un equipo BRUKER modelo D8 ADVANCE, usando radiacién M
CuKal, generada a 40 kV y 30 mA, en el intervalo de medicioén de
10-80° 20 usando un paso de 0,02 °/s. e
Los analisis FTIR fueron realizados en un equipo Shimadzu, ,,
modelo IRAffinity, en la region entre 4000 y 400 cm™'. Para estos 1'0 ' ' ' 4'0 T 6I0I 70

analisis, las muestras fueron dispersadas en bromuro de potasio en
una relacion 1:100 y después prensadas en pastillas que fueron
analizadas en la region de nimero de onda antes mencionada.

Los analisis de TGA y DSC fueron realizados en un equipo TA
Instruments Modelo SDT Q600, en el intervalo de temperaturas de
30 a 1000 °C en un flujo de aire de 50 mL/min y una velocidad de
calentamiento de 10 °C/min.

Resultados y discusion

Las relaciones molares y los codigos usados para identificar los
solidos sintetizados son mostrados en la Tabla 1. Las relaciones
molares obtenidas a través espectrometria de absorcion atdmica
muestran un alto grado de correspondencia entre los valores tedricos
(Cuw/Zn = 2,0 o 1,0; CwAl = 1,5 o 1,33) y los obtenidos
experimentalmente, lo cual comprueba la efectividad del método de
sintesis.

Los gréficos de difraccion de rayos X (Figura 1) confirman la
presencia de la estructura hidrotalcita en todos los sdlidos. Sin
embargo, en los materiales con menor contenido de aluminio se
observaron sefiales que indican la formacion de algunas particulas de
hidroxido de cobre [Cu(OH),]. Esto puede atribuirse al efecto Jahn-
Teller que presentan los compuestos de Cu(ll), donde ocurre una
distorsion de la simetria octaédrica que conduce a la estabilizacion de
los compuestos, afectando la formacion de la fase hidrotalcitas en
estos materiales (/5).
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Figura 1. Difractogramas de rayos X de los slidos sintetizados.

En este sentido, se observa que el aumento del metal trivalente
ayuda a estabilizar la estructura del tipo hidrotalcita, debido al
distanciamiento de las unidades de Cu(OH),, disminuyendo asi el
efecto Jahn-Teller.

El solido Cug33Zng 33Alg 33 presentd el difractograma con los
picos correspondientes a la estructura HTLc mas estrechos y
simétricos, lo que indica que en este material la presencia de mayor
cantidad de zinc y de aluminio permite tener un material en el cual los
atomos de cobre estdn menos proximos entre si, disminuyendo la
posibilidad de ocurrencia del efecto Jahn-Teller, lo cual favorecié la
formacion de la fase hidrotalcita. Lo anterior se verifica a través del
mayor tamaflo de particula (Dp) de la fase de la estructura HTLc de
este material (Tabla 1). En los otros materiales el menor tamafio de
las particulas es atribuido a la presencia de la fase Cu(OH), que
puede actuar como una barrera entre las particulas de la estructura
HTLc, disminuyendo su tamaiio

En relacion al parametro de celda ¢ (Tabla 1), los valores no
mostraron una tendencia asociada al aumento del anion carbonato en
la estructura, lo que puede ser asociado a la presencia de particulas de
hidroxido de cobre, las cuales pueden estar presentes tanto en la
superficie de los solidos, como en las regiones interlaminares. En el
caso del parametro de celda a, los materiales con mas contenido de
zinc presentaron mayores valores, debido a que este elemento posee
mayor radio atémico (0,74 A) que el cobre (0,72 A).
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Figura 2. Espectros FTIR de los solidos sintetizados.

Los espectros FTIR de los solidos muestran varias bandas que
son caracteristicas de las estructuras HTLc que contienen el anidén
carbonato (Figura 2). Se observa que, en los sdlidos con las
cantidades mas altas de cobre la banda originada por el estiramiento
O-H (M-OH, H-OH) se desplaza ligeramente hacia valores mas bajos
de niimero de onda. Esto se debe a que la densidad electronica del
grupo OH se orienta hacia el centro metalico de cobre por su baja
densidad electronica en el orbital 4s (3d10 4s1), lo que conduce a la
disminucion de la frecuencia de vibracion O-H en relacion a otros
elementos de la primera serie de transicion (16).

En todos los solidos se observd una banda a 1525 cm’l,
caracteristica de los iones carbonato, que esta relacionada con el
modo vibracional resultante de la disminucion de la simetria D3;, de
los iones carbonato hacia la simetria C,,, debido a la interaccion de
este anion con los grupos OH presentes en las laminas positivas (4).
La banda a 1370 cm! (v3), caracteristica también del ion carbonato
fue observada en todos los espectros y las bandas que aparecen por
debajo de 1000 cm™' son atribuidos a los enlaces metal-oxigeno (M-
O-H) presentes en las laminas (4).

La banda asociada a la interaccion entre las moléculas de agua
y los iones carbonato (3000-3100 cm™!) fue observada Gnicamente en
el espectro de la muestra Cuy 33Zn( 33Al) 33, lo cual puede deberse al
mayor contenido de carbonato y al mayor espacio entre las laminas
registrado en este s6lido, como se observo a través de los valores del
parametro c. Lo anterior contribuye con el aumento del volumen en el
que pueden estar ubicadas las moléculas de agua, facilitando su
difusion e interaccion con los carbonatos presentes.

A través de los analisis de termogravimetria y calorimetria
diferencial de barrido (Figura 3) se evidencio que la estructura HTLc
del sdlido Cug 50Zng 25Alg 25 es la menos estable, colapsando a 139 ©
C (Tabla 1), mientras que en el caso de los otros materiales el colapso
ocurrié en temperaturas mas altas y proximas entre si. Este hecho
concuerda con la presencia de la fase Cu(OH), observada por DRX,
lo cual comprueba la incidencia del efecto Jahn-Teller en la
estabilidad de la estructura HTLc.
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En todos los sdlidos se evidenciaron varios procesos durante el
calentamiento que estdn relacionados con la salida de agua
fisisorbida en la superficie de los sdlidos y la que esta presente entre
las laminas de la estructura. Seguido a este proceso, los aniones
carbonato y grupos hidroxido se descompusieron y se formaron
oxidos de cobre y zinc, a temperaturas inferiores a 350 °C, y 6xidos
de aluminio entre 400 y 500 °C.

En relacion con el calor necesario para que ocurran los procesos
caracteristicos de la descomposicion de hidrotalcitas (curva de DSC),
se observa que el mayor requerimiento energético para la salida del
agua antes del colapso se registra en los s6lidos con mayor contenido
de aluminio, lo que puede atribuirse a que este elemento forma
hidréxidos con multitud de cavidades que retienen mayor cantidad
de agua; esto se evidencia a través de los graficos de TGA de los
materiales. Después de la salida de moléculas de agua, ocurren
reacciones de descomposicion de los grupos hidroxidos y de los
aniones carbonato, con el subsecuente colapso de la estructura HTLc
y la formacién de los 6xidos metalicos. En todos los materiales se
origind un segundo pico en temperaturas inferiores a 350 °C que esta
asociado a los procesos de descomposicion ya mencionados.
Posteriormente, a temperaturas mayores se observaron picos
atribuidos a la formacién de los 6xidos de aluminio o de aluminatos.

En temperaturas superiores a 600 °C se observaron pérdidas de
masa que pueden deberse a la salida de CO,, producto de la
descomposicion de los aniones carbonato que quedaron ocluidos en
los poros de los solidos debido al colapso de la estructura, o que
pudieron haber reaccionado con los iones metalicos presentes para
formar especies del tipo (Cu,Zn)AlyOy(CO3), que también se
descomponen a altas temperaturas liberando CO, (/7).

Conclusiones

El método de sintesis permitid obtener la estructura HTLc en todos
los materiales, sin embargo, el aumento del contenido de cobre
condujo a la formacion de pequefias cantidades de la fase Cu(OH),
que limitan el crecimiento de las particulas de la estructura HTLc y
disminuyen la estabilidad térmica de los s6lidos formados. Todos los
materiales presentaron sefiales asociadas a la presencia de las especies
caracteristicas de hidrotalcitas que contenian el ion carbonato. Se
observo que el aumento del contenido de aluminio condujo a una
mayor retencion de moléculas de agua en la zona interlaminar y a una
mayor interaccion entre estas y los iones carbonato, asi como al
aumento de la estabilidad térmica de los solidos. El efecto Jahn-Teller
se evidencio a través de la formacion del Cu(OH), en los so6lidos con
mayor cantidad de cobre y en el aumento de la frecuencia de
vibracion Cu-O-H en estos materiales. Se observd que Ila
descomposicion de la fase HTLc a bajas temperaturas conduce al
encapsulamiento de aniones carbonato al interior de los sélidos, bien
sea en la forma del CO,, producto de reacciones de descomposicion o
como especies del tipo (Cu,Zn)Al,Oy(CO3),, que pueden formarse
por la reaccion con los iones metalicos presentes, las cuales se
descomponen en temperaturas mayores de 600 °C.
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Figura 3. Curvas de TGA y DSC de los sdlidos sintetizados.
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Acylhydrazone-based
dynamic combinatorial
libraries: study of the
thermodynamic/kinetic
evolution,
configurational and
coordination dynamics

Librerias combinatorias
dindamicas basadas en
acil-hidrazona: estudio
del desarrollo
termodinamico/cinético,
dindamicas de
configuracion y de

Livrarias combinatorias
dinamicas baseadas na
acil-hidrazona: estudo da
evolucao cinética/
termodinamica,
dinamicas de
configuracao e da

coordinacion coordenagéo
Abstract Resumen Resumo
The kinetic and thermodynamic selectivity of | Se describe la selectividad cinética y E descrita a seletividade cinética e
acylhydrazone  formation in  dynamic | termodindmica de la formacion de acil- termodindmica da formacdo de acil-
hidrazona en bibliotecas combinatorias | hidrazonas em livrarias combinatdrias

combinatorial libraries (DCL) is described.
Competition reactions were generated from
hydrazides: isoniazid, 4-nitro-benzohydrazide,
4-dimethylamino-benzohydrazide, and
nicotinic hydrazide as well as the aldehyde
derivatives: benzaldehyde and 2-pyridine-
carboxaldehyde. The obtained species and the
distribution of the DCLs were monitored by
"H-NMR spectroscopy finding that those
acylhydrazones containing the 4-
dimethylamino-benzohydrazide moiety are
both the kinetic and thermodynamic product
of their respective libraries. Configurational
and coordination dynamics for some of these
libraries were also investigated. The obtained
results allowed the study of the redistribution
of components and the amplification of one or
more products using light and metal ions as
physical and chemical templates, respectively.

dinamicas (DCL). Se generaron reacciones

competitivas a partir de hidrazidas:
isoniazida, 4-nitro-benzohidrazida, 4-
dimetilamino-benzohidrazida y hidrazida

nicotinica; asi como a partir de los derivados
de aldehido: benzaldehido y 2-piridin-
carboxaldehido. Las especies obtenidas y la
distribucion de los DCLs  fueron
monitoreados mediante espectroscopia 'H-
NMR, encontrdndose que las acil-hidrazonas
que contenian la 4-dimetilamino-
benzohidrazida son tanto el producto
cinético, como el termodinamico de sus
respectivas ~ bibliotecas. = También  se
investigaron las dindmicas de configuracion
y de coordinacion para algunas de estas
bibliotecas. Los resultados  obtenidos
permitieron estudiar la redistribucion de los
componentes y la amplificacion de uno o
mas productos usando luz e iones metalicos
como plantillas fisicas y quimicas,
respectivamente.

dindmicas (DLC). Foram geradas reacdes
competitivas a partir das hidrazidas:
isoniazida, 4-nitro-benzohidrazida, 4-
dimetilamino-benzohidrazida e hidrazida
nicotinica; além dos derivados de aldeido:
benzaldeido e 2-piridin-carboxaldeido. As
espécies obtidas e a distribuigdo dos DLCs
foram monitorados mediante espectroscopia
'TH-NMR, foi encontrado que as acil-
hidrazonas que continham a 4-dimetilamino-
benzohidrazida s3o tanto o produto cinético
como o termodindmico de suas respectivas
livrarias. Também  investigaram-se  as
dindmicas de configuragdo ¢ coordenagio
para algumas destas livrarias. Os resultados
obtidos permitem estudar a redistribuicao dos
componentes ¢ a amplificagdo de um ou mais
produtos usando luz e ions metalicos como
modelos fisicos e quimicos, respectivamente.

Keywords: dynamic combinatorial
chemistry, acylhydrazones, coordination
and configurational dynamics.

Palabras clave: bibliotecas combinatorias
dinamicas, acil-hidrazonas, dinamicas de
coordinacion y configuracion.

Palavras-Chave: livrarias combinatorias
dindmicas, acil-hidrazonas, dinimicas de
coordenagdo e configuragdo.
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Introduction

Materials and methods

Dynamic combinatorial chemistry (DCC) is a powerful tool to study
and create complex chemical systems in a relative simple manner.
DCC was defined by Sanders as molecular or supramolecular
combinatorial chemistry under thermodynamic control (/). When a
system is formed by molecular fragments that can react with each
other, combining them, a mixture of many compounds that
interconverts constantly, will be obtained, i.e. building blocks are
connected together by reversible bonds which are continuously
forming and breaking in the reaction medium (Figure 1). This
product mixture is known as Dynamic Combinatorial Library (DCL).
The system is reversible and it is in equilibrium, thus, any external
effect could shift this equilibrium. A clean-cut example of these
systems and relating Emil Fisher’s concept is placing a template in
the system, which fits precisely with one member of the library, and
subsequently amplify or shift the equilibrium towards the formation
of a product (2).

% (=0

TEMPLATE

o O»lT
T 6%

Figure 1. Formation of a DCL from "building blocks" and the addition of a template, which
causes amplification of the member forming the more stable complex.

DCC and DCL's have been widely used for the synthesis and
identification of small molecular receptors (3-7). These tools have
also helped to generate effective ligands for biomacromolecules and
biosensors (8-10), synthesis of catalysts (//-13), crosslinked
materials (/4-16), capsules and cages (17-19), self-replication (20),
nanomachines (27), among others.

Based on previous work done by Lehn’s group (22-24), we
have chosen a set of four hydrazides and two aldehydes as building
blocks in order to generate several dynamic combinatorial libraries.
These building blocks were selected since the acylhydrazones, which
can be formed, have a number of characteristics that make them
attractive for DCL's formation: i) unlike the hydrazones, the
acylhydrazones have a much weaker double bond making them
favorable to perform exchange reactions; ii) these compounds have
an imino double bond, which has been widely investigated in our
research group and it is known that is sensitive to light (25-26); iii)
some of these compounds have coordination sites in their chemical
structure that serve as tridentate ligand to coordinate to cation metals.
Having in mind these characteristics, we have analyzed how the
distributions of the formed libraries vary by the presence of the
metals and UV light as external stimuli. For this purpose, nuclear
magnetic resonance technique was used as a tool for monitoring the
evolution of the dynamic library.
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All starting materials, reagents and solvents, were purchased from
Sigma-Aldrich and Alfa Aesar. The hydrazides were used without
any further purification. The benzaldehyde was distilled under
reduced pressure. 'H and 3C-NMR spectra were taken in a 400 MHz
Bruker UltraShield spectrometer. UV-Vis spectra were recorded in a
Shimadzu UV-1700 PharmaSpec spectrophotometer.

Standard procedure for the preparation of
acylhydrazones

One eq of aldehyde A-B was added to an ethanol solution (5.0 mL)
of the corresponding hidrazide 1-4 (1 eq) with 5.0 pL of glacial
acetic acid. The mixture was heated under reflux of ethanol for 3 to 6
h. The resulting precipitate was collected by vacuum filtration and
recrystallized from cold ethanol to afford the pure acylhydrazones in
their E-configuration.

Standard procedure for the preparation of DCLs

The DCLs were prepared by mixing in a sealed NMR tube (under
inert atmosphere of N,, done in a Aldrich AtmosBag) 1 eq of the
corresponding aldehydes (225 pL) and acylhydrazines (225 pL) in
DMSO-dg or CD30D at 25 °C. The starting time of reaction (t = 0)
was considered as the time in which the solution of aldehydes was
poured into the NMR tube and entered in contact with the hydrazines
solution. "H-NMR spectroscopy was used as a tool to monitor the
evolution of the library. For those experiments involving UV
radiation, a 250 W mercury lamp was used as an UV source. The
NMR tube was irradiated while pouring the reagents; in a second
experiment the NMR tube with the compounds was allowed to
equillibrate during 24 h. Afterwards, the tube was irradiated during 1
h. For the addition of metal ions, solutions of the corresponding M2+
ion were standarized by atomic absorption spectroscopy calculating
the concentration in a calibration curve.

Results and discussion

When mixing aldehydes and hydrazines redaccion: a large number of
'"H-NMR signals are obtained making difficult to identify the
products. Therefore, each possible acylhydrazone, as part of the
library, was synthesized from each corresponding hydrazide and
aldehyde derivatives, according to a methodology reported
previously (22) (Figure 2). The reactions were monitored by thin
layer chromatography (TLC), and the spectroscopic data were
consistent with the proposed structures (£ configuration) of
compounds A-1 to B-4 (Figure 3). Details of the synthesis were
described in the Materials and methods section.

The synthesis was performed with the aim to identify
characteristic signals in the 'H-NMR spectra of each acylhydrazone.
Signals found in the region between 11.5 and 12.5 ppm, which
correspond to the N-H protons (as determined by 2D NMR
techniques), were chosen to determine the distribution of the
products on the libraries (see Characterization data for
acylhydrazones) and further confirmed by DOSY experiments to
corroborate the asignment of the N-H proton signals.

Rev. Colomb. Quim. 2016, 45 (3), 39-50.
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Figure 2. Building blocks (hydrazides and aldehydes) and constituent products of hydrazones-based libraries.

The fact that the signals of the N-H protons of each
acylhydrazone appear at different chemical shifts, results from the
type of substituent, which is present in every one of them, since they
contain either electron-withdrawing groups, electron-releasing
groups or an electronegative nitrogen at different positions on the
ring.

Characterization data for acylhydrazones

2-pyridinecarboxaldehyde isonicotinoyl hydrazone (A-1): Using the
method described above, the compound was synthesized and obtained
in a 86% yield. M.p.: 166-167°C. Elemental analysis calcd. (%) for
C1oHoN4O: C, 63.71; H, 4.46; N, 24.76; found: C, 62.37; H, 4.23; N,
23.82. FT-IR (ATR) v/em™ 3292 (N-H), 1665 (C=0), 1539 (C=N).
"H-NMR (400 MHz, DMSO-d6) 6 12.28 (s, 1H), 8.84-8.78 (m, 2H),
8.64 (d, J4.29 Hz, 1 H), 8.48 (s, 1 H), 8.03-7.97 (m, 1 H), 7.91 (td,J
7.71, 1.56 Hz, 1 H), 7.86-7.82 (m, 2 H), 7.45 (ddd, J 7.27, 4.93, 1.07
Hz, 1 H). '*C-NMR (100.60 MHz, DMSO-d6) 6 161.93, 152.96,
150.44, 149.65, 149.23, 140.26, 137.04, 124.74, 121.61, 120.13.
2-pyridinecarboxaldehyde p-nitrobenzoyl hydrazone (A-2):

Using the method described above, the compound was synthesized
and obtained in a 96% yield. M.p.:227-228°C. Elemental analysis
caled. (%) for C13H9N4O3: C, 57.78; H, 3.73; N, 20.73; found : C,
57.86; H, 3.72; N, 20.62. FT-IR (ATR) v/em™' 3221 (N-H), 1659
(C=0), 1595(C=N). 'H-NMR (400 MHz, DMSO-d6) ¢ 12.31 (s, 1
H), 8.64 (d, J 4.29 Hz, 1 H), 8.49 (s, 1 H), 8.39 (d, J 8.59 Hz, 2 H),
8.17 (d, J 8.59 Hz, 2 H), 8.01 (d, J 7.80 Hz, 1 H) 7.94-7.87 (m, 1 H)
7.47-7.42 (m, 1 H). '3C-NMR (100.60 MHz, DMSO-d6) & 161.76,
152.96, 149.59, 149.38, 149.12, 138.80, 136.95, 129.26, 124.65,
123.69, 120.08.

2-pyridinecarboxaldehyde p-dimethylamino-benzoyl hydrazone
(A-3): Using the method described above, the compound was
synthesized and obtained in a 87% yield. M.p.: 224-225°C. Elemental
analysis calcd. (%) for CisH¢N4O: C, 67.15; H, 6.05; N, 20.88;
found: C, 67.19; H, 6.07; N, 20.78. FT-IR (ATR) v/cm™' 3244 (N-H),
1611(C=0), 1516(C=N). ). 'H-NMR (400 MHz, DMSO-d6) & 11.77
(s, 1 H), 8.60 (d, J 4.49 Hz, 1 H), 8.45 (s, 1 H), 7.95 (d, J 7.80 Hz, 1
H), 7.88 (dd, J 7.61, 1.56 Hz, 1 H), 7.83 (d, J 8.98 Hz, 2 H), 7.39 (dd,
J 7.41, 4.88 Hz, 1 H), 6.76 (d, J 8.98 Hz, 2 H), 3.00 (s, 6 H). 13C-
NMR (100.60 MHz, DMSO-d6) J 163.09, 153.66, 152.61, 149.48,
146.32, 136.83, 129.24, 124.12, 119.67, 119.08, 110.84, 39.51.
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2-pyridinecarboxaldehyde nicotinoyl hydrazone (A-4): Using the
method described above, the compound was synthesized and obtained
in a 91% yield. M.p.: 148-150°C. Elemental analysis calcd. (%) for
C1oHgN4O: C, 63.71; H, 4.46; N, 24.76; found: C, 58.63; H, 4.74; N,
22.81. FT-IR (ATR) v/em™' 3474 (N-H), 1668(C=0), 1593 (C=N).
"H-NMR (400 MHz, DMSO-d6) ¢ 12.24 (s, 1 H), 9.08 (d, J = 1.56
Hz, 1 H), 8.82-8.75 (m, 1 H), 8.63 (d, J = 4.68 Hz, 1 H), 8.46 (s, |
H), 8.28 (d, J = 7.80 Hz, 1 H), 8.00 (d, J = 7.80 Hz, 1 H), 7.94-7.86
(m, 1 H), 7.59 (dd, J = 7.80, 4.88 Hz, 1 H), 7.48-7.40 (m, 1 H). 13C-
NMR (100.60 MHz, DMSO-d6) ¢ 162.12, 153.10, 152.61, 149.70,
148.75, 148.73, 137.13, 135.73, 129.05, 124.76, 123.83, 120.20.

Benzaldehyde isonicotinoyl hydrazone (B-1): Using the method
described above, the compound was synthesized and obtained in a
71% vyield. M.p.: 198-199°C. Elemental analysis calcd. (%) for
C13H1N30: C, 69.32; H, 4.92; N, 18.66; found: C, 68.73; H, 4.89; N,
18.38. FT-IR (KBr) viem™ 3455 (N-H), 1692 (C=0), 1566 (C=N).
"H-NMR (400 MHz, DMSO-d6) 6 12.11 (s, 1 H), 8.79 (d, J 4.10 Hz,
2 H), 8.46 (s, 1 H), 7.83 (d, J 3.90 Hz, 2 H), 7.78-7.74 (m, 2 H), 7.47
(br. s., 3 H). 3C-NMR (100.60 MHz, DMSO-d6) & 161.65, 150.33,
149.07, 140.47, 134.01, 130.41, 128.90, 127.27, 121.53.

Benzaldehyde p-nitrobenzoyl hydrazone (B-2): Using the method
described above, the compound B-2 was obtained with a 79% yield.
M.p.: 260-262°C. Elemental analysis calcd. (%) for C14H;;N3505: C,
62.45; H, 4.12; N, 15.61; found: C, 61.65; H, 4.15; N, 15.35. FT-IR
(KBr) v/em™! 3450 (N-H), 1656 (C=0), 1554 (C=N). 'H-NMR (400
MHz, DMSO-d6) § 12.17 (s, 1 H), 8.47 (s, 1 H), 8.37 (d, J 8.59 Hz, 2
H), 8.15 (d, J 8.78 Hz, 2 H), 7.78-7.73 (m, 2 H), 7.49-7.45 (m, 3 H).
BC-NMR (100.60 MHz, DMSO-d6) 6 161.61, 149.31, 149.03,
139.11, 134.06, 130.44, 129.21, 128.93, 127.31, 123.69.

Benzaldehyde p-dimethylamino-benzoyl hydrazone (B-3): Using
the method described above, the compound was synthesized and
obtained in a 82% yield. M.p.: 283-285°C. Elemental analysis calcd.
(%) for C1¢H7N30: C, 71.89; H, 6.41; N, 15.72; found: C,71.48; H,
6.50; N, 15.82. FT-IR (KBr) v/em™! 3223 (N-H), 1614 (C=0), 1524
(C=N). 'H-NMR (400 MHz, DMSO-d6) 6 11.57 (br. s., 1 H), 8.42
(br.s., 1 H), 7.82 (d, J 8.78 Hz, 2 H) 7.70 (d, J 6.63 Hz, 2 H), 7.48—
7.40 (m, 3 H), 6.76 (d, J 8.98 Hz, 2 H), 3.00 (s, 6 H). 3C-NMR
(100.60 MHz, DMSO-d6) ¢ 163.07, 152.48, 145.96, 134.68, 129.69,
128.79, 126.84, 119.44, 110.81.
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Figure 3. 'H-NMR (400 MHz, DMSO-d6) spectra of the products of dynamical combinatorial libraries.

'H-NMR (400 MHz, DMSO-d6) 6 12.01 (s, 1 H), 9.07 (d, T 1.17 Hz,
1 H), 8.77 (d, J 3.90 Hz, 1 H), 8.46 (s, 1 H), 8.26 (d, J 7.80 Hz, 1 H),
7.79-7.71 (m, 2 H), 7.57 (dd, J 7.80, 4.88 Hz, 1 H), 7.50-7.45 (m, 3
H). '3C-NMR (100.60 MHz, DMSO-d6) & 161.67, 152.26, 148.54,
135.41, 134.10, 130.24, 129.22, 128.84, 128.52, 127.17, 123.58.

Benzaldehyde nicotinoyl hydrazone (B-4): Using the method
described above, the compound was synthesized and obtained in a
70% yield. M.p.: 129-130°C. Elemental analysis calcd. (%) for
Ci3H1N3O: C, 69.32; H, 4.92; N, 18.66; found: C, 67.47; H, 4.94;
N, 17.68. FT-IR (KBr) v/em™' 3270 (N-H), 1653 (C=0), 1550 (C=N).

Rev. Colomb. Quim. 2016, 45 (3), 39-50.
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Competitive reactions of acylhydrazines 1-4 with
aldehydes A and B

Two competitive reactions, named DCL-1 and DCL-2, were carried
out from the hydrazides 1-4 and aldehyde A (DCL-1) or B (DCL-2)
by mixing equimolar amounts of the respective building blocks in a
NMR tube and using a deuterated solvent (Figure 2). The libraries
with A and B were monitored for 320 min by 'H-NMR spectroscopy,
further time did not showed any changes in the relative concentration
of the DCL. The relative amount of acylhydrazone formed was
calculated from the relative intensities of the corresponding signals
and compared to an internal standart (1,4-dioxane). As shown in
Figure 4 for DCL-1 and Figure 5 for DCL-2, the appearance of four
new signals in the aforementioned region shows the formation of the
four corresponding acylhydrazones (A-1, A-2, A-3 and A-4).

From the NMR data, kinetic traces for acylhydrazones formation
were ploted. Aditionally, equillibrium distributions of the different
acylhydrazones are shown in Figure 6. From these results, it is
observed that A-3 and B-3 are the acylhydrazones kinetically and
thermodynamically favored in their respective DCLs. The latter is
understood based on the greater nucleophilicity of acylhydrazine 3.

Likewise, the highest rate of formation and stability of A-3 and
B-3 may also be explained if we consider that the precursors of the
other acylhydrazones have in their structure either one electron
withdrawing group or an electronegative nitrogen in the aromatic
ring, which by both inductive and resonance effects generate an
electronic deficiency in the molecule, making it less reactive towards
the nucleophilic attack of the nitrogen to the carbonyl group of the
aldehyde (2).

A s ;:-3 t=320 min
M
t=75 min
N
t=5 min
26 122 118 114 110 106 102 98 94 90 86 82 7.8 74 70 64

Chemical Shift / ppm
Figure 4. 'H-NMR spectra at three selcted (aleatorially) times of the DCL-1 formed by 1-4 and A in DMSO-d,,
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Figure 5. LH-NMR (400 MHz, DMSO-d6) spectra at different times of the library formed by 1-4 and B (DCL-2).
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Figure 6. Equilibrium distributions of different acylhydrazones A-1 to A-4 (DCL-1, left) and B-1 to B-4 (DCL-2, right) in the DCL formed from aldehydes A and B and acylhydrazines 1-4.

While in A-3 and B-3, the dimethylamine group makes the
molecule more electron-rich, thus confering a higher reactivity for
the nucleophilic attack, which is reflected in the greater proportion
and the greater stability of this acylhydrazones. Although
equillibrium was confirmed by a control experiment using different
starting concentrations of previously prepared acylhydrazones
reaching the same final distributions, it is important to remark that
those distributions are reached in longer times which implies a slow

amine interchange in the DCL. Despite that amine interchange can
be increased by changing the nature of the solvent, this was not
considered in this study to avoid issues with the solubility of the

DCL-3: hydrazides 1-4 plus aldehydes A and B

Aldehydes A-B were added to an equimolar mixture of hydrazides
1-4. The reaction was monitored for 817 min, resulting in 168 Iy-

NMR spectra in total (some of them are shown in Figure 7).
Figure 8 shows the kinetic trace of the competition DCL reaction.

According to the results, A-3 is the kinetic product, not only for the
larger nucleophilicity of acylhydrazine 3 but also for the larger
electrophilicity of aldehyde A, which plays an important role in the
reaction kinetics. Likewise, acylhydrazones formed from A were
found in larger amounts than the ones formed from B.

reagents.
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Figure 7. *H-NMR (400 MHz, DMSO-d,) spectra at different times of the library formed by 1-4 and A-B (DCL-3).
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This can be attributed to the electronegative nitrogen present in
A, which by inductive effect causes the carbonyl group to be more
electron deficient, making it more susceptible to nucleophilic attack.
Noteworthy, data fit to a kinetic model is quite difficult for this
system, however, within the first 8% of the reaction, the DCL
follows a second order reaction with a 4-5% error, this allows to
estimate that acylhydrazone A-3 is generated in around 12-fold faster
than its B-3 counterpart. Interestingly, electrophilicity of the
aldehyde is more important than acylhydrazine nucleophilicity in
both, kinetic and thermodynamic control of the DCL. Upon
equilibrium,  A-containing  acylhydrazones exhibit  similar
concentrations, which supports the dynamic character of the DCL.

The evident acylhydrazine interchange is probably due to the
conjugation of the hydrazonic nitrogen (-NH-) with the carbonyl
group which reduces the conjugation of this one with the imino
group (C=N), making the latter a more reactive bond towards
nucleophiles such as hydrazides or water (27). Therefore, the
exchange reaction promotes another product to be formed at the
expense of A-3, but still, at the end of the experiment (t = 817 min),
this acylhydrazone continues to be the one with the highest
percentage yield, therefore A-3 is the thermodynamic product in the
library. The difference between the greater proportion of
acylhydrazones formed from A, as compared with the generated
from B, confirms the higher reactivity of 2-pyridinecarboxaldehyde
over benzaldehyde, due to the presence of an electronegative
nitrogen atom in the ring.

Effect of UV light irradiation

Acylhydrazones formed from the aldehyde A exhibit, in the Z
configuration, a thermodynamic stabilization by the formation of an
intramolecular hydrogen bond between the amine hydrogen and the
pyridine nitrogen upon photochemical isomerization. Meanwhile, the
Z configuration of acylhydrazones from B do not exhibit this
thermodynamic stabilization (25, 26). With this in mind, it was
interesting to observe the effect of UV light irradiation on the
acylhydrazone distribution of the DCLs. For this purpose, the library
was formed only with hydrazides 1 and 4 as well as the aldehydes A
and B, due to their solubility in MeOH-d,,.
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Figure 8. Kinetic trace of relative product formation over time of the library DCL-3.
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The latter was wused instead of DMSO-ds because

photoisomerization experiments in DMSO-ds did not exhibit any
appreciable changes, even after 150 min of UV irradiation, contrary
to MeOH-d, (Figure 9). This contrasting result is due to the viscosity
of DMSO which slows down the photoisomerization of hydrazone-
based compounds (25-28).

In a typical procedure, a competition reaction was carried out
until equillibrium was reached. Afterwards, the mixture was
irradiated with UV light using a mercury lamp of 250 W. The
competition reaction was monitored for 228 min. The relative
concentrations of each acylhydrazone were calculated only at the end
of the experiment and the results were 39/15/29/17% of A-1/A-4/
B-1/B-4, respectively. The fact that those products containing the
hydrazide 1 are in greater proportion, suggests that hydrazide 4 is
less nucleophilic by the overall inductive effect that the N of the
pyridine ring in position 3 has on the R group. Once the equilibrium
was reached, the library was subjected to UV irradiation for 1 h and
then was monitored by "H-NMR. It is remarkable the appearance of
new signals in the spectra shown in Figures 10-12 which correspond
to the Z isomers of compounds A-1 and A-4.

The relative percentages shown in Table 1 were calculated by
integrating those signals obtained in Figure 11 that are not
overlapped and then by the substraction between these and the
overlapped ones, the integrals and therefore the percentages of the
latters were obtained. From the distribution of acylhydrazones it can
be observed that the product which is amplified after 60 min of UV
light irradiation is the Z isomer of A-1, suggesting the adaptation of
the library when a stimulus is applied. Vantomme et al. (27) also
observed the same photoselection in a different DCL with similar
yields of photoisomerization.

A second DCL was generated from the same building blocks
(acylhydrazines 1 and 2 and aldehydes A and B) in the presence of
UV light irradiation. For this purpose, the NMR tubes were
irradiated with a mercury vapor lamp during 1 h before the reaction
started. Afterwards, the 'H-NMR spectra were taken to observe the
distribution of the library (Figure 13). The amplified product for this
DCL was the acylhydrazone B-1 (Table 1). The presence of A-1 and
A-4 Z isomers on the library proved that UV light is part of the
system, however, this also indicates that whether UV light is added
at the beginning or at the end of the reaction, the amplified product
will be a different one.
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Figure 11. A portion of the 'H-NMR spectra of the DCL-1 after 1h of irradiation in MeOH-d,.

Z-(A-1) +E-(A-1) +Z-(A-4) + E- (A-4) +B-1+B4

E- (A-1) +E-(A4)
E-(A4) Z-(A-1) + Z-(A-4)
Z-(A4) B4
N MM W

9.3 92 91 90 89 88 87 86 85 84 83 82 818079 78 77 76 75 74 7.3
Chemical Shift / ppm

A-1 +A-4+B-1+ B4

/

t= 228 min

93929190898887868584838281807978777675747372717.0
Chemical Shift / ppm

Figure 12. A portion of 'H-NMR (400 MHz, MeOH-d,) spectrum after irradiation with UV light.

Table 1. Relative percent of products observed in two DCL's

Relative contribution (%)
Acylhydrazone | DCL + UV light | DCL + UV light
after equilibrium? from t=0°

(E)-A-1 135 12.8
(Z)-A-1 28.4 20.3
(E)-A-4 9.6 11.7
(Z)-A4 18.6 12.0
B-1 11.5 24.7

B-4 18.4 18.5

Rev. Colomb. Quim. 2016, 45 (3), 39-50.
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Figure 13. A portion of the H-NMR spectra of the DCL in MeOH-d, irradiated with UV light at the beginning of reaction.

Noteworthy, in both cases the resulting product distribution is
quite difficult to analyze even by the use of 2D NMR experiments,
besides, once the UV light is removed the products concentrations do
not go back to the previous distributions. These results imply that the
system is in a metastable thermodynamic point due to the hydrogen
bond formation (22, 25). In any case, these experiments proved the
use of UV light as an irreversible template in DCL amplification and
deserves further exploration.

Effect of the introduction of metal cations on DCL
distributions

* Finally, we wanted to explore the role of metal ions on DCL

~ distributions, since it is well known that hydrazones and
acylhydrazones derived from 2-pyridinecarboxaldehydes and 2-
pyridinehydrazines or acylhydrazines are able to coordinate metal
cations in a terpyrdine-like fashion (22, 25, 26). In this regard it can
be thought that the introduction of metal ions can be used as a
template to amplify acylhydrazones derived from aldehyde A.
Accordingly, hydrazines 1 and 4 and aldehydes A y B were used to
form the DCL; in addition, 0.5 eq of Zn(OTf), were added to the
mixture, the reaction was monitored for 820 min. Comparing this
library with other DCL in the present work (Figure 14) it was
observed from the beginning of the reaction the apearence of only
four N-H signals instead of eight corresponding to the formation of
every possible acylhydrazone.

DCL-3

_— M A

The ones that disappear, correspond to those acylhydrazones
derived from aldehyde A, those which have a propitious structure to
form a complex with Zn** by their tridentate NNO coordination site
(28-32).

These signals disappearance are proof of the formation of ML,
type complexes usually formed with this kind of ligands (22, 25-27).
When they form a complex, these ligands are deprotonated, either
because there is a relatively basic environment or because the enol
form of the ligand predominates (32). Although it is known that the
addition of this template (MZ" ions) results in the formation of such
complexes, it is not possible to know which component is amplified,
because the signals from each product are highly overlapped.
Therefore, it is necessary to determine the binding and stability
constants to have a clearer idea of what it is inside the solution.

Although DCLs have been studied with some detail over the
last years, it is difficult to compare our results with the literature.
Since, on one hand, most reports deal with the use of biological
chemical templates and only one article introduces UV light to a
DCL (based on aldehydes and hydrazines) obtaining similar results
(27). On the other hand, metal ion selection has been studied for a
more simple system (23) and similar to the present work a
metalloselection was observed.
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Figure 14. A portion of the H-NMR spectra of the library formed from four hydrazides, both aldehydes and Zn*, in DMSO-dg and the spectrum of DCL-3.
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Conclusions

Generation of dynamic combinatorial libraries derived from
acylhydrazines 1-4 and aldehydes A and B were monitored by 'H-
NMR spectroscopy, achieving the calculation of the products
distribution in time in most cases. The acylhydrazone A-3 was both
the kinetic and thermodynamic product of two of the formed
libraries, confirming the greater nucleophilicity of the corresponding
hydrazide due to the electron releasing character of the
dimethylamino group and the higher electrophilicity of 2-pyridin-
carboxaldehyde as compared with benzaldehyde, because of the
presence of an electronegative nitrogen atom in its structure.

In competitive DCL reactions acylhydrazone products derived
from hydrazide 1 (versus hydrazide 4) were found in higher yields,
suggesting that the reduced nucleophilicity of hydrazide 4 is due to
the overall inductive effect that the pyridine ring N in position 3 has
on the R group (R=-(CO)-NH-NH,). Exposure to a physical stimulus
such as irradiation with UV light, demostrated that DCLs respond or
adapt themselves to that stimulus, reorganizing and leading to the
formation of a new library. In this particular case, it was also
observed that depending on the time when the stimulus is added, the
amplified product change, because the formation of the E isomer
occurs first that the Z one, still in the presence of UV light.

Finally, the disappearance of the signals corresponding to the
acylhydrazones NH, fragment derived from 2-
pyridinecarboxaldehyde, by adding Zn**, demostrates the formation
of ML, type complexes and its amplification.
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diferentes tramas. No se deben insertar en Word ya que pierden la
resolucion, y en el programa de disefio van a salir pixeladas. Si las
graficas corresponden a archivos trabajados en Excel o Word se
deben enviar en dichos programas, pero abiertas, no como imagen
para que se puedan editar.
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Esquema de revision

®  Después de recibir el articulo y verificar que cumpla con el
formato establecido en esta guia, se envia a revision por pares segin
el tema tratado.

e  Después de recibir las evaluaciones, se envia la decision del
Comité Editorial al autor de correspondencia:

o Aceptado con cambios minimos: Los autores deben
enviar una nueva version a la revista. Una vez el editor
verifica que los cambios fueron realizados (los autores deben
enviar una lista detallada con los cambios realizados o el
porqué de los cambios no realizados), el articulo es aceptado.

o Cambios mayores: Los autores deben enviar una nueva
version a la revista, la cual sera sometida a evaluacion corta
(los autores deben enviar una lista detallada con los cambios
realizados o el porqué de los cambios no realizados).

o Rechazado: Los autores deciden si someten una nueva
version a la revista, la cual sera tratada como un articulo
nuevo.

® Si el articulo es aceptado aparecera inicialmente en formato pre-
impresion en la pagina Web de la revista (http:/
www.revistas.unal.edu.co/index.php/rcolquim/index). Posteriormente
se reemplazara por la version diagramada.

Formato

El documento se debe presentar en archivo Word .doc o .docx,
tamafio carta, interlineado 2,0, con margenes superior e inferior de
2,5 cm y 3,0 cm en los lados, con letra Times New Roman 12,
paginas numeradas de inicio a fin. Se deben usar los titulos:
RESUMEN, ABSTRACT, RESUMO, INTRODUCCION,
MATERIALES Y METODOS, RESULTADOS Y DISCUSION,
CONCLUSIONES, AGRADECIMIENTOS y REFERENCIAS.

Idioma

Los manuscritos se aceptan en espailol, inglés o portugués, sin
embargo, siempre el titulo, resumen y palabras claves deben
presentarse en los tres idiomas. Como estrategia para aumentar la
difusion y visibilidad de los resultados se sugiere presentar los
manuscritos en inglés.

Pagina inicial
Titulo

El titulo debe ir en minuscula, a menos que la maytscula sea
mandatoria. Debe ser conciso pero informativo y no debe exceder
120 caracteres incluyendo los espacios. Debe aparecer siempre en
espailol, inglés y portugués. Por ejemplo:

e Oxidacion catalitica de tolueno y 2-propanol sobre 6xidos mixtos
de Mn y Co obtenidos por coprecipitacion.

e Catalytic oxidation of toluene and 2-propanol over Mn and Co
mixed oxides obtained by coprecipitation method.

® A oxidagdo catalitica de tolueno e 2-propanol em 6xidos mistos
de Mn e de Co, obtidos por coprecipitagdo.

Autor(es) y filiacion

® Nombres y apellidos completos.
o  Ultimo titulo profesional.

e Institucion en la cual trabaja.

e Pais y ciudad de residencia.

e Correo electronico (de cada autor).

En los datos de filiacién se debe conservar el orden categorico:
Laboratorio, instituto, universidad, ciudad, estado, pais, e-mail. Cada
filiacion debe ser enlistada con nGmeros en superindice y
referenciada a cada autor. El autor de correspondencia debe ir
denotado con asterisco. Por ejemplo:

Mauricio Acelas', Elizabeth Gil*>, Markus Doerr’, Martha Daza’, Juan
Manuel Urbinal”

'Laboratorio de Quimica Organica y Biomolecular - LQOBio,
Facultad de Ciencias, Universidad Industrial de Santander, Ciudad
Universitaria, AA 678, Bucaramanga, Colombia.

*Facultad de Ciencias, Pontificia Universidad Javeriana, Carrera 7 N°
43-82, Bogota D.C., Colombia.

*Grupo de Bioquimica Teodrica - GBQT, Facultad de Ciencias,
Universidad Industrial de Santander, Ciudad Universitaria, AA 678,

Bucaramanga, Colombia.

* . . . .
Autor para correspondencia: jurbina@uis.edu.co

Cuerpo del articulo

Todo el texto debe venir justificado (alineado a izquierda y derecha),
con las paginas y lineas numeradas continuamente. Todos los titulos y
subtitulos primaros y secundarios deben ir justificados a la izquierda.

Los titulos (RESUMEN, PALABRAS CLAVE,
INTRODUCCION, MATERIALES Y METODOS,
RESULTADOS Y DISCUSION, AGRADECIMIENTOS,

CONCLUSIONES y REFERENCIAS) deben ir con mayuscula
sostenida y negrilla. Los subtitulos primarios en minusculas
sostenida y en negrilla. Los subtitulos secundarios con mintiscula
sostenida y en cursiva. Siempre se deben definir los términos
estadisticos, abreviaturas y los simbolos la primera vez que se usan
en el articulo. Para las unidades de medida se debe usar el sistema
métrico internacional.
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Cuando no van seguidos de unidades, los niimeros enteros hasta
diez se escriben con la palabra (uno, dos, diez) y mayores de diez con
numeros (11, 12, 102). Cuando se utilicen numeros, estos deben ir
seguidos de sus unidades y se mantendra un espacio entre uno y otro
(100 m, 50 mL). Si se trata de porcentaje no deje espacio entre el
numero y la unidad (80%). En manuscritos escritos en espafol las
cifras decimales irdn separadas por coma (,) y en inglés por punto (.).
Cite cada figura y tabla en el texto de acuerdo al orden de aparicion y
en el siguiente formato: Figura 1 o Figuras 1 y 2 o Figuras 1A-1F o
Tabla 1.

Resumen

Resumen de maximo 200 palabras. Se sugiere poner una frase
introductoria. Deben mencionarse los propositos de la investigacion,
los resultados relevantes (proporcionando datos especificos y, de ser
posible, su significacion estadistica), y las conclusiones principales
sin incluir citas bibliograficas. Se debe hacer énfasis en los aspectos
nuevos e importantes del estudio. Debe evitar presentarse un resumen
descriptivo (aquel donde no se presentan datos), en cambio, debe
presentarse un resumen analitico (aquel en donde se presentan los
datos relevantes obtenidos en la investigacion). Debe aparecer
siempre en espafiol, inglés y portugués.

Palabras clave

Deben listarse de 3 a 6 palabras claves. No se deben emplear las
palabras ya usadas en el titulo del manuscrito. Deben aparecer
siempre en espaiiol, inglés y portugués.

Introduccion

Deben presentarse los fundamentos 16gicos para la realizacion del
trabajo. Solo se dan las referencias estrictamente oportunas y no se
deben incluir datos o conclusiones del trabajo que se esta publicando.
Al final de la introduccion, debe presentarse el objetivo del trabajo.

Materiales y métodos

En una subseccion deben listarse los reactivos utilizados, la marca y
el pais. Se deben usar subtitulos en los procedimientos utilizados. Los
procedimientos deben tener el detalle suficiente para permitir a otros
profesionales reproducir la investigacion. Se deben incluir los
equipos empleados, incluyendo nombre del fabricante y pais, ademas
de las referencias de la metodologia y métodos estadisticos. Deben
describirse los métodos nuevos o los que han sido sustancialmente
modificados, sustentando las razones para utilizarlos y evaluando sus
limitaciones.

Los autores que envien articulos de revision, deberan describir los
métodos empleados para localizar, seleccionar, extraer y sintetizar la
informacion. Siempre que se hagan pruebas estadisticas, debe usarse
un subtitulo “Analisis estadistico” para su descripcion.

Resultados y discusion

Los resultados deben presentarse en un orden 16gico y concordante
con el orden de los métodos. Se deben destacar los resultados que
contribuyen a la generacion de nuevo conocimiento. La informacion
contenida en tablas no debe repetirse en figuras y viceversa.

En la discusion deben destacarse los aspectos nuevos y relevantes
del estudio, y evitar repetir informacion ya facilitada en las seccion
INTRODUCCION. Se recomienda evaluar posibles relaciones entre
los resultados obtenidos, juzgar los resultados en relaciéon con los
obtenidos por otros autores, y proponer hipdtesis que expliquen los
datos obtenidos. En esta seccion debe haber una extension minima de
tres paginas a doble espacio.

Conclusiones

Debe aparecer minimo un parrafo con las conclusiones, vinculado a
los objetivos del estudio, evitando enumerarlas o presentarlas como
frases sueltas. Se deben realizar afirmaciones plenamente respaldadas
por los datos.

Agradecimientos

Deben mencionarse las fuentes de financiacion de los proyectos de
investigacion y/o apoyos recibidos para la realizacion del estudio
(becas, equipos, reactivos, entre otros). Pueden nombrarse a aquellas
personas que hayan prestado su ayuda intelectual al trabajo, pero
cuyas contribuciones no justifiquen la autoria, describiendo Ia

contribucion llevada a cabo, por ejemplo, "apoyo técnico", "revision

n <

critica del escrito", “recoleccion de muestras”.

Referencias

El formato esta basado en la guia de estilos de la American Chemical
Society (ACS).

Referencias en texto: Todas las citas que aparecen en el texto deben
coincidir con las presentadas en la seccion REFERENCIAS, y
viceversa.

Debe evitarse citar como bibliografia:

e Los resumenes presentados en congresos u otras reuniones.

e Comunicaciones personales.

e Datos no publicados. La citacion de un articulo “en prensa”
supone que el articulo ya fue aceptado para publicacion.

Las citas deben realizarse con numeros italicos en paréntesis en la
linea del texto, y dentro de la puntuacion. Por ejemplo:

- Las condiciones de extraccion se encuentran reportadas en otros
estudios (7).

Si hay varias citas se separan con coma (,) sin espacios entre los
nameros; si son citas consecutivas, se separan con guioén (-). Por
ejemplo:

- Los resultados obtenidos fueron similares a los reportados por otros
autores (8, 26-30).

Las citas se deben escribir con niumeros naturales acorde a su orden
de aparicion. Si dentro de la redaccion del texto se debe mencionar el
autor, entonces la citacion debe ser:

e Un autor: Duque (2)
e Dos autores: Duque y Palomeque (3)
e Mas de dos autores: Duque et al. (4)
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Formato de referencias: Las referencias deben ser organizadas en el
mismo orden numérico en el que fueron presentadas a lo largo del
texto.

Revistas

Se debe anotar el apellido y las iniciales del nombre de todos los
autores. Apellidos se separan de las iniciales del nombre con coma.
Las iniciales de los nombres de autores se acompaiian con punto. Los
autores se separan con punto y coma. Luego se escribe el titulo. El
nombre abreviado de la revista en cursiva, de acuerdo al Chemical
Abstracts Service Source Index (CASSI, http:/cassi.cas.org/
search.jsp). El afo en negrilla, el volumen en italica y las paginas
(separadas por guion). De igual manera, si el articulo cuenta con DOI
es necesario incluirlo al final de la referencia.

e Hasta seis autores: se incluyen todos los autores.

Da Silva, R.; Nissim, I.; Brosnan, M.; Brosnan, J. Creatine
synthesis: Hepatic metabolism of guanidinoacetate and
creatine in the rat in vitro and in vivo. Am. J. Physiol.
Endocrinol.  Metab. 2009, 296, 256-261. DOI: http://
dx.doi.org/10.1152/ajpend0.90547.2008.

e Mas de seis autores: incluir hasta los seis primeros autores y a
continuacion escribir ef al.

Libros y otras monografias
o Libros sin editores
- Stout, J.; Antonio, J.; Kalman, D. Essentials of creatine in
sports and health. Humana Press Inc.: Totowa, NJ, 2008; pp
30-40. DOLI: http://dx.doi.org/10.1007/978-1-59745-573-2.

- Budavari, S.; O’Neil, M. J.; Smith, A.; Heckelman, P. E.;
Obenchain, J. R., Jr.; Gallipeau, J. A. R.; D’Arecea, M. A. The
merck index, an encyclopedia of chemicals, drugs, and
biologicals, 13th ed. Merck & Co., Inc.: Whitechouse Station,
NJ, 2001; pp 1768-1769.

Libros con editores

-Rowe, R. C.; Sheskey, P. J.; Owen, S. C. (eds.). Handbook of
pharmaceutical excipients, 5th ed. Pharmaceutical Press and
American Pharmacists Association: Grayslake, IL, 2006; pp
798-799.

Capitulo en libro editado

McBrien, M. Selecting the Correct pH Value for HPLC. In
HPLC made to measure: A practical handbook for
optimization, Kromidas, S., Ed.; Wiley-VCH: Weinheim,
Germany, 2006; pp 89-103.

Libros y otras monografias

e Impreso
King, K. J. Development of a pressurized system for oxidation
studies of volatile fluids. M.S. Thesis, The Pennsylvania State
University, State College, PA, Marzo 1983.

® Electronico
Abrams, N. M. Efficiency enhancement in dye-sensitized solar
cells through light manipulation. Ph.D. Dissertation [Online],
The Pennsylvania State University, University Park, PA,
December 2005. http://etda.libraries.psu.edu/theses/approved/
WorldWidelndex/ETD-1061/index.html (consultado el 2 de
abril de 2014).

Sitios Web
Penn State Department of  Chemistry. http://
www.chem.psu.edu/ (consultado el 7 de junio de 2014).

Mallet Chemistry Library, University of Texas Libraries.
ThermoDex home page: An index of selected thermodynamic
and physical property resources. http:/www.lib.utexas.edu/
thermodex/ (consultado el 19 de marzo de 2014).

En prensa
Martinez, F.; Jouyban, A.; Acree, W. E., Jr. Comments on
“Solubility and thermodynamic function of a new anticancer
drug ibrutinib in 2-(2-ethoxyethoxy)ethanol + water mixtures
at different temperatures”. J. Chem. Thermodyn. 2015. In
press. DOI: http://dx.doi.org/10.1016/j.jct.2015.11.031

Tablas y figuras

Las fotos, diagramas, mapas y graficas se clasifican como figuras.
Deben usarse figuras como alternativa a las tablas; evite redundancia
entre tablas, figuras y texto.

Las figuras con sus leyendas deben enviarse individualmente en
formato .TIFF, de excelente calidad, con una resolucion minima de
300 dpi y con uno de dos tamafios (9 cm de ancho, que es una
columna, o 20 cm que cubre las dos columnas). La impresion a color
no genera costos adicionales para los autores, sin embargo, representa
un mayor costo para la revista. Teniendo esto en cuenta, se debe
utilizar escala de grises o tramas siempre que sea posible. Deben
usarse colores cuando sea estrictamente necesario. Figuras que hayan
sido creadas en Excel o Word deben ser enviadas en esos programas.
Las tablas deben estar en el cuerpo del articulo al final del
documento. Tanto las tablas como las figuras deben ser
autocontenidas (poder interpretarse sin necesidad de recurrir al
cuerpo del articulo). En la leyenda de la figura, o en el titulo o pie de
la tabla, deben describirse las claves, abreviaturas y demas
explicaciones. Se recomienda proporcionar ademas de los promedios,
las desviaciones estandar y demas informacion estadistica relevante a
los datos.

La rotulacién de cada tabla debe ir a la cabeza de la misma,
mientras que en las figuras debe presentarse al pie. Evite figuras
pequeias aisladas: agrupe figuras con informacion relacionada en
figuras compuestas rotuladas con letras (Figura la, Figura 3b, etc.).
Si un articulo contiene tablas o figuras reproducidas (asi sean del
mismo autor), es obligacion declarar el origen y presentar permiso
para utilizarlas. Es responsabilidad de los autores conseguir el
correspondiente permiso. Si tiene dudas al respecto, por favor
comunicarse con la  revista via correo  electronico
(rcolquim_fcbog@unal.edu.co) o por teléfono (+571 3165000 Ext.
14458).

Preparacion para el envio online

Antes de realizar el envio de su manuscrito ya sea por el Portal o por
correo electronico, verifique que cumple con las siguientes
condiciones:
e Presenta un titulo en los 3 idiomas solicitados.
e Proporciona nombres y apellidos completos de los autores (e
indica quién es el autor de correspondencia), y de cada autor se
menciona:

o Ultimo titulo profesional.

o Institucion en la cual trabaja.
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o Pais y ciudad de reisdencia.
o Correo electronico.

e Presenta un resumen analitico, de maximo 200 palabras, en los 3
idiomas solicitados.

e Presenta palabras clave, en los 3 idiomas solicitados.

El cuerpo del articulo se encuentra en el formato solicitado.

e Las referencias citadas en el cuerpo del articulo aparecen en la
seccion REFERENCIAS, y viceversa.

¢ El formato de las referencias sigue las indicaciones estipuladas en
esta guia.

® FEn las referencias se menciona el DOI de los articulos, si es el
caso.

o Las figuras estan en formato .TIFF con resolucion mayor a 300 dpi
en archivos diferentes al cuerpo del documento. Si las figuras
fueron creadas en Word o Excel entonces se envian en ese formato.
Las tablas van al final del documento.

Adjunta la carta de presentacion del articulo en el formato
dispuesto para tal fin.

Manuscrito aceptado para publicacion

Si el Editor le ha notificado que su manuscrito podria ser aceptado
para publicaciéon en caso de tener en cuenta las modificaciones
sugeridas por los revisores, envie la nueva version del articulo
acompaiiada de una carta donde detalle cada uno de los comentarios
de los revisores, y justifique en caso de que no tenga en cuenta alguna
de las sugerencias. Trabaje la nueva version del articulo con control
de cambios o resalte los cambios en esta nueva version, para que el
Editor pueda identificarlos con facilidad.

Rev. Colomb. Quim. 2016, 45 (3), 51-60.

Una vez haya finalizado el proceso de revision por pares, el Editor
enviara un correo electronico al(os) autor(es) del manuscrito
manifestando la decision del Comité Editorial. Si el manuscrito ha
sido aceptado para publicaciéon, se adjuntaran al correo las
sugerencias, indicaciones y comentarios que cada evaluador efectud
sobre los aspectos de fondo y de forma del articulo. Para continuar
con el proceso de publicacion el(los) autor(es) deben enviar los
siguientes archivos al correo de la revista
(rcolquim_fcbog@unal.edu.co):

e La nueva version del documento en donde se trabaje con control
de cambios o se resalten las modificaciones trabajadas.

e Una carta en la que se detallen cada uno de los comentarios de los
revisores, justificando aquellos casos en los que no se siguié una
determinada indicacion o sugerencia.

e Las imagenes que se hayan modificado en virtud de los
comentarios de los revisores y las necesidades de la nueva
version. Las imagenes deben estar en formato .TIFF con una
resolucion mayor a 300 dpi.

Costo de la publicacion

La publicaciéon de un articulo, con una extension no mayor a 3
paginas de la revista, tendra un costo de $30.000 pesos colombianos.
Las paginas adicionales tendran un costo de $20.000 pesos
colombianos cada una.
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Guide for authors

Description

Revista Colombiana de Quimica (Rev. Colomb. Quim. Online
version ISSN 2357-3791, printed version ISSN 0120-2804) is a peer-
reviewed scientific journal from the Department of Chemistry,
Faculty of Sciences of Universidad Nacional de Colombia, Bogota.
Since its launch in 1971 and until 1980 Revista Colombiana de
Quimica published a volume per year, and its frequency changed to
one or two volumes per year from 1981 to 2006. From 2007 until the
present, this journal has published three volumes per year. All of its
volumes are available online at the website: http:/
www.revistas.unal.edu.co/index.php/rcolquim/index.

Revista Colombiana de Quimica is indexed in databases such as
Scopus, Publindex, DOAJ, SciELO, Latindex, and Redalyc. This
publication has a Scientific and Editorial Board composed of
renowned researchers in each subject, and accepts relevant
contributions to the different areas of chemistry such as analytical
chemistry, biochemistry, organic and physical chemistry, food
chemistry, inorganic chemistry, material sciences, organometallic
chemistry, and chemistry teaching, among others. The target audience
are professionals of any area of chemistry.

Types of manuscripts
Research articles

They are articles that present results of investigation that have not
been published previously. The authors should highlight the
contribution of their work to novel knowledge. It is suggested a
maximum of 40 references.

Reviews

They will be requested by invitation of the Publishing Board,
considering the experience of the authors in a specific subject. They
are articles that present the current state of the knowledge on a
subject. Additionally, in this type of articles, the authors should
clearly establish their contribution and own criterion. It has to present
more than 50 references, preferably of the last 5 years.

Ethics

Revista Colombiana de Quimica follows the ethics policy proposed
by COPE: http://publicationethics.org/ intended for peer-reviewed
scientific journals. Please be aware that plagiarism, ghost writing, and
duplication of results are considered to go against our ethics policy.
This journal uses an evaluation system in which authors and referees
are unknown to each other.

Revista
RO
deQuimica

Conflicts of interest

The journal defines a conflict of interest as any subject that interfere
in: the complete and objective presentation, the review by pairs, the
taking of publishing decisions, or the publication of investigation
articles presented to the journal. The conflict of interests can be of
financial and no financial nature, professional or personal, and can
come up in relation to an organization or another person.

Submitting and outline for the general
review

Manuscripts submitted to the Revista Colombiana de Quimica for
their possible publication have to be unpublished (no subjected at
the same time to any other journal, either printed or digital). The
authors are responsible for their opinions and ideas declared in the
manuscript. The precision of the information in a manuscript,
including figures and tables, is complete responsibility of the author
(s).

Manuscripts can be submitted for their evaluation via email
(rcolquim_fcbog@unal.edu.co) or through the platform on-line of the
journal (http://www.revistas.unal.edu.co/index.php/rcolquim).

General requirements for submitting

1. Sending through the portal online are possible if the author is
registered. If not, the author should register following the
necessary steps. Before beginning, it is important to check that the
sending meets all the requirements requested by the journal (See
section Preparation for on-line sending).

2.Neither abstract nor authors’ data should be included in the on-
line version of the document. These information should be
included in the metadata, that is to say, in the submission form.
On the contrary, if the article is sent by e-mail it has to contain all
the data that is specify in the Format section.

3. In both cases, on-line submitting or via e-mail, a letter presenting
the article must be submitted. This letter should include the most
relevant aspects of the manuscript, a list of three possible
reviewers, with their respective contact data. The letter should be
sign by all the authors.

4. Photos, diagrams, maps, and figures should be named as figures.
Photos and maps should be attached in a separated file, in a TIFF
or JPEG format. They should have the size at which they have to
be published, with a resolution of 300 dpi, and in a grey scale in
black and white. If a grey scale is not good enough then different
trams should be used. Photos and maps should not be copied in
Word because they lose resolution, and therefore there will be
problems during the formatting. If the graphic corresponds to
archives developed in Excel or Word, then authors should send it
in the original program.
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Reviewing flow

¢ After receiving the manuscript and verifying that it fulfils with the
format established in this guide, it is sent to peer-reviewers.

e After receiving the evaluations, the decision of the Editorial Board
is sent to the correspondence author:

o Accepted with minor changes: Authors should send a new
version to the journal. When the editor verifies that the
changes were made (the authors have to send a detailed list
with the changes made or the reason why they do not made
the changes), the article is accepted.

o Major changes: Authors should send a new version to the
journal, which will be subjected to a fast evaluation (the
authors have to send a detailed list with the changes made or
the reason why they do not made the changes).

o Rejected: The authors decide if they subject a new version
to the journal, which will be treated as a new article.

® [f the article is accepted, it will appear initially in a pre-print
format

in the web page of the journal (http://www.revistas.unal.edu.co/
index.php/rcolquim/index). Later on it will be replaced by the
diagramed version.

Preparation

The document has to be presented in a Word .doc or .docx file, size
letter, 2.0 line spacing, with top and bottom margins of 2.5 ¢cm and
3.0 cm in right and left margins, font Times New Roman, pages
consecutively numbered. The titles: ABSTRACT, RESUMEN,
RESUMO, INTRODUCTION, MATERIALS AND METHODS,
RESULTS AND DISCUSSION, CONCLUSIONS,
ACKNOWLEDGEMENTS, and REFERENCES should to be
used.

Language

Manuscripts are accepted in Spanish, English or Portuguese.
However, the title, abstract, and key words should be written in
the three languages. As a strategy to increase the diffusion and
visibility of the manuscript, the journal encourage to the authors to
present the manuscript in English.

First page
Title

The title has to be in small letter, unless the capital is compulsory. It
has to be concise but informative and does not have to exceed 120
characters including spaces. The title has to appear always in
Spanish, English, and Portuguese. For example:

e (Catalytic oxidation of toluene and 2-propanol over Mn and Co
mixed oxides obtained by coprecipitation method.

e Oxidacion catalitica de tolueno y 2-propanol sobre 6xidos mixtos
de Mn y Co obtenidos por coprecipitacion.

e A oxidagdo catalitica de tolueno e 2-propanol em 6xidos mistos de
Mn e de Co, obtidos por coprecipitagio.

Author(s) and their filiations

¢ Full names.

Last professional title.

Working institution.

Country and city of residence.

E-mail (for each author).

Filiation data should keep a categorical order as follows: laboratory,
institute, university, city, state, country, e-mail. Each filiation should
be listed with numbers in superscript and referenced to each author.
The author of correspondence has to be denoted with an asterisk. For
example:

Mauricio Acelas', Elizabeth Gil?>, Markus Doerr’, Martha Daza’, Juan
Manuel Urbinal®

'Laboratorio de Quimica Organica y Biomolecular - LQOBiIo,
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with the pages and lines numbered continuously. All titles and
primary and secondary subtitles should be justified to the left. The
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METHODS, RESULTS AND DISCUSSION, CONCLUSIONS,
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When not followed by units numbers are written up to ten with the
word (one, two, three, etc.) and higher than ten with numbers (11, 12,
102). Numbers with units should be followed by the units keeping a
space between one and another (100 m, 50 mL). If the number
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reproduce the experiments. This section must include the equipment,
including name of the manufacturer and country, in addition, the
references of the methodology and statistical methods should be
provided. Authors should describe the new methods or those that
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New and outstanding outcomes of the study should be highlighted.
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